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Intro Letter
Dear Conference Participant,
On behalf of the organising committee, it is our pleasure to welcome you to the 17th
International RAMIRAN conference, held in Wexford, Ireland from 4th to 6th September
2017. The conference is organised by Teagasc, the Irish Agricultural and Food Development
Authority. RAMIRAN “Recycling of Agricultural, Municipal and Industrial Residues in
Agriculture Network” is a research and expertise network focusing on agronomic use of
organic residues and their subsequent impact on the environment. The very first meeting of
the network took place back in 1976 in Solna, Sweden, when the network focused solely on
animal waste utilisation. Since then the network and RAMIRAN conference has expanded to
cover a wide range of topics including organic residue valorisation and the sustainable use
of these resources to protect and enhance the environment including water, air, soil and
biodiversity.
2017 is the “Year of Sustainable Grassland” in Ireland and sees a year long focus by the
Department of Agriculture, Food and the Marine its Agencies and other stakeholders on
grass productivity and utilisation, grassland sustainability and the international reputation
of Irelands’ grass based production systems. An important part of this is Teagascs Grass10
campaign to promote sustainable grassland excellence for Irish livestock. The campaign
objective is to increase the number of grazings per paddock to 10 and the amount of grass
utilised to 10 tonnes grass dry matter per hectare. RAMIRAN contributes significantly to
both challenges as the use and recycling of organic manures and residues on grassland is
an important component in the sustainable utilisation of grassland in Ireland.
The 17th International RAMIRAN conference provides a platform to discuss new cutting
edge strategies to improve the efficiency of organic residue management across the full
spectrum of research, from theory to implementation and adoption by stakeholders. The
overall theme of RAMIRAN 2017 is ‘Sustainable utilization of manures and residue resources
in agriculture’, which will be explored under the following sub-themes:
•

Advances in technologies

•

Crop nutrition

•

Gaseous emissions

•

Soil & water quality

•

Adoption and impact

A total of 114 oral papers and 88 poster papers are being presented at the conference by
authors from over 30 countries across 6 continents. The organising committee thank all
authors for their written contributions to the proceedings and we look forward to your
intellectual contribution throughout the conference. The financial support from all our
sponsors is gratefully acknowledged. We hope that you really enjoy both the conference and
Wexford.
William Burchill, Karl Richards and Gary Lanigan
Conference Chairs
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PROGRAMME AT A GLANCE
SUNDAY SEPTEMBER 3 rd
17.00 – 19.00

Registration & Placement of Posters

20.00 – 22.00

Pre-conference Social gathering-Traditional Irish Music evening
(Sky and The Ground pub)
MONDAY SEPTEMBER 4 th

08:00–09:00

Registration & placement of posters

09:00–11:00

Plenary Session 1 - McLure 1
(Opening addresses & Plenary papers for Themes 1, 2 & 3)
Prof. Vincent O’Flaherty, NUI Galway
Prof. Lars Stoumann Jensen, University of Copenhagen
Prof. Claudia Wagner-Riddle, University of Guelph

11:00–11:30

Morning tea

11:30–13:00

Parallel Session 1 - Sub - Themes 1, 2 & 3
Theme 1 - Advances in Technology - McLure 1
Theme 2 - Crop Nutrition - Oscar Wilde
Theme 3 - Gaseous Emissions - Mc Carthy

13:00–14:00

Lunch

14:00–15:30

Parallel Session 2 - Sub - Themes 1, 2, 3, 4 & 5
Theme 1 & 3 - Advances in Technology & Gaseous Emissions - McLure 1
Theme 2&5 - Crop Nutrition & Adoption and Impact - Oscar Wilde
Theme 4 - Soil & Water Quality - Mc Carthy

15:30–17:30

Afternoon Tea & Poster Session 1

17:30–19:30

RAMIRAN Task Group Meeting (McCarthy)

19:00-20:00

Whiskey tasting - McLure Lobby

20:00

Gala conference dinner
TUESDAY SEPTEMBER 5 th

09:00–10:05

Plenary Session 2 - (Plenary papers for Themes 4 & 5)
Dr. Gary Feyereisen, USDA-Agricultural Research Service
John Williams, RSK-ADAS
Prof. Gary Lanigan, Teagasc Johnstown Castle

10:05–10:30

Morning tea

10:30–11:30

Parallel Session 3 - Sub - Themes 3, 4 & 5
Theme 3 - Gaseous Emissions - McLure 1
Theme 4 - Soil & Water Quality - McCarthy
Sub - Theme 5 - Adoption & Impact - Oscar Wilde

11:30–12:30

Poster Session 2 - McLure 2

12:30–13:00

Lunch & packed lunch distributed for field trips

13:00–17:00

Field Trips (Johnstown Castle Research Centre & Agricultural Catchment Site)

18:00–21:00

Viking BBQ National Heritage Park
WEDNESDAY SEPTEMBER 6th

09:00–10:30

Parallel Session 4 - Sub -Themes 1, 2,3 & 4
Theme 1 - Advances in Technology - Oscar Wilde
Theme 2 & 4 - Crop Nutrition, Soil & Water Quality - McCarthy
Theme 3 - Gaseous Emissions - McLure 1

10:30–11:00
11:00–12:40
13:00
14:00–16:00

Morning tea – McLure Lobby
Plenary Session 3
(Co-Chair Rapporteurs Reports for Themes 1, 2,3,4 & 5, Panel Discussion, Poster Prize and Closing
Address)
Lunch in Terrace Restaurant
Kick off meeting for New RAMIRAN Task Groups
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Committees
We wish to thank all persons that made the 17th RAMIRAN conference possible. Special thanks to the
organisers of the 16th RAMIRAN conference who assisted with the early planning and advised on their
lessons learnt. Thank you to the RAMIRAN Network Coordinators, Harald Menzi and Tom Misselbrook
for their time, advice and assistance during the conference planning. To the invited speakers for their
insightful paper contributions. To all the organisations that contributed financially to the workshop. A
special word of thanks to the staff and students of Teagasc for their valuable assistance. And finally
to the participants of the Workshop for their contributions to making the 17th International Nitrogen
Workshop successful.

Conference Chairs

RAMIRAN Co-ordinators

Dr. William Burchill, Teagasc Johnstown Castle, Wexford

Menzi, Harald, Federal Office for the Environment
FOEN, Bern, Switerland

Dr. Karl Richards, Teagasc Johnstown Castle, Wexford
Dr. Gary Lanigan, Teagasc Johnstown Castle, Wexford

Organising Committee:
Ashekuzzaman, SM, Teagasc Johnstown Castle, Wexford
Boland, Tommy, University College Dublin
Brennan, Fiona, Teagasc Johnstown Castle, Wexford
Carton, Owen, Teagasc Johnstown Castle, Wexford
Curran, Tom, University College Dublin
Fenton, Owen, Teagasc Johnstown Castle, Wexford
Forrestal, Patrick, Teagasc Johnstown Castle, Wexford
Healy, Mark, National University of Ireland Galway
Lalor, Stan, GrasslandAgro, Limerick
Shortle, Ger, Teagasc Johnstown Castle, Wexford
Wall, David, Teagasc Johnstown Castle, Wexford
Zhan, Ximin, National University of Ireland Galway

Misselbrook, Tom, Rothamsted Research, United
Kingdom

RAMIRAN 2017

Scientific Committee:
Amon, Tomas, Leibniz Institute for Agricultural
Engineering, Germany
Amon, Barbara, Leibniz Institute for Agricultural
Engineering, Germany
Balsari, Paolo, University of Turin, Italy
Bannink, Andre, Wageningen, The Netherlands
Bittman, Shabtai, Agriculture and Agri-Food Canada,
Canada
Carolan, Rachael, Agri-Food and Biosciences
Institute, United Kingdom
Chadwick, David, Bangor University, United Kingdom
Chen, Qing, College of Resources and Environmental
Sciences, China
Dabert, Patrick, IRSTEA, France
Delin, Sofia, Swedish University of Agricultural
Sciences, Sweden
Eurich-Menden, Brigitte, Association for Technology
and Structures in Agriculture, Germany
Fangueiro, David, Instituto Superior de Agronomia,
Portugal
Houot, Sabine, French National Institute for
Agricultural Research, INRA, France
Humphreys, James, Teagasc Moorepark, Ireland
Körner, Ina, Hamburg University of Technology,
Germany
Kranert, Martin, ISWA Uni Stuttgart, Germany
Kupper, Thomas, Bern University of Applied Science,
Switerland
Marques dos Santos-Cordovil, Claudia, Instituto
Superior de Agronomia, Portugal
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Martinez, Jose, IRSTEA, France
McIlory, John, Agri-Food and Biosciences Institute,
United Kingdom
Minet, Eddy, Teagasc Johnstown Castle, Ireland
Murphy, Pat, Teagasc Johnstown Castle, Ireland
Pacholski, Andreas, EuroChem Agro GmbH, Germany
Pilar-Bernal, Maria Consejo Superior de Inventigaciones
Científicas, Spain
Plunkett, Mark, Teagasc Johnstown Castle, Ireland
Provolo, Giorgio, University of Milan, Italy
Sanz-Cobena, Alberto, University Polytechnic Madrid,
Spain
Siebert, Stefanie, European Compost Network ECN e.V.,
Germany,
Sommer, Sven, University of Southern Denmark,
Denmark
Thorman, Rachel, ADAS, United Kingdom
Tremier, Anne, IRSTEA, France
Venglovsky, Jan, University of veterinary medicine and
pharmacy, Slovakia
Vinneras, Björn, University of Agricultural Sciences,
Sweden
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Keynote Speakers

Sub-theme 1: Advances in technologies
Prof. Vincent O’Flaherty
School of Natural Sciences, National University of Ireland Galway

Vincent O’Flaherty is a professor of microbiology at the School of Natural Sciences,
National University of Ireland Galway. He has 25 years’ experience in the area of
anaerobic biofilm and microbial ecology research, focused on: anaerobic biofilm
reactor technology for bio-refining, energy production and wastewater treatment;
control of biofilms in infectious disease settings and the microbial ecology of
anaerobic biofilms and soil ecosystems. Prof. O’Flaherty is the scientific leader
of the Sustainability Pillar of the Dairy Processing Technology Centre (www.
dptc.ie) funded by the Irish Dairy Industry and Enterprise Ireland and is actively
involved in several other projects focused on the development of an indigenous
Irish sustainable biomass and bio-refining sector. His group has been heavily
involved in the development and application of low-temperature anaerobic biofilm
technology towards commercialisation and technology developed in his lab was
the basis for the establishment of NVP Energy (www.nvpenergy.com).

Prof. O’Flaherty is also a co-founder of a spin-out company from NUI, Galway Westway Health, which was formed in 2012 and is focused on the development of
an exciting and novel antimicrobial platform for infection control in veterinary and
human settings (www.westwayhealth.com). Prof. O’Flaherty teaches microbiology
and environmental biotechnology to undergraduate and postgraduate students
at all levels, and is head of the School of Natural Sciences. He has published
over 250 scientific communications, including 105 papers in leading international,
peer-reviewed, journals. http://scholar.google.com/citations?user=dxuO7AYAAAAJ&hl=en&oi=ao
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Sub-theme 2: Crop nutrition
Prof. Lars Stoumann Jensen
Dept. of Plant and Environmental Sciences, University of Copenhagen

Prof. Jensen holds a chair in Soil Fertility and Recycling of Organic Waste Resources
at UCPH. His research interest and responsibilities covers all aspects of soil
fertility, in particular how decomposition processes and nutrient turnover in
agro-ecosystems are affected by organic matter inputs, including crop residues,
animal manures, composts, sludges and other wastes applied to soils. Studies
focus on fundamental biogeochemical processes controlling nutrient and
contaminant availability and mobility (often studied using isotope methods),
but also more applied aspects like organic waste processing, fertilizer value and
formulation, effects on soil quality, gaseous emissions and nutrient losses to the
environment. Simulation modelling of soil C and N turnover as well as cropping
system productivity and environmental effects, both in the short term (within
one growing season) and in the long term (at the cropping system rotation level)
as well as the very long-term trend in soil humus have also been covered in his
research.
Prof. Jensen heads the Soil & Waste research group with approx. 25 staff, and
has recently coordinated the EU-FP7 Marie Curie training network ReUseWaste.
He is a member of the EU Nitrogen Expert Panel and of the EIP-Agri Focus Group
on Nutrient Recycling. For details of Prof. Jensen’s research publications and
activities, please refer to his homepage at UCPH http://plen.ku.dk/english/employees/?pure=en/persons/184737.

Sub-theme 3: Gaseous emissions
Prof. Claudia Wagner-Riddle
School of Environmental Sciences, University of Guelph

Claudia Wagner-Riddle is a Professor of Agrometeorology at the School of
Environmental Sciences, University of Guelph, Canada. She is an expert in
application of micrometeorological flux techniques to measure greenhouse gas
emissions (GHG; methane, nitrous oxide and carbon dioxide) from agriculture.
Her recent research includes characterization of GHG emissions associated with
on-farm biogas production (methane from anaerobic digestate storage and nitrous
oxide emissions following digestate application to soils) and assessment of net GHG
emissions from annual and perennial dairy cropping system. Prof. Wagner-Riddle
is an editor of the international journal Agricultural and Forest Meteorology since
2012 and associate editor of the Journal of Environmental Quality since 2011. She
is a member of the Scientific Advisory Group to the 4R Quantification Module
Strategy, The Fertilizer Institute and International Plant Nutrition Institute,
United States; the Technical Committee GHG Inventory: Livestock, Environment
and Climate Change Canada and was Chair (elected position) of the Climatology
and Modelling Section of the American Society of Agronomy in 2013/2014. Prof.
Wagner-Riddle has published >100 papers, has had 2724 citations and has an
h-index of 26 (Google Scholar).
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Sub-theme 4: Soil & water quality
Dr. Gary Feyereisen
USDA-Agricultural Research Service, Minnesota

Dr. Feyereisen is a research agricultural engineer at the USDA-ARS Soil and Water
Management Research Unit, St. Paul, MN, who investigates nutrient transport
processes and management / conservation practices designed to minimize
agricultural impacts on water quality while optimizing production. He is currently
working in the areas of tile drainage and manure management with an emphasis
on reducing nitrate-N and dissolved P losses from intensively managed dairies.
His lab is investigating strategies to optimize N removal in denitrification beds
while simultaneously effecting P removal. He has published 42 refereed papers
and served as an associate editor for the J. Environmental Quality. He has served
as Chair of the Multistate Research Coordinating Committee and Information
Exchange Group, Drainage Design and Management Practices to Improve Water
Quality, and for the American Society of Agronomy’s Managing Denitrification in
Agronomic Systems Community.
Additionally, Dr. Feyereisen has inspired others to share their technical expertise
in the developing world by speaking of his technical / social engagement in this
realm. Prior to entering graduate school as a non-traditional student, Dr. Feyereisen
spent 20 years in industry as a processing plant engineer, energy manager, and
new product development manager.

Sub-theme 5: Adoption and impact
Mr. John Williams
ADAS Boxworth, Cambridge

John Williams is a principal soil scientist with ADAS and his research interests
include nutrient management and the mitigation of agricultural diffuse pollution
of the air and water environments. Mr Williams has detailed knowledge of national
fertiliser recommendation systems having led the revision of the organic manures
chapter in AHDB’s Fertiliser Manual (RB209) for the UK. John was a Work Package
Leader for Defra’s GreenHouse Gas Platform Project AC0116 and the WRAP/Defra/
Zero Waste Scotland/WRAP Cymru DC-Agri project. Mr Williams also chairs Defra’s
Research Expert group for the Greenhouse Gas Platform projects. He co-authored
the MANNER-NPK nutrient decision support system and is a Technical Adviser for
the UK water Industry’s Bio-solids Assurance Scheme.
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CONFERENCE VENUE / FLOOR PLAN
Clayton Whites Hotel Total Conference Floorplan
Clayton Whites Hotel is located in the busy town centre of
Wexford. Easy access to all main airports, ferry ports, rail and bus
services ensure its popularity as one of the very best conference
venues in Wexford.
The meeting rooms have natural daylight, air conditioning and
are conveniently accessible. The Conference and Business Centre
offers a wide range of support services including a full range
of audio-visual equipment to help your Wexford event run as
smooth as possible.
The conference and events team recognise the importance of
choosing the right venue; with a goal of delivering on an overall
experience that exceeds expectations. Clayton Whites Hotel can
help and assist you in the planning of your event, whether it is
big or small.
Book one of the most sought after conference venues in Wexford
today. The dedicated conference and events team are on hand to
discuss your every requirement.
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Sponsors

Teagasc | Agriculture and Food Development Authority
Teagasc – the Agriculture and Food Development Authority – is the national body
providing integrated research, advisory and training services to the agriculture and
food industry and rural communities.
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Overview of Irish Agriculture
•

The land area of Ireland is 6.9 million hectares, of which 4.5 million hectares or
about 65% is used for agriculture. Ireland’s national forest estate covers 750,000
hectares (end of 2015), or close to 11% of the land

•

Some 81% of agricultural land is devoted to grass (silage, hay & pasture), 11% to
rough grazing and 8% to crops, fruit and horticulture production.

•

Ireland has an important farm sector dominated by medium-sized farms and its
maritime climate favours a grass-based system of agricultural production.

•

Demand for Irish agricultural produce is largely driven by the quality appeal of the
food produced here, with its low environmental footprint, its grass based system
of production, and strict traceability and welfare criteria.

•

The agri-food sector is Ireland’s largest indigenous manufacturing industry, with
total agri-food employment, including on-farm employment in primary agriculture,
forestry and fishing, as well as the food processing industry, accounting for over
165,700 jobs.

•

The most recent data available shows the agri-food sector accounting for 7.6%
of Gross Value Added (2014), 23% of all manufacturing turnover (2014), 8.4% of
employment (2015) and 10.7% of merchandise exports (2015).

Current Schemes, Programmes & Support Measures
•

The Rural Development Programme, worth almost €4 billion over 7 years, is
strongly targeted towards environmental benefits, including knowledge transfer
programmes, which will bring the latest innovative sustainability research and
practices direct to farmers

•

The Green, Low-Carbon, Agri-Environment Scheme (GLAS) offers opportunities to
support emission reductions and carbon sequestration through various actions,
while at the same time addressing other environmental threats such as biodiversity
and water quality.

•

The Origin Green programme – the national sustainability auditing and carbon
foot-printing programme for the food and drink industry uniting government, the
private sector and food producers.

•

Knowledge transfer and education-maximising nutrient use efficiency and
facilitating ag. advisor development.

•

The Beef Data and Genomics Programme (BDGP): lower the intensity of GHG
emissions by improving the quality and efficiency of the national beef herd.

•

Pasture Profit Index and Pasturebase Ireland

12
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ABOUT RAMIRAN

The “Recycling of Agricultural, Municipal and Industrial
Residues in Agriculture Network (RAMIRAN)” is a research and
expertise network dealing with environmental issues relating
to the use of livestock manure and other organic residues in
agriculture. RAMIRAN evolved in 1996 from the much smaller
FAO Animal Waste Network, that had been active since
1978, and the scope was expanded to include other organic
residues (industrial and municipal) which can be used on
land as a source of nutrients and/or soil conditioners. It is in
principal a European network, but has increasingly connected
with experts from other parts of the world.
The network provides invaluable means of exchanging ideas,
information and experiences on topics that are becoming
increasingly important at a national and international level.
The main objectives of the network are to:
•

Promote the exchange of methodologies, materials and
processes;

•

Progress knowledge on the environmental assessment
of organic residues recycling in agriculture;

•

Identify research priorities and initiate innovative
collaborative activities that make use of the synergies
resulting from the international network

The main activity of RAMIRAN is a scientific conference
organized every two years, usually attended by 150-250
participants. The RAMIRAN conferences are respected as the
leading event in the field of manure and other organic residues
used in agriculture in Europe. They provide an extensive
overview of ongoing research and knowledge transfer
activities concerning these topics and of the scientists and
research groups undertaking them, an important prerequisite
to the networking activities that RAMIRAN wants to foster.
RAMIRAN holds a tremendous resource of knowledge
and expertise embodied in its members and participants
across a wide range of topics particularly for Europe but
also including Northern America, Asia and even Oceania.
The network represents a unique opportunity to mobilise
this resource through joint activities above and beyond
the regular conferences. To use this potential, RAMIRAN
fosters task groups, short-term teams with a clear task that
can be achieved in a defined time of ideally 1-2 years and
maximum four years. These tasks make use of the potential
of RAMIRAN arising from its membership of experts. This

means that, for example, surveys about management
techniques, environmental, economic or social issues in
connection with manure and other organic residues or
interdisciplinary studies are ideal topics for such tasks. One
particular success has been the production of a “Glossary of
Terms on Livestock Manure Management” which has proved
very valuable in harmonizing the use of terms relevant to
organic residues and their environmental relevance. This
has now been translated into Russian and translation to
several other languages is ongoing. Another ongoing task is
the development of “Country Manure Profiles” providing an
overview of the current practices and knowledge concerning
organic residue management in the different countries.

With the theme “’Sustainable utilization of manures
and residue resources in agriculture” the 17th RAMIRAN
conference in Wexford, Ireland, brings the heart of the
RAMIRAN objectives together with the increasing emphasis
on sustainable agriculture and sustainable intensification
of agricultural systems. With well over 200 participants and
over 200 oral and poster contributions at the 17th conference,
RAMIRAN continues to go from strength to strength. As
Co-chairmen of the Network we thank the organizing and
scientific committees for putting together an informative,
enjoyable and memorable conference!

Tom Misselbrook and Harald Menzi
Network Coordinators
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RAMIRAN 2017 FULL PROGRAMME
SUNDAY SEPTEMBER 3RD
17.00 – 19.00

Pre-registration and placement of posters

20.00 – 22.00

Pre-conference social gathering-Traditional Irish Music evening
(Sky and The Ground pub)
MONDAY SEPTEMBER 4TH

08:00

Registration and placement of posters
Plenary Session 1
McLure 1
Chair: W. Burchill, K. Richards & G. Lanigan

09:00

Welcome from conference organisers

09:10

Welcome by RAMIRAN network coordinators - Dr. Harald Menzi & Dr. Tom Misselbrook

09:20

Conferencing opening

09:45
(Keynote)

Sub-Theme 1- Advances in Technologies
Paper no. 1
Prof. Vincent O’Flaherty, NUI Galway
Future advances in waste and organic residue valorisation

10:10
(Keynote)

Sub-Theme 2 – Crop Nutrition
Paper no. 2
Prof. Lars Stoumann Jensen, University of Copenhagen
Improvement of crop nutrition using manures, wastes and residues

10:35
(Keynote)

Sub-Theme 3 – Gaseous Emissions
Paper no. 3
Prof. Claudia Wagner-Riddle, University of Guelph
Measurement and abatement of gaseous emissions along the manure management chain

11:00

Morning tea & Posters-McLure Lobby and McLure 2
Parallel Session 1
McLure 1
Chair: F. Brennan, M.
Healy

McCarthy
Chair: R. Carolan, R.
Thorman

Oscar Wilde
Chair: M Kranert and D. Wall

B. Sub -Theme 1 –
Advances in Technologies

C. Sub -Theme 3 – Gaseous
Emissions

D. Sub -Theme 2 – Crop
Nutrition

11:30

4 Fabrizio Gioelli
Cattle manure bio
acidification: effects on
gaseous emission and
biogas yield.

14 Alison Carswell
Optimising digestate for
reduced nitrogen losses
and increased nitrogen use
efficiency under a winter
wheat crop

24 Andrea Ehmann
Validation of the fertilizing
performance of phosphorus
and nitrogen salts recovered
from pig manure in on-farm
field trials in Germany and
Spain

11:45

5 Younes Bareha
Understanding the
organic nitrogen
biodegradability during
anaerobic digestion:
application to ammonium
content prediction in
digestates.

15 Jan Huijsmans
Seasonal trends in the
emission of ammonia
from dairy manure applied
to grassland in the
Netherlands

25 Andreas Pacholski
Yield effects and
environmental stewardship
by application of slurry with
nitrification inhibitor to
pasture and silage maize

RAMIRAN 2017
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12:00

6 Sari Luostarinen
Anaerobic digestion of
poultry manure in two dry
fermentation processes.

16 Barbara Kitzler
Soil greenhouse gases
fluxes from a long term
compost experiment in
Austria.

26 David Fangueiro
Slurry acidification using
aluminium sulphate: an
alternative to sulphuric
acid with no limitation on
Plant P availability after soil
application

12:15

7 Patrick Dabert
Stability of chemical and
microbial composition
of digestates along time
in agricultural and urban
full-scale anaerobic
digesters

17 Harald Menzi
Nitrogen flows of two dairy
cows rotational grazing
systems with differing diets

27 Francesc Domingo Olivé
Oil-seed rape yield from
residual effect of prolonged
manure application on an
irrigated maize monoculture
system under Mediterranean
climate

12:30

8 Elio Dinuccio
Optimisation of maize
stover harvesting chain
for biogas production

18 Sven Gjedde Sommer
Nitrous oxide emission
from manure applied to
grassland in New Zealand –
effect on soil air exchange

28 Martin Chantigny
Towards efficient use of
manure in integrated croplivestock systems – Soil organic
nitrogen matters

12:45 -3 min
oral

9 Anne Trémier
May an aerobic
pretreatment improve the
anaerobic digestion of
food waste?

19 Travis Naylor
Open Path Fourier
Transform Infra-red
Spectroscopy based
technique for measuring
emissions from livestock
manure management and
mitigation strategies

29 Richie Hackett
Spent mushroom compost as
a nitrogen source for spring
barley in Ireland.

12:48 -3 min
oral

10 Fabrizio Gioelli
Chemical, thermal and
mechanic pre-treatments
to increase the methane
yield of rice straw

20 Francisco Salazar
Ammonia volatilisation
from dairy slurry as
affected by application
rate and temperature on a
volcanic soil

30 Patrick Forrestal
Evaluating the mineral fertiliser
nitrogen replacement value
of poultry manure in spring
barley cropping

12:51 -3 min
oral

11 Joshua Cabell
Reactor experiments
on the co-digestion of
salmon smolt sludge
and dairy cattle manure:
opportunities and
challenges for increased
gas production and
improved nutrient cycling.

21 Kenneth Casey
Changes in nitrous oxide
fluxes from feedlot manure
in response to temperature
and moisture addition

31 Francesc Domingo Olivé
Effects of the application of
solid and liquid fractions from
pig slurry on wheat yield and
quality

12:54 -3 min
oral

12 William Finnegan
DairyWater: Sustainability
and resource efficiency
for the Irish dairy
processing industry

22 Dominika Krol
The effect of ruminant
urine and dung deposition
and synthetic nitrogen
fertiliser application to
pasture on Irish agricultural
N2O profile

32 Michael Gaffney
Compost in Crop Production:
The role of feedstock in
predicting nutrient availability

12:57 -3 min
oral

13 Shuji Yoshizawa
Carbon dioxide reduction
via carbon-sequestration
by food waste biochar
using in farmland from a
life-cycle perspective

23 Andre Bannink
Use of a Tier 3 method
for enteric methane
to estimate faecal
N digestibility and
ammoniacal N excretion in
dairy cows

33 Ian Fox
Effect of soil type on
phosphorus availability from
dairy slurry.
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Lunch-Terrace Restaurant
Parallel Session 2
McLure 1
Chair: F. Brennan, M.
Healy

McCarthy
Chair: R. Carolan, R.
Thorman

Oscar Wilde
Chair: M Kranert and D. Wall

E. Sub-Theme 1 –
Advances in Technologies
& Sub-Theme 3 –
Gaseous Emissions

F. Sub-Theme 4 – Soil &
Water Quality

G. Sub-Theme 5 – Adoption
& Impact & Sub -Themes 2 –
Crop Nutrition

14:00-15 min
oral

34 Philip Moore
Inexpensive Alternatives
to Alum for Reducing
Ammonia Emissions and
Phosphorus Runoff from
Manure
Sub-Theme 1

48 Denis Angers
Animal manure and
sequestration of
atmospheric carbon in soils

62 Iris Beckert
Verification of gaseous
emissions from land-applied
manure – Revision of the VERA
test protocol “land applied
manure”

14:15-15 min
oral

35 Tavs Nyord
On-line monitoring of
nutrients (NPK) in liquid
manure by a nuclear
magnetic resonance
(NMR) sensor installed
directly at a spreader
Sub-Theme 1

49 Ivan Dragicevic
Environmental implications
of aluminium and
chromium release from
soils amended with biogas
digestates

63 Pat Murphy
NMP-Online – A nutrient
management planning system
to support improved efficiency
and environmental outcomes
from organic and chemical
fertiliser application on Irish
farms

14:30-15 min
oral

36 Michael Gaffney
Characterisation of
various composted
wastes: using multivariate
data analysis to assess
the influence of feedstock
and potential nutrient
availability
Sub-Theme 1

50 Patricia Garnier
PAH dynamic in agricultural
soils amended with
composts: experiments and
modeling with the “VSOIL”
platform

64 Piet Derikx
Handheld NIR method to
distinguish between heated
and unheated manure
fractions

14:45-15 min
oral

37 Mônica Sarolli Silva De
Mendonça Costa
Reduction of the
composting time of
agro-industrial wastes:
effect on the main control
parameters
Sub-Theme 1

51 Francis Larney
Legacy effects of one-time
applications of manure
amendments to artificially
eroded soils

65 Silvia Silvestri
A new method and integrated
approach for sustainable
management of animal
manure and slurry in alpine
ecosystems.

15:00 -3 min
oral

38 Francoise Watteau
Microplastic detection
in soil amended with
municipal solid waste
composts as revealed
by microscopy and
pyrolysis/GC/MS
Sub-Theme 1

52 Fiona Nicholson
Effect of repeated organic
material additions on soil
quality

66 Rachael Carolan
Relative contribution of
manure phosphorous fractions
to soluble and plant available
soil phosphorous following
simulated land application
Sub-Theme 5
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15:03 -3 min
oral

39 Thomas Ducey
Hydrothermal
carbonization of livestock
waste for the elimination
of pathogens, antibiotic
resistance genes, and the
creation of sustainable
byproducts for re-use
in the agricultural
sector.
Sub-Theme 1

53 Paula Alvarenga
Effects on soil chemical
and biochemical status
from recycling organic
wastes to agricultural
land: results from a field
experiment

67 María Alejandra Herrero
Development of a manure
management decision support
tool for dairy farmers in
Argentina
Sub-Theme 5

15:06 -3 min
oral

40 Raul Moral
Effect of inorganic carbon
and natural organic
matter in the efficiency
of nitrogen recovery
from liquid waste fluxes
using gas-permeable
membranes
Sub-Theme 1

54 Michael Müller
Monitoring heavy metal
accumulation in Swiss
grassland soils

68 Carlos Ortiz
An integrated management
of nitrogen: from farm to soil.
LIFE+ project FUTUR AGRARI
Sub-Theme 5

15:09 -3 min
oral

41 Mônica Sarolli Silva De
Mendonça Costa
Optimization of the
composting lenght of
agro-industrial wastes
and its effects on
compost maturity
Sub-Theme 1

55 Julen Urra
Long-term influence of
sewage sludge on the
presence and abundance
of mobile genetic elements
and antibiotic resistance
genes in soil

69 Patricia Garnier
Effect of organic fertilizers and
sugarcane mulch mixture on
decomposition rate, CO2 and
N2O Emissions
Sub-Theme 5

15:12 -3 min
oral

42 Brigitte EurichMenden
Assessment of emission
factors for different dairy
cattle housing systems in
germany – measurement
approach and first
results
Sub-Theme 3

56 Josefine Elving
Survival of pathogens
and indicator organisms
during storage of digested
residues following pre- or
post-hygienization

70 Renaldas Žydelis
The effect of different organic
fertilizers on grain maize under
cool climate
Sub-Theme 2

15:15 -3 min
oral

43 Maria Cruz Garciagonzalez
Gas-permeable
membranes to abate
ammonia emissions
from livestock wastes:
developing the life project
ammonia trapping
Sub-Theme 3

57 Agathe Auer
Survival of enteroviruses
in mesophilic anaerobic
digesters

71 Susanne Eich-Greatorex
Presented by Trine Sogn
Biogas digestate as NPK
fertilizer
Sub-Theme 2

15:18 -3 min
oral

44 Cecilia Palmborg
Low nitrogen losses
indoors compared to
outdoor storage for sheep
deep litter in northern
Sweden
Sub-Theme 3

58 David Flynn
Effects of Long-term
Nutrient Fertilization
on Root Decomposition
in an Agricultural
Grassland

72 Ziadi Noura
Effect of biochar amendments
on greenhouse crop
productivity and on the
nutrient and water use
efficiency
Sub-Theme 2
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15:21 -3 min
oral

45 Ian Kavanagh
Mitigation of ammonia
and greenhouse gas
emissions from stored
cattle slurry using
acidifiers and chemical
amendments
Sub-Theme 3

59 Paula Alvarenga
Chemical and
ecotoxicological effects
of the use of drinkingwater treatment residuals
for the remediation of
soils degraded by mining
activities

73 Marta Aranguren
Nitrate and ammonium
dynamic in soil solution after
applying animal manure
in a wheat greenhouse
experiment
Sub-Theme 2

15:24 -3 min
oral

46 Fabrice Guiziou
Impact of digestate postprocessing strategies on
gaseous emission
Sub-Theme 3

60 Daniela Bona
Application of an early
monitoring tool to
assess the effects on soil
microbial biomass of
organic fertilizers and soil
conditioners in different
soils

74 Etienne Michel
Effect of phosphorus
fractionation in sludge on P
dynamics in agroecosystem
Sub-Theme 2

15:27 -3 min
oral

47 David Kelleghan
Modelling ammonia
emissions from broiler
production in Cavan and
Monaghan
Sub-Theme 3

61 Jan Klir
The fate of the nitrogen
leached from the heaps of
farmyard manure into the
soil

75 S.M. Ashekuzzaman
Seasonal assessment of major
and micro nutrients content
in dairy processing sludge:
what potential for agricultural
re-use?
Sub-Theme 2

15:30

Afternoon tea (McLure Lobby)

15.30 – 17.30

Poster Session 1 (Mclure 2)

17:30-19:30

RAMIRAN Task Group Meetings (McCarthy)

19:00-20:00

Whiskey Tasting

20:00

Conference Dinner (McLure 1 & 2)
TUESDAY SEPTEMBER 5TH
Plenary Session 1
McLure 1
Chair: S. Bittman, S. Lalor

9:00
(Keynote)

H. Sub-Theme 4 - Soil & Water Quality
Paper no.76
Dr. Gary Feyereisen, USDA-Agricultural Research Service
Land-applied Manures & Residues: Water and Soil Quality Considerations

9:25
(Keynote)

Sub-Theme 5 - Adoption & Impact
Paper no. 77
John Williams, RSK-ADAS
Science into Action – How do we get the messages across?

9:50
(Keynote)

Sub-Theme 3 – Gaseous Emissions
Paper no. 78
Prof. Gary Lanigan, Teagasc Johnstown Castle
Optimising Manure Management in Ireland

10:05

Morning tea & Posters-McLure Lobby
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Parallel Session 3
McLure 1
Chair: J. Martinez, A.
Sanz-Cobena

McCarthy
Chair: D. Chadwick, J.
Venglovsky

I.Sub -Theme 3- Gaseous
Emissions

J. Sub -Theme 4 – Soil &
Water Quality

K. Sub-Theme 5 – Adoption &
Impact

10:30-15 min
oral

79 David Rowlings
Composting as a means
of minimising greenhouse
gas emissions from the
Australian intensive
animal industry manure
supply chain

87 Mark Healy
Treatment of agricultural
wastewater using chemical
amendments – a summary
of 8 years of research

95 Michael Holly Environmental
impact of Dairy Production
Trends in the United States
and Recommendations for
Abatement

10:45-15 min
oral

80 Nicholas Hutchings
Reducing GHG emissions
from manure as a
contribution to achieving
Effort Sharing Regulation
targets

88 Andrew Sharpley
Sustainable Manure
Management and Water
Quality: Regulatory
Constraints and Practical
Realities

96 Ina Körner
Challenges of kitchen waste
collection for decentralized

11:00-15 min
oral

81 Nicolas Auvinet
On-site quantification of
methane leaks from an
agricultural biogas plant
through three different
methods

89 Shabtai Bittman
Towards regional
integration of waste
resources in a peri-urban
region in Canada

97 Veronica Charlon
Environmental regulations on
dairy waste management in
South America countries

11:15-3 min
oral

82 Rachael Carolan
Gross nitrogen
transformations in 15N
labelled cattle slurry
under simulated winter
storage conditions

90 Daniel Munro
Nutrient losses from
solid manures stored in
temporary field heaps

98 María Alejandra Herrero
Manure management in dairy
farms in Argentina and brazil:
perceptions and demands from
dairy professionals and farmers

11:18-3 min
oral

83 Stuart Kirwan
Effect of supplementary
carbohydrate source on
nitrogen excretion in beef
heifers

91 David Fangueiro
Effect of slurry treatment by
acid or DMPP addition on
nitrification potential after
soil application

99 Sari Luostarinen
Normative manure system as a
tool towards enhanced manure
use in Finland

11:21-3 min
oral

84 Juliette Maire
Identifying excreta
patches on intensively
grazed grassland using
aerial imagery captured
from an Unmanned Aerial
Vehicles (UAV)

92 Jan Venglovsky
Pollution of surface and
ground water by nonpoint sources related to
agricultural activities

100 Masayuki Hojito
Nitrogen Flow in an Organically
Managed Beef Farm in Hokkaido,
Japan

11:24-3 min
oral

85 Yael Laor
Effects of pomegranate
nutritional additives on
the dynamics of VOCs and
odorants emissions from
cattle manure

93 Karoline D’Haene
Effectiveness of unfertilised
cultivated buffer strips to
reduce phosphorus loads

Oscar Wilde
Chair: T. Boland, M.
Plunkett

systems
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86 Zuzana Palkovičová
Differences in amounts of
greenhouse gas emission
factors and emissions
from enteric fermentation
and manure management
of Slovakian dairy cows
between 2014 and 2015

94 Julie Jimenez
Deciphering the organic
matter kinetics of fresh
and dried cattle farmyard
manure thanks to organic
matter fractionation and
litter bags soil incubation
assay

11:30

Poster Session 2 (McLure 2)

12:30

Packed lunch distributed for Field Trips

13.00 – 17.30

Field Trips
Johnstown Castle Research Centre

18:00-21:00

102 Laurence Loyon
Manure management in
France: a review of current
data available for poultry,
cattle and pig production

Agricultural Catchment Site

Viking BBQ at the National Heritage Park, Ferrycarrig, Wexford
WEDNESDAY SEPTEMBER 5TH
Parallel Session 4

McLure 1
Chair: P. Balsari, T. Curran

McCarthy
Chair: P. Forrestal, T. Kupper

Oscar Wilde
Chair: B. Eurich-Menden, C.
Cordovil

L. Sub -Theme 3 –
Gaseous Emissions

M. Sub -Theme 2 – Crop
Nutrition & Sub -Theme 4 –
Soil & Water Quality

N. Sub -Theme 1 – Advances in
Technology

9:00

103 John McIlroy
Measurement and
abatement of ammonia
emissions (NH3) from
naturally ventilated dairy
cow house concrete floor
surfaces under simulated
north-west European
conditions

109 Eeva-liisa Viskari
Fertilizer potential and
environmental benefits
of the use of source
separated urine as fertilizer
Sub-theme 2

115 Co Daatselaar
Economic, environmental
and social sustainability of
bioecosim, an innovative
manure processing technology

9:15

104 Romain Girault
Impact of the
experimental design
on the quantification
of gaseous emissions
during the storage of solid
digestate: a lab–scale
study

110 Sofia Delin
Optimal placement of
pelleted organic fertilizers
Sub-theme 2

116 Maria Pilar Bernal
Evaluation of the slurry
treatment system in a pig
farm based on solid-liquid
separation and composting

9:30

105 Anders Leegaard Riis
The effect of pH stability
and ammonia emission
on the frequency of
acidification treatment of
the slurry in a pig house

111 Peter Sørensen
Anaerobic co-digestion
of cattle manure and
straw causes sulphate
immobilisation in soil
irrespective of digestion
temperature
Sub-theme 2

117 Marie-Line Daumer
Substitution of chemical
acidification by a biological
process to dissolve
phosphorus and produce
struvite upstream from
anaerobic digestion of pig
slurry

9:45

106 Francesca Perazzolo
Modelling ammonia
emissions from slurry
storage

112 Stephen Nolan
Pathogen survival in
anaerobic co-digestion of
slurry with organic waste
Sub-theme 4

118 Matias Vanotti
Recovery of amino acids and
phosphorus from manure
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10:00

107 William Burchill
Ammonia emissions
from naturally ventilated
buildings in Ireland

113 Qing Chen
Phosphorus
transformation affected
by manure application in
alkaline soil
Sub-theme 4

119 Giorgio Provolo
Effect of additives on
phosphorus, copper and
zinc separation in raw and
digested animal slurries

10:15

108 Lena Rodhe
Greenhouse gases from
cattle slurry in full-scale
storage during summer –
crust treatments to reduce
nitrous oxide emissions

114 Susanne EichGreatorex
Soil amendment effects of
biogas digestates
Sub-theme 4

120 Lydia Fryda
Can Biochar bring more
manure in the soil? Exploring
options and concepts

10:30

Morning tea-McLure Lobby
Plenary Session 1
McLure 1
Chair: H. Menzi, T. Misselbrook

11.00

Co-Chair Reports for Sub -Themes 1, 2, 3, 4 and 5

12:00

Open Discussion –focused on conference outcomes and their implications for research,
policy, knowledge transfer and implementation at farm level to achieve sustainable
utilisation of manures and residue resources in agriculture

12:45

Conference Summary, Poster Prize, announcement of New RAMIRAN Task groups,
announcement of next RAMIRAN organisers & close

13.00

End of conference- lunch in Terrace Restaurant

14:00-16:00

Kick off meeting for New RAMIRAN Task Groups
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Abstracts & Index
Intro into the abstracts & index..Lorem ipsum dolor sit amet, consectetur adipiscing elit. Quisque
tempus iaculis aliquet. Etiam dictum finibus neque nec gravida. Sed ac porttitor leo, tincidunt tempus
nisl. Nullam faucibus congue mauris, non maximus odio euismod at. Quisque eu metus laoreet,
tincidunt sapien non, vestibulum eros. Sed sapien tortor, luctus ac eros ut, pretium ornare nisl.
Praesent faucibus tortor vel scelerisque molestie. Vivamus varius at nibh id commodo.

Cras urna diam, suscipit sed ligula eu, ultrices vehicula ligula. Sed pellentesque mauris nunc, non
efficitur nibh tristique nec. Duis dictum ex lacus, a finibus mi vehicula vel. Curabitur sit amet iaculis
lorem. Vestibulum viverra dui euismod lorem blandit, pulvinar luctus ex luctus. Maecenas congue
egestas augue eu consectetur. Morbi tincidunt sollicitudin enim ac vehicula. Duis sagittis orci vitae mi
mattis hendrerit. Vestibulum lobortis odio eu lorem ultrices, ac laoreet elit luctus. Nullam imperdiet
nisl id nisi rhoncus, rutrum aliquam mi vehicula. Aenean id elit ac quam egestas iaculis sed ut magna.
Ut enim ex, varius et purus eget, facilisis auctor ante. Integer eu gravida orci. Integer volutpat tortor
vel venenatis mattis. Nullam eu condimentum nisi. Nunc eu lacus dictum, aliquam velit vitae, luctus
orci.

4
Cattle manure bio acidification: effects on gaseous emission and biogas
yield
Prof. Fabrizio Gioelli1, Prof. Paolo Balsari1, Luca Rollè1, dr. Elio Dinuccio1
1

Dept. of Agricultural, Forest and Food Sciences (DISAFA), Università Degli Studi Di Torino, Grugliasco (To), Italy

B. Parallel Session 1 - Sub Theme 1 - Advances in Technologies, McLure 1, September 4, 2017, 11:30 - 13:00
Ammonia and greenhouse gases emission are a relevant problem when considering manure management. A
strategy used in Denmark to primarily reduce NH3 volatilization consists in slurry acidification with sulfuric
acid that entails safety issues. The paper presents a study performed to assess the feasibility to bio-acidify
cattle manure with whey and its effect on gaseous emission and biogas production.
Whey application to liquid cattle manure was calibrated to reach a final pH of 5.5. Measurement of
ammonia and greenhouse gases emission (from unacidified and bio-acidified slurry) were performed in lab
scale conditions by a ventilated chamber method and three replicates per treatment. The same slurry
samples were afterwards utilized for biomethane potential assays, carried out in mesophilic conditions
according to the VDI 4630 (2006) standard method. Manure samples were chemically analyzed prior and
after emission and BMP assays.
The trials pointed out that slurry can be acidified by using a by-product such as whey. Easily degradable
organic matter is indeed converted into volatile fatty acids leading the pH to drop below 5.5 already after
48hrs from slurry amendment. Nevertheless, a high amount of whey is needed to reach the target pH (0.46
liters of whey per liter of slurry). Both GHG and ammonia emission were significantly reduced by slurry bioacidification (-33%÷54% and -83÷86% respectively). However, after 15 days of trials a peak in N2O emission
was recorded from acidified slurry. BMP assays showed an increased methane potential (up to +53%) from
acidified slurry when compared to unacidified one. The latter data suggests that bio-acidification with whey
can be a reliable technique to abate gaseous losses of pollutant gas along the temporary storage of slurry
prior to its use as a feedstock for anaerobic digestion plants.
Despite the good results achieved in the experiment the whey/slurry ratio (0.46) is too high to be
sustainable in farm conditions. For this reasons further trials will be performed with dried whey. Moreover,
the logistic of whey delivery to farms have to be economically and technically investigated.
Trials performed within the LIFE-OPTIMAL2012 project (Optimised nitrogen Management from Livestock
production in Alto Adige; LIFE12 ENV/IT/000671)
VDI 4630, 2006. Fermentation of organic materials. Characterisation of the substrate, sampling, collection of
material data, fermentation tests.

5
Understanding the organic nitrogen biodegradability during anaerobic
digestion: application to ammonium content prediction in digestates.
Younes Bareha1,2,3, Dr Romain Girault1,3, Dr Julie Jimenez4, Dr Anne Trémier1,3
1

2

3

4

Irstea, Rennes, France, Université Rennes 1, Rennes, France, Université Bretagne Loire, , France, INRA LBE, Narbonne,
France

B. Parallel Session 1 - Sub Theme 1 - Advances in Technologies, McLure 1, September 4, 2017, 11:30 - 13:00
Prediction of the nitrogen properties of digestates is a great challenge to better manage the anaerobic
process, post-treatments and agricultural recovery of digestates. The aim of this study is to understand
organic nitrogen accessibility and its anaerobic biodegradability in order to better predict nitrogen
characteristics of digestates (ammonium content, potentially mineralizable and not-mineralizable) nitrogen
into soils).
Two organic matter fractionation methods were used to characterize accessibility of organic nitrogen.
“VS” method allowing the assessment of chemical accessibility [2];
“EPS” method allowing the assessment of combined biochemical and physical accessibility [1].
Four fractions were determined by these methods: SOL (soluble content), PROT (protein-like content),
HOLO (hemicellulose and cellulose-like content) and LIGN (non-extractible). Anaerobic nitrogen and carbon
biodegradability were determined using batch experiments. Correlations between fractionation results and
biodegradability were investigated using a statistical analysis.
Organic nitrogen fractionation showed that nitrogen was present in all the fractions, whatever the
substrates and the carbon repartition: from the very accessible, to the non-accessible. “EPS” fractionation
showed that an important amount of organic nitrogen was located in LIGN compare to “VS” fractionation
highlighting the detergent effect (e.g. disintegration) of the extractants used for “VS” method. This result
highlighted that the anaerobic biodegradation of an important part of the organic nitrogen is limited by
physical accessibility. The statement is similar for organic carbon for all samples. Biodegradability tests
showed that organic nitrogen was not totally degraded. Its biodegradability varies a lot depending on the
substrates and was not correlated with carbon biodegradability. Statistical analysis highlighted a correlation
between the most accessible fractions from “EPS” fractionations method (SOL+PROT+HOLO) and
biodegradability for nitrogen and carbon. These results can be explained by complex transformation
pathways for organic nitrogen fractions.
Results showed that “EPS” fractionation method was able to assess combined physical and biochemical
accessibility. In substrates, nitrogen is distributed into fractions with various accessibilities. Characterization
of organic matter of substrates with “EPS” method allowed an accurate prediction of ammonium content
into the digestate.
This study was part of MéthaPolSol and Concept-dig programs, which are supported by the French
Environment and Energy Agency (ADEME).
[1] Jimenez, J., Aemig, Q., Doussiet, N., Steyer, J.-P., Houot, S., Patureau, D., 2015. Bioresource Technology,
194, 344–353.
[2] Denes, J., Tremier, A., Menasseri-Aubry, S., Walter, C., Gratteau, L., Barrington, S., 2015. Waste
Management, 36, 44–56.
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Anaerobic digestion of poultry manure in two dry fermentation processes
Sari Luostarinen1, Tapio Salo2, Maarit Hellstedt3
1

3

2

Natural Resources Institute Finland Luke, Helsinki, Finland, Natural Resources Institute Finland Luke, Jokioinen, Finland,
Natural Resources Institute Finland Luke, Seinäjoki, Finland

B. Parallel Session 1 - Sub Theme 1 - Advances in Technologies, McLure 1, September 4, 2017, 11:30 - 13:00
Anaerobic digestion may enhance manure use as nutrients and energy. Poultry manure is rich in both, but
its N:P-ratio is unfavorable for crops and C:N-ratio challenging for digestion. Dry fermentation is developed
to utilize manure energy and improve manure fertilizer use as digestates. Here, two dry fermentation
technologies were tested with poultry manure from laying hen, turkeys and broilers.
Technology 1 was a continuous plug-flow digester, while technology 2 was a batch-operated two-stage
system (leach-bed + methanogenic digester). C:N-ratio of feed was adjusted with grass silage, grass-clover
silage or straw, depending on the technology and manure type. Technology 1 also required water addition
for dilution with broiler and turkey manure to achieve the approx. 30% total solids (TS) in feed. Both
technologies used inoculum from full scale biogas plants. Nutrient content and availability for crops in
digestates were tested.
Technology 1 yielded 62, 56 and 81 m3 of methane per ton of fresh weight for broiler manure + grass silage,
laying hen manure + grass-clover silage and turkey manure + grass silage, respectively. Technology 2 yielded
80 and 102 m3CH4/ton for broiler manure and turkey + straw. Laying hen + grass-clover silage resulted in
inhibition and slow methane production. Most likely the lower result of laying hen manure was also due to
inhibition in technology 1. Potential reasons lie in high nitrogen content and the highest biological methane
potential measured.
In the ongoing study, digestate qualities will be analyzed and tested for fertilizer value in pot experiments.
Laying hen manure has higher methane production potential than that of broilers and turkeys. However, it
also provided a higher inhibition risk in dry fermentation processes. Practical solutions for anaerobic
digestion of poultry manure require careful planning to provide successful operation with dry fermentation
technologies.
Researchers wish to thank the Rural Development Program (RDP) for Mainland Finland 2014-2020 for
funding the study.
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Stability of chemical and microbial composition of digestates along time in
agricultural and urban full-scale anaerobic digesters
Dr. Patrick Dabert1, Dr. Ariane Bize2, Dr. Olivier Chapleur2, AI Julie Buffet1, AI Sophie Le Roux1, Dr. Anne
Trémier1
1

2

Irstea - UR OPAALE, 17 Avenue de Cucillé-CS 64427, F-35044 Rennes, France, Irstea - UR HBAN, 1 rue Pierre-Gilles de
Gennes-CS 10030, F-92761 Antony, France

B. Parallel Session 1 - Sub Theme 1 - Advances in Technologies, McLure 1, September 4, 2017, 11:30 - 13:00
Anaerobic digestion is used to treat an increasing range of organic waste or residue from agro-food
industry, agriculture or urban activities. Stability of the processes is a key issue for both biogas production
and digestate quality. This work sampled five full-scale digestion plants along one year to analyze the
chemical and microbial composition of their digestate.
The studied plants were two agricultural (livestock waste only), one territorial (livestock and agro-food
wastes), and two urban digesters (green waste or organic fraction of household waste) working in
mesophilic or thermophilic and solid or liquid conditions. Sampling was realized every 2 months. Digestate
physic-chemical and microbiological compositions were studied using classical organic matter analyses (dry
matter, organic matter, total carbon, total nitrogen, organic nitrogen, ammonia-nitrogen, and nitrousnitrogen) and molecular microbiology (16S rDNA-targeted quantitative PCR, molecular typing and highthroughput Sequencing).
The results show an overall stability of the processes, except for the territorial AD process that was in its
start-up phase:
•
Variations of raw digestate composition during time were below 20% for 90% of the parameters
measured.
•
Plants dealing with manure produced digestate with ammonia/total nitrogen ratio above 60% while
digestate from municipal waste had the higher C/N ratio due to lower initial nitrogen content.
•
The number of Bacteria remained stable for all plants (10 9 to 10 10 gene copies/g of digestate)
except for the territorial AD process whose number increased of 10 8 to 10 9 copies/g digestate. The
methanogenic Archaea represented between 5 and 20% of the total microorganisms.
•
Each plant bacterial community composition remained relatively stable along the year and
appeared to differ from one plant to another according to the temperature of the process and the ammonia
concentration of the digestate.
These results show that full-scale plants operated in real industrial conditions have a relatively stable
chemical and microbial composition of their digestate that is influenced by the treated substrates and
process parameters.
This study was funded by the ANR (French Research National Agency) within its “Bioenergy 2010” program.
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Optimisation of maize stover harvesting chain for biogas production
Dr. Elio Dinuccio1, Dr. Gianfranco Airoldi1, Prof. Fabrizio Gioelli1, Prof. Paolo Balsari1
1

University of Turin, Grugliasco, Italia

B. Parallel Session 1 - Sub Theme 1 - Advances in Technologies, McLure 1, September 4, 2017, 11:30 - 13:00
Maize-crop residues could potentially be a source of bio-energy. However, the utilization of these residues
in biomass-to-energy conversion plants needs the development of proper biomass harvest and temporary
storage chains. In this study three different harvesting chains for the energetic valorization of maize stover
in anaerobic digestion plants were compared.
Three different harvesting chains were investigated on a FAO 600 class maize hybrid (Pioneer PR32F73),
planted into an irrigated arable area of western Italy. For each harvesting chain the following aspect were
recorded (ASABE, 2011): field capacity (i.e., number of ha covered per hour) of each machine involved in
harvesting, amount of collected biomass, direct and indirect energetic costs. Biochemical methane potential
of harvested biomass was also assessed by laboratory scale batch assays according to Standard Methods
VDI 4630 (2006).
Biochemical methane potential of harvested biomass was equal to 93.1 GJ ha-1 and 4.3 GJ Mg-1 (wet basis,
w.b.) for Chain 1, 26.2 GJ ha-1 and 6.6 GJ Mg-1 (w.b.) for Chain 2, and 25.5 GJ ha-1 and 6.6 GJ Mg-1 (w.b.)
for Chain 3. Chain 1 pointed out the better performance, with an energetic cost for harvest and storage of
stovers of 5.2 GJ ha-1, corresponding to 5.6% of the energetic content of the harvested material. Chain 2
and Chain 3 have shown an energetic cost for harvest and storage of stovers, respectively, of 3.8 GJ ha-1
and 2.9 GJ ha-1, equivalent respectively to 14.5 and to 11.4% of the energetic content of harvested biomass.
The tested harvesting chains showed different field capacity and energy retrieved in anaerobic digestion
plants. Chain 1 was the most efficient chain among those analysed, with an energy output:input ratio of
15.8, followed by Chain 3 with output:input ratio of 7.6, and by Chain 2 with output:input ratio of 6.1.
ASABE 2011. Standards engineering practices data (58th ed.). American Society of Agricultural and Biological
Engineers.
VDI 4630, 2006. Fermentation of organic materials. Characterisation of the Substrate, Sampling, Collection
of Material Data, Fermentation Tests.
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May an aerobic pretreatment improve the anaerobic digestion of food
waste?
Dr Anne Trémier1, Dr Henry Fisgativa1, Dr Patrick Dabert1
1

Irstea, Rennes, France

B. Parallel Session 1 - Sub Theme 1 - Advances in Technologies, McLure 1, September 4, 2017, 11:30 - 13:00
Background & Objectives
Food loss and wastage lead to major amount of waste that has to be prevented as much as possible.
However, non-preventable food waste (FW) also represents a very interesting bioresource for energy
production through anaerobic digestion. To ensure digestion performance and limit negative impacts of FW
characteristics variation on biogas production, an aerobic pretreatment has been investigated.
Materials & Methods
An experimental design was proposed to test the influence of three parameters on the FW anaerobic
digestion performance: (1) the typological content of FW (paper/no paper); (2) the aerobic pretreatment
(no pretreatment/dynamic aeration [1]/static storage); (3) the way to manage the anaerobic digestion
process (two frequencies of leachate recirculation in a batch leach bed reactor (LBR) [2]). The performance
of the digestion was assessed by measuring pH, VFA, biogas volume and composition.
Results & Discussion
The experimental design showed that FW anaerobic digestion (AD)performs well in a LBR without aerobic
pretreatment and without paper in the FW. The batch test demonstrated a biogas production reaching
more than 80% of the biomethane potential with a daily leachate recirculation. A high production of VFA
was noticed even if concentration did not lead to inhibition. A lower frequency of leachate recirculation and
the addition of paper induced a lower production of methane. The introduction of a two-day aeration step
stabilized the production of VFA along the digestion process. Moreover, it enabled a better degradation of
the paper and increased the digestion performance in case of low frequency of leachate recirculation.
Conversely, after a static storage step, a rapid acidification of the waste medium was observed along with a
significant decrease of methane production.
Conclusion
Considering the previous results, using dynamic aeration as pretreatment could be of high interest to
stabilize small scale processes of FW anaerobic digestion. Moreover, further investigations have to be
performed to understand the transformation of the FW during the storage step and its influence on AD.
Acknowledgement
This research work was performed within a PhD study funded by the Region Bretagne, France
References
[1] Berthe,L., et al. 2007. Coupling a respirometer and a pycnometer, to study the biodegradability of solid
organic wastes during composting. Biosystems Engineering, 97(1), 75-88.
[2] Degueurce,A., et al. 2016. Dynamic effect of leachate recirculation on batch mode solid state anaerobic
digestion. Bioresource Technology, 216, 553-561
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Energy crops are still the most representative feedstock for Italian biogas plant. Nevertheless, their
replacement with agricultural by-products is strongly recommended. In Piemonte Region 300Mt of rice
straw (dry basis) are produced per year. Due to its ligno-cellulosic structure, straw is not commonly used for
biogas production. Thus, we tested different pre-treatments to increase the rice straw methane yield.
Rice straw was roundbaled and wrapped by plastic sheets at a farm located in Piemonte Region. Each bale
was chemical pre-treated by injecting ammonia. Untreated straw was used as control. After six months,
straw was collected and further pre-treated at laboratory scale (chopping, pressure cooking and a
combination of the two pre-treatments). The biological methane potential (BMP) of the straw was
afterwards assessed by batch assays according to the VDI 4630 standard methodology.
The chemical analysis of rice straw fibers showed a significant effect of pre-treatments: compared to the
control (untreated straw), the hemicellulose, cellulose and lignin content significantly (p<0.05) decreased in
all ammonia-pretreated straw samples, confirming that alkaline pretreatments is able to improve the
efficiency in breaking down lignocelluloses matrix and decomposition of dissolved polysaccharides.
The BMP assays pointed out that chemical, mechanic and thermal pre-treatments alone can enhance the
straw methane yield by 60%, 45% and 20% respectively when compared to control. The combined effect of
thermal and mechanic treatments resulted in a 30% BMP increase, whereas the combination of chemical
and thermal pre-treatment showed to reduce the samples’ methane yield probably due to inhibiting
compounds production along heating.
Results show that all the pre-treatments with the exception of the chemical + thermal have the potential to
increase the rice straw BMP. Compared to mechanic and thermal, ammonia pre-treatment showed to be
significantly more effective. Nevertheless, the feasibility of ammonia pre-treatment in real-scale plant must
be investigated.
VDI 4630, 2006. Fermentation of organic materials. Characterisation of the substrate, sampling, collection of
material data, fermentation tests.
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Fish sludge (feces and feed) is a waste product from Norway’s salmon industry and is high in energy and
nutrients. A study to test the feasibility of co-digesting sludge from a smolt hatchery with dairy cattle
manure (DCM) in lab-scale anaerobic digesters was conducted with the goal of finding the optimal mixture
for maximum gas production and a stable process.
Four continuously-stirred tank reactors were utilized in the anaerobic co-digestion of smolt sludge and DCM
in a mesophilic, semi-continuous flow-through process. All reactors were inoculated with digestate and fed
600 ml pure cattle manure daily, then transitioned to 150 ml sludge (15,9% DM) and 375 ml of a mix of 20%
sludge and 80% manure, two-and-two. Organic loading rate was maintained at 2 g COD/l/d throughout for
all reactors. Volatile fatty acid levels were used to monitor process stability.
Hydraulic retention time (HTR) in the two reactors that received fish sludge increased from 30 to 120 days.
Specific methane production after transition from manure to sludge increased from 0.077 to 0.248 l/g COD
and 4.6 to 60.5 Nm3/ton substrate. Ammonium concentrations first increased after reactor volume reached
10% fish sludge. When NH4 concentration reached 3000 mg/l, VFA levels increased to 2000 mg/l and
beyond. Gas production remained stable until proportion fish sludge in the reactor reached 28%, and
substrate was changed to control VFA. Operation with the mixture of 20% fish sludge and 80% manure
resulted in an HTR of 48 days. Specific methane production increased to 0.175 l/g COD and 16.5 Nm3/ton
substrate. Despite ammonium concentration of up to 6000 mg/l, VFA levels remained low and gas
production remained stable until the experiment was stopped when reactor volume reached 16% fish
sludge. There were no signs of inhibition.
Co-digestion of fish sludge with DCM is effective for increasing biogas production while maintaining a stable
process over time, thus potentially making farm-scale biogas production more profitable and helping to
close nutrient loops. In this experiment, a ratio of 20% sludge and 80% manure gave best results.
This research was funded by the Mid-Norway Regional Research Fund of the Research Council of Norway.
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The abolishment of milk quotas in 2015 resulted in an immediate increase in milk production in Ireland. This
increase in the volume of milk being processed is driving the need for innovative technological and
operational solutions within the dairy processing industry. In this context DairyWater, a multi-stakeholder
research project, is developing innovative solutions for efficient management within the industry.
DairyWater is led by NUI Galway and involves leading research groups at University College Cork, Trinity
College Dublin, Athlone IT and Teagasc. The project into divided into three main research areas: dairy
wastewater treatment technologies; water re-use and rainwater harvesting; and environmental life cycle
assessment (LCA). The majority of the research will be laboratory based. However, there will be a pilot-scale
wastewater treatment system unit and a water pilot-scale treatment system, which are located at a large
dairy processing plant.
A significant portion of the laboratory-scale experimental work has being completed. The performance of
the intermittently aerated sequencing batch reactor (IASBR) for the removal of nitrogen and phosphorus
has been proven at laboratory-scale [1] and a pilot-scale unit has been installed at the Aurivo Dairies plant
in Co. Roscommon. In parallel the microbial community structure of the IASBR biomass is being established
to increase the underendowing of the performance of the system. Additionally, the use of nano-zeolite to
remove nutrients for dairy wastewater has been shown. The use of pulsed UV and low pressure UV
disinfection technologies for water reuse in the dairy processing industry has been evaluated [2]. The
advantages of each system and their suitability have been established. The environmental impact
associated with the manufacture of dairy products in Ireland has been estimated and recommendations to
reduce the impact have been provided [3, 4].
The technologies being explored in the DairyWater project are key if the Irish dairy processing industry is to
remain competitive and sustainable. Over the coming years, this will become increasingly important as
water and air emissions limits become more stringent and a growing commercial drive for operational
efficiencies.
The authors wish to acknowledge the funding provided by the Department of Agriculture, Food and the
Marine for DairyWater(www.dairywater.ie) (Ref.:13-F-507).
[1] Fitzhenry, K. et al. 2016. Proceedings of CERI2016. Galway, Ireland.
[2] Tarpey, E. et al. 2016. Proceedings of LivestockWaste2016. Galway, Ireland.
[3] Finnegan, W., Goggins,J., Clifford,E. and Zhan,X. 2015. Journal of Cleaner Production.
[4] Finnegan, W., Goggins,J., Clifford,E. and Zhan,X. 2017. Science of the Total Environment, 579, 159–168.
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Carbon sequestration in the soil is effective with using biochar into the farmland [1][2]. Food waste was
collected and carried into a carbonization plant. The biochar was transported to the soil improvement agent
manufacturing plant. In this study, the aspects of generation of carbon dioxide by transportation and
carbonization, and the viewpoint of carbon storage in the soil was estimated.
Food waste as a raw material of the biochar was gathered from about 50 supermarkets. Water of the food
waste was squeezed in order to decrease the moisture content under 65 wt%.The food waste was
carbonized with outside-heating type furnace in 550 – 600oC for tow hours. Finally, the biochar was
pulverized in to the grain size of under 3 mm. The biochar powder and compost were used at the rate of 10
t/ha to the farmland soil.
Ingredient of the biochar was measured. The average ash content was 6.2%, which was higher than those of
the biochar made from wood and bamboo, the average volatile matter content was 34.4 %. Finally, the
fixed carbon content was estimated to be 56.0 %. The annual food garbage emissions from 50 supermarkets
are 6,982.45 t/yr. As the conversion to the biochar is 7.5 % and the fixed carbon content is 56.0 %, the
annual carbon amount in the biochar is obtained to be 293.26 tC/yr corresponding to 1,075.3 tCO2/yr,
which is annual carbon storage amount in the soil. In the generation of carbon dioxide, 297.5 tCO2/yr based
on the dehydration and carbonization and 87.8 tCO2/yr based on transportation of the food waste and the
biochar were estimated. As the total carbon dioxide generation of 385.3 tCO2/yr, the carbon dioxide
reduction in the air was estimated to be 690.0 tCO2/yr.
Food waste of 6,982.45 t/yr was carbonized to prepare the biochar where carbon was contained annually
293.26 tC/yr. Generated carbon dioxide amount from the carbonization and the transportation of the food
waste and the biochar was 385.3 tCO2/yr. Finally, the carbon dioxide reduction was estimated to be 690.0
tCO2/yr.
The author thanks Gaeadream corp. for providing basic data of this research.
[1] Hamann, K., Torn, M., Lapenas, A. and Schmidt, M. 2008. Biogeosci. Discussion 5, 661-683
[2] Lehmann, J., Czimczik, C., Laird, D. and Sohi, S. 2009. Biochar for Environmental Management (Lehmann,
J. and Joseph, S. eds) pp. 183-205, Earthscan, London
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Nutrient-rich digestate from anaerobic digestion plants represents a viable alternative to synthetic
fertilisers. However, applied digestate can be susceptible to both NH₃ and N₂O losses, with negative
environmental impacts, reducing the amount of N available for crop uptake. Our objectives were to
examine methods for increasing the N use efficiency (NUE) of digestate by reducing these N loss pathways.
A plot trial with winter wheat was conducted at Rothamsted Research, Devon, to assess yield, N offtake,
and NH₃ and N₂O losses following digestate application. Treatments were digestate (D), acidified digestate
(AD), digestate with the nitrification inhibitor DMPP (DNI), AD with DMPP (ADNI), and a zero N control (C).
Digestate was band-spread at a rate of 190 kg N ha-¹. Ammonia emissions were determined using wind
tunnels, and N₂O using static chambers. Grain and straw N offtake were measured.
We will present NH₃ emissions for the 7 days following application, N₂O emissions until background (based
on the C plots) fluxes are reached, and changes in soil mineral N concentrations in the weeks directly
following application. Crop N offtake will be included to derive the NUE of the different digestate
treatments. Yield response curves to applied N, calculated from accompanying synthetic fertiliser N rate
plots, will be used to derive the fertiliser N replacement value of the different digestate treatments. Our
results will highlight the potential to improve the NUE and agronomic value and reduce the environmental
impacts of digestate use for crop production.
We demonstrate the impacts of mitigating gaseous emissions from digestate on the NUE of a winter wheat
crop. Highlighting the potential for acidification or the nitrification inhibitor DMPP for reducing emissions
from this resource.
This trial forms part of the BBSRC and NERC Newton-fund project, the UK-China Joint Centre for Improved
Nitrogen Agronomy (CINAg).
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Ammonia (NH₃) emission from field applied manure depends on weather, field and manure characteristics.
The objective was to improve estimation of NH₃ emission from field-applied manure. In particular the effect
of prevailing weather conditions associated with consecutive periods after manure application was
analysed. This enables comparison of favourable and unfavourable weather conditions on NH₃ emission.
Field data on ammonia emission after dairy manure application to grassland were statistically analysed to
reveal the effect of manure characteristics and field and weather conditions. Logistic regression models,
modeling the remaining percentage emission in each of eight consecutive periods after manure application,
were developed separately for broadcast spreading, narrow band application and shallow injection. The
goodness of fit of the sequence of regression models was evaluated by comparing observed and fitted
cumulative emissions.
Wind speed, temperature, soil type, TAN and dry matter content, application rate and grass height were
selected as significant explanatory variables. Their effects are specific per application method and may be
confined to certain time periods after application.
The fitted regression models were used to reveal seasonal trends in NH₃ emission employing historical
meteorological data of the years 1991-2014. The overall average emission was higher in summer than in
early spring or late summer. This seasonal trend was most pronounced for broadcast spreading followed by
narrow band application and was almost absent for shallow injection. However, in some years, conditions
favourable for emission occurred in early spring, while unfavourable conditions occurred in summer. The
analysis revealed that emission can be reduced to a limited extent by applying manure under favourable
weather conditions, for example when manure application is restricted to the 5 most favourable days of a
month.
The regression models offer the opportunity to integrate seasonal weather effects into the estimation of
the national emission for manure application. The models can also be used to estimate the reduction of NH₃
emission when manure is only applied under favourable weather conditions.
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The application of composts as fertilizers is becoming increasingly important to achieve a closed-loop
economy. However, soil greenhouse gas (GHG) emissions, especially N2O, from agricultural fields may
increase as well. In this study different compost types and N amounts were investigated, especially in terms
of their soil GHG fluxes.
We used the closed chamber method to measure N2O, CH4 and CO2 rates over one vegetation period from
a long term compost experiment (Ritzlhof, Upper Austria). Six treatments were investigated: Organic waste
compost (OWC) and farmyard manure compost (FYC) was applied with nitrogen concentrations of 175 or
525 kg N ha-1. Two treatments were fertilized additionally with 80 kg N ha-1 mineral fertilizer. TN - was
fertilized with mineral fertilizer (120 kg N ha-1). Treatment C was the unfertilized control.
Highest nitrous oxide (N2O) fluxes were emitted in spring but we also observed uptake of N2O, which points
to temporarily N2O sinks in the investigated arable soils. At the FYC treatments highest fluxes were
measured (< 1.5 kg N ha-1) over the five month period. Lower N2O emissions were measured from the OWC
treatments (<1.1 kg N ha-1). The combination of compost and mineral N fertilization resulted in N2O
emission peaks after precipitation events. The treatments OWC1 and FYC1 were not different from the
control. Highest compost treatments (OWC3 and FYM3) showed unexpected low N2O emission rates. Soils
in this site were methane sinks. Different compost amendments may have caused a decrease in soil bulk
density and better aeration and therefore enhanced CH4 uptake from soils. Fertilization with compost did
not have a significant effect on CO2 emissions and their temporal distribution.
N2O losses were low, but to capture all peak emissions flux measurements should be performed more
frequently than every 3 weeks. Further analyses (NO3 leaching, NOx, N2 and NH3 ) losses are necessary to
close the nitrogen budget.
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Grazing has recently gained in importance in Switzerland. Little reliable and up-to-date data to estimate and
assess Nitrogen (N) flows and emissions for Swiss grazing systems is available. To provide new emission
factors and to assess the N cycle, N flows and ammonia and nitrous oxide emissions were determined for
two herds of dairy cows over the whole grazing season.
Two herds of twelve lactating dairy cows each were grazed on separate rotational grazing paddocks from
April to October 2016. The feeding consisted of a) grass only and b) grass plus 25% maize silage. Forage and
N uptake were estimated with the alkane method and feeding model calculation. Ammonia and nitrous
oxide emissions were measured with micrometeorological and chamber methods [1,2], both for the whole
pasture and individual excreta patches. N flows were then modelled for the two systems.
Data assessment was still ongoing when this abstract was submitted. Detailed results will be presented at
the conference. They will comprise an assessment of the whole N cycle of the two systems as well as
emission measurement results and provisional suggestions of how these could be used for modelling.
Grazing contributes 20% of Swiss cattle N excretions. As grazing has a considerable influence (lessening
effect) on total ammonia emissions, new emission factors are urgently required. They will allow more
reliable modelling and a better assessment of various conflicting aims, e.g. grazing vs no grazing for
emissions and animal welfare.
We thank the Swiss National Science Foundation for the financial support of the project.
[1] Ammann C., et al. 2012. Measuring the biosphere-atmosphere exchange of total reactive nitrogen by
eddy covariance. Biogeosciences, 9, 4247-4261.
[2] Hensen A., et al. 2006. Dairy farm CH4 and N2O emissions, from one square metre to the full farm scale.
Agriculture Ecosystems and Environment, 112 (2/3), 146–152.
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Nitrous oxide (N2O) and ammonia (NH3) emissions from manure on New Zealand dairy farms are
significant. Ammonia emission from field-applied manure is reduced by reducing dry matter (DM), but this
may cause an increase or a reduction in N2O emission depending on soil conditions. We examined how DM
reduction affected N2O and NH3 emission from manure applied on grassland.
Dairy cattle manures with DM contents of 16% (HDM) or 6% (LDM) were applied to grassland (3 cm height)
near Lincoln University (New Zealand) in fall. Twelve field plots comprising four replicates of three
treatments (HDM, LDM and control) were used. Emission of NH3 was assessed using surface pH and
ammonium concentration, with N2O emissions determined with the static chamber method. Diffusion of
oxygen in the soil (Dp/Do), soil porosity and dissolved organic carbon (DOC) were also measured.
The soil was dry due to little rain during the research period and the drought during the summer.
Consequently, N2O emissions were low: cumulative N2O emissions from the LDM and HDM plots
corresponded to 8% and 15.0% of TAN applied or 0.0026% and 0.013 % of total-N applied, respectively. Soil
air filled porosity and permeability were un-affected by manure application. In contrast, Dp/Do was affected
by manure but there were no significant differences in Dp/Do between HDM and LDM treated soil. N2O
emission from this dry soil was linearly related to DOC in the soil indicating that oxygen consumption was a
main driver. The emission was not related to oxygen diffusion, probably due to the very dry soil conditions
during the study. Cumulative NH3 emissions from the HDM plots were 5% of TAN applied and from the LDM
plots 1.2%. Reduction in NH3 emission did not cause pollution swopping.
N2O emission from dry soils with surface applied manure was related to DOC concentration in the soil. Both
N2O and NH3 emissions were higher from plots receiving HDM manure than soils amended with LDM
manure. Reducing NH3 emission by lowering manure DM did not cause pollution swopping.
This work was made possible by a GRASS fellowship and the Cleanwaste project financial supported by the
Innovation Fund Denmark.
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Open-Path Fourier Transform Infra-red spectroscopy (OP-FTIR) provides a precise technique to measure and
compare gaseous emissions from different manure management practices. The technique provides
continuous measurements with high spatial coverage (50-400m), across differing environments to give
improved understanding of gaseous emissions from manure management practices. The technique has
been used to measure gaseous emissions from Australian pork and poultry industries.
Two OP-FTIR systems, each measuring 2-3 measurement-paths (50-100m), were deployed to measure
methane (CH₄), nitrous oxide (N₂O), and ammonia (NH₃) emissions from different manure management
practices, with emission strengths (fluxes) calculated from the gas mixing-ratios using the atmospheric
dispersion model WINDTRAX [1]. Emissions were measured from the pig (effluent pond; litter-based) and
layer chicken (stockpiling) industries of Australia, during winter and summer for the pig industry (both
practices), and spring for the layer chicken industry. Trials ranged between 30-90 days.
Total emissions of CH₄, N₂O and NH₃ from a litter-based system were found to be 66-80% lower when
compared to an effluent treatment pond system typical of the Australian pork industry [2]. The ability of the
OP-FTIR system to measure multiple measurement paths allows for increased spatial coverage and
improved source characterisation, providing measurement confidence. Land application of manure was
predicted in this study. The OP-FTIR would be an ideal tool to constrain land application predictions used
here.
Covering a layer chicken manure stockpile provided an 88% reduction in NH₃ emissions while a significant
but small increase in CH₄ emissions was observed [3]. Total emissions from both stockpiles were low leading
to a relatively small mitigation potential per tonne of manure. The high precision of the OP-FTIR system
allowed for the small difference in CH₄ emissions to be resolved and quantify the mitigation benefits for NH₃
when covering manure stockpiles.
OP-FTIR measurement technology coupled with WINDTRAX allows for a thorough assessment of gaseous
emissions from manure management. The high spatial coverage and improved source characterisation
provide measurement confidence and validation of mitigation strategies, an important requirement for any
emission reduction or trading schemes.
This research was funded by Australian Government Department of Agriculture, Australian Pork Limited and
the Australian Egg Corporation Limited.
[1] Flesch, T. et al, 2004, Journal of Applied Meteorology 43, 487-502
[2] Phillips, F.A. et al, 2016, Animal Production Science 56, 1390-1403
[3] Naylor, T.A. et al, 2016, Animal Production Science 56, 1367-1375
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Within livestock production, inadequate manure management practices have been associated with
pollution problems. One of the most important pathways following cattle slurry application to soil is due to
ammonia (NH3) losses. The objective was to evaluate the influence of different factors to reduce ammonia
losses following the application of dairy slurry to a grassland volcanic soil.
Intact soil cores (0-15 cm) were collected from grassland in Southern Chile in lysimeters. Four treatments
with 3 replicates were assessed across 3 temperatures; 10°C (T10), 20°C (T0) and 30°C (T30), with dairy
slurry applied at rates of 25, 50, 75 and 100 kg N-NH4 ha-1. A laboratory system of small dynamic chambers,
one on the top of each lysimeter, was used to measure NH3 emissions over a 21 day period following slurry
application.
Cumulative NH3 emissions after dairy slurry application varied from 3.5 to 17.8, 4.6 to 14.1 and 16.0 to 69.2
kg N, at T10, T20 and T30, respectively. Losses increased with increasing application rate. However,
expressed as a percentage of total ammoniacal nitrogen (TAN) applied, there was no effect of application
rate at the three temperatures evaluated (p>0.05). Experiments carried out at T10 and T20 showed similar
emission rates and cumulative NH3 losses. However, at T30 higher emission rates and cumulative NH3
losses were observed compared to the lower temperatures, representing c. 17% (T10), 14% (T20) and 48%
(T30) of the TAN. For all treatments and temperatures NH3 losses were concentrated in the first two days
following N application. These results highlight the importance of temperature following dairy slurry
application, which could impact on N use efficiency and pollution risk to the wider environment.
Ammonia losses increased significantly at higher temperatures following dairy slurry application, but
application rate had no significant effect on losses expressed as a percentage of TAN applied. Most of the
NH3 loss occurred in the first two days, and cumulative losses ranged from 10.5 to 55.8 % of TAN applied.
FONDECYT project 1151078 for supporting this research. Rothamsted Research is supported by the UK
Biotechnology and Biological Sciences Research Council.
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About 60% of global nitrous oxide (N₂O) emissions are attributed to fertilized cropland and livestock
production. While work exists on soil-based N₂O formation and emission, less is known about manurederived N₂O, although studies have analyzed emission processes during manure composting or after soil
application [1]. This study’s objective is to elucidate the temperature effect on feedlot manure emissions
following rainfall.
A non-steady-state chamber system was used for quantifying emissions from simulated manure surfaces in
five square (1 m²) pans [2]. Chamber headspace air was recirculated to a real-time N₂O analyzer. Emissions
were measured over a 60 s period, such that each pan was measured as often as every 10 min. Air-dried
manure was subjected to simulated rainfall events (6, 12, 25, or 51 mm) and varying temperatures (6, 11,
21, 27, 31, 38, or 46°C) and monitored for 45 d.
A single N₂O-N emission episode was observed following water addition at 6-27°C, while two N₂O-N
episodes were observed at 31-46°C. The first N₂O-N episode peaked within 6 h of water application. When
present, the second N₂O-N episode peaked 4-15 d after water addition. The peak height of the first episode
was positively correlated with water addition (r=0.96). Cumulative N₂O-N emissions were positively
correlated with water addition (r=0.99), such that each mm of water increased N₂O-N emissions by 168
mg/m² over 45 d. Cumulative N₂O-N emissions were positively correlated with temperature between 6-27°C
(r=0.99). Because of the second N₂O-N episode, cumulative N₂O-N emissions increased by 2300 mg/m² in a
step function between 27 and 31°C. Cumulative N₂O-N emissions were greatest at 38°C. There was a strong
correlation between final manure NO₃-N concentrations and cumulative N₂O-N emitted (r=0.87), suggesting
that nitrification was the likely mechanism for the second episode.
Feedlot manure N₂O-N emissions following a simulated rainfall were positively correlated with increasing
rainfall amount and temperature. A second N₂O-N emission episode likely resulting from nitrification, was
observed at temperatures above 27°C. Maximum response to temperature appears to be about 38°C with
minimal response below 10°C.
[1] Waldrip, H.M., Todd, R.W., Parker D.B. et al. 2016. J. Environ. Qual. 45,1797-1811.
[2] Parker, D.B., Casey, K.D., Todd, R.W. et al. 2017. Trans. ASABE (In Press).
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Nitrous oxide (N₂O) emissions from Irish agriculture are dominated by urine and dung deposition and
synthetic nitrogen (N) applications to pasture. These N₂O emissions are reported using default emission
factors (EFs) regardless of excreta, fertiliser or soil type and timing. Reducing uncertainty in these losses is
vital for reporting and mitigation purposes, therefore estimating country-specific N₂O and EFs are required.
Two experiments were carried out. Real ruminant urine and dung were applied to three pasture soils in
spring, summer, and autumn in a randomised split-plot design (five replicates) [1]. Similarly, fertilisers
(calcium ammonium nitrate or CAN, urea, stabilised urea) were applied to three grasslands in a fully
randomized block design (five replicates) [2]. Static chamber methods were used to measure N₂O over a full
year, and EFs were calculated as %N applied lost through N₂O.
Results of both studies found EFs to be on average 0.31%, 1.18% and 1.49% from cattle dung, cattle urine,
and the main synthetic fertiliser form used in Ireland, CAN, respectively. EFs varied largely between type of
excreta or fertiliser, soil and season. On average, EFs from cattle excreta were lower than the 2% IPCC
default, whereas EF for CAN was above the 1% IPCC default. Swapping fertiliser source from CAN to
stabilised urea was effective in reducing N₂O emissions by 58% to 87%. Applying the new EFs to re-calculate
Irish N₂O emissions from agricultural activities caused a significant shift in the emission profile. Share of N₂O
attributed to synthetic N fertilisation rose to 38% making it the single most important source of agricultural
N₂O emissions, while N₂O emitted from animal excreta deposited on pasture fell to 23%.
These results support a number of measures such as: adopting country-specific EFs, disaggregation of EFs
from animal excreta deposited on pasture and swapping synthetic fertiliser source for low-emission
formulations. In future, further disaggregation of EFs by season and soil type should be considered and soilspecific N₂O mitigation measures adopted.
DAFM Research Stimulus Fund (RSF10/RD/SC/716 and 11S138)
DAERA for Northern Ireland Evidence and Innovation project 13/04/06
[1] D.J. Krol, R. Carolan, E. Minet, et al. 2016. Science of the Total Environment, 568, pp. 327-338
[2] M.A. Harty, P.J. Forrestal, C.J Watson, et al.2016. Science of the Total Environment, 563-564, pp. 576-586
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Current Dutch inventory of N emissions from cow excreta and manure largely relies on faecal N digestibility
data calculated from Dutch feeding tables [1], but results in large prediction error [unpublished results].
Improvement was sought in applying a mechanistic model of digestive processes in the gastrointestinal tract
of dairy cattle.
An independent dataset was constructed from peer-reviewed papers on N balance data for dairy cows
published since 1999 (53 trials, 253 treatment means). The current method (calculation based on faecal N
digestibility from Dutch feeding tables; assuming additivity of faecal N digestibility of dietary ingredients) as
well as a new method (calculation with a dynamic, mechanistic model, currently used as Dutch Tier 3 to
predict enteric methane) were evaluated against these independent data on faecal N digestibility.
Preliminary results indicate that the average of apparent faecal N digestibility (66.7 ± 6.47 %) is overpredicted by the current method (74.2 ± 3.87 %), but was matched well by prediction with the new method
(66.7 ± 6.51 %). Given activity data on feed intake and milk production in national inventory, current overprediction (on average 7.5%) leads to an over-predicted ammoniacal N excretion (urinary N) and a biased
estimation of the potential of N mitigating nutritional measures. To demonstrate the actual Tier 3 prediction
potential, further research is required by replacing the currently used default values for rumen degradation
parameters for the national methane inventory [2] by trial-specific degradation parameters of roughages.
The present modelling results demonstrate the benefit of using a methodology which accounts for variation
caused by the microbial activity, digestive processes, endogenous N secretions and excretion of undigested
microbial N in faeces.
Applying a Tier 3 method for enteric methane emissions in cows improves the prediction of faecal N
digestibility compared to the current method based on Dutch feeding tables, reducing estimated
ammoniacal N excretion (and related N emission).
This research was funded by the Ministry of Economic Affairs (project BO-20-004-111).
[1] Velthof, G.L., Van Bruggen, C., Groenestein, C.M. et al. 2012. Atmospheric Environment 46, 248-255.
[2] Bannink, A., Van Schijndel, M.W. and Dijkstra, J. 2011. Animal Feed Science & Technology 166, 603-618.
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The recycling of nutrients from manure has several advantages from an environmental and an economic
point of view. The research project “BioEcoSIM” resulted in an innovative technology to recover phosphorus
and nitrogen as salts from pig manure. The aim of this study was to validate the suitability and fertilizing
performance of these salts in on-farm field trials.
Field experiments were performed at two farms in Germany and three farms in Spain with rather different
soil and climatic conditions over two years. Test crops were winter wheat, maize and sunflower. The
recovered fertilizers (phosphate salt, ammonium sulfate) were applied individually and in various
combinations and compared to commercial synthetic fertilizers and an unfertilized control. The crop
development was monitored followed by determination of the biomass yield and the contents of main plant
nutrients in biomass and soil samples.
In Germany, almost all treatments resulted in higher biomass yields of wheat and maize grown at both sites
compared to the control. The protein content of wheat was increased by all treatments. Both phosphate
application techniques (broadcast vs. root-zone) resulted in a similar maize yield.
In Spain, treatments with the manure-based fertilizers significantly increased the biomass yield of all crops
tested.
The combined application of the phosphate salt with two different synthetic nitrogen forms (calcium
ammonium nitrate, ammonium sulfate) did not influence the outcome.
The promising results obtained in greenhouse studies with the same products [1] were confirmed under
field conditions. The supplementation or even replacement of conventionally obtained nitrogen and
phosphorus with products recycled from manure offers tremendous environmental benefits (energy
savings, less greenhouse gas emissions, protection of limited resources, lower pollutant input etc.) and
offers a solution for the increasingly severe issue of manure accumulation in certain regions.
Considering the positive performance of the recycled fertilizers in two very different climatic regions, they
can be expected to be equally suitable for other regions as well. It was clearly visible that they are just as
effective fertilizers as comparable commercial products, yet with an environmentally more benign
performance.
This research was funded by the European Commission under grant agreement No. 308637.
[1] Ehmann, A., Bach, I.-M., Laopeamthong, S., Bilbao, J., Lewandowski, I. (2017): Can Phosphate Salts
Recovered from Manure Replace Conventional Phosphate Fertilizer? Agriculture 7(1).
doi:10.3390/agriculture7010001
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Animal manures and organic fertilizers are important nutrient sources in plant production but they can be
connected to a high risk of nutrient losses, as gaseous ammonia and N2O emissions as well as aqueous
nitrate and P leaching. Nitrification inhibitors provide an option to increase nutrient recovery and to reduce
N2O emissions and nitrate leaching from organic fertilization [1, 2].
Cattle slurries and anaerobic digestates with and without the nitrification inhibitor DMPP (ENTEC fluid) were
applied to silage maize and pasture in Germany in replicated field trials. In grassland slurries were applied
by trailing hose or shoe. In silage maize trailing hoses, slurry incorporation and closed slot injection (for
reduction of ammonia emissions) were used. In all trials yield and N uptake were determined. In specific
trials N dynamics in soil as well as N2O emissions were also included.
In all pasture trials a positive grass yield response with the nitrification inhibitor DMPP was observed
compared to the untreated slurry. Yield increases ranged between 4 and 8 %. In particular DMPP treatments
and cuts no effect of DMPP was observed. This was due to the chosen dosage of the active ingredient and
weather conditions. In silage maize also a generally higher yield level was overserved (1 - 10%). This was in
particular true for slurry injection. While injected slurry without inhibitor resulted in a boost of N2O
emissions, these emissions were decreased to the level of trail hose applied slurry when DMPP was mixed
into the slurry. This translated in an increase of N uptake (10-20 kg N/ha) and increased N use efficiency. Soil
sampling analysis showed that slurry ammonium was significantly stabilized over a period of several weeks
promoting N uptake and reducing the risk of N leaching.
In wide array of trials fertilization of liquid manure mixed with the nitrification inhibitor DMPP (ENTEC fluid)
resulted in robust yield and N uptake increases. Potential negative environmental effects as N2O emissions
and nitrate leaching were reduced. The effects may vary due to weather and soil conditions and DMPP
dosage.
The work of the trial partners (agricultural extension services Federal State of Lower Saxony and BadenWuertemberg) is gratefully acknowledged.
[1] Abalos, D. , Jeffery, S., Sanz-Cobena, A., Guardia, G., Vallejo, A. 2014. Agriculture, Ecosystems and
Environment 189, 136–144
[2] Gilsanz, C., Báeza, D., Misselbrook, T.H., Dhanoa, M.S. and Cárdenas, L.M. 2016. Agriculture, Ecosystems
and Environment 216, 1-8
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Slurry acidification using aluminium sulphate (Alum) is a valid alternative to H2SO4 for minimizing NH3
emissions [1]. However, such alternative might led to soil P insolubilization and consequent low P
availability for plants. This study aimed to assess P plant availability and P uptake by plants in one soil
amended with slurry treated by Alum and H2SO4.
Four treatments were tested in a P poor soil: 1) raw cattle slurry (RS); 2) H2SO4 acidified RS (H2SO4); 3)
Alum treated RS (Alum); non amended soil (CTR). A pot experiment was performed to compare soil P plant
availability, dry matter yield, P and N uptake by radish (low specific root surface). Application rates of slurry
equivalent to 33 and 66 mg P kg-1 soil were considered. All treatments received similar amounts of nitrogen
and potassium complemented with mineral fertilizer.
Similar total yields were obtained with Radish in RS, Alum and H2SO4 even if root yields in Alum were
significantly higher than in RS. P uptake (~19% of applied P) was similar in all amended treatments for the
lower P dose (33 mg P kg-1 soil) but, significantly a higher P uptake were observed in H2SO4 (25%) and Alum
(22%) than in RS (14%) at the higher P dose (66 mg P kg-1 soil). As expected, the Olsen-P content in Alum
treatment was significantly lower than in RS and H2SO4 at the beginning of the experiment, but no
significant differences were observed between treatments in terms of P-Olsen content after harvest
indicating that the impact of Alum addition on P immobilization seems to be temporary. Preliminary results
obtained with an ongoing experiment with ryegrass seem to confirm the short-term impact of Alum on P
availability.
Slurry acidification using Alum do not limit P availability after soil application even if our results need to be
confirmed at field scale. Contrary to H2SO4, slurry acidification using Alum can be performed directly by
farmers, making simple the adoption of such practice at the farm scale.
This work was supported by the FCT - Portuguese Foundation for Science and Technology
[1] Regueiro I., Coutinho J., Fangueiro D. 2016. Journal of Cleaner Production, 131, 96-307
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Manure contributes to crop fertilization years after its application. A maize monoculture trial was conducted
for twelve years (2002-2013) and manure was applied annually on selected plots. Later, no fertilizer was
applied and residual effect was studied on following winter crops. This work focuses on the effect on an oilseed rape crop sown three years after stopping manure application.
.
Two rates of manure (0 and 30 Mg ha-1) applied annually during twelve years and complemented with
mineral fertilizer at top dressing were tested on an irrigated maize monoculture trial. The following years
(2013-2016) neither manure nor fertilizer were applied to the rainfed winter crops sown (winter wheat * 2 +
oil-seed rape). A conventional nitrogen curve response trial was attached to the long term trial each year.
The work focuses on the effects on oil-seed rape (third year) yield.
The optimal N rate on the response curves has been around 80 kg N ha-1, yielding 3480 kg ha-1 of oil-seed
rape.
On the plots were residual effect was evaluated, the past application on maize for twelve years of 30 Mg ha1 of dairy manure yielded 3390 kg ha-1 of oil-seed rape, being the contribution of manure equivalent to the
application of 65 kg N ha-1. On the maize trial there were plots were N fertilizer was applied at top dressing
(0 and 200 kg N ha-1, for this manure rate). No yield differences were found between these two mineral N
rates, on this third year of residual effect.
For the no manure treatment, N application at maize dressing (rates: 0 and 300 kg N ha-1) increased oilseed rape yield (2375 and 2620 kg ha-1 for 0 and 300 kg N ha-1 rates, respectively) three years after
stopping plot fertilization.
The third-year residual effect, on oil-seed rape yield, of the past application of 30 Mg ha-1 yr-1 of dairy
manure on maize for twelve years, equals the application of 65 kg N ha-1 at crop dressing. N application at
maize dressing only has residual effects for the unmanured treatments.
Funded through the "Plans per la millora de la fertilització agrària a les Comarques Gironines" (Ministry of
Agriculture-Government of Catalonia).
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Despite that the fertilizer value of livestock manure has been extensively studied, we still struggle at
predicting the legacy effect of past applications. Our objective is to reconcile data from long-term trials with
new theories on organic matter stabilization and propose a new framework to determine how nitrogen is
accumulating in soil and contributing to the legacy effect.
Long-term field trials (>15 y) were used to determine the legacy effect in different cropping systems with
and without manure, using 15N-labelled fertilizers, and to evaluate the extent of organic nitrogen
accumulation in the soil profile [1, 2]. The C:N ratio of soil organic matter was used as primary indicator of
nitrogen availability. In one experiment [3], the soil was fractionated using density and particle size
fractionation methods to explore the physical location and forms of accumulated nitrogen.
Nitrogen accumulated in soils with manure [1; 2; 3]. Although the C:N ratio remained similar among
cropping systems, the legacy effect increased disproportionately as compared to the gain in soil nitrogen
[2], suggesting that the nature or location of accumulated N is not homogeneous. Nitrogen accumulated
primarily in the sand-sized heavy fraction of soil organic matter [3]. The C:N ratio of the heavy fraction was
closer to the average ratio of microorganisms (<16) than for the lighter fractions (>30), in agreement with
the recently proposed Microbial Efficiency-Matrix Stabilization framework [4]. The preferential
accumulation of organic matter in the sand-sized heavy fraction leads to the hypotheses that (i) the finer
silt+clay fraction was saturated, thereby forcing additional organic matter to accumulate in the coarser
fraction, (ii) nitrogen in the coarser fraction is less tightly bound to the mineral phase and represents a
dynamic fraction contributing to the legacy effect.
The nature and location of nitrogen accumulating in soils under integrated crop-livestock production must
be studied to improve our ability to predict the legacy effect and increase management efficiency of manure
nutrients. Soil organic matter fractionation techniques will help elucidating the mechanisms underlying the
legacy effect
[1] Angers, D.A., Chantigny, M.H. et al. 2010. Nutrient Cycling Agroecosystems 86,225-229.
[2] Nyiraneza, J., Chantigny, M.H. et al. 2010. Agronomy Journal 102,1244-1251.
[3] Maillard, E., Angers, D.A. et al. 2015. Agriculture Ecosystems and Environment 202,108-119.
[4] Cotrufo, M.F., Wallenstein, M.D. et al. 2013. Global Change Biology 19,988-995.
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Background & Objectives
Spent mushroom compost (SMC) contains a range of plant nutrients, including nitrogen (N), which mainly
originate from arable crops. Using SMC as an organic fertilizer recycles these nutrients. The objectives of
these experiments were to evaluate the effect of SMC on spring barley grain yield and quality and to
determine its nitrogen fertiliser replacement value (NFRV).
Materials & Methods
Experiments were conducted on two soils, light- and medium-textured, over three years (2008-10). The
experiments compared the response of spring barley to a range of fertilizer N levels with and without SMC.
SMC was applied at a rate of 14-15 t/ha freshweight. A second, higher rate (30 t/ha) was applied on the
light soil. Fertiliser N levels ranged from 0-190 kg N/ha. Grain yield and quality was determined. NFRV was
calculated with reference to the unfertilised control.
Results & Discussion
SMC application gave similar or higher grain yield and N uptake compared to fertilizer only treatments at
corresponding fertilizer N rates. SMC had no significant effect on the economic optimum fertilizer N rate
but the maximum yield was significantly higher where SMC was applied in two in two of the three seasons
on the medium soil. This indicates that SMC was influencing yield in a manner that was not directly related
to N supply. Effects of SMC on grain quality were small.
The NFRV, calculated using grain yield and expressed relative to the amount of total N applied in the SMC,
ranged from 0.054 kg/kg to 0.287 kg/kg. When NFRV was calculated using N uptake at harvest the range
was 0.074 kg/kg to 0.22 kg/kg.
Conclusion
SMC can contribute to the nitrogen nutrition of small grain cereal crops in high yield potential
environments. The NFRV of SMC is low compared to animal manures with a mean value of 0.15 kg/kg
recorded in this study.
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There were almost 11 million poultry in Ireland in 2010 (CSO, 2010); a significant source of manure. The
mineral fertiliser replacement value (MFRV) of manure impacts the economics of transport and determines
the mineral fertiliser balancing requirement. In cereals understanding the nitrogen (N) MFRV is particularly
important to avoid lodging, yield loss and to produce grain with protein meeting requirements.
A well-drained experimental site located at 52°48’51.16” N 6°8’39.56”W was used with four replicates per
treatment. Ploughing, treatment application and sowing were completed on 31 March 2016. P, K, Mg & S
was applied to all plots. Poultry manure was applied at six N rates. The mineral fertiliser treatment N was
calcium ammonium nitrate (CAN) (50 to 250 kg N ha-1 in 50 kg increments). Crop yield, grain protein and
total crop N recovery were measured at harvest.
The poultry manure was from a modern poultry house with manure drying facilities. The manure dry matter
(D.M.) was 88.1% and manure contained 38.1, 11.3 and 22.9 kg of N, P and K, respectively per tonne D.M. In
comparison the standard values used for layer manure are 55% D.M. and 41.8, 10.0 and 21.8 kg of N, P, K,
respectively per tonne D.M. (Teagasc, 2016). Spring barley grain yields responded strongly to mineral
fertiliser N and to manure application reaching maximum yields of 10.2 and 10.3 tonne/ha, respectively. In
comparison the control plot yielded 6.0 tonne/ha. The N in poultry manure is currently assumed to be 50%
available in the season of application (Teagasc, 2016). Spring barley plant and grain samples are currently
being processed and N uptake measured. This data will be used to evaluate the N MFRV of poultry manure
in this trial and will be presented.
Poultry manure, particularly dried manure, is a concentrated nutrient source relative to other
manures/slurries. It’s relatively high nutrient concentration lends itself to transport over longer distances
than other manures. As more than half of the poultry in Rep. Ireland are located in county Monaghan (CSO,
2010), transport is important.
The authors thank Sylvester Bourke for his exceptional cooperation, assistance with field operations and
provision of the field site.
CSO, 2010. Census of Agriculture, 2010. ISBN 978-1-4064-2673-1. Available online:
http://www.cso.ie/en/media/csoie/releasespublications/documents/agriculture/2010/full2010.pdf
Teagasc, 2016. Major and micro nutrient advice for productive agricultural crops. Eds: D. Wall and M.
Plunkett. Available online: https://www.teagasc.ie/media/website/publications/2016/soil-fertility-green.pdf
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Separation of pig slurry on solid and liquid fractions may contribute to export nutrients from high density
livestock areas. Thus, the volume of slurry treated is increasing and it is necessary to look for the effects on
crops of applying these different fractions. This work evaluates wheat yield and protein content achieved
using different fractions at different times under Mediterranean-climate.
Four treatments comparing application schedules for liquid (LF) and solid (SF) fractions from pig slurry
(whole rate SF or LF before sowing, half rate SF before sowing plus half rate LF at dressing and LF split
between before sowing and dressing) and a control treatment without fertilization were tested. Two wheat
trials were carried out in different agricultural systems within Catalonia: 1) high-livestock density and subhumid Mediterranean-climate and 2) medium-livestock density with Mediterranean-climate. Yield and grain
protein content were measured.
Differences on yield and protein content were observed between sites. Site with sub-humid climate
produced, on average, 8.0 t ha-1 and 10.9 % protein content, while 4.9 t ha-1 and 14,8 % were achieved in
the other site.
Fertilized plots on average increased yield by 571 kg ha-1 and protein content by 1.26 percent points (pp),
although differences were observed between treatments. The split application of these fractions tended to
increase yield by 203 kg ha-1 and protein content by a significant 0.75 pp. On average, plots receiving only
LF produced 187 kg ha-1 less than those receiving SF, but achieved a significant 1.2 pp increase in protein
content.
Applying full rate SF before sowing, with no LF application at dressing, achieved similar yields than the other
fertilized plots but failed increasing protein content (0.15 pp less than the unfertilized control treatment)
while was significantly increased in the other treatments.
Optimal fertilization of separated fractions from pig slurry differs between SF and LF. Full rate SF application
before sowing achieves similar yields than other strategies but fails in increasing grain protein content. Split
application (only LF at dressing) of those fractions was the optimal strategy, mainly for increasing protein
content.
This work has been funded through the CDTI Project IDI-20150738
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Quality organic resources such as compost deliver many benefits to soil, in terms of structure and nutrient
supply. EU Directives stipulate that Ireland must increasingly divert untreated organic wastes away from
landfill. Composting has been shown to be the most cost-effective treatment of municipal solid waste
(MSW) however predictive tests for nutrient release from materials with heterogeneous feedstocks are
required.
A detailed chemical, physical and biological characterization (27 individual parameters) of 25 nationally and
internationally sourced composted wastes was conducted. Two subsets of these materials were
subsequently selected for a nitrogen (Rates applied: 150, 300 & 450 Kg N/Ha) and separate phosphorus
(Rates applied: 60, 120 & 180 Kg P/Ha) growth experiments, using cabbage (cv ‘Hispi’) as a model crop, over
8 harvests. Each harvest was analysed for nutrient content.
Nitrogen uptake from the MSW composts was low, recorded at approx. 8% for the first harvest with no
significant difference between the different composts and application rates. Over the 24 months of the
experiment, 23% of the total nitrogen added was utilised. When the MSW category is further subdivided
into catering /food waste and Brown Bin waste there is a 19-33% greater uptake of N from pure
food/catering waste composts across all harvests, indicating that input feedstock may be affecting release.
Characteristics such as NDF (neutral detergent fibre) and lignin content show a strong correlation with
absolute nitrogen plant uptake over the initial harvests, however this is not sustained after the fourth
harvest, most likely due to limited N available for uptake. Phosphorus uptake figures from biowaste
composts were comparable to single super phosphate and variation in uptake across these treatments was
low over the course of the experiment.
All MSW composts tested displayed a high availability of phosphorus and could potentially replace inorganic
phosphorus to a significant extent. Nitrogen availability was low and would require co-application with
another nitrogen source. With composts of heterogeneous feedstock, lignin content or NDF was shown to
be optimal in predicting nitrogen release.
The authors would like to acknowledge funding from the Environmental Protection Agency through the
STRIVE programme (2008-WRM-MS-7-S1).
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Nutrient rich dairy slurry can offset the need for chemical fertilisers when applied to soils. The Irish dairy
industry is currently undergoing rapid expansion due to milk quota abolition with a consequential increase
in animal slurry volumes. The objective of this experiment is to investigate the availability of phosphorus (P)
in this resource across a range of Irish soil types.
Soil was collected from 22 grassland sites (to 10 cm depth) representing a range of agricultural soils in
Ireland. 100g (dry weight equivalent) soil was incubated under aerobic conditions at 15oC and 80% water
filled pore space for 12 months. Phosphorus treatments consisted of a control (0 kg ha-1 P), dairy cattle
slurry (100 kg ha-1 P) and chemical P (50 & 100 kg ha-1 P). These treatments where compared with and
without lime addition (5 t ha-1).
In this paper the fertiliser replacement values and efficiency of dairy cattle slurry will be discussed. Soil type
and lime interactions with the P treatments will allow for greater insight into the fate of these different P
sources and the creation of new knowledge and advise on P inputs from cattle slurry at farm level. Previous
work on the interaction of chemical P across the same range of soils demonstrated that P fertiliser
availability measured by Morgan’s extractable P was highly variable after 12 months incubation and was
largely dependent of soil type, initial soil test P and soil pH status [1]. In this experiment further analysis of
soil P pools will be used to identify the soil physical, chemical and biological factors affecting soil P
availability. Overall the integration of soil specific P knowledge will help to increase nutrient efficiency and
environmental sustainability on Irish grassland farms [2].
Identifying soil specific factors affecting slurry P dynamics and availability can further improve nutrient use
efficiency at farm level. Targeted dairy slurry applications based on soil type and soil nutrient status can lead
to better on farm management decisions and ultimately enhance the recovery potential of this resource
nationally.
The author wishes to acknowledge funding from the Teagasc Walsh Fellowship Programme.
[1] Sheil, T., Wall, D.P. and Lalor, S.T.J. 2015. Lime and phosphorus for maximum productivity. Fertilizer
Association of Ireland Spring Scientific Meeting 2015. Publication No.50: 3-16. http://www.fertilizerassoc.ie/wp-content/uploads/2015/04/Proc-No-50-2015-FINAL.pdf
[2] Wall, D.P., and Plunkett, M., eds (2016). “Major and Micro Nutrient Advice for Productive Agricultural
Crops”. Teagasc, Johnstown Castle, Wexford. ISBN 978-1-84170-632-0.
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Treating broiler manure with aluminum sulfate (alum) is a best management practice that reduces both
ammonia (NH3) emissions and phosphorus (P) runoff. However, during the past 10-15 years alum prices
have increased substantially. The objective of this work was to develop cost-effective manure amendments
that are as effective as alum in reducing P runoff and NH3 volatilization.
Sixteen manure amendments were developed with simple mixtures of alum mud, bauxite ore, sulfuric acid,
liquid alum, and water. Alum mud is often considered a waste product; it is the residual material left over
from alum manufacture when produced by reacting bauxite with sulfuric acid. We conducted a laboratory
ammonia volatilization study using 11 treatments: untreated broiler litter, broiler litter treated with liquid
or dry alum, or eight new mixtures.
All ten of the manure amendments that were tested resulted in significantly lower NH3 volatilization than
untreated litter. Liquid and dry alum reduced NH3 losses by 75 and 86%, respectively. The eight new
manure amendments reduced NH3 losses from 62 to 73% compared with untreated litter, which was not
significantly different from liquid alum and the three most effective mixtures were not significantly different
from dry alum. All of the manure amendments resulted in significantly lower water-extractable P (WEP)
than untreated manure and three of the amendments resulted in WEP values significantly lower than with
dry alum.
The amendments showing the most promise were mixtures of alum mud, bauxite, and sulfuric acid. The
impact of these new manure amendments could be quite high, since they could be manufactured for
approximately half the price of alum while being just as effective in reducing P runoff and NH3 emissions.
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To achieve optimal crop yield/quality, accurate knowledge of nutrient contents in liquid manure spread to
fields is essential. Here we present the application of a mobile NMR sensor for NPK monitoring onboard a
manure spreader to provide quantification of the macro nutrients in liquid manure spread to fields. This
work extends our recently presented laboratory demonstration of the sensor [1].
The sensor is based on a digital NMR instrument with a permanent magnet (~1.5 T). There is no sensitive
parts in contact with the sample, no optical window, no calibration for the user, and no addition of
chemicals. The contents of ammonium, total phosphorus, and potassium is quantified directly by 14N, 31P,
and 39K NMR. Additionally, 17O/1H NMR can be applied for indirect quantification of organic N and dry
matter, as alternative to estimates from expected ammonium/total-N ratios.
In laboratory experiments, we have shown good agreement between results obtained at the NMR sensor
and reference measurements from commercial laboratories on different liquid manures including pig-,
cattle, mink, and co-digested manures from biogas plants. Furthermore, we have implemented the sensor
on a PGV20 Samson, DK-8800, Viborg, Denmark, spreader, and we will show the results of field tests, which
will be conducted during spring/summer 2017. Reliable measurements can be performed in about 5
minutes. However, precision increases with increased measuring time and depending on desired precision,
measuring time can be reduced. Due to the extensive stirring of the liquid in the tanker, a few batch
measurements should be sufficient for an accurate representation of the full amount of slurry spread to the
fields. An NMR sensor mounted directly on the tanker, provides an excellent possibility for accurate analysis
of the entire amount of liquid manure spread to fields
Multinuclear NMR technology enables robust, reliable, automatized monitoring of NPK nutrients in liquid
manure directly at a spreader. This enables accurate, representative quantification of the nutrients spread
to fields which can function as input to nutrient application maps, and potential utilized as input for followup fertilization with mineral fertilizers.
We acknowledge financial support from the Danish Ministry of Food, Agriculture and Fisheries (GUDP
research funding), the Lauritzen Foundation.
[1] Sørensen, M.K., Jensen, O., Bakharev, O.N., Nyord, T. and Nielsen, N.C. 2015. Analytical Chemistry, 87,
6446-6450.
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In this study, we aimed to evaluate a number of composted wastes using parameters pertaining to compost
feedstock, potential to predict nutrient release and end use.
Multivariate data analysis in the form of hierarchical cluster analysis (HCA) and principal components
analysis (PCA) was applied to the results to establish relationships among the composts and to potentially
classify the composts.
Twenty five composts from Ireland and other EU states were obtained from commercial composting
facilities and were considered market ready. Composts were groups into categories: biowaste, green waste,
manure waste, industrial organic waste and anaerobic digestate. The composts were then characterised
analytically using various physico-chemical, spectral and biological techniques. These included; pH, EC and
cation exchange capacity, total and extractable nutrient content (nitrogen (N), phosphorus (P) and
potassium (K), oxygen uptake rate, organic matter (lignin, NDF and humic) content.
The HCA was applied firstly to all characterisations conducted. Three main clusters were identified. The first
cluster contained all the manure composts. The second cluster was predominantly brown bin and food
waste compost. The third cluster was composed predominantly of green or yard waste compost. The PCA
applied to all composts and charaterisations A similar trend emerges with the compost separated into three
distinct groups i.e. manure, biowaste compost with brown bin or food waste feedstock and composts with a
large green or yard waste component. The PCA loadings plots also highlighted what characteristics were
most influential on the groupings. The most influential loadings in component 1 were cation exchange
capacity, extractable P, NDF and lignin. Using HCA and PCA can be a useful technique when dealing with a
large population of samples that are very heterogeneous to group them into composts for specific uses.
The use of HCA and PCA gave distinct patterns and identify NDF as a reliable prediction parameter for
available N and Olsen’s and Mehlich P for available P. The results identify the manure composts as potential
organic fertilisers with some of the BW and GW composts as soil additives/conditioners.
To Dr. Jim Grant at Teagasc for his assistance on processing the data and statistics.

37
Reduction of the composting time of agro-industrial wastes: effect on the
main control parameters
Professor Mônica Sarolli Silva de Costa1, Environmental Engineer Maico Chiarelotto1, Dr Luiz Antonio de
Mendonça Costa1, Environmental Engineer Felippe Martins Damaceno1, Dra MA Bustamante2, Dr Raul
Moral2, MSc Plínio Emanoel Rodrigues Silva1, MSc Higor E. Francisconi Lorin1
1

Research Group on Water Resources and Environmental Sanitation - RHESA, Western Parana State University 2
UNIOESTE, Agricultural Engineering Graduate Program - PGEAGRI, Cascavel, Brazil, GIAAMA Research Group,
Agrochemistry and Environment Dept., Miguel Hernández University (UMH), EPS-Orihuela, Spain

E. Parallel Session 2 - Sub Theme 1 - Advances in Technologies&Sub & Sub Theme 3 - Gaseous Emissions,
McLure 1, September 4, 2017, 14:00 - 15:30
Composting is the primary available stabilization bioprocess for broiler agro-industrial solid wastes in Brazil
[1], which are produced in a large scale mainly in Parana State. The aim of this research was to evaluate the
effects of reducing composting time on some control parameters of the bioprocess in order to monitor its
performance and the stability of the final compost.
Hatchery wastes, floatation sludge, sausage casings and ash were used to prepare three windrows of ± 410
kg DM and C:N of 22 (W8-35, W12-63, W16-98), using fresh urban tree trimmings in the percentage of 64%
of the total weight (DM). The treatments differed according to the number of turnings (8, 12, 16) and
composting time (35, 63, 98 days). Temperature, reduction of mass and volume, C:N ratio and GI were
evaluated at the beginning and end of the bioprocess.
The duration of the thermophilic phase (temperatures ≥ 40ºC) was of 35, 46 and 45 days for W8-35, W12-63
and W16-98, respectively, and in all treatments the temperature exceeded 55ºC for more than two weeks,
which ensured the maximum pathogen reduction according to the European requirements on compost
sanitation [2]. During the process, the moisture was maintained at 50-60%. The reductions in dry mass and
volume were increasing in function of the composting time (35.7, 37.2 and 40.3% for dry mass and 32.6,
41.1 and 54.8% for volume). The final C:N ratio was also affected by the composting time (C:N=16; 14 and
12 for W8-35, W12-63 and W16-98, respectively. The Germination Index (GI) completed this result. It was
33% at the beginning of the bioprocess and increased to 141,156 and 192% for the treatments W8-35, W1263 and W16-98, respectively). All composts being considered as matured according to [3].
The time of 35 days combined with eight turnings was efficient in achieving the standards process control
parameters for the composting of agro-industrial wastes in the studied conditions and also allowed the
production of a stable and mature compost suitable for its agricultural use.
The authors thank the Agregare Composting Plant for supplying the wastes and GIAAMA researchers for
the partnership in this study.
[1] Costa, M.S.S.M.; Bernardi, F.H.; Costa, L.A.M. et al. 2017. J Clean Prod. 142, 2084–2092.
[2] Gavilanes-Terán, I.; Jara-Samaniego, J.; Idrovo-Novillo, J.; Bustamante, M.A.; Moral, R.; Paredes, C. 2016.
Waste Management, 48, 127–134.
[3] TMECC, 2002. Test Methods for the Examination of Composting and Compost. US Composting Council,
Bethesda, MD.
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Urban compost spreading in agrosystems enhances soil fertility but can also be a source of plastics, not
entirely eliminated during the composting process. Knowledge of the fate of these plastics in regularlyamended soils is thus an issue for the environmental management of these soils. It is then necessary to
have tools monitoring the identification of (micro)-plastics within the soil structures.
The studied soil is a loamy soil cultivated with wheat/maize production and amended every two years with
municipal solid waste composts since 1998. We used and adapted a methodology based on the
morphological and analytical characterization, by transmission electron microscopy (TEM) associated to EDX
microanalysis, of the granulometric fractions of compost and soil 12. Identification of plastics was defined
and their association with soil particles described. Results were completed by soil physico-chemical analyses
and pyrolysis/GC/MS of the soil granulometric fractions.
TEM-EDX results highlighted morphological and analytical tracers of the introduced plastics. For instance,
specific features of organic membranes associated with titanium were identified in compost and soil
fractions. Ti, Ba and Cl appeared as relevant plastic tracers. Main plastic fragments were not associated
within soil aggregates and did not present any features of microbial degradation. Plastics fragments were
frequently observed in the coarsest soil fractions (>50 µm), then, the finer the fraction, the lower the
observation frequencies of them. Almost no micro-plastics (< 20 µm) were found either in the compost nor
in the < 20 µm soil fractions. Some pyrolysis products possibly derived from plastics 3, such as styrene, were
observed in some of these fractions. Relative proportions of styrene produced upon pyrolysis of soil
fractions also decreased according to a same decreasing gradient of particle sizes. Detection limits of the
method and plastic turn over are discussed.
This methodological approach provided morphological, elemental and molecular tracers of micro-plastics in
compost and soil granulometric fractions. Having tool to monitor the fate of micro-plastics over time will
complete information on their availability in soils and their contribution to the organic matter dynamics in
soils amended with bio-based products.

This research was funded by Veolia-VERI and Allenvi alliance.
1 Watteau, F. and Villemin, G. 2011. Bioresource Technology, 102, 9313-9317
2 Watteau, F., Villemin, G., Bartoli, F., Schwartz, C. and Morel, J.L. 2012. Soil Biology Biochemistry, 4, 103114
3 Dignac, M.-F., Houot, S., Francou, C. and Derenne, S. 2005. Organic Geochemistry, 36, 1054-1071
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Hydrothermal carbonization of livestock mortality may provide a biosecure treatment option. Current
methods of livestock mortality treatment include pit burial, composting, incineration and rendering. Pit
burial and composting run the risk of pathogen survival and contamination of ground-water, while
incineration is expensive and rendering is species dependent. HTC treatments may provide a more efficient
and potentially more thorough treatment alternative.
Beef bone and tissue experiments, were performed at two HTC treatment temperatures (150°C, and 200°C)
at autogenic pressures. All experiments were conducted at three treatment times (30, 60, and 240 min). For
each temperature, a control was performed, with setup as described above, but instead of being subjected
to HTC, the experiment was incubated for 4 h at 37°C in a water jacketed incubator. DNA was extracted
from all samples and analyzed using PCR.
Results indicate that HTC treatment at 150 and 200 °C and autogenic pressures, leads to 100% elimination
of pathogens and microbially-derived DNA. Additional results focus on the characterization of HTC byproducts and, in particular chemical composition, surface area, and adsorption capacity for nutrients.
Further analysis of extracted DNA using a high-sensitivity DNA kit on an Agilent Bioanalyzer revealed that no
DNA was present in the HTC treated samples. The ability of HTC treatment to rapidly inactivate both
pharmaceutically active compounds (i.e., antibiotics) and the DNA that confers resistance to these
compounds provides it an advantage over other treatments. These advantages can potentially include an
increased range of treatable contaminants, as well as reductions in operation costs and time. Operational
costs are affected by temperature and treatment time. Our studies demonstrate that for elimination of
pathogens and their DNA, minimum temperatures of 150°C with treatment times of 30 min prove sufficient.
This work serves a proof of concept that hydrocarbon thermalization of animal mortality may prove a
suitable treatment option when considering total pathogen kill and elimination of microbially-derived DNA.
This work can provide a basis for further work focusing on other waste streams, including manures and
wastewaters.
The authors would like to thank Mel Johnson, Christopher Donaldson, and Hannah Rushmiller for their
technical expertise.
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N pollution is an increased process with global warming potential implications. Gas-permeable membranes
has been reported as useful methodology for N removal from liquid wastes, with gaseous ammonia transfer
from the liquid waste to an acid solution through the membrane. However, increase of pH in liquid wastes is
necessary to enhance efficiency-transfer from ammonium to ammonia though the membrane.
The objective was to understand how a combined low-rate aeration (0.25 Lair min-1L-1) and inorganic
carbon presence/addition increases the influent pH, which results in enhanced N recovery using gaspermeable membranes. Possible limitations of bicarbonate on this operation are studied (Exp1). The
possible effect of the dissolved organic matter on N recovery is also evaluated (Exp2). Both experiments
used synthetic solutions, containing 1000-4000 mg NH4+/L, sodium bicarbonate and/or humic acid sodium
salt. Finally, N recovery was applied in real pig slurries.
The results obtained showed that bicarbonate concentration relative to the ammonia was a key factor that
affected the rate of transference and recovery of the ammonia using the gas-permeable technique with
aeration. When alkalinity from bicarbonate was low relative to the ammonia, the conversion of ammonium
to ammonia, as previous step to transference through the membrane, was rather reduced, resulting in low
overall N recovery efficiencies (45-59%). However, when bicarbonate concentration was higher (> 2.4 g/g
NH4+), the N recovery of the system was optimized (>85%). In the second experiment using synthetic
solutions, we found that the N recovery efficiency of the process was not limited by the presence of spiked
organic matter in the range of 3000 to 6000 mg/L tested. Using pig slurries with this system, ammonium
recoveries were > 90%.
The combination of low aeration rate and high bicarbonate: ammonia ratio results in alkaline conditions
which favoured of membrane-transfer and significant recovery of ammonia N (86-94%) in high ammonium
and organic matter liquid wastes (synthetic influents and real pig slurries).
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The maturity phase is, partially, affected by the relative stability
of the material and also describes the impact of other compost
chemical properties on plant development [1]. The aim of this study was to evaluate the changes in some
chemical and biochemical parameters during the maturity phase of three composts produced in different
composting times.
Agro-industrial wastes (hatchery wastes, floatation sludge, sausage casings, ash) mixed with fresh urban
trees trimmings were composted in different times (35, 63, 98 days). After this period, the composts were
left to mature, previously sieved and stored in bags in a protected place, and sampled after 0, 30 and 60
days.The parameters evaluated were pH, electrical conductivity (EC), cation exchange capacity (CEC),
germintion index (GI), Total nitrogen (TN) and soluble P and K. The data were submitted to variance
analysis.
The effects of the maturation phase were mainly observed in the compost that remained 35 days in
composting process (C₁). In C₁ was observed a decrease in the pH values and an increase in the EC suggesting
nitrification [2] and mass loss during this phase. The GI also increased in C₁ while showed a slight decrease in
the compost that remained 98 days in composting process (C₃). The TN concentration and soluble P did not
varied during the maturation phase but the soluble K increased at the 60 day in all composts. The highest
value of CEC was observed in the C₃ but it did not change in this compost or in the C₁ which presented the
lowest value of this variable in the beginning of the maturation phase. The compost that remained 63 days
in composting process (C₂) showed an increase in CEC after 60 days of maturation.
The reduction in the composting time seemed to affect the chemical and biochemical transformations
during the maturation phase, which significantly influenced the final properties of the end-product
obtained.
The authors thank the Agregare Composting Plant for supplying the wastes and GIAAMA researchers for
the partnership in this study.
[1] Bernal, M.P.; Alburquerque, J.A.; Moral, R. 2009. Bioresource Technology, 100, 5444–5453.
[2] Sànchez-Monedero, M.A.; Roig, A.; Paredes,C.; Bernal, M.P. 2001. Bioresource Technology, 78, 301-308.
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The German project “EmiDaT” aims to develop new emission factors for different animal categories (dairy
cattle and fattening pigs) and housing systems in Germany. These emission factors will be used for the
national inventory as well as for authorization processes. To measure the emissions from naturally
ventilated barns, a nationwide measurement program was set up.
Different types of cubicle housings were chosen to identify variation in the emissions of housing systems for
dairy cows: solid floor in the walking area, slatted floor with slurry storage beneath the floor and slurry
storage outside. For each housing type, 4 farm locations were chosen. Measurements will be carried out
during six weekly periods throughout one year at each location. The air flow rate will be measured by using
the CO2 balance method, gas concentrations with FTIR devices.
Measurements at the first three farm locations started in February 2017, two companies are doing the
measurements, the data from the first measurements has not been evaluated so far, but will be in the next
weeks. To harmonize the procedure of measuring a workshop with several companies was set up at one
farm location to show the procedure of emissions measuring following the international VERA protocol.
To get significant national emissions factors for ammonia from naturally ventilated cow housings the
selection of adequate practice farms and the information exchange with the measuring companies were the
most important working steps in the project.
The project is financed by the Landwirtschaftlichen Rentenbank, Frankfurt am Main
VERA (2012): Test protocols. http://www.veraverification.eu/fileadmin/download/Test_programs/Housing.pd
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Significant efforts are required to abate ammonia (NH3) emissions from the agricultural sector; therefore,
new technologies to recover the NH3 are needed. This work compiles results from a series of lab-scale
studies on a new process for NH3 recovery from solid and liquid livestock wastes. They were used to
develop the comprehensive Life project Ammonia Trapping at larger farm scale.
The technology includes the passage of NH3 through a micro-porous hydrophobic membrane and
subsequent capture and concentration in a stripping solution on the other side of the membrane. For liquid
applications, the membrane manifolds were submerged in the liquid, and NH3 was removed from the liquid
before it escaped into the air. For air applications, the membrane manifolds were suspended above the
litter, and NH3 was removed inside the chambers.
An evaluation of the amount of NH3 recovered by the membrane system as well as a study about how to
increase the recovery rate of NH3 from livestock wastes were done. In the case of raw and digested
manure, low-rate aeration of the liquid raised pH promoting NH3 release without chemicals. In the case of
poultry litter, the use of Ca(OH)2 increased pH and enhanced volatilization of NH3 and its capture.
Using the improved protocol, 99% of NH3 was recovered by the membrane from raw manure, and more
than 96% from digested manure. For air applications, poultry litter was used and we achieved 84% of NH3
recovered. These data will be used to design and develop pilot-scale modules to reduce NH3 from both
liquid and air applications. They will be tested in a pig and a laying hen farm under the frame of the Life
project Ammonia Trapping.
Capturing NH3 emissions from livestock wastes is a new strategy to improve the environment. The gaspermeable membrane technology showed high performance at lab-scale. Under the framework of the Life
Ammonia Trapping project, farm-scale prototypes for liquid and air application will be tested in the highdensity livestock region of Castilla-León, Spain.
The pilot research in Spain is funded by the European Union under the Project Life Ammonia Trapping
(Life15 ENV/ES/000284).
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Knowledge about the nutrient value of sheep manure is Sweden is scarce. Also, straw bedding has become
expensive in parts of Sweden, and evaluation of alternative bedding materials is needed. Our aim was to
determine the nutrient composition of deep litter manure and make nutrient balances, including ammonia
emissions, comparing bedding of barley straw and reed canary grass.
Six boxes, each with 5-6 sheep, were given barley straw or reed canary grass bedding during two winter
seasons. Balances were calculated from nutrient concentrations and mass of inputs; grass silage, mineral
supplementation, bedding material, and outputs; deep litter manure and lamb growth [1]. One year, mass
and nutrient concentrations before and after outdoor storage of deep litter in heaps were also quantified.
Temperature in the air and in the manure was measured during both indoor and outdoor periods.
Dry matter losses in the sheep house were 42% the first year and 50% (also including summer storage
indoors) the second year. Nitrogen losses were smaller, 10% the first year and 11% the second. This did not
differ significantly between barley straw and reed canary grass. Both materials worked well, but reed canary
grass was dustier and 9-12% more bedding was needed. Dry matter and nitrogen losses mainly took place
during the winter; there were small differences between the nutrient concentrations in manure before and
after summer storage in the stable the second year. Despite indoor temperatures between –15⁰C and
+11⁰C, the mean temperature at 8.5 cm depth in the deep litter was never below zero. During outdoor
storage the first summer, dry matter loss was 49% and N-loss was 30%. A large part of this loss was
ammonium, which decreased with 67%. Ammonia loss is common during composting [2].
In a cold climate, sheep kept on deep litter beds with either barley straw or reed canary grass give a good
manure that does not lose much nitrogen during the housing season. Losses during the outdoor storage
were much larger, mainly due to loss of ammonium, presumably as ammonia emission.
This study is financed by SLU EkoForsk. We also thank our internship students Samuel Knapp and Federica
Aru.
[1] Poulsen, H.D.,Kristensen,V.F. 1997. Normtal for husdyrgødning—En revurdering af danske normtal for
husdyrgødningens indhold af kvælstof, fosfor og kalium. Danmarks JordbrugsForskning, Beretning 736, 4243
[2] Larney, F.J., Sullivan, D.M. Buckley, K.E. Eghball, B. 2006. The role of composting in recycling manure
nutrients. Canadian Journal of Soil Science 86, 597-611.
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Cattle account for 72% of Ireland’s agricultural ammonia (NH₃) emissions, of which slurry storage
contributes 15% [1]. The objective of this study was to investigate the impact of the addition of sulphuric
acid, acetic acid, and chemical amendments on NH₃, carbon dioxide (CO₂) and methane (CH₄) emissions
from stored cattle slurry.
Cattle slurry, with dry matter (DM) contents of 4% and 7%, were amended with sulphuric acid, acetic acid,
alum, and ferric chloride (FeCl₃) until a target pH of 5.5 was attained. A control, with no amendment, was
also included. The study was conducted using 1.6 L-capacity containers, which were stored at 8.6⁰C.
Ammonia emissions (photoacoustic field gas-monitor) and CO₂ and CH₄ emissions (closed static chamber
technique) were monitored for 83 days. pH was measured using a JENWAY 1510 pH meter.
The amendments reduced NH₃ emissions by 84%-98% and by 86%-97% relative to the controls in the 4%
DM and 7% DM slurries, respectively. Alum and FeCl₃ produced the highest reductions. However, FeCl₃ had
significantly lower NH₃ emissions than both sulphuric acid and acetic acid in both DM slurries. The pH of all
treatments gradually rose during the study, and attained values of between 6.8 to 7.2 in the 4% DM slurry
and 6.5 and 6.9 in the 7% DM slurry by day 83, while the control remained at 7.4±0.1 during the study.
Methane emissions reduced by 80%-95% in the 4% DM slurry and by 94%-98% in the 7% DM slurry relative
to the controls, with FeCl₃ attaining the highest reductions. Carbon dioxide emissions were similar across all
treatments in the 7% DM slurry. However, acetic acid increased CO₂ production in the 4% DM slurry by 62%
relative to the control.
All the amendments examined significantly reduced NH₃ and CH₄ emissions. To the authors’ knowledge, this
is the first study to show that the addition of alum and ferric chloride to cattle slurry under winter storage
conditions significantly reduces NH₃ and CH₄ emissions without increasing CO₂ production.

This work was funded by the Irish Department of Agriculture, Food and the Marine (Grant number RSF
13/S/430).
[1] EPA, 2015 INFORMATIVE INVENTORY REPORT 2015
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Development of anaerobic digestion plants in France is mainly based on co-digestion of livestock manure
with external waste. Most of the plants use technologies to post-process digestate (liquid/solid separation,
drying, pelletization), before the last step of spreading. This study focuses on the comparison of the impact
of digestate post-treatment strategies on gaseous emissions occurring from post-processing step to landspreading step.
A farm and a territorial plant were monitored for several weeks to evaluate mass balance and to measure
emission from fractionation step, solid drying process, and pelletization, using IR-PAS device or acid
trapping. Emissions during storage of raw and post-processed products were carried out in different vessels
at lab for 4 weeks at least. Spreading emissions were evaluated using the CEMOB (organic-products
spreading-bench) and Wind Tunnels for the solid products. Emissions concerned are NH3, CH4 and N2O
(storage), and odors.
The farm plant process is composed of a fractionation with a scew-press, followed with storage of solidfraction and liquid-fraction before spreading. The territorial plant process is characterized with, a
fractionation using centrifuge decanter, a solid-fraction's dryer before storage of this fraction, and no liquidfraction storage (membranes/concentration processes). We added equipments for producing pellets from
the dried fraction.
Raw digestate separation step appears to be a non-contributive step for emission, whatever using simple or
complex technology. The storages of solid-fraction and liquid-fraction, integrated over 1 year, are still being
a hotspot of emission, especially for ammonia. For farm plant, ammonia emissions from storage come for
more than 95% of ammonia losses from liquid- fraction and for less than 3 % from solid fraction. Emission
from fractionation is near 2%. Ammonia emissions on territorial plant occur essentially from dryer.
Digestate post-treatments strongly impact ammonia and odor emission during land-spreading too.
Anaerobic digestion and post-process of digestats modify physical and chemical properties of effluents, and
lead to modify gaseous emission behavior at the different steps of effluent's management. According to the
kind of plants and installed technologies, we can define process steps on which mitigation/reduction of
emission should focus.
This study is part of “Remiprophyte” project, supported in “AAP DOSTE-2013” program from French
Environment Protection and Energy Agency (ADEME).
Hamelin & al., 2011. Environmental consequences of future biogaz technologies based on separated slurry.
Environmental Science & Technology 45(13):5869-77.
Rao J.R. & al., 2007. Pelleted organo-mineral fertilizers from composted pig slurry solids, animal wastes and
spent mushroom compost for amenity grasslands. Waste Management, 27, 1117-1128.
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Counties Cavan and Monaghan housed 67.10 % of Ireland’s poultry during the 2010 Central Statistics Office
Agricultural Survey. This high proportion of Ireland’s poultry production in these counties is likely to
exacerbate potential cumulative impacts from atmospheric ammonia. As such it is necessary to both assess
the potential cumulative impacts while also identifying unlicensed below threshold farms.
AERMOD was used to model the emissions from above threshold Industrial Emissions Directive (IED)
licensed poultry houses in Cavan and Monaghan. The outputs of these models were integrated using ArcGIS
which visualised the cumulative impact of licensed poultry farms. A review of local authority planning
applications and satellite imagery was used to identify unlicensed farms. Kernel density analysis of all farms
provided further insight to the risk of cumulative impacts.
Using AERMOD with current Environmental Protection Agency emission factors [1], the output of the SCAIL
model [2] used in the United Kingdom is mimicked. While SCAIL is an excellent tool for assessing the impact
of individual farms, it does not assess the cumulative impact of multiple farms. The identification of
unlicensed farms is essential. Though the unlicensed farms have a smaller number of birds per farm, there is
a substantial number of farms in this region. It is estimated that the licensed houses cover less than 15 % of
the total number of broiler farms in the region. The emission factors for poultry houses are currently being
updated by the AmmoniaN2K project in UCD, funded by the Environmental Protection Agency. Before
further modelling is completed, these updated factors will be integrated with international data in order to
best estimate emissions based on practice.
Though running local level models on a national scale is time consuming, it is the best method for assessing
ecological impacts [2] while also assessing cumulative impacts on a national scale. This data can be
integrated into an ambient concentration map to better improve our knowledge of national ammonia
concentrations.
The authors would like to thank the Environmental Protection Agency for support under STRIVE. [Project
Number = 2013-EH-MS-14].
[1] EPA, 2016. Emission and waste transfer reporting guidance for the intensive agriculture sector.
Environmental Protection Agency, sector specific AER/PRTR guidance document.
[2] Hill, R., Bealey, B., Johnson, C., Ball, A., Simpson, K., Smith, A., Theobald, M., Braban, C., Magaz, I.,
Curran, T., 2014. SCAIL-Agriculture update. Sniffer ER26: Final Report.
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Animal manure application usually increases soil organic C (SOC) stocks. This is often referred to as C
sequestration. We define C sequestration as the net removal of atmospheric CO2 through its transfer into
long-lived pools such as soil organic matter. We examine various questions related to the role of animal
manure on atmospheric C sequestration in soils.
A meta-analysis was performed to quantify the overall impact of manure on SOC accumulation at the global
scale [1]. In a long-term field study, the fate of liquid hog manure-C was tracked using stable 13C [2]. In two
other studies, the effects of cropping practices on manure-derived SOC [3] and the impact of manure
application on SOC fractions [4] were examined. Finally, a conceptual model was developed to illustrate the
fate in soils of organic C derived from animal manure.
On average, world-wide, 12±4 of applied manure C is retained as SOC [1]. A relative SOC change factor of
1.26±0.14 can be suggested to refine the current IPCC Tier 1 factors. A significant lack of information exists
for hog and poultry manure, and for liquid manure at the global scale. Some manure types (e.g. liquid hog
manure) can induce priming of native SOC and result in limited effects on SOC [2]. Retention of liquid dairy
manure-derived C was greater under perennial than annual cropping systems [3]. Liquid dairy manure also
resulted in C accumulation in relatively stable forms [4]. Stabilization of manure-derived C seems to be
favored when manure contains significant proportions of both soluble and solid components. Finally, a real
climate change mitigation effect can only be attributed to manure application if it results in a net removal of
CO2 from the atmosphere.
Application of animal manure to soil usually results in an increase in SOC stocks, but not always. Manureinduced changes in SOC are modulated by origin and composition of manure, but also by other
management practices. Care should be taken when asserting that manure application results in
sequestration of atmospheric CO2.
[1] Maillard, E. and D. A. Angers. 2014. Global Change Biology 20: 666-679.
[2] Angers, D. A., et al. 2010. Nutrient Cycling in Agroecosystems 86: 225-229
[3] Maillard, É. et al. 2016. Agriculture, Ecosystems and Environment 233: 171-178.
[4] Maillard, E. et al. Agriculture, Ecosystems and Environment 202: 108-119.
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Production of biogas (methane) by anaerobic digestion results in considerable amounts of biogas digestates,
which are liquid-solid mixture by-products used as organic fertilizers. In this study, the main objective was
to investigate release of Al and Cr from three soil types treated with experimental and commercial
digestates to water phase.
Release of Al and Cr was studied in three different soils in column leaching, pot and field experiments.
Treatments consisted of experimental (EDIG, 3 types) and commercial (CDIG, 2 types, food waste and
sewage sludge based) digestates compared to animal manure (AM) and a control soils. Metal analysis was
done using ICP-MS TripleQ. Metal binding and free metal concentrations were modelled using WHAM 7.0.
The column leaching experiment showed that leaching of Al and Cr was below the amounts added to the
columns, being lowest for CDIG when compared to EDIG and AM, with DOC and pH being the limiting
factors affecting the release of the metals. In the pot experiment, measured concentrations of leached Al at
the end of the growing season were higher for the CDIG. Concentration of Cr from all treated pots was
similar between loam and silt soils but not for sandy soil, indicating that soil properties were the dominant
factor. Results of the field experiment showed an increase of total metal concentration on plots treated
with commercial digestates. A significant increase of water-available concentrations was also observed for
Al with CDIG treatments during the field experiment. Data obtained from chemical modelling indicated that
the majority of the soluble metal forms were complexed with the organic matter.
Results from conducted experiments have indicated that Al and Cr containing digestates can be compared
to the use of common organic fertilizers such as animal manure in regards to metal leaching. Chemical
modelling using data obtained from field experiment suggests that the environmental risk from metal
release is low.
This research was partly funded by the Norwegian Research Council (Project no. 228747/E20).
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Compost application in agricultural soil generates flux of OPs and among them polycyclic aromatic
hydrocarbons (PAHs). A potential accumulation of PAHs in soils from successive compost applications could
imply risks to environment. There is a need to a new generation of models to describe PAH dynamic in soil.
Our work is based on the implementation of an interdisciplinary model of PAHs in soil using the «VSOIL»
modeling platform, by coupling modules describing the major physical, biochemical and biological processes
influencing the fate of PAHs in soil. Experimental data from the Feucherolles site (78) using two different
composts (municipal solid waste compost and green waste sludge compost) and a control treatment is used
to calibrate and test the model.
Our results show that the model can adequately predict the fate of PAHs in soil on a short period of 14
years. The simulations show that the majority of PAHs brought with compost accumulate and persist in the
soil, causing a steady increase in their concentrations in soil but remaining at low values. The PAH
mineralization is governed by substrate transfer limitation rather than microbial activity. Scenarios that
predict the dynamic of PAHs in soil at long terms show a low PAH accumulation in soil after 38 years due to
a high sequestration of the PAH in soils that is slightly higher for municipal solid waste composts than for
green waste sludge composts.

According to this study, at long terms, about one quarter of the added PAH was still potentially bioavailable
but at very low concentrations consequently the risks of contamination by PAHs from compost applications
in agricultural soils remain very low.
Brimo, K., Garnier, P., Sun, S., et al. 2016. Environ. Pollut. 215, 27–37.
Chalhoub, M., Garnier, P., Coquet, Y., et al. 2013. Soil Biology & Biochemistry 65, 144–157.
Geng, C., Haudin, C.-S., Zhang, Y., et al. 2015. Chemosphere 119, 423–431.
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Inter-relationships among soil erosion, soil quality, soil resilience and legacy effects of organic amendments
have not been adequately quantified. Topsoil was mechanically removed to simulate erosion in semiarid
southern Alberta in 1990.
A skilled operator with an excavator stripped topsoil to four depths (5, 10, 15, 20 cm cuts), which were
compared to a control (0 cm cut). Four one-time amendment sub-treatments (in 1990 only) were
established on each of the cuts: fertilizer (N, P), topsoil addition (5 cm re-applied), beef cattle manure
addition (75 Mg ha-1 wet wt.), and check (no amendment). The site has accumulated 27 growing seasons
(1990-2016 inclusive) with wheat yield data from 26 (2004 being fallowed).
In many of the early years, there was a cut × amendment interaction on wheat yield. This interaction was
largely explained by the lack of a cut effect on plots amended with manure, compared to topsoil addition,
fertilizer, or check treatments. With time, however, significant cut × amendment interactions were no
longer evident, but significant main effects of cut and amendment were still apparent. For example, in 2015,
there was still a significant yield advantage (13% averaged across all cuts) from manure applied in 1990.
Averaged for 26 growing seasons, the yield loss was 45 kg ha-1 cm-1 erosion yr-1 for the check subtreatment (no amendment). Amendments mitigated losses to 39 kg ha-1 cm-1 yr-1 (fertilizer), 29 kg ha-1
cm-1 yr-1 (topsoil), and 22 kg ha-1 cm-1 yr-1 (manure).
The Lethbridge simulated erosion study continues to provide important information on soil productivity
following catastrophic soil loss and the longevity of one-time soil amendments. Our findings help quantify
soil resilience following major disturbance and legacy effects of one-time manure application under
semiarid conditions.
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The development of sustainable nutrient management and circular economy policies relies on the safe
utilisation of organic materials in agricultural systems. Farmers and land managers require guidance to
ensure organic materials are used effectively without damaging soil quality or the environment. This paper
evaluates the effect of repeated applications of digestate, compost and livestock manures on soil quality.
Materials & Methods
A network of seven experimental sites investigated the effects of annual applications over a minimum of
three years of compost and food-based digestate in comparison with farmyard manure (FYM) and livestock
slurry on soil quality. Two of the sites were existing experimental platforms which had previously benefitted
from applications of FYM, livestock slurry and green compost over a 6-17 year period and allowed the
effects of longer-term manure applications on soil properties to be quantified.
Results & Discussion
The application of all organic materials increased soil nutrient supply (total N, extractable P, K, Mg and S)
within a short timescale (<3 years), whereas topsoil organic matter (SOM) contents were only increased
following the long-term (9 years or more) application of bulky organic materials (compost and FYM).
Increases in SOM were associated with improvements in soil biological (microbial biomass and earthworm
numbers) and physical properties (reduced bulk density), although the level of improvement appeared to be
dependent on the quality of the organic material applied (as determined by its lignin content). Application
of materials with a low dry matter content (digestate and livestock slurries) had a limited capacity to
improve soil biological and physical functioning, due to the low organic matter loading associated with these
materials.
Conclusion
The results provide robust evidence of the soil quality benefits of recycling organic materials to agricultural
land, with the level of improvement dependent on both the quantity and quality of the organic material
applied. The findings support the sustainable and confident use of these materials in agricultural systems.
Acknowledgement
This work was commissioned by WRAP and Zero Waste Scotland and funded by Defra, Scottish and Welsh
Government (www.wrap.org.uk/dc-agri)
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It is important to evaluate the impact on soil properties from recycling organic wastes to agricultural land.
This study assessed the effects of sewage sludge (SS), mixed municipal solid waste compost (MMSWC) and
compost produced from agricultural wastes (AWC), applied for two consecutive years, on the chemical and
biochemical status of a Vertisol, cultivated with Lolium multiflorum L.
A field experiment was set up for two consecutive years, with different organic wastes (SS, MMSWC and
AWC), applied at 6, 12 and 24 t SS DM ha-1, sown with Lolium multiflorum L. (MMSWC and AWC application
rates were calculated to deliver the same amount of organic matter per unit area of soil). The effects on soil
agronomical characteristics, trace elements content, and biochemical properties (dehydrogenase (DHA)
activity, potential nitrification and some soil exoenzymes related to nutrient cycles), were evaluated.
The amendments had a beneficial effect on soil properties and on plant productivity parameters. The
effects of SS application were more pronounced for plant productivity, while the beneficial effects on soil
properties were mainly observed for both composts, especially after two years of application [1]. Cadmium,
Cr, Cu, Ni, Pb and Zn extractability by 0.01M CaCl2 remained very low (<0.5% of their total fraction), but Cu
and Zn total concentrations increased significantly in the second year, following the application of the
higher rate of MMSWC and AWC, while SS promoted a significant increase in the foliar concentrations of Cu,
Ni and Zn [1]. As a general trend, DHA activity, potential nitrification, and the activities of β-glucosidase,
acid-phosphatase, cellulase and protease increased in the second year of the study, but SS negatively
affected DHA activity in the second year of the study, especially for the highest application doses.
It is advisable to use more stable and mature organic wastes, which have longer lasting positive effects on
soil characteristics, and limit annual application doses to 6 t ha-1, to avoid negative effects on trace
elements accumulation, both in soil and in plant, and negative effects on microbial activities.
This research was funded by the Project Resorgrisk PTDC/AAC-AMB/119273/2010, from FCT, and through
the research unit UID/AGR/04129/2013 (LEAF).
[1] Alvarenga, P., Palma, P., Mourinha, C., Farto, M., Dôres, J., Patanita, M., Cunha-Queda, C., Natal-da-Luz,
T., Renaud, M., Sousa, J.P. (2017). Recycling organic wastes to agricultural land as a way to improve its
quality: A field study to evaluate benefits and risks. Waste Management. In press. Available at:
http://dx.doi.org/10.1016/j.wasman.2017.01.004
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Various fertilizers and pesticides are applied to agricultural soils. Both contain small quantities of
contaminants. The gradual accumulation of heavy metals in soil represents a threat for soil quality and may
impair soil functions. This study presents results of 30 years of soil monitoring for sites used as intensive
grassland receiving animal manure regularly in the past.
The Swiss Soil Monitoring Network (NABO) was set up in the mid-1980s to detect changes of soil quality in
the long-term [1]. Soil quality is assessed at 106 monitoring sites, with different land use, re-sampled every
five years. In addition, land management is recorded annually for agriculturally exploited sites and field
balances are calculated for nutrients and pollutants considering inputs through fertilizers, pesticides, and
deposition and outputs by harvest [2]. The presented results refer to the period 1985 – 2014.
Most monitoring sites used as intensive grassland revealed significant accumulation of Cu and Zn in top soils
[1] indicating a temporal trend that might impair soil fertility in future. The increases of these heavy metals
partly correlated with increases of P and K soil concentrations and were mainly caused by animal manure.
We presume that nutrient inputs, particularly P and K, became more balanced after the introduction of
ecological measures in fertilization in the mid-1990s.
Field balances revealed the effect of animal manure quality, manure type and amounts disposed at the
grassland sites. At some monitoring sites, changes in farm management lead to shifts in nutrient and heavy
metal balances, which in turn affected the concentrations detected in soils. In general, we observed slow
changes in Cu and Zn concentrations for grassland soils, which are not meaningful in the short-term, but are
substantial in the long-term.
Cu and Zn contents for some sites increased considerably; these sites typically link with high animal density
and pig breeding. As feed additives contribute a large part of the additional Cu and Zn, these practices
should be reconsidered. Monitoring combined with field-balances is suitable to assess soil quality over time.
[1]. Gubler, A. et al. 2015. Results of the Swiss Soil Monitoring Network (NABO) 1985-2009. BAFU UmweltZustand. 1507, 1-81.
[2] Della Peruta R., A. Keller, R. Schulin. 2014. Sensitivity analysis, calibration and validation of EPIC for
modelling soil phosphorus dynamics in Swiss agro-ecosystems. Environmental Modelling & Software 62, 97111.
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Background & Objectives
Sewage sludge has fertilizing properties for its utilisation in agriculture. However, it has been shown to be a
potential hotspot for bacteria carrying antibiotic resistance genes (ARGs) and mobile genetic elements
(MGEs). We evaluated the influence of the long-term application of sewage sludge on the abundance of
ARGs and MGEs, and on the soil bacterial community structure.
Materials & Methods
Soil samples were taken from a long-term field experiment in which different amounts and frequencies of
sludge have been applied regularly for the last 24 years. Soil parameters providing information on the
biomass (microbial biomass C, total bacteria and fungi by qPCR), activity (respiration, enzymatic activity,
nitrogen mineralization) and diversity (16S rRNA amplicon sequencing) of microbial communities were
determined. High throughput qPCR was used to investigate the abundance and dynamics of ARGs and MGEs
in soil.
Results & Discussion
The application of sewage sludge led to significantly higher values of microbial activity (alkaline
phosphatase, β-glucosidase and β-glucosaminidase enzyme activities, soil basal respiration, and nitrogen
mineralization). The abundance of ARGs was also increased in organic treatments, as well as that of MGEs,
suggesting the possibility of dissemination of ARGs through horizontal gene transfer. Microbial biomass and
prokaryotic genetic diversity were, in general, not statistically affected by the addition of sewage sludge.
Furthermore, a great variation in bacterial community composition between treatments was not observed.
A bigger variation, though, was observed in eukaryotic communities, driven by a significant effect of the
addition of sludge.
Sewage sludge appears to favour the dissemination of ARGs in soils due to enhanced horizontal gene
transfer, probably owing to selective pressure derived from the co-exposure to heavy metals and
antibiotics.
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Increased interest in substituting pre-hygienization with post-hygienization in biogas plants has once more
drawn attention to the concern of bacterial growth in materials that are virtually free of competing
microbiota. The present study aims to compare survival and regrowth of bacteria in pre- and posthygienized digestate.
Survival of Salmonella Typhimurium, Enterococcus spp and thermotolerant coliforms was monitored by
analysis of viable bacteria in pre- and post-hygienized digestate (1 h at 70 °C) from two biogas plants using
similar ingoing substrates. To evaluate the effect of temperature on survival during storage, samples were
incubated at three different temperatures (5, 15 and 25 °C) during a time period of 6 months. The
experiment was repeated three times with new material collected from the two plants at each occasion.
During the first week of storage a growth trend was observed in post-hygienized digestate while no growth
was observed in pre-hygienized digestate. The observed growth patterns in post-hygienized digestate
differed between temperatures and organism groups. Growth of thermotolerant coliforms could be
observed at 25°C, and of Enterococcus spp. at 15 and 25°C. No growth of S. Typhimurium could be observed
at any of the temperatures. Following the first month of storage a decline in concentrations of both S.
Typhimurium and thermotolerant coliforms could be observed independent of material and storage
temperature. The results show that even if regrowth may occur in a post-hygienized digestate this is not
always the case, and it is possible that the regrowth is not only influenced by temperature but also by
factors such as pH and ammonia concentrations.
The study shows that post-hygienization tends to increase the regrowth-potential of bacteria during the first
week of storage. Even though regrowth does not always occur in a post-hygienized digestate the results
emphasize the increased importance of ensuring that recontamination does not occur when substituting
pre-hygienization with post-hygienization in biogas plants.
The present study has been performed within the BONUS PROMISE project (Phosphorus Recycling of Mixed
Substances).
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Recently, a small number of mesophilic anaerobic digesters (AD) have begun to process agricultural waste
within Ireland, generating energy while reducing the amount of waste. Since AD residue is applied to
farmland as fertiliser, we investigated the prevalence of entroviruses in Irish AD plants and their survival in
lab scale AD reactors.
A survey of target pathogens by nested PCR, including enteroviruses such as noro-, astro- and rotavirus, was
conducted throughout one year on five currently operating Irish AD plants that use agricultural waste and
sewage sludge as input material. To assess the viability of target pathogens, we chose feline calicivirus (FCV)
as a surrogate for norovirus and spiked FCV into lab scale AD reactors. FCV was monitored over 4 weeks and
viability was assessed by a PMA-qPCR assay.

During the survey of Irish AD plants, astrovirus was only detectable after the AD process in the absence of a
pasteurisation step. No astrovirus genomic material was found after pasteurisation. Noro- and rotaviruses
were not detected in any of the materials examined during the survey.
Reduction in viable FCV was observed when FCV was spiked into a lab scale AD reactor, whereas
pasteurisation further reduced the viability and prevelance of FCV.
Overall, our results suggest that implementation of mesophilic AD that lasts more than 2 weeks, would
increase the safety of landspread agricultural waste by reducing pathogen presence and viability.
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Agricultural grasslands receive large amounts of organic and inorganic nutrient fertilizers, which can greatly
affect decomposition processes in soils. Here we use a long-term grassland experiment established in 1970
at Hillsborough, Northern Ireland to address how the chronic addition of animal slurries and inorganic
fertilizers (i.e. NPK) might influence root mass decomposition.
We collected plant root samples from each of 48 experimental plots between 0-20 cm soil depth. Roots
were dried, placed in decomposition bags and buried in the same plots where they were collected. We also
buried 'control' grassroots obtained from a different AFBI site at Crossnacreevy. All bags were buried in
October 2015 and retrieved 9 months later in July 2016. The weight of each root sample after burial was
measured and compared to its original weight.
There was a significant variation in the amount of root mass lost across the different nutrient treatments.
The highest percentage of root mass loss for both 'native' and 'control' roots was found in plots which
received the highest additions of organic pig and cow slurries. There was a direct correlation between the
volume of organic slurry applied and root decomposition. Percentage root loss decreased in plots containing
lower levels of slurry addition. The lowest level of root decomposition was seen in the control plots which
have received no nutrients for 47 years. There was also a lower level of root mass lost in plots containing
inorganic NPK fertiliser. These trends were confirmed for both ‘native’ and ‘control’ root bags. In general,
‘control’ bags showed lower root mass losses when compared with ‘native’ bags.
Root decomposition is positively related to the amount of animal slurry added to soils. This could result
from a faster nutrient cycling occurring in plots receiving slurry applications, which promote bacteriadominated microbial communities. Thus, chronic slurry additions may speed up root decomposition
processes with important implications for carbon sequestration.
This research was funded by DAERA. A special thanks to Elizabeth-Anne Wasson and Elizabeth Mulligan for
their assistance with fieldwork.
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Soils from abandoned mines, highly acidic and contaminated with metal(loid)s, can be remediated by
phytostabilization. The study aim was to evaluate the use of drinking-water treatment residuals (DWTR) in
the amendment of a soil affected by mining activities (Aljustrel mine, Iberian Pyrite Belt), evaluating the
effects on soils’ chemical and ecotoxicological properties, and in the establishment of a plant cover.
An assisted-phytostabilization experiment was outlined, using Agrostis tenuis and DWTR, 48, 96, and 144 t
DM ha-1, with and without lime, 11 t ha-1 CaCO3. The effects of the DWTR on the soil were assessed by
measuring: soil pH(H2O), electrical conductivity (EC), organic matter (OM), Kjeldahl nitrogen, available P and
K, total trace elements (Cu, Pb and Zn; aqua-regia digestion), and extractable trace elements (Cu, Pb and Zn;
extracted by 0.01 M CaCl2), lethal and sub-lethal ecotoxicity endpoints.
The amendments led to a significant increase in soil pH (from 3.3 to 6.3), especially with the simultaneous
application of lime, without an increase in soil salinity. The highest dose of DWTR caused a three-fold
increase in soil OM content, while NKjeldahl content doubled with the same application rate of sludge. Total
Cu, Pb and Zn concentrations did not increase, because of the amendments application, whereas a
significant decrease in the Cu and Zn extractable content was observed, while extractable Pb remained low
(<1.67 mg/kg). Copper, Pb and Zn concentrations in the plant material were lower than the maximum
tolerable level for cattle from the National Research Council [1], which could be used as an indicator of risk
of entry of those metals into the human food chain. In general, the bioassays evidenced a decrease in soil
ecotoxicity with the presence of lime and DWTR (144 t DM ha-1).
The application of DWTR, with lime, to a mine contaminated soil allowed a plant cover with Agrostis tenuis.
Both P and K extractable concentrations were still very low, indicating the need for mineral fertilization. The
application of 144 t DM ha-1 of DWTR, with lime, induced the best ecological balance.
This research was funded by LifeNoWaste - LIFE14 ENV/PT/000369, and through the research unit
UID/AGR/04129/2013 (LEAF).
[1] National Research Council. 2005. Mineral Tolerance of Animals. 2nd revised Ed. Washington (DC),
National Academic Press.
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The impact on soil microbial biomass of stripped digestate (SD) [1], digestate (D), and manure (M) compared
to compost (CO), “matured” manure (MM) and biochar addition (B) [2] is poorly understood. The aim is the
test of an early tool to monitor the microbial responses of different kind of soils after application of soil
conditioners or organic fertilizers.
Mesocosms was the chosen approach to determine soil microbial biomass and activity. The organic
fertilizers were added at different nitrogen agronomic doses: 340 and 170 kg N ha-1 in arable soils (S1, S3)
and 85 kg N ha-1 in vineyard soil (S2). Chemical properties (C, N, P, NO2 extracts), soil microbial biomass
index (dsDNA) [2] and 9 different enzymes of C-, N-, P-, S- cycle were measured after 2, 7, 14, 30 days.
Emissions (CO2, N2O) were determined through respirometry.
The adopted methodology is suitable to identify specific responses of soil biomass. As regard the values of
C-N-P extracts they were similar in the three soils as well as their trend. In S1 and S3, nitrogen values of D
were higher than each other treatment at both doses (60.41 - 79.34 µg/g). D, SD and M caused higher N2O
emissions (SD is 1.02 µg/g). M sample had the highest CO2 emissions (387.39 µg/g), while D, SD values were
very similar to C and MM. After 30 days dsDNA values differed due to the kind of soil: 62.3 (S1), 23.6 (S2)
and 9.13 (S3) µg/g. The enzyme activities showed the same trend. In soil with higher dsDNA values (S1),
both soil microbial index and enzymes activities decreased. The addition of organic fertilizer and B
determined the decrease of N2O emissions and the increase of phosphatase activities.
To protect and preserve the soil ecosystem and its fertility, it is important to know the effects on microbial
biomass of different organic fertilizers and soil conditioners. The chosen methodology is a very early tool to
monitor and to define a specific response pattern for each treatment.
Project “Biogas in aree alpine”, funded by Provincia di Bolzano (Provincial Law 14/2006) in cooperation with
Consorzio Alpibiogas
[1] Drosg, B, Fuchs, W, Al Seadi, T, Madsen, M, Linke, B, 2015. ISBN 978-1-910154-16-8
[2] Prendergast-Miller, M, Duvall, M, Sohi, SP, 2011. Soil biology and Biochemistry, 43, 2243 - 2246
[3] Fornasier, F, Ascher, J, Ceccherini, MT, Tomat, E, Pietramellara, G, 2014. Ecological Indicators, 45, 75 – 82
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Storing of farmyard manure on agricultural land poses a certain risk for groundwater pollution. The aim of
this paper was to determine the risk of nitrate leaching into deeper soil layers and to set appropriate
measures to reduce this risk [1].
The soil sampling was carried out on 65 disposal sites (annuall rainfall 660 mm) of cattle farmyard manure.
The places after manure removal and control plots were chosen for sampling. The soil was sampled up to
120 cm depth in layers thick 30 cm. Soil sampling was conducted shortly after manure removal and in the
next 3 years, approximately in 1 year intervals. The soil mineral nitrogen (Nmin) was determined by
colorimetric method.
Shortly after the manure removal from field disposal sites, the soil nitrogen content was 7.5 times higher in
comparison with control. Nitrogen was concentrated in the upper 30 cm layer of soil (about 70-85 %) and
consisted mainly of ammonium ion. Schultheis and Dohler [2] obtained similar results. One year after the
manure removal the nitrogen shifted into the deeper layers of the soil profile. More than 60 % of nitrogen
was formed by moveable nitrate ion. Two years after the manure removal, the total amount of mineral
nitrogen in the soil profile was reduced by 45 % in comparison with the initial state. However, relatively
large amount of nitrogen remained in the subsoil layers. Three years after the manure removal, only slightly
higher nitrogen content throughout the soil profile was observed. The nitrogen content was on average only
1.3 times higher compared with the control site.
The risk of nitrogen leaching grew in proportion to the initial nitrogen content in the topsoil shortly after the
manure removal. The critical period for nitrogen penetration to the deeper soil profile occurred 1-2 years
after the manure removal. Also hydrological and biogeochemical time lags could play an important role.
This research was funded by National Agency for Agricultural Research of Czech Republic No. QJ1330214 &
MoA Institutional Project RO0417
[1] Svoboda, P., Wollnerová, J., Kozlovská, L. and Klír, J. 2017. The methodology of the proper way of
manure storing on agricultural land (2. ed.). Crop Research Institute, Prague (in Czech).
[2] Schultheis, U. and Dohler, H. 2012. Landtechnik, 67, 133-135.
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The multi-national VERA process is a tool that standardizes verification of agricultural technologies for
environmental efficiency and operational stability.
The objective was to revise the VERA test protocol for gaseous emissions from land application of livestock
manure to continue meeting the challenge of performing valid and comparable emission measurements by
using uniform and scientific test procedures.
The development of the new test and verification standard was based on results from international
scientific studies as well as on expert knowledge. A direct dialogue with technical experts for the relevant
issues was initiated and supported, as this is common practice during the creation of international
standards. The coordination of the new standard was supported by the relevant ministries.
The results of recent European research both on various application technologies as well as on different
measurement techniques, combined with agreements between specialised experts, have been summarised
in terms of a revision in the new version of the VERA test protocol for “land applied manure”. The revised
standard offers not only the integration of the latest research, but also the definition of common “standard
conditions”. The wind tunnel method as an additional measurement technique was evaluated and
compared to the existing micrometeorological mass balance technique. Primarily, the test protocol includes
a comprehensive description of the specific measurement conditions. In addition, the correct processing
and statistical evaluation of the data is presented and discussed. The final version of the protocol will be
made available for the public on the VERA website, in autumn 2017.
Founded on recent studies and expert exchanges, the revision of the new VERA test protocol, “land applied
manure”, transformed this standard into the state-of-the-art procedure. It will facilitate accurate and
transparent verification of a technology and help manufacturers prepare their product for the European
market.
[1] VERA, 2009. VERA test protocol “measurement of gaseous emissions from land applied manure” Version
1, retrieved February 17, 2017, from http://www.veraverification.eu/fileadmin/download/Test_programs/Land_applied_manure.pdf
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Irish agriculture faces significant challenges in managing nutrients. The key challenges are to improve soil
fertility to facilitate growth of productivity and output, while reducing the impact on water quality and
reducing Gaseous Emissions (GHGs and Ammonia). These objectives can only be achieved through
improving nutrient management at farm level. NMP online aims to improve farmers’ performance and
regulatory compliance.
Teagasc has developed NMP-Online as a Nutrient Management toolkit for use by all agricultural
professional working with farmers in Ireland. It was developed in consultation with farmers and
professionals to meet regulatory requirements while at the same time improving the nutrient management
at farm level. Software development was tendered to a commercial software developer. Teagasc
established a support team to rollout and support the system.
Previous systems were poorly understood by farmers and since the implementation of the Nitrates and
Water Framework Directive regulation soil fertility has steadily fallen. NMP-Online has been rolled out to
700 users and will be used to prepare nutrient management plans for 50% of Irish farmers in the next 18
months. It has been accepted as the tool to meet statutory requirement and the focus is now shifting to
achieving better management of nutrients at farm level. The key to this is the graphic representation of the
soil fertility status of the farms and the use of maps to replace tabular recommendation reports, as
requested by farmers. The system will also provide a valuable geographic database which will support
research particularly in relation to developing more localised and specific nutrient advice for farmers. It also
provides a basis for integration with other databases to identify and mitigate pollution risks.
NMP online has been adopted across the industry as a toolkit for improved nutrient management and has
the capability to facilitate improved agronomic and environmental outcomes. Support and collaboration
from across the industry has been key to its development and will be vital for achieving its potential.
The system has been funded by Teagasc, and supported by DAFM, farmers, Teagasc advisers and
agricultural consultants
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The high intensity of livestock production in the Netherlands gives rise to a surplus of minerals. Export of
manure fractions is stimulated to reduce the environmental stress. To minimize the risk for spreading any
animal diseases across the national borders a heat treatment of the exported manure is required. The
method described here enables in situ inspections of transported manure.
Samples of solid manure were obtained from commercial pig and cattle farms freshly after separation either
with a screw press or a centrifuge.
Samples were characterized by conventional analysis on dry matter, nitrogen, phosphorus and potassium
content. Each sample was divided into two portions. One part was measured as unheated and the other was
heated at 70 degrees Celsius for one hour and measured similarly after cooling. Commercial available
handheld NIR equipment was selected based on price and performance.
The obtained NIR spectra from heated and unheated manure were compared using statistical methods
based on PCA. The spectral range showing the largest difference was used for model calculations.
From these ranges a classification model was built to distinguish between heated and unheated manure.
Separate models were required for manure fractions obtained from cattle and pig slurries.
The performance of the models was tested with a second set of samples. In over 80 percent of the cases
tested the result of the model coincided with the status of the sample. No significant difference was found
in the performance of either model as long as the type of animal was provided to the model manually.
The method described here based on handheld NIR equipment proved to be a powerful tool for a quick in
situ scan in order to distinguish between heated and unheated manure. Confirmation by bacterial counts on
laboratory scale remains needed as long as no legal base for this method is available.
The research was financed by the Dutch Ministry of Economic Affairs.
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Alpine economy thrives on tourism and animal husbandry. Dairy cows diet includes the hay obtained from
permanent meadows; the milk is processed into PDO cheeses. Anaerobic digestion represents the solution
for a proper management of animal waste but a tailor made use of digestate is necessary to maintain the
meadows biodiversity, a fundamental element of alpine environment and landscape [1].
The dossiers of all the farms involved in the AD plant were collected. Biochemical methane potential (BMP)
as well as chemical parameters were assessed on manure and slurry. Data were managed using a
geographic information system (GIS). This approach allows the integration of the original sources with both
existing layers (slope map, soil map, restricted area where the spreading of livestock waste is not allowed)
and new informative layers developed for the study (different macro-areas grassland, botanicalmanagement, type of grass).
More than 70% of the considered meadows has a slope > 10% stated as national limit for spreading animal
slurry and digestate. The mapping of meadows included botanical and management characterization on
more than 500 ha and it was aimed at dividing them in three categories: 1) species rich meadows: at field
botanical and agronomic characterization; 2) valley bottom meadows: characterization by altitude and
slope; 3) sloping meadows: not in 1 & 2. The critical slope threshold was determined using the Runoff Curve
Number, developed by the USDA Natural Resources Conservation Services [2] and using the method
proposed by Hawkins et al. [3] for the calculation of the effective precipitation, fixing the threshold slope at
40%. The final step is the definition of suitability maps for each farm indicating doses and modalities of
using digestate in order to avoid runoff and leaching of nutrients.
The method proposed permits to the farms operating in alpine valleys to plan the use of digestate on
meadows up to 40% of slope and up to the max dose 40m3/ha without runoff, with positive effects on the
quality of meadows (biodiversity) and the amount of forage produced.
A special thank to the Cooperativa Biodigestore Predazzo (Trento)
[1] Scotton, M., Sicher, L., Kasal, A. 2014. Agriculture, Ecosystems and Environment, 197: 243-254.
[2] USDA-SCS 1985. National Engineering Handbook, Section 4 Hydrology. Washington D.C.
[3] Hawkins, R.H., Jiang, R. Woodward, D.E., Hjelmfelt, A.T., Van Mullem, J.A. 2002. Proceedings of the
Second Federal Interagency Hydrologic Modeling Conference, Las Vegas, Nevada.
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Differing levels of phosphorous (P) nutrition result in varying concentrations of P in manure, which is linked
to soil P loss and plant availability at land application. This study assesses the impact of farm P surplus on
manure P fractions and concentration; and manure P fractions and concentration on soluble and plant
available P in soils of differing P index.
Forty cattle slurries were collected from dairy farms during winter 2016/2017. Samples will be analysed for
total N, P, and K, and then subjected to a modified Hedley procedure to determine P fractions. Samples of
silage and concentrate collected on-farm will be analysed for total N, P and K content. Manure sub-samples
will be homogenised with low and high P index soils and incubated at 12⁰C for 6 and 12 weeks. An inorganic
P fertiliser treatment will also be included.
Post incubation, treated soils will be analysed for CaCl2 and water extractable P and Olsen-P to indicate P
run-off potential and plant P availability respectively. Multivariate regression analysis will then be used to
determine relationships between whole year and winter farm P surpluses (and winter dietary P levels) and
manure P fractions of differing solubility. Total P concentrations and P fractions are expected to vary
between manures of differing farm P surplus due to different levels of concentrate usage, subsequently
leading to differing concentrations of labile P, and therefore P run-off potential, from different manures.
Results will be analysed to determine if specific combinations of concentrate P restriction and
slurry/digestate processing can be identified for farms with different P surpluses and concentrate usage,
which would permit recycling of manures to grassland of high P index, whilst simultaneously reducing
concentrations of labile P in soil, without compromising grass production.
Results will be presented, including the effect of whole year and winter P surpluses and manure P fractions
of differing solubility on soil run-off potential and plant P availability, with a view to identifying strategies
that optimise soil P status on farms with differing P surpluses, without compromising grass production.
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Argentine dairy farms are predominantly pasture-based. Manure can be collected at the milking facilities,
where the cows remain few hours per day. Applying adequate and cost-effective manure management
systems is a key aspect for the sustainability of dairy farmers. The objective was to develop and apply a
Decision Support Tool to evaluate the economic impact of different manure management systems.
The decision support tool (DST) was constructed based on empirical data and presented on a spreadsheet
format. A set of data are required as inputs (animal, production and facility characteristics, weather records,
volume of daily water use, current lagoon design and solid separation methods, etc.). The DST has a strong
postulation: all the generated organic wastes should be managed. DST estimates daily excretion in mass and
nutrients [1] and the amount of green water used in washing facilities [2].
The main outputs are: estimation of total slurry and manure volume, depreciation and operation costs of
the total manure management system, nutrient contributions (N and P) and fertilizers saving. The lagoon
treatment section has three options for dimensioning (manually, by storage time or a modal local manure
treatment using up to three lagoons). The DST includes scenarios section where the farmer can save up to 4
cases for analysis. Playing with the scenarios section, handling lagoon and solid separation treatments
options the user can find the best benefits for his dairy farm.
The tool was showed in local workshops in three provinces in Argentine. Approximately fifty people by
event, between farmers and professionals were using it. The feedback was an opportunity to improve and
diagnose the DST which has a high rate of adoption and is free to download from the internet
(www.aacrea.org.ar/images/documentos/investigacion/Herramienta-Calculo-Efluentes-Beta.xlsm).
Using DST farmers and professionals can apply science results in a practical way. The scenarios allow users
to use it in a projective manner as well as to diagnose a system that is already in progress. Economical
results allow users to see benefits of selected practices or technologies.
This tool was designed in a Manure Management Project in collaborative working with INTA, LaSerenisima,
Danone, GEA and DeLaval.
[1] Nennich, T. D.; Harrison, J. H.; VanWieringen, L.; Meyer, D. 2005; Prediction of Manure and Nutrient
Excretion from Dairy Cattle.
[2] Taverna, M., Charlon, V., Panigatti, C., Castillo, A., Serrano, P., Giordano, J. 2004; Manejo de los residuos
originados en las instalaciones de ordeño. Ed. INTA Rafaela, Argentina, p.75.
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Catalonia is among the European regions with high livestock density, with associated pollution issues
becoming relevant. In addition animal production is, in some areas, disconnected from the base land. The
LIFE project Futur Agrari aims to transfer knowledge to livestock and crop farmers to improve nutrient
efficiency on three aspects: farm management, manure application and nutrient recovery.
The project focuses in three complementary areas to improve nutrient management in the agricultural
system: 1) intensive pig farms have been surveyed, monitored and advised to improve water and feeding
management and the use of solid-liquid mechanical separators; 2) software tools, soil analysis and remote
sensing has been used to advise the fertilization of more than 1100 hectares; 3) catch crops, agroforestry
systems and riparian buffers have been implanted to recover surplus nutrients from cereal crops.
Results related to water management showed relevant differences in the flow rate as a consequence of the
type of nipple, the pressure and the water line design. According to feeding essays, there is neither variation
in the carcass quality nor in the performance indicators when low protein and phosphorus diets are given.
Treatment monitoring showed a high range of efficiencies by comparing the type and management of solidliquid separation treatments.
A big effort has been done to improve the good agricultural practices according to N management. The
comparison between platforms (satellite, aircraft and UAV) has also been implemented. Recent data from
Sentinel-2A has been included in this approach.
Catch crops captured nutrients from soil and were further used as co-substrates on anaerobic digestion of
slurry. 3-year measurements were taken in four demonstrative plantations. Life Cycle Analysis has been
applied to assess these cereal systems with nutrient surpluses.
Manure in agricultural areas must be managed from a holistic point of view, by integrating as many actions
as we can in all parts of the chain to improve nutrient efficiency and use. An integrated management should
focus in the opportunities that can generate to all the implicated parts.
Funded by the European Commission. LIFE project Farms for the future:innovation for sustainable manure
management from farm to soil (LIFE12ENV/ES/000647)
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Using organic fertilizers as substitutes to mineral fertilizers is promoted in a circular economy prospective.
In the tropics, sugarcane cropping is a good candidate for organic fertilization. Little is known about
greenhouse gas (GHG) emission from soils receiving both organic fertilizers and sugarcane mulch.
Interactions between organic fertilizers and mulch were investigated in terms of decomposition rate and
GHG emissions.

Mulch decomposition rate (120 days), carbon dioxide (CO2) and nitrous oxide (N2O) emissions were
measured on field (from 0 to 49 days after fertilization), under tropical conditions (Réunion, South West
Indian Ocean) from nitisol fertilized with liquid pig manure (LP), solid sewage sludge (BA) and urea (U) at
139, 119, and 170 kg N ha-1, respectively. Two quantities of mulch were tested: 10 t DM.ha-1, for LP, BA
and U; and 5 t DM.ha-1 (0.5) for LP and U applications.
Mulch dry matter loss was proportional to carbon loss for all treatments (R²>0.99). BA kinetics was
characterized by a higher rate of C loss (p-value < 0.5) between the second and the fourth week after
fertilization (0.13 t.DM.ha-1.day-1), compared to U (0.06 t.DM.ha-1.day-1) and LP (0.05 t.DM.ha-1.day-1).
After the fourth week, C loss rate for BA aligned with LP and U rates. On day 120, remaining C was 40% (BA),
47.5% (LP) and 48.5% (U). Relative C loss remained unchanged between 10 tDM.ha-1 (U, LP) and 5 tDM.ha-1
(U0.5, LP0.5).
We measured significant increase in CO2 emissions between LP (0.73 kgC.ha-1.h-1) and BA (0.27 kgC.ha-1.h1), while U (0.35 kgC.ha-1.h-1) was not different from both, BA and LP. LP emitted significantly more N2O
(1.04 gN.ha-1.h-1), than U (0.54 gN.ha-1.h-1) and BA (0.22 gN.ha-1.h-1). More mulch increased CO2
emissions between U and U0.5, demonstrating the effect of the physico-chemical form of fertilizers.
This study tackles (i) the recycling of organic waste at a local scale, and (ii) the competition for uses of
biomass. We demonstrated that substituting urea by organic N sources, and mulch quantity, may affect
GHG emissions and carbon footprint in coupled systems of N input (mulching and organic fertilization).
This study was co-funded by ADEME, CIRAD and INRA with the technical support of G.MOUSSARD,
C.CHEVASSUS-ROSSET, P.LEGIER, M.MONTES and J.IDMOND
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Pelletised manure provides farmers with a tool for more convenient management and better nutrient
recovery in crop production [1]. Pelletised organic fertilizers release nitrogen slowly, thus combining them
with mineral fertilizers can be beneficial [2]. The aim was to investigate the effect of different organic
fertilizers applied individually or in combination with ammonium nitrate prior to maize sowing .
Field experiments with a short-season grain maize variety AGIRAXX (FAO 190) were conducted in 2015 and
2016 at Lithuanian Research Centre for Agriculture and Forestry. The soil is sandy loam, pH-6,8, humus −
1.8 % . Pelletised poultry and cattle manure, green waste compost were spread prior to maize sowing at a
rate equivalent to 170 kg ha-1 of N or combined with ammonium nitrate (in amounts equivalent to 80 and
90 kg ha-1 of N accordingly).
Calculations using the “AquaCrop” model [3] suggest that drought in August 2015 reduced maize
productivity by 16% and resulted in lower efficiency of organic fertilizers. The effect of pelletised poultry
manure on grain yield was significantly (by 0.69 t ha-1 in 2015 and by 1.26 t ha-1 in 2016) higher than that
of cattle manure but somewhat lower than that of mineral NPK fertilizers. The impact of green waste
compost was negligible .
Combination of organic and mineral fertilizers increased the grain yield by 8-17% in 2015 and by 11–19 % in
2016 compared with organic fertilizers alone.
In both years, the lower uptake of N and lower content of nitrate in the soil remaining after harvest was
found in the plots applied with green waste compost and pelleted cattle manure, while higher values were
recorded in the plots applied with mineral fertilizers and poultry manure plus ammonium nitrate.
The main factor limiting the yield of maize grain in the northern climate is low temperatures. However,
moisture regime is also a relevant factor for maize productivity and efficiency of organic fertilizers. It is likely
that the effect of pelletised organic fertilizers increased due to their combination with mineral fertilizers.
[1] Flotats, X., Bonmati, A. Palatsi, J. Foged, H.L. 2013. Proceedings of the 2nd international Conference of
WASTE, 587-592.
[2] Riedel, E. W. 2014. Journal of Plant Nutrition, 37, (37), 2026-2035.
[3] Steduto, P., Hsiao, T.C., Raes, D., Fereres, E., 2009. Agronomy Journal 101 (3), 448-459
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Biogas production leaves organic residues, digestates, which are rich in nutrients. If digestates are utilized in
plant production, nutrients will be recycled and the sustainability of the biogas production process improves
[1]. The impact of widely different feedstock for biogas digestates on their N, P and K fertilizer values, as
well as potential losses through leaching, is evaluated.
A greenhouse experiment with wheat was carried out in three different soils, using digestates derived from
biogas reactors running on combinations of manure, whey permeate, fish ensilage, food waste and sewage
sludge. Plant growth as well as nutrient leaching in treatments with digestates were compared with data
obtained from control treatments using mineral fertilizer or fresh manure. A supplementary soil column
leaching experiment was carried out in the laboratory in order to study nutrient leaching without plants.
The ammonium concentration in digestates provides a good indicator of the N fertilizer value. In the sand,
digestate application reduced nitrate leaching and increased yields. The positive effect may be related to an
improved ability to keep plant nutrients within the root zone at an early stage of plant development.
Although most digestates had ratios between N, P and K that were not optimal for wheat growth,
the variation in P and K content seemed to be within a range suitable for wheat production. The risk of P
leaching seems to be low, even at a P input that is up to 4 times higher than adequate mineral fertilization.
In the sand, K in excess of plant requirements leached from the soil, in the loam, it assimilated leading to a
soil K-reserve build-up, while in the silt, higher K availability was met by a higher biomass production and/or
soil accumulation.
Overall, digestates from biogas production based on fundamentally different feedstock are promising as
fertilizers. The N fertilization can simply be based on the digestate ammonium concentration, and at least
for wheat, considerable variation in the concentrations of K and P can be tolerated.
Funding was provided by The Norwegian Research Council, project grant no 203402/I10.
[1] Arthurson V. 2009. Energies 2, 226-242.
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Biochar, a carbon-rich material, has several advantages and is a promising avenue for sustainable
agriculture. However, its beneficial utilization in horticulture is not well known. The objectives of this study
were to evaluate the effect of biochar amendments in a peat-based growing medium on its ability to
improve crop productivity and the nutrient and water use efficiency of greenhouse tomato and pepper.
Greenhouse experiments were conducted using tomato (Solanum lycopersicum cv. Micro-Tom) and pepper
(Capsicum annuum cv. Redskin) grown in 6-L pots for 63 days. Three biochars (maple bark produced at
550˚C and 700˚C and pine chips produced at 700˚C) applied at four rates (0, 5, 10, 15% by volume) in a peatbased growing medium and combined with two fertilization levels (50%-low and 100%-complete) were
compared. The daily-irrigation volume was measured and plant biomass was harvested at the end of each
experiment.
The results showed that the biochar amendment, under reduced fertilization level (50%), significantly
increased the yield of tomato and pepper crops; this was particularly obvious for the maple bark biochar
produced at 700˚C. For both crops, aboveground-biomass and fruit yield (dry weight) from plants grown in a
peat-based growing medium amended with biochar and fertilized at 50% were similar or higher than those
from control plants (0% biochar) fertilized at 100%. Moreover, the nutrient and water use efficiency were
higher with biochar addition in both crops receiving only 50% of the complete fertilization than those
supplied at 100%. The increase of biochar rates (5 to 15%) did not affect the yields of both crops. Our results
suggest that biochar properties such as the high alkalinity, porosity and water retention have positively
contributed to improve the tomato and pepper growth, and thereby increased their yield and nutrient and
water use efficiency.
Results showed that biochar addition can promote growth and yield of tomato and pepper plants with a
reduced use of fertilizer and water, while contributing to sustainable agriculture. Thereby, the addition of
only 5% of biochar in a growing medium can contribute substantially to improve crop performance of
greenhouse vegetables.
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Background&Objectives
Interest in recycling animal manure for plant nutrition has increased in recent years. Therefore, in-depth
knowledge of mineralization is necessary for good management of fertilization. The objective is to evaluate
the different N mineralization patterns when cattle manure (CM), dairy slurry (DS) and poultry manure (PM)
are applied as fertilizers and its effects on a Triticum aestivum crop yield.
Materials&Methods
A pot experiment was carried out in a greenhouse where two total N rates (170 and 340kgNha-¹) were
tested with three manures; CM, DS and PM. NH₄+-N/Ntot(%) was 0.04, 0.6 and 0.4, respectively. Manures
were mixed with soil at the beginning of the experiment and wheat was sown. It was a two-factor
randomized complete block design. Soil solution samples were taken (RhizonFlex, Rhizosphere) 22 times
from sowing to harvest to analyse nitrate and ammonium. Yields were recorded at maturity.
Results&Discussion
Regarding ammonium values, in the first week in both doses, DS had the highest concentration in soil
solution and decreased by the third week. PM values increased from the first week until the third week, and
then remained low. CM ammonium concentration was low during the whole experiment. As ammonium
decreased, nitrate started increasing and the PM treatment achieved the maximum values in both doses.
On the contrary, CM obtained the lowest nitrate concentrations. The nitrate concentration started
decreasing later in PM when compared to DS and CM treatments. In treatment PM 340 kg N ha-¹, more
NO₃- remained for plants after tillering (700 mg L-¹) than in 170 kg N ha-1 treatment (200 mg L-¹). Other
authors [1,2] saw that N mineralized from CM was lower than from PM.
PM had the highest wheat yield in both rates, probably caused by the higher nitrate availability at tillering.
Conclusion
Since mineralization of animal manure differed significantly, N fertilization recommendations should be
manure specific for good nutrient management. Thus, when PM manure is applied the mineral N advised
should be reduced compared to CM and DS basal dressings.
This work has been financially supported by INIA (Spanish Government) and the Department of Economic
Development and Competitiveness (Basque Government).
References
[1] Delin, S. and Engström, L. 2010. Soil & Plant Science 60:1, 78-88
[2] Li, L.-l. and Li, S.-T. 2014. J. Integr. Agric. 13, 2040-2048
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The use of sewage sludge (SS) as a substitute of mineral phosphorus (P) fertilizer is increasingly suggested
but the effect of their chemical properties on P dynamics in soil has been poorly investigated so far (Faucon
et al., 2015). Here, we aim at gaining insight into the impact of P fractionation in sludge on P fractionation
and availability in soil.
A field experiment growing winter barley was conducted in Beauvais (north of France). Five treatments
were applied: two SS (HS: thermally treated, CS: composted sludge) with contrasted inorganic P
fractionation (García-Albacete et al., 2012), two mineral fertiliser (same total P as sludge) and a no-P
control. Soil samples were regularly collected for the characterization of P fractionation (Hedley procedure),
microbial P and alkaline phosphatase activity. Shoot P concentration as well as biomass, yield and thousand
kernel weight were also determined.
Phosphorus fractionation in sludge was found to deeply affect P pools in soil. HS strongly increased the P
pool sorbed to Al and Fe oxy/hydroxides due to its high Non Apatite Inorganic P content resulting from the
pre-treatment of waste water by FeCl3. Moreover, sludge application with the highest organic P pool
strongly increased the microbial-P pool, suggesting that microbes preferentially accessed organic P, rather
than inorganic P. HS also enhanced the activity of alkaline phosphatase which was attributed to its high
hydrolysable organic-P content. Our results also indicated that mineralisation of P-compounds and
dissolution of P were the predominant mechanisms responsible for the increase in available P over time.
Temporal trends in available-P concentration showed that only HS significantly increased compared to the
no P control and provided the same concentration as the mineral P fertiliser control after 240 days
The effect of SS on soil P pool was influenced by P fractionation in SS. Sludge with high NAIP and organic
fraction increased phosphorus availability through higher dissolution and mineralisation, and can thus
improve sustainable P fertilisation
This research was funded by SIAAP Seine AVAL,
The author thanks Philippe JACOLOT and Sabine RUDOLPH for their technical assistance.
Faucon, M.-P.,Houben, D.,Reynoird,J.-P., Mercadal-Dulaurent, A.-M.,Armand, R., Lambers, H., 2015.
Advances and Perspectives to Improve the Phosphorus Availability in Cropping Systems for Agroecological
Phosphorus Management, in: Advances in Agronomy. Elsevier, pp. 51–79.
García-Albacete, M., Martín, A., Cartagena, M.C., 2012. Fractionation of phosphorus biowastes:
Characterisation and environmental risk. Waste Manag. 32, 1061–1068.
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Increased worldwide demand for dairy products creates a corresponding dairy processing sludge (DPS) byproduct management challenge, which has associated environmental regulation. Sustainable recycling of
these wastes to land provides for a circular economy and should provide the farmer with an organic
fertiliser product. The objective of the current study was to elucidate the major and micro nutrients content
of DPS.
Seasonal (n=3) DPS samples (predominantly two types: mixed sludge after bio-chemical treatment process
and lime treated sludge after dissolved air floatation (DAF) process) were collected from 5 dairy processing
plants across Ireland. Samples were analysed for physicochemical parameters (e.g. solid and organic matter,
nutrients, heavy metals and other elemental composition) following standard sample preparation
(homogenization, freeze drying and grinding in mixer mill). The analytical methods used were ICP-OES,
spectrophotometric measurements by Aquakem 600 Discrete Analyser, and LECO TruSpec CN analyser.
Results showed that the values of dry matter (DM, in % wt.) and total content of nutrients (kg/tonne DM)
were in the range of DM=9.4–19.7, N=37–65, P=18–61, K=3.5–13.6 for mixed sludge (n=11) and DM=19–30,
N=9.1–48.7, P=15–82, K=1.2–6.1 for DAF sludge (n=5), respectively. The variation of values for these
nutrients and other elemental composition were more contrasting across different plants and sludge types
than those across seasonal samples. The levels of N, P and K in DPS are generally higher than those typically
observed with other bio-waste resources [1] (e.g. cattle slurry, biosolids). Moreover, heavy metal levels in
DPS are significantly lower than those regulated by the European Union in agricultural land due to sludge
recycling [2]. These results suggest the potential for agri-recycling of DPS as organic fertiliser. Therefore,
there is a need to evaluate their fertiliser replacement value (FRV) when applied to grassland.
The results indicate that DPS contains high levels of nutrients, particularly P. The next step is to determine
how these nutrients can sustainably replace chemical fertiliser use for soil fertilisation and agronomic
uptake. Follow on studies will elucidate DPS FRV and environmental loss of nutrients following DPS
application.
This work has been supported by Enterprise Ireland under Dairy Processing Technology Centre (DPTC)
programme. Grant Agreement Number TC2014 0016.
[1] Wall, D.P. and Plunkett, M. (Eds.). 2016. Major and micro nutrient advice for productive agricultural
crops. Johnstown Castle, Wexford: Teagasc, Environment Research Centre.
[2] EC, (2001). Disposal and recycling routes for sewage sludge. Part 2- Regulatory Report, European
Commission.
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Background & Objectives
The storage and landspreading of manures accounts for 15% of greenhouse gas emissions, the vast
majority of ammonia emissions and is a key source of nitrate and phosphorus in water bodies.
Appropriate management of animal manure is therefore a key element for achieving climate and
air quality targets as well as maintaining good water status. This is highlighted by the fact that
Foodwise 2025, which has set ambitious targets for primary production will inevitably result in
increased manure production as dairy production increases. We describe abatement strategies
that improve water quality, while also delivering both GHG and ammonia abatement as well is
associated with improving both farm nitrogen N balances and soil fertility.
Materials & Methods
A range of abatement strategies have been studied to reduce emissions during storage and
landspreading. These strategies include a) altered application technique and altered timing of
application, b) inclusion of chemical amendments to slurry during storage and landspreading that
delay volatilisation and/or nitrification and bind phosphorus, c) reduction in dietary crude protein
to lessen N excretion and d) the use of permeable reactive interceptors to reduce nitrogen and
phosphorus losses to water bodies. A suite of experiments investigating the impacts of these
various abatement measures have been conducted over the past six years on both grassland and
arable soils in Ireland.
Results & Discussion
Altered application technique: Band-spreading and trailing shoe application of slurry was
observed to reduce ammonia emissions by, on average, 20% and 28.5% respectively compared to
broadcast application. Nitrous oxide emissions did not increase significantly, with reported
emission factors 0.69%.
Altered application timing: The broadcast application of slurry in spring and autumn reduced
ammonia emissions by 25% compared to summer (May-June) application. Trailing shoe application
was also significantly reduced (15%). However, as a result of lower volatilisation direct N2O
emissions increased by 13% and 60% in spring and autumn respectively compared to summer
spreading. Night-time spreading also significantly reduced (17%) ammonia emissions, but only for
slurries at low dry matter(< 4%) content.

Chemical Amendment: The inclusion of nitrification inhibitors reduced N2O emissions from slurry
by 48% while inclusion of urease inhibitors halved ammonia emissions from dung and urine
deposited during grazing. Amendment of slurry during landspreading with both biochar, ferric
chloride and poly-aluminium chloride significantly (p<0.05) reduced ammonia emissions with
biochar also decreasing N2O losses by 44%. During storage, acidification with sulphuric acid
reduced both ammonia and methane emissions by over 80% while ferric chloride reduced both
gaseous emissions by 90%. Both ferric chloride and poly aluminium chloride were effective at
binding phosphorus and reducing runoff losses of P.
Reduced crude protein: Feeding supplemental methionine to pigs resulted in lower total
ammonical N content in resultant slurries. Ammonia emissions were consequently reduced by 19%
and N2O by 18%. Reductions in urine N content and N2O emissions were observed to be linearly
correlated.
Denitrifying reactive barriers: Barriers containing cells of woodchip and zeolite/gravel were highly
efficient at reducing NO3−, NH4+, dissolved reactive phosphorus, dissolved unreactive phosphorus
and dissolved organic nitrogen (DON) from influent dairy soiled water. However, high levels of
methane emissions were also observed.
Conclusions
It is estimated that a combination of the above manure management strategies can contribute to
the achievement of ammonia targets, reduce GHG and improve water quality, while also allowing
for sectoral expansion. However, a mosaic of the above strategies needs to be tailored to
individual farm circumstances and embedded within sustainable and efficient production systems.
References
Ibrahim,T.G., Goutelle, A., Healy M.G., Brennan, R., Tuohy, P., Humphreys, J., Lanigan G.J.,
Brechignac, J., Fenton, O. (2015) Water, Soil & Air Pollution 226 (3): 51
Bourdin, F., Sakrabani, R., Kibblewhite, M. G., Lanigan, G. J. (2014) Agriculture Ecosystems &
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Australia’s intensive animal industries generates over 3 Mt of manure annually. Composting these products
can provide a wide range of benefits, however to be able to determine whether raw or composted manure
is superior from an environmental viewpoint, this research compared the greenhouse gas (GHG) losses from
the entire manure supply chain, including processing, soil application and nutrient replacement.
Nitrous oxide (N2O) and methane (CH4) emissions of stockpiled and composted manure from the intensive
feedlot (beef) and layer chicken industries were measured both during processing, and following application
to a long-term (3 years) horticultural rotation. Emissions were compared over 5 months of stockpiling /
composting using manually sampled static chambers along with environmental and nutrient data. These
products were applied annually to an intensive vegetable rotation and monitored for 2.5 years using
automated chambers.
Emissions were highest in the stockpiled feedlot manure (45 kg CO2-e t-1 feedstock), where composting
reduced emissions by 20-fold. Emissions from stockpiled chicken manure were much lower (3.2 kg CO2-e t1), though composting increased N2O emissions (7.9 g N2O t-1 verses 17.4 g N2O t-1). Nitrous oxide was the
largest contributor to the overall GHG budget, accounting for up to 90% of total emissions.
Nitrous oxide emissions increased following repeated applications to a horticultural rotation with highest
losses (2 kg N2O-N ha-1 yr-1) after two annual applications of raw chicken manure. Composted manure
reduced N2O emissions by up to 45% when applied at rates designed to supply equal N as with raw manure.
Field emissions account for majority of total GHG in the raw (>90%) and between 65-75% in the composted
chicken manure, whereas emissions at the processing site dominated the stockpiled (raw) feedlot manure
(64-84%).
Applying composted instead of raw manures was very effective at reducing field N2O emissions. Overall the
supply chain reduction in GHG emissions associated with composting was 68-97%. Furthermore, accounting
for nitrogen supplied from the manures allowed urea fertilizer to be reduced by up to 40% without yield
penalty.
This project was funded through the Australian Government’s National Agricultural Manure Management
Program with contributions from intensive livestock industries
De Rosa, D. et al. Effect of organic and mineral N fertilizers on N2O emissions from an intensive vegetable
rotation. Biol. Fertility Soils 52, 895–908, doi: 10.1007/s00374-016-1117-5 (2016).
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The Effort Sharing Regulation currently passing through the EU legislative system is likely to require
reductions in agricultural GHG emissions of nearly 40% in some member states (MS), with linear
implementation between 2020 and 2030. Here we consider the extent to which manure contributes to
agricultural emissions, the measures that can be taken and some possible side effects.
Manure contributes to GHG emissions via methane (CH4) and nitrous oxide (N2O) emissions from manure
management, N2O emissions from manure N applied to the soil and via subsequent indirect N2O emissions
from the volatilisation of ammonia (NH3) and leaching of nitrate (NO3-). A review was undertaken to assess
the measures that directly or indirectly target GHG emissions from manure. This included the overlaps and
emission leakage with other policy areas.
Some MS will need to use multiple measures, implemented singularly and in combination. So far, anaerobic
digestion is the only measure developed specifically to address GHG emissions from manure. However,
some measures targeting other pollutants have positive side-effects; slurry cooling reduces emissions from
animal housing [1], in-house acidification reduces emissions from manure storage [2] and nitrification
inhibitors reduce emissions from field-applied manure. Optimizing feed ration protein will reduce manure
N2O emissions whilst reducing enteric CH4 emissions by adding fat to ruminant diets will increase manure
CH4 emissions [3]. Most measures will involve tradeoffs against costs and energy use, and accelerate the
increase in farm size. The latter would raise welfare concerns and increase the need for manure transport to
protect the aquatic environment, increasing transport emissions, soil compaction and road congestion. The
evaluation of measures needs to be location-specific and holistic.
The extent and timescale of ESR will be challenging for some MS. Measures need testing under local
conditions and synergies/tradeoffs with other policy areas taken into account. Research and
implementation will take time, so we need action now, if targets are to be met.
[1] Sommer, S.G., Petersen, S.O., Moller, H.B. 2004. Nutrient Cycling in Agroecosystems 69, 143-154.
[2] Petersen, S.O., Andersen, A.J., Eriksen, J. 2012. Journal of Environmental Quality 41, 88-94.
[3] Moller, H.B., Moset, V., Brask, M., Weisbjerg, M.R., Lund, P. 2014. Atmospheric Environment 94, 36-43
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Minimization of methane leaks in biogas facilities is a challenge in terms of GHG and loss of income. One of
Trackyleaks’ project main target is the methane leaks quantification on a bio-digester by using different
methods. Two local and one global methods where involved: a proposed novel IR imaged based
quantification approach, a bagging technique and a tracer gas test.
Two on-site campaigns were conducted at a small-scale agricultural biogas plant (150 kWe) located in
Brittany (France). During these campaigns, three methods were tested. The boundary includes digester and
pipes til engine.
The IR-camera was firstly used to pinpoint leaks.
The bagging method focused deeply on two single leaks while IR camera and tracer gas methods assessed
the whole leaks. For the tracer gas method, a known quantity of butane was introduced in the gasometer
and its decrease was monitored.
IR-camera is usually used as a detection method to pinpoint leaks location. In the present project, a novel
flow estimator approach was developed to quantify methane leaks directly with the IR-camera. This quick
method gives visual and instantaneous measurements.
Another approach is the Bagging method used. This method was implemented in order to estimate
temporal variability through a continuous monitoring system. This technology provides data along time, for
each point measured and helps to know the range of these fugitive’s emissions.
Tracer gas method is a global method which measure the decrease of an inert gas injected inside the
digester. The difference between the quantity injected and the quantity measured at the output gives the
total loss during the process. This method needs measurement all along vapor phase renewal.
During the campaign measurement, consistency and complementarity were observed between the three
methods.

In order to assess fugitive emissions, three methane quantifying technics were applied on an agricultural
biogas plant during two campaigns. These measurements allowed us to evaluate the loss of methane on the
installation and to accurately compare the encouraging estimations provided by the three methods.
We are very grateful to ADEME for its support and funding for this project.
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Ammonia volatilisation from stored slurry is dependent on the concentration and form of N excreted.
During winter storage, mineralisation of organic N to inorganic N occurs slowly, and could become a major
source of ammonium-N. The aim of this study is to determine gross N transformations in ¹⁵N labelled cattle
slurries of differing N content, under simulated winter storage conditions.
150g sub-samples of four cattle slurries (dry dairy, lactating dairy, beef weanling, beef finisher) were
labelled with either ¹⁵Urea¹⁴NH₄Cl or ¹⁴Urea¹⁵NH₄Cl treatments, at 10 at% enrichment. Three treatment
replicates were incubated anaerobically at 10°C for 26 weeks in individual jars. On 18 occasions post
treatment addition, treatment jars were destructively sampled to determine the ¹⁵N enrichment of NH₄+,
suspended total N (TN) and TN pools [1]. Gross slurry N transformations during storage were quantified
using a ¹⁵N tracing model [2].
Initial results show that isotopic excess of the ammoniacal-N pool peaked after only one hour of storage
(extraction T0) for all four slurries, demonstrating rapid and almost complete hydrolysis of ¹⁵urea to ¹⁵NH₄+.
These results are consistent with studies which show that urea hydrolysis can peak in less than 3 hours post
excretal deposition. The enriched NH₄+ decreased steadily over the 26 week storage period for both isotope
labels and for all four slurries, demonstrating mineralisation of the organic N fraction and subsequent
dilution of the enriched NH₄+ pool by unlabelled N from the organic slurry fraction. Further evidence of
mineralisation is evident in the gradual decrease of total solids, volatile solids and acetic acid content during
the storage period. Net mineralisation of the protein N organic pool to amino acids and subsequently NH₄+,
could have significant implications for ammonia volatilisation potential. Results from ¹⁵N modelling will be
presented.
Further results from the ¹⁵N tracing model will be presented, including analysis of the effect of slurry total
ammoniacal-N and N content on rates of N mineralisation-immobilisation turnover (MIT) between slurries,
with implications for ammonia volatilisation.
[1] Stevens, R.J., Laughlin, R.J., Atkins, G.J. and Prosser, S.J. 1993. Soil Science Society of America Journal,
57:4, 981-988.
[2] Müller, C., Rütting, T., Kattge, J., Laughlin, R.J., Stevens, R.J., 2007. Soil Biology and Biochemistry. 39, 715726.
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Background & Objectives
Irish agriculture contributes 98% of total national ammonia (NH₃) emissions. Excretion of urinary nitrogen
(N) is less desirable from an environmental perspective than excretion of faecal N due to increased
environmental losses. The objective of this study was to evaluate the impact of differing carbohydrate
sources on nitrogen excretion of beef heifers offered a 40:60 GS:concentrate diet.
Materials & Methods
Six Belgian Blue cross heifers (487 ±29 Kg BW) were used in a 3x3 Latin Square design. TMR diets formulated
to be iso-nitrogenous (14% CP/ kg DM), offered twice daily to meet maintenance requirements. Treatments
were: GS (11.6% CP) plus rolled barley (RB), maize meal (MM) or soya hulls (SH) concentrate offered 40:60
GS: concentrate on a DM basis. Total feed intake, urine and faecal output were recorded over five days per
period for N balance determination.
Results & Discussion
Data was analyzed using the mixed procedure of SAS. N intake was lower for RB compared to MM (P<0.05)
and SH (P<0.01) with no differences between treatments for urinary and faecal N excretion (g/d) (P>0.05).
However, there was a higher percentage of N excreted in the faeces in the MM (P<0.01) and SH (P<0.05)
treatments compared to the RB treatment.
Conclusion
In the current study offering MM or SH rather than RB increased the percentage of ingested N excreted in
the faeces without impacting N retention or urinary N excretion.
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Deposition of urine nitrogen by grazing livestock is a significant source of nitrous oxide, ammonia emissions
and nitrate leaching [1]. These events are random, creating a high spatial variability within the field and
difficulties of accounting their contribution when measuring various nitrogen losses. The study investigated
an alternative technique for identifying their spatial coverage in grasslands [2].
An unmanned aerial vehicle (UAV) using a twin camera system was used to identify urine patches in a 5 ha
field, which had been grazed by sheep (47 ewes and 90 lambs for 7 weeks) three weeks previously. Nitrous
oxide measurements were performed using steady-state chambers on identified urine patches and areas
unaffected by excreta deposition. The imagery was processed using Agisoft Photoscan to produce true and
false colour orthomosaic imagery and a digital surface model of the entire field.
The final output picture has been split in smaller areas for quicker processing performance. The imagery of
four samples of approximately 50 m2 areas within the field were analysed using a custom pixel based model
written in R (The R Foundation, USA) using colour channel thresholding. For a total of 210 m2 of grassland,
4.12 % were covered by patches with 82 patch areas of in average 0.11 m2, a maximum area of 0.33 m2 and
minimal area of 0.03 m2 in accordance with the effective area of sheep urine patch already measured [3].
This work is ongoing; more processing will be conducted to associate the imagery to nitrous oxide emissions
for area affected or not by urine patches. This method developed in R is robust for small survey areas,
another method will be developed using GIS to analyse the entire field at once and account for elevation of
grass.
The detection of excreta patches using UAV imagery combined with soil measurements show potential to
aid automatic and fast determination of excreta patch cover. The development of these methods could
improve nitrogen input spatial model, the understanding of the greenhouse gas emissions heterogeneity
within the field and fertiliser application efficiency.
The author thanks Biomathematics and Statistics Scotland for assistance with the image analysis and
colleagues for assistance with field work.
[1] Hyde, B.P, Forrestal, P.J, Jahangir et al. 2016. Irish Journal of Agricultural and Food research 55(1): 1–9.
[2] Dennis, S.J, Moir, J. L, Cameron et al. 2013. Grass and Forage Science, 68(3), 378–385.
[3] Selbie, D.R, Buckthought, L.E, Shepherd, M.A. 2015. Advances in Agronomy, 129: 229-292
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Emissions of volatile organic compounds (VOCs) and specifically odor-causing compounds (odorants) from
livestock manure are of environmental concern [1-2]. Recent approaches in cattle nutrition introduce
mediterranean fruits wastes that carry antioxidant activities, which may affect animal health as well as
manure properties. Thus, we explored the effect of pomegranate additives on odorants emission from
calves manure before and after weaning.
Pomegranate peel extract (4%) was mixed in milk (age 1-60d) and dry food (age 61-120d) of 7 calves. Seven
other calves served as controls. Fresh feces were grabbed at two time periods, ~2.5 weeks before and one
month after weaning. Sub-samples were incubated (28°C) for one month while sacrificing samples for
analysis at time 0, 7, 14, 30d. Then, sub-samples were placed in a flux chamber (37°C) to collect VOCs using
thermal desorption sorbent tubes and analyze by GC-MS [2].
Emissions of 34 VOCs (volatile fatty acids (VFA), esters, alcohols, phenols & aromatics, sulfides and
aldehydes) was followed during manure incubation. Total flux emissions (ΣVOC) and VFAs especially peaked
on day 7 and gradually decreased thereafter, in correspondence to the dynamics of manure pH. VFAs,
alcohols and phenolic compounds had the highest contribution to these fluxes
(VFAs>>>alcohols>>phenols&aromatics> sulfides>esters>aldehydes). VFAs fluxes were higher in the
pomegranate supplemented diet and may reflect changes in rumen micorflora and metabolic pathways
active in pomegranate peels digestion. In all treatments, the fractional contribution of alcohols phenols and
sulfides generally increased along incubation at the expense of VFAs. Odorants emission, expressed as odor
activity values (OAV; concentration of individuals VOCs divided by their respective human odor threshold
[2]), were dominated by VFAs>>>phenols&aromatics>>sulfides>alcohols>aldehydes>esters. The fractional
contribution of VFAs was higher in pomegranate supplemented diet whereas p-Cresol contributed more to
the total odor of the control.
The relative impact of certain odorants does not necessarily correlate with their mass fluxes. Calves diet
supplemented by pomegranate waste did not lessen manure odor emissions. It reduced certain
malodorants (dimethyl disulfide, skatole), but the total odor was dominated by VFAs. Thus, introducing new
diets deserve revisiting manure management approaches.
[1] Shabtay, A., Ravid, U. Brosh, A. et al. 2009. Journal of Animal Science, 87, 1835-1848.
[2] Parker, D.B., Cai, L. Kim, K.H. et al. 2012. Bioresource Technology, 124, 95-104.
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The aim of this study was to establish greenhouse gas emission factors (EFs) and total emissions (tEs) from
enteric fermentation (methane - CH4) and manure management (methane - CH4, nitrous dioxide - N2O) of
dairy cows and compare the differences in their quantities in 2014 and 2015.
For determination we used 2006 IPCC Guidelines for National Greenhouse Gas Inventories. We calculated
EFs and tEs in all regions of Slovakia. For calculation of EFs, we had to specify requirements of cows on
individual net energies (NE), gross energy (GE), digestibility of feeding ratio (DE), nitrogen excretion rate
(Nex), methane conversion factors (MCF) of applied methods of manure handling and their share on total
manure production. The calculation of emissions was based on identified EFs and numbers of animals.
In 2015 the total number of dairy cows decreased by 3,854 animal. Digestibility of feeding ration increased
in all regions and within Slovakia. Conversely, GE declined due to higher DE of feeding ration in all regions.
The average CH4 EF, emission per kg of milk production and total emission from enteric fermentation
decreased in 2015 by 8.97 kg, 0.002 kg, 1,741 t, respectively. This was caused by higher DE and lower GE;
decrease of EF and increase of milk yield; decrease of EF and number of animals (except 3 regions) in all
regions and within Slovakia (EF, emission per kg milk, tE, respectively). CH4 EF and emission from manure
management decreased in all regions and within Slovakia by 4.95 kg (average) and 756.5 t (within Slovakia),
respectively. The N2O emission from manure management was reduced in all regions (except 2 regions) and
within Slovakia too (total decrease about 3.416 t).
The total methane emissions from enteric fermentation and manure management and also nitrous dioxide
emission from manure management were lower in 2015 than in 2014 and reached values 16,572 t, 1,770 t
and 95 t respectively.
This study was possible through projects APVV 0632-10 and 15-0060 and the project CEGEZ 26220120073.
[1] Dong, H., Mangino, J., McAllister, T.A., Hatfield, J.L., Johnson, D.E., Lassey, K.R., de Lima, M. A. and
Romanovskaya, A. 2006. IPCC Guidelines for National Greenhouse Gas Inventories. Volume 4: Agriculture,
Forestry and Other Land Use. Chapter 10: Emissions from Livestock and Manure Management p. 10.1-10.87.
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Transfers of nutrients from agriculture to water may lead to eutrophication of a waterbody, particularly if
rainfall occurs within 48 h of land application. This aim of this paper was to identify sustainable and effective
amendments for addition to three types of waste (dairy cattle slurry, pig slurry and dairy soiled water) in
order to reduce surface runoff of nutrients.
The effectiveness of amendments in reducing nutrient losses were evaluated at three scales: (1) bench-scale
tests, in which the stoichiometric addition of chemical to waste was identified (2) laboratory tests, in which
intact soil, overlain with unamended and chemically amended waste, was subject to simulated rainfall, and,
finally, (3) field micro-plot scale tests, in which the results of the laboratory tests were verified in ‘real’
conditions. The impact of amendments on greenhouse gas emissions were also measured in these studies.
Our initial studies focused on the mitigation of phosphorus in runoff. Taking into account pollution
swapping in conjunction with effectiveness, poly-aluminium chloride was the most successful phosphorus
mitigation treatment for dairy cattle [1] and pig slurries [2], whereas alum was most effective for dairy
soiled water [3]. The effectiveness of amendments in mitigating phosphorus was soil-specific, and was
affected by buffering capacity and soil composition. There was no difference in greenhouse gas emissions
(methane, nitrous oxide, carbon dioxide) following land application of either chemically amended pig slurry
or dairy cattle slurry and their unamended forms [4]. Subsequent studies [5, 6] focused on other nitrogen
and carbon, as well as phosphorus reductions, and found that combined zeolite and chemical amendments
were highly effective in reducing phosphorus (50% - 81% reductions relative to study controls), nitrogen
(45% - 56% reductions) and total organic carbon (40% - 56% reductions) in runoff.
Chemical amendment to agricultural waste is effective, but is expensive and should only be used in
locations where there is connectivity between sources of pollutants and receiving waters. Cost benefit
analysis will be conducted to assess the feasibility of this practice.
These studies were funded by Teagasc Walsh Fellowships, the Department of Agriculture, Fisheries and the
Marine, and the IRC.
[1] Brennan 2011. Sci. Tot. Environ. 409, 5111.
[2] O’ Flynn 2012. J. Environ. Manage. 113, 78.
[3] Serrenho 2012. Sci. Tot. Environ. 430, 1.
[4] Brennan 2015. PLoS ONE 10(6): e0111965.
[5] Murnane 2015. J. Environ. Qual. 44, 1674.
[6] Murnane 2016. J. Environ. Qual. 44, 1674.
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The impairment of surface water quality continues, heightening attention on quantification of nonpoint
sources of nutrients from agriculture, particularly livestock operations, which can accumulate nutrients in
excess of crop needs. Here we describe findings of intensive soil and water monitoring to determine the
impact of swine manure management and determine the sustainability of alternative manure management
techniques.
The state of Arkansas, USA commissioned us to determine if operation of a recently permitted swine farm
impacted the quality of the Buffalo National Scenic River Watershed. For three years, we have monitored
stream, ground water, springs, surface runoff at 11 sites at weekly intervals for nitrogen, phosphorus, and
bacteria. We also investigate the use of locally-source limestone to sequester manure phosphorus, as well
as solid-liquid separation to provided cost-beneficial alternatives for the sustainable use manures.
Stream sampling above and below the farm shows no consistent impacts of farm management on nitrogen,
phosphorus, and bacteria. Water analysis from wells, french drains, and an ephemeral gully adjacent to the
manure holding ponds, do not indicate any leakage of slurry. Results of grid-soil sampling in 2014 and 2016
of three fields receiving manure indicate accumulation of phosphorus occurs in certain areas within the
surface 10 cm of soil. These increases occur where cattle are routinely fed hay and around shade trees
rather than where manure is applied. Locally-sourced limestone decreased manure soluble phosphorus and
enhanced solid settling, but is not yet an economically-viable treatment option. At this time, solid-liquid
separation of manure provides the farmer nutrient management options regarding which pond to pump
from, whether the pond will be agitated, the depth at which to pump from, and which field to make the
application.
To date, there is no consistent impact of farm operation on nutrient and bacteria concentrations. However,
monitoring in the highly visible Buffalo River Watershed provides the public with real-time information (see
http://www.bigcreekresearch.org/). This provides a dilemma of balancing transparency with timely and
reliable interpretations, which will be discussed.
The Big Creek Research and Extension Team gratefully acknowledges funding for this study from the State of
Arkansas.
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Intensive production poultry and raspberry in south-coastal British Columbia threatens the environment,
and particularly nitrate contamination of an unconfined transboundary aquifer. Our objective is to tighten
regional nutrient cycles by including dairy operations in poultry-raspberry nutrient flows. Experiments were
conducted on amending raspberry soil with local products including seprated dairy solids, and fertilizing
dairy grass with poultry manure versus fertilizer.
We applied poultry and horse manures, separated dairy slurry solids and barn scrapings, and municipal
compost on bare ground and newly seeded grass (to bracket potential N uptake by new and established
raspberries) at typical 25 and 50 t/ha rates. Soil was sampled monthly (14 months) to 60 cm depth and
tested for ammonium and nitrate, and occasionally total N, C, P and K. Also, poultry manure or fertilizer
were applied to established dairy grass at various rates and times.
On bare soil at the 25 t/ha rate, soil mineral N (nitrate and ammonium) peaked at 1477 kg N/ha for poultry
manure (July), compared to 372 for compost (July) and 154-259 for the dairy manures (Sept.). Soil
concentrations with poultry were significantly higher than other products until Dec. and, briefly, the next
July, with heavy rains over winter causing leaching. Compost values were higher than dairy until August.
Control and dairy products had similar soil mineral N but N uptake by newly seeded grass was higher for the
dairy products than control. Poultry and compost had highest soil P and K. Current research is addressing
yield response of raspberries amended with local waste products. Dairy grass responded similarly to poultry
manure as fertilizer but application of poultry manure in late fall fostered better early and mid-season grass
growth. We are currently evaluating multi-year use of poultry manure on dairy grass.
Replacing poultry manure with dairy solids for amending raspberry soils will reduce excessive N inputs and
alleviate nitrate contamination of groundwater under rapberry fields. Poultry manure can replace current
mineral N fertilizer for grass production on dairy farms. These changes will improve N use on a regional
scale.
We acknowledge technical work by Anthony Friesen, Frederic Bounaix and Xiao Wu and funding from
Agriculture and Agri-Food Canada.
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Temporary manure storage allows applications at times when the risks of soil compaction and water
pollution are low, and when the nutrients supplied are likely to most benefit crops. However, there is also a
need to ensure that the leachate produced does not cause excess diffuse water pollution, and regulations to
control diffuse pollution are based on robust scientific evidence.
Each experimental site had three replicates of each manure type and storage treatment (covered or
uncovered heaps), plus untreated controls. On the free draining site porous cup samplers were used to
quantify nutrient and microbial pathogen concentrations at two depths below and adjacent to the heaps.
On the drained clay site drainage water volumes were recorded and samples taken on a flow proportional
basis so that the nutrient and pathogen losses from the contrasting manure treatments could be quantified.
Readily available nitrogen (nitrate-N and ammonium-N; RAN) losses from solid manures stored in field
heaps were low at between <1% and 3.8% of total N into store. The highest losses were measured from
uncovered cattle FYM heaps stored on free draining sandy soils. Measurements showed that 70% of the
nitrogen lost was retained in the soil profile (0-90cm). Phosphorus (P) losses from cattle FYM, pig FYM and
poultry manure heaps were low at less than 1% of total P in to store. Elevated ammonium-N and P
concentrations in drainage water were measured a few days after the construction of pig FYM heaps when
free-drainage of effluent from the fresh pig FYM resulted in a small volume (c.5mm) of contaminated
drainflow. On all manure treatments large residues of nutrients remained in the topsoil after heap removal.
Further work is required to examine mitigation options to minimise nutrient losses post-storage.
Covering FYM heaps was only effective (P<0.05) at reducing RAN losses from cattle FYM heaps stored on
free draining soils. Overall the results indicate that current guidance included in the Nitrate Vulnerable Zone
Action Programme is sufficient to control water pollution from solids manures stored in temporary field
heaps.
Funding of this work by the Department of Environment Food and rural Affairs (Defra) is gratefully
acknowledged.
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Slurry treatment by acidification, recommended to minimize ammonia emissions, has a significant impact
on nitrogen dynamics following soil application [1,2] but its impact on nitrification was still not clear due to
simultaneous effect on mineralization/immobilization fluxes. The effect of pig slurry treatment by
acidification or DMPP (nitrification inhibitor) addition on the nitrification potential was assessed here in 3
contrasting soils.
An aerobic laboratory incubation was performed with 3 contrasting over 153 days Four treatments were
tested: 1. Soil + Raw Slurry (RS); 2. Soil + acidified slurry -pH 5.5 (AS); 3. Soil + slurry amended with DMPP
(DMPP); 4. Soil only (CTR ). Amendments were applied at a rate equivalent to 70-80 mg N kg-1 dry soil and a
total of 324 units were prepared (destructive sampling). Mineral N content, pH and nitrification potential
(NP) were measured in each sample.
Overall, slurry application increased significantly the activity of nitrifyer population but AS and DMPP
treatments led to lower or similar NP values than in RS. In sandy soil, AS and DMPP led to equivalent values
of NP and always lower than RS. In sandy loam soil, after day 20, NP values in AS were close to CTR and
significantly lower than in DMPP and the later significantly lower than RS. Nevertheless, NP values in
amended treatments were similar till day 81 in the clay loam soil with NH4+ fixing clays, but afterwards NP
in DMPP dropped and reached CTR value, while AS significantly overpassed the value of RS at the end of the
experiment. Mineral N dynamics followed the trends reported in [1]. Our results showed that, during 81
days, AS is as much efficient as DMPP to reduce nitrification, although such effect may be strongly
influenced by soil properties.
Slurry acidification never stimulate nitrification relative to non-acidified slurry and, in most of the
observations, acidification decreases nitrification as efficiently as DMPP but this effect is closely related to
the soil properties. Acidification might therefore be seen as a key solution to minimize N losses from slurry
amended soils.
This work was supported by the FCT - Portuguese Foundation for Science and Technology
[1]
Fangueiro D., Surgy S., Fraga I., Monteiro F.G., Cabral F., Coutinho J. 2016 , Geoderma 281, 30-38.
[2] Fangueiro, D., Pereira, J., Bichana, A., Surgy, S., Cabral, F., Coutinho, J., 2015. Journal of Environmental
Management 162,1–8.
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Availability of potable water of good quality is essential for animals and people and production of safe food.
To ensure this it is necessary to prevent contamination of water sources. The objective of this study was to
monitor quality of water for individual and mass supply and to identify potential sources of its
contamination.
Samples of ground and surface water supplying individual households villages and some agricultural units
were collected periodically in the selected area (Košice surroundings, Slovakia) and examined physicochemically and microbiologically according to Slovak legislation compatible with EU Drinking water directive.
Physico-chemical evaluation included determination of pH, ammonium (NH3), nitrates (NO3) and chemical
oxygen demand (CODMn). Microbiological examination focused on bacteria cultivated at 22 oC and 37 oC
(BC22 and BC37), total coliforms, E. coli and faecal streptococci.
Ground water was used in the investigated area, originating either directly from individual wells or after
collection in storage reservoirs and disinfection in case of mass consumption. Examination of potable water
used on agricultural farms showed some possibility of contamination of sources by runoff, particularly in
relation to heavy rain and inappropriate manipulation with excrements. Surface water in villages close to
these farms was contaminated with organic substance (CODMn). Microbiological examination showed in
many cases presence of E.coli and faecal enterococci which indicated that faeces polluted this surface water
and could eventually pass also to ground water in individual wells. Our investigations showed that
protection zones of water sources were not always observed and this was the major reason for decreased
quality of potable water. Dependence of water quality on seasons indicated that water quality in the
investigated area was related to agricultural activities. was also observed.
Our monitoring in the investigated area showed importance of protection of water sources, particularly
observation of protections zones which can decrease considerably the risks arising from non-point sources
of contamination. Manipulation with excrements and their disposal on farms may affect quality of water in
a wide area.
The study was supported by Slovak Ministry of Culture and Education Grant Agency No. 003UVLF-4/2016
and the project VEGA 2/0125/17.
[1] Gasteyer, S. 2008. Agriculture and Human Values, 25, 4, 469-486.
[2] Sasáková, N. Papajová, I., Ondrašovičová, O., Laktičová, K., Gregová, G., Bis-Wencel, H., Venglovský, J.,
Mareková, J., Hromada, R., Halán, M. 2009. Folia Veterinaria, 53, 3,132-133.
[3] Mackler, B.A. & Merkle, J.C. 2000. Hydrogeol J, 8, 1, 29-40.
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Unfertilised buffer strips (BS) prevent indirect (through transport in the unfertilised BS) and direct (=
fertiliser entering the watercourse) pollution of surface water by fertilisation. Although numerous studies
have reviewed the site conditions that affect the effectiveness of uncultivated BS on indirect phosphorus (P)
losses [1, 2], few have reviewed the effect of unfertilised cultivated BS (UCBS) on P losses.
We’ve reviewed literature to evaluate the short and long term effect of UCBS on indirect and direct P losses
towards surface water. We’ve evaluated the interception (P is stopped by vegetation or rough soil surface),
residence time (affecting the possibility of adsorption of dissolved P and sedimentation of particulate P) and
fertilisation effect [3] and the reduction of direct P losses by UCBS to assess the potential effect of UCBS
compared to a reference, with a focus on flat areas.
An UCBS may only exhibit an interception and residence time effect if the transporting water passes
through the UCBS (i.e. areas with surface run-off and shallow subsurface flow) and P is removed by the
crop. The interception effect of dissolved P can only occur on UCBS with low P saturation or high phosphate
binding capacity. The interception effect of particulate P from surface run-off is limited because the crop in
UCBS is equal to the field and run-off and erosion is limited in flat areas. If soil conditions are favourable for
adsorption of dissolved P and sedimentation of particulate P, there might be a residence time effect which
increases with UCBS width. There is no fertilisation effect if total fertilisation rate of the field is not adapted.
An UCBS is however very effective against fertilisation beyond the field border. The highest risk was
estimated for broadcasted application of mineral fertilisers.
As landscape, hydrology, vegetation and width affect the effectiveness of BS, the residence time and
interception effect of UCBS are low in flat areas but UCBS reduce fertilisation beyond the field border. The
needed UCBS width depends on fertiliser type and application technique.
Karoline D'Haene wishes to acknowledge VLM for funding her research for the Research and Extension
Advisory Board on Sustainable Fertilisation.
[1] Roberts, W.M. et al. 2012. Journal of Environmental Quality 41, 389-399
[2] Zhang, X. et al. 2010. Journal of Environmental Quality 39, 76–84
[3] Noij, I.G.A.M. et al. 2012. Effectiveness of non-fertilized buffer strips in the Netherlands, Wageningen
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A better knowledge of the organic matter (OM) fate into soil would allow accurate prediction tools
development for organic fertilizer spreading. Authors commonly used OM fractionation methods for
characterization [1,2] but their evolution during incubations is missing. Thus, this study aims at using OM
fractionation for kinetics description of two contrasted cattle farmyard manure during soil incubation with
litter bags.
Fresh (FCM) and dried (DCM) cattle manure were used in soil incubation tests. The OM decomposition
evolution was assessed by using litter bags. They were placed at 15°C in 2 L flasks filled with 500 g of moist
soil and sampled at 6 dates between day 7 and 301.
The characterization tool was based on OM accessibility assessment through sequential chemical
extractions combined with fluorescence spectroscopy [2] and was applied on the samples at incubation
days 0, 28, 301.
Despite a higher OM degradation rate at 28 days for FCM, both FCM and DCM reached similar degradation
after 301 days.
OM fractions evolution showed that the chemical accessibility simulated well the bioaccessibility. Indeed,
for both incubations, the most accessible fractions had the highest biodegradation rate (89 to 93% versus 46
to 63% for the least accessible). Moreover, kinetic rates of the most accessible fractions were higher than
the least ones which were mainly degraded after 28 days.
OM fractions evolution highlighted the effect of drying by evaluating the main differences between FCM
and DCM degradation: (i) the least accessible fractions were less biodegradable for DCM (ii) the time of
degradation of the most accessible fractions was lower for DCM (28 days to degrade 63% to 84% of them)
and (iii) the non-extractible fraction of FCM increased after 28 days, probably due to recalcitrant molecules
produced by soil microorganisms activity.
The OM method used was able to describe the OM bioaccessibility and its evolution during soil incubation.
It was consistent enough to highlight drying impact on degradation kinetics. Nitrogen dynamics will be
specified. The OM fractions will be then used for calibrating a dynamic model describing OM fate in soils.
The authors acknowledge P. Germain for technical assistance.
[1] Garnier, P., Neel C., Aita, C., Recous, S., Lafolie, F., Mary, B., 2003. European journal of soil science, 54,
555-568
[2] Jimenez, J., Aemig, Q., Doussiet, N., Feurgard, I., Steyer, J.-P., Patureau, D., Houot, S. 2015b. Bioresource
Technology, 194, 344-353
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Dairy in the US has shifted towards larger dairies with confinement and manure storages, impacting the
environment.¹²³ The remaining dairies are more likely to have alternative management strategies and
different degrees of nutrient management.⁴ This study compared farm strategies, best management
practice adoption, and simulated environmental impact of the major dairy production regions in the United
States.
The Agricultural Research Management Survey was used to determine the distribution and characteristics of
five common farming strategies (confinement, semi-confinement, organic, Amish, and management
intensive rotational grazing MIRG) common to the five top milk producing states. Dairy farms were then
simulated with the Integrated Farm System Model IFSM to evaluate management impacts to the whole
farm including productivity, labor, environmental losses of N and P, and greenhouse gas emission.
Agronomic practice, climate, and soil type are critical variables in determining milk production and nutrient
flows through the farm.
Results from the study will be used to identify recommendations for feasible best management practices to
decrease environmental constraints without impacting profit margins.
1.
Blayney, D. The Changing Landscape of U.S. Milk Production. (2002).
2.
Macdonald, J. et al. Profits, Costs, and the Changing Structure of Dairy Farming. (2007).
3.
Cross, J. Restructuring America’s dairy farms. (2006).
4.
Brock, C. & Barham, B. Farm structural change of a different kind. (2008).
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DECISIVE proposes the improvement of the organic cycle through decentralized biowaste management. Key
elements are local micro-scale biogas facilities with a capacity of up to 200 Mg/a. Local population and
commerce’s are the bioresource providers. The paper focuses on food waste from households only and
summarizes the challenges of its collection resulting from the transition into a decentralized system.
The state-of-the-art of European waste management systems was systematized for biogenic fractions and
evaluated regarding transition demands. An inventory for European household food waste was carried out
and implemented into a GIS-based system. A model for the collection chain from households to micro-scale
facilities was developed. For the specific region of Hamburg, Germany, stakeholders were interviewed with
respect to demands for the design of a practicable system and conclusions drawn for the implementation of
such a system.
The food waste generation in European households varies significantly between approximately 60 and 120
kg/capita&a. Regarding food waste collection, actually three basic types can be distinguished for Europe:
the food waste is, depending from the collection type, contained in mixed waste, in mixed biowaste, or
nearly purely. For transition into decentralized systems major changes of people’s waste collection
behaviors are necessary especially for the first two types. The overall collection chain up to the biogas
facility includes, beside generation and collection in households, further elements such as storage,
intermediate collection and transport. Selected stakeholders from the Hamburg region, connected to the
transition directly or indirectly, were interviewed and assigned to following sectors: public or private waste
management, waste treatment, urban developers, housing associations, facility managers /service
technicians, NGOs/environmental organisations. Answers were given by the interviewees to technical,
economic, social and legislative issues. The results gave information beyond common literature studies.
A micro-scale biogas facility will require the food waste of about 80 to 3500 citizens. The results from the
inventories and interviews are of importance for the implementation of practicable decentralized systems
and are basics for designing a regional spatial approach for decentralized urban biowaste valorization
networks.
Funded by EU HORIZION 2020 DECISIVE-project (A decentralized management scheme for innovative
valorization of urban biowaste, Grant Agreement 689229).
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Safeguarding ecosystems and natural resources in food-producing countries is a pressing issue. Worldwide
research and development have been conducted to implement Best Management Practices and regulation
of dairy effluent management. The objective of this study was to compare environmental regulations of
dairy effluent management in Argentina, Brazil, Chile and Uruguay and to identify best management
practices.
The analysis of dairy slurry and manure regulations was based on published literature, laws and norms of
each country together with expert judgment of researchers working in this area. In addition, information
was analyzed and discussed in a Workshop on Environmental Indicators in Animal Production [1].
All countries analyzed have general environmental legislation, which is focused on the protection of
inhabitants and natural resources. Furthermore, in some countries specific regulations related to effluent
management and use (Argentina, Brazil and Uruguay) were published, within geographical scope (e.g.
provinces or states). The areas with the highest regional cattle concentration are the most advanced in the
implementation of a legal framework (e.g. livestock effluent application in Argentina and Uruguay). The
implementation of specific regulations has been mainly promoted due to society demands and pollution
incidents. . On the other hand, there are public-private initiatives, such as the Cleaner Production
Agreements (Chile) and the use of a risk matrix (Uruguay), which encourage a better use and management
of dairy effluent. In addition, milk companies implemented a bonus within the milk price for the own
producers that meet the former´s environmental standards, which included effluent management
(Argentina and Chile).
There are general regulations for the protection of natural resources within the South American countries.
Recently, Argentina, Uruguay and Brazil have implemented specific region regulations for dairy effluent
management. Some countries have public-private incentives for using Best Management Practices.
Investment in infrastructure and equipment accompanied by public policies is needed.
We thank CONICYT-Chile (REDES150086) for funding the research network “ManureSouth”.
[1] Workshop “Opportunities and environmental and legal constraints for livestock production and
competitive Southern Cone” was held during the 37th AAPA Congress-2nd Joint Meeting ASAS-AAPA, XXXIX
Congress of the Chilean Society of Animal Production. 21th October 2014. Buenos Aires, Argentina. DOI:
10.13140/RG.2.2.36364.10887
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In several South American countries new regulations for manure management are emerging. Farmers and
professionals show increasingly interest in agronomic use of animal manure and need special training for its
responsible management. In this paper we present the results of surveys that evaluate producers and
professionals perceptions and demands in dairy areas in Argentina and Brazil to develop regional guidelines.
Surveys (300) were sent by email to participants of previous studies database from main dairy areas in both
countries. Inclusion criteria were herd size (>80 milking cows) and production level (>15 kg milk/cow/day),
values above 80% of countries nationals statistics. Questions (7) were closed with single response and 5point Likert scale [1]. Issues related to water quality and pollution, odour generation, fertilizer value,
pathogens impact and biogas production were addressed. A multiple correspondences factorial analysis
(MCA) was performed (p <0.05).
A total of 143 surveys were completed. Thirty three percent of the respondents were dairy farmers, 32%
were professionals, whereas the remaining 35% worked in related activities in milk production systems.
Overall, a large majority of respondents in all regions felt that effluent lagoon contributes to water pollution
(>80%) and pathogen transmission (51%). Participants were nearly equally divided regarding treatment of
dairy wastes through biogas and how water quality affected manure management practices. There was a
considerable agreement as to consider manure a good fertilizer (55%). Concern over lack of equipment for
manure management (67%) and use guidelines (54%) were highlighted by respondents from Argentina and
Brazil while the main reasons for not reusing dairy effluents in both countries are the cumbersome
management and lack of knowledge. Five clusters were obtained after the MCA. No relationships were
found between additional variables as profession, location and possible use.
The survey demonstrated interest across regions in managing dairy wastes and despite differences in
production systems three priorities were identified: need for a best management handbook, increased
investment in equipment and technologies and increased access to laboratory analyses.
For CONICYT_Chile for funding “ManureSouth Network Project”, UBA-CyT program project 498BA) and all
the producers and professionals involved.
[1] Lickert, R. 1932. Archives of Psychology 140, 44-53
[2] Heimlich, J.E., and Ardoin, N.M. 2008. Environmental Education Research 14, 215 – 237
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Scientifically-based data on manure quantity, quality and management is often scarce nationally, let alone
internationally. Since 2013, Finland has updated its manure data via farm surveys and by developing a
normative manure system to be used for calculating manure quantity and quality. The system and the
resulting new data form an important tool towards enhanced manure use.
Normative manure system calculates manure quantity and quality as a mass balance. It includes 74 animal
categories (production, breed, age) and distinguishes between faeces and urine ex animal and slurry,
farmyard manure, deep litter, dung and urine ex housing and ex storage. Results per animal(place) or
number of animals are calculated for mass, dry and organic matter, main nutrients and gaseous emissions
(t/a), nutrients also as kg/t. The background data is from scientific literature and directly from farmers.
The first version of the Finnish normative manure system will be published in 2017 with English
documentation. The resulting manure data can be used e.g. in emission inventories, calculating animal units
for environmental permitting, setting minimum storage capacity and in nutrient balances. Hence it directly
affects farm practices. It may also be used as basis for manure fertilisation. The system provides uniform,
updated manure data for all stakeholders regulating, developing and managing manure. It also forms basis
for planning resource-efficient nutrient recycling e.g. in a novel web-tool portraying Finnish manure spatially
and in relation to regional nutrient need (being built). Still, the system needs further development.
Especially excretion calculation and accuracy of feeding data (recommendation vs. actual on farms) is
crucial. Also, data on bedding and water additions must be strengthened and loss of dry matter and
evaporation of water from manure calculated more precisely.
Normative manure system is a useful tool for supporting enhanced manure use from policymaking to
practical farming. It merges large datasets and serves uniform, updated information on national, regional
and farm-specific level for all stakeholders involved. High variation in farming practices, however, poses
challenges to generalisation of the results.
We thank Finnish Ministry of the Environment (financer of the system) and Ministry of Agriculture and
Forestry (supporting further development).
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The objectives of the study were to estimate (1) the N pool in the Yakumo Farm’s soil, (2) N uptake by grass
growth, including N fixed by clover, (3) wet and dry N deposition, (4) N exported in meat, and (5) the
amount of N applied in composted manure, and (6) to determine the total N balance of the enterprise.
We measured N stocks and flows on the farm as follows.
1)
Grass production (internal flow)
2)
Nitrogen fixation (input flow): Nitrogen fixation by clover was measured by the “clover
uprooting” method.
3)
Soil N (stock)
4)
Composted manure application (internal flow)
5)
Bedding material (input flow)
6)
Precipitation and deposition (input flow)
7)
Meat production (output flow)
Nitrogen balance calculation
The final annual nitrogen balance on the farm was calculated as follows:
Balance = Inputs – Outputs
Averaged over 2008 to 2011 or 2012, the N components on the 220 ha of grassland comprised 1952 Mg soil
N stock (in 2011), 3.2 Mg N in living livestock, 14.3 Mg N uptake by grass growth (including 8.6 Mg of N fixed
by clover), 15.7 Mg N applied in composted manure, 1.7 Mg N in imported bedding material, 2.8 Mg N in
deposition, and 1.41 Mg N in meat production. N in grass production equaled about 0.7%, of which clover
fixation supplied 60%; N deposition was not negligible; and N export by meat production was minor. These
results show that on the organically managed Yakumo Farm, soil N stock increased gradually (by 8.6 Mg N
yr−1 = 39 kg N ha−1), N export was relatively small, and N fixation by clover is important for grass
production.

The N balance of Yakumo Farm shows that the farm’s organic management maintains a close to balanced
flow of N on the farm. The soil N stock showed a gradual annual increase (8.59 Mg N yr−1 = 39 kg N ha−1 =
0.44% of N stock).
Hojito M et al 2016: Nitrogen Flow in an Orgnially Managed Beef Farm in Hokkaido, SSPN
doi.org/10.1080/00380768.2016.1203730
Hojito M et al 2010: Ammonia exchange on grasslands in an intensive dairying region in central Japan. Soil
Sci. Plant Nutr., 56, 503–511.
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Manure management is the central issue of environmental policies related to water and air quality.
However, there is little published data on manure management in the different countries concerned by such
pollutions. The aim of this paper is to gather the available data on manure management in France for the
Task Group "Country manure profiles" of the Ramiran Network.
The data presented here are mainly based on the 2010 Agricultural Census, the livestock farm surveys in
2008 and other documents for manure treatment (professional surveys, expert reports and techniques).
The data will be summarized by production and manure management stage (building, storage, treatment
and spreading).
Cattle, pig and poultry livestock produce on farm (pastureland not included) around 120 million tons of
manure per year (60.6% solid manure, 38.8% slurry, the remainder being poultry droppings) which give 1.6
million tons of organic N and 0.2 million tons of P per year. Solid manure is mainly stored in temporary field
heaps. For manure storage on farm the minimum capacity varies from 45 days to 7.5 months depending on
farm size and type of animals, time spent outside the buildings and the geographical location. Cover storage
(rigid, natural) concerned 17% of the total useful volume of pig slurry, 45% of cattle slurry and 39% of
poultry slurry. Covered storage of solid manure is rarely used in pig and cattle farm while 27% of solid
manure/dropping poultry storage areas are covered. Manure treatment which accounts for 13.6 million
tons is mainly by composting and aerobic treatment. 25.3% of pig farms spread slurry by a band spreader or
incorporation and 58.2% by a broadcast spreader. Slurry injection for pig and cattle is around 11% of pig
slurry (volume) and 2.6% of cattle slurry.
The main mode of manure management is storage (in building and pit) and spreading. Treatment of manure
and the use of techniques to reduce gaseous emissions (frequent evacuation of manure, pit cover, injection)
are not widespread or poorly documented
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Following mechanical scraping of concrete walkways in dairy/cattle houses, a thin film of slurry (c. 2 mm) is
left behind from which NH3 emissions continue. The application of additives to this emitting layer has the
potential to reduce NH3 volatilisation from housing surfaces by abating the peak NH3 flux associated with
urea hydrolysis which occurs 1-6 hours after excreta deposition.
A dynamic flow-through chamber based approach with photoacoustic gas analysis was used to determine
the NH3 abatement potential of 10 additives applied to dairy cow urine (0.8 kg) and dung (1.2 kg) covering a
concrete surface (1 m2) simulating the 2 mm slurry layer left behind after scraper operation. NH3 emissions
were monitored for 24 hours with 4 experimental runs conducted for each additive. The experimental
temperature was set at 12°C, a temperature considered representative of NW European winter housing
conditions.
Peak NH3 fluxes from fresh dairy cow slurry occurred at approximately 3-5 hours post application, peaking
at 133 mg NH3-N m-2 hour-1.
Six additives produced no significant difference in NH3 emissions compared with the control treatment
(slurry only) at 6, 12 or 24 hours after excreta and additive application: Clinoptilolite (zeolite); eugenol;
Agrotain (NBPT urease inhibitor); double urease inhibitor; Envirobed (paper bedding); and sawdust.
Acidification of the slurry layer to pH 6 offers significant potential for cost-effectively abating NH3 emissions
from cattle housing surfaces by increasing the NH4+:NH3 ratio. Aluminium sulphate is the most successful
at abating NH3 emissions, particularly after 6 hours (80% NH3 abatement), where its efficacy is greatest
relative to the other acidifiers. Alum is followed closely by calcium chloride (74%) and sulphuric acid (69%).
Actisan, a commercially available biocidal bedding disinfectant, is also effective (59%), although at a higher
economic cost than the acidifiers.
It is proposed that to automate additive application within existing cattle housing, mechanical walkway
scrapers, or robotic scrapers, with the capability to spray water in the wake of the scraping action could be
adapted to spray liquid additives on walkway surfaces.
This study was supported by a grant (RSF 13/S/430) from the Department of Agriculture, Food and the
Marine (Rep. Ireland).
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Solid organic waste storage can lead to gaseous emissions such as NH₃, N₂O, CH₄ and CO₂ (Pardo et al.,
2015). To quantify these emissions, different methods are employed from pilot-scale experiments to realscale monitoring. The objective of this study is to investigate the impact of the experimental scale on the
quantification of gaseous emissions during non-dynamic storage of solid digestates.
Storage experiments were implemented with various experimental scales: from non-insulated 5L to
insulated 300L vessels. Four solid digestates were considered for storage experiments. Ammonia, nitrous
oxide, carbon dioxide and methane emissions were monitored using an infrared multi-gas monitor
(combined with acid-traps for ammonia). To explain these results, this monitoring was combined with
physical-chemical parameters analyses to allow the investigation of the fate of carbon and nitrogen as a
function of the experimental scale.
Results highlight that the temperature in the storage heap and the biological fate of carbon and nitrogen
are strongly impacted by the experimental scale. However, results show that total ammonia emissions are
not significantly impacted by the experimental scale, whatever the temperature into the heap. However,
emission kinetics are strongly impacted by this parameter.
N₂O emissions are strongly impacted by the experimental scale too, because of its impact on temperature
elevation into the heap. Hence, nitrification is strongly inhibited when temperature reaches 40°C (Caceres
et al., 2006).
CO₂ and CH₄ emissions are strongly impacted by the experimental scale. This results highlights that these
emissions are strongly dependent on composting processes which can spontaneously take place in the
storage heap. Whatever the experimental scale, CH₄ emissions are less than 0.2% of the total carbon
emitted. This result shows that whatever the experimental scale, degradation processes are mainly aerobic.
Results show that, except for total ammonia emissions, N₂O, CH₄ and CO₂ emissions are strongly impacted
by the experimental scale. Concerning NH₃ emissions, only their kinetics are impacted. These results allow
the definition of the required experimental design to allow a reliable estimation of gaseous emissions during
solid waste storage.
This study was part of the Remiprophyte program which is supported by the French Environment and
Energy Agency (ADEME).
Caceres, R. et al., 2006, Changes in the chemical and physicochemical properties of the solid fraction of
cattle slurry during composting using different aeration strategies. Waste Management, 26(10), 1081-1091.
Pardo, G. et al. (2015). Gaseous emissions from management of solid waste: A systematic review. Global
Change Biology, 21(3), 1313-1327.
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Background & Objectives
The present study was carried out to investigate the effect of daily or twice a week slurry treatment with
sulphuric acid on the ammonia emissions from a finishing pig house and the pH stability in the slurry kept
inside. Secondarily the consumption of electricity and sulphuric acid in relation to the frequency of slurry
treatment were measured.

Materials & Methods
The trial was conducted in climate chambers at SEGES Research Station with four batches of finishing pigs.
Each climate chamber consisted of two pens with drained and slatted flooring and housed 30 pigs. Six
climate chambers were divided into three groups: G-0 were control with no slurry treatment. G-1 with daily
slurry acidification. G-2 with slurry acidification twice a week. Data was collected for pH in the slurry,
consumption of acid and electricity and ammonia emission.
Results & Discussion
On average the pH of the slurry in G1 and G2 was 5.46. The average pH for G1 measured before acidification
was 5.60 and 5.93 in G2. The ammonia emission from G1 was on average 0.058 g NH3-N/h/pig and lower
compared to G2 (0.094 g NH3-N/h/pig) and the control group (0.15 g NH3-N/h/pig). The effect of daily
acidification resulted in 62% lower ammonia emission compared to the control units. However acidification
twice a week resulted only in a 38% lower ammonia emission compared to the control units which was
considerable lower than expected. Both the acid and electricity consumption were highest in G2 compared
to G1 which was not expected. However, an increased amount of slurry with a higher pH treated twice a
week resulted in a higher acid and electricity consumption compared to a smaller amount of slurry treated
every day.
Conclusions
Reducing the frequency of acidification from daily to twice a week the pH in slurry increased from 5.6 to 5.9
before next treatment. However the reduction in ammonia emission was decreased from 62% to 38% by
reducing the frequency of treatment and the acid and electricity consumption was increased.
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Ammonia (NH3) emissions from slurry storage should be evaluated considering local conditions whereas in
practice standard emission factors are generally used. Process-based emission models offer an alternative,
cost-effective approach for estimating NH3 emissions. The overall objective of this study was to evaluate
different models, pre-existing in literature, to simulate NH3 emission factors from different storage
conditions.
The assessment was carried out using 13 models from literature, of different types [2] (mechanistic and
statistical).
A calibration and validation procedure was set using 8 datasets obtained in previous experiments.
The model accuracy was assessed by using statistical indices [1] (normal mean square error NMSE, line of
regression slope b, fractional bias FB, bias based on the variance FS, correlation coefficient R) and scored
based on the number of indices that reached high performances.
The models tested gave variable performances with different datasets and it is not straightforward to select
one model that can fit all the conditions. Considering the results obtained it was observed that prior
calibration significantly improved the overall score of the models. In some cases, the methodology used
enabled model adaptation for use in specific conditions. The best fitting model differed, depending on the
dataset considered. However, the statistical models generally performed better than others, after
calibration. The best calibrated model gives NMSE lower than 0.15, R >0.9, b=0.95, FB=0.0002, FS=-0.0032.
Furthermore, it was observed that models may evaluete the effect of slurry typology and treatments when
these affect the model input parameters (e.g. pH).
For some models and datasets there was no improvement with calibration: this, for example, may suggest
that calibration parameters were not chosen very well or that the quality of the initial dataset was poor.
Models proved able to predict NH3 emissions from different slurry storage conditions better than standard
emission factors. Use of models, when validated for different conditions and locations, can therefore be a
suitable means to improve the quality of inventories and assess the effect of mitigation strategies and
manure treatments.
The study was carried out within RENUWAL project financed by Fondazione Cariplo grant n° 2014–1279.
[1]
Cortus E.L., Lemay,S.P., Barer, E.M., Hill, G.A. and Godbout,S. 2008. Biosystems Engineering 99,
390-402.
[2] Ni J., 1999. Journal of Agricultural Engineering Resource 72, 1-17.
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Current ammonia (NH3) emission estimates for Irish cattle housing are based solely on UK derived emission
factors. There is a need to create country specific emissions factors to improve Ireland’s NH3 emission
inventory. The objective of this study, therefore, was to quantify NH3 emissions from four cattle buildings in
Ireland.
Ammonia emissions were measured from four livestock farms (building "A", "B","C"&"D") in the south of
Ireland over three winter housing periods (Nov to March). Emissions were measured using passive flux
samplers (Ferm tubes) [1] for 24-hour periods on 5 to 7 occasions per building. The four buildings varied in
floor type, size and the type and quantity of livestock housed. Emissions factors were calculated by dividing
daily fluxes by the number of livestock units in the building.
The NH₃ emission factors (g NH₃-N/lu/d) varied over time and between buildings and ranged from 13.4 to
54.3 from building A (mean = 34.0, S.D.= 15.7; slatted floors), from 1.8 to 18.4 from building B (mean=11.2,
S.D.=5.8; slatted floors), 1.3 to 5.2 from building C (mean = 3.3, S.D.= 1.6; cubicles with scraped passage way
and external slurry storage) and from 6.3 to 28.2 from building D (mean = 14.5, S.D.= 8.8; slatted and straw
bedded floors). The overall mean NH₃ emission factor from the study was15.6g NH₃-N/lu/d or 7.5% of total
N excreted. This was somewhat lower than the mean emission factor (34.3 g NH₃-N/lu/d) reported for
buildings with cubicles and scraped alleyways but similar to those reported for straw-bedded buildings (23.1
g NH₃-N/lu/d) in the UK [2]. The overall emission factor expressed as a % of TAN excreted was 12.5%.
This study represents the first measurements of NH₃ emissions from cattle buildings in Ireland, which can be
used to generate country-specific emission factors. The mean emission factor of 12.5% of TAN excreted is
lower than the currently used emission factor of 31% of TAN excreted in the national NH₃ inventory.
This work was funded by the Irish Department of Agriculture, Food and the Marine (Grant number RSF
13/S/430).
[1] Scholtens et al. 2004. Atmospheric Environment 38, 3003-3015
[2] Misselbrook et al. 2015. Inventory submission report to Defra as part of project SCF0102
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Nitrous oxide (N2O) emissions from stored slurry with a straw crust can exceed methane emissions in global
warming impact [1]. Manure surface treatment with sulphuric additive can decrease N2O emissions [2].
This study tested the hypothesis that treating the straw crust with (1) water or (2) acid reduces N2O
emissions. A dynamic chamber technology was also evaluated.
In full-scale storage of cattle slurry, emissions of N2O, methane (CH4) and carbon dioxide (CO2) were
measured on nine occasions from May to September with a dynamic chamber. Three slurry crust
treatments were examined: A) Control, no treatment, B) moistening and C) acidification. In the storage
facility, the treatments were organised as a complete randomised block design with three blocks. The
measuring chamber was moved between floating frames when measuring. Daily mean and cumulative
emissions were calculated for the season.
There were no significant differences between treatments in cumulative N2O or CH4 emissions. However,
the acid-treated crust surface gave the lowest N2O fluxes. The acid-treated crust generated significantly
higher CO2 emissions than other treatments, which was unsurprising as acid drives out CO2 from the
bicarbonate buffering system.
In general, N2O emissions from the rather thick crust (0.2-0.6 m) were low with average fluxes of 0.019,
0.025 and 0.012 g N2O-N m-2 d-1 for treatment A, B and C, respectively. The crust had a very smooth
surface, possibly because of the short chop length of the straw (median 23 mm).
The CH4 fluxes measured by dynamic chamber were on average about ten times higher (16.7, 12.7 and 13.2
g CH4-C m-3, day-1), for treatment A, B and C, respectively than those earlier measured in pilot storage
units with undisturbed crusts, probably due to gas outlets created by the frame.
Short-chop straw used in-house formed a smooth crust over stored slurry, giving low N2O emissions during
April-September.
Crust treatment with water or acid did not decrease N2O or CH4 emissions, but acid treatment increased
CO2 emissions.
The chamber technique gave higher emissions compared to earlier Swedish data.
Financial support by the Swedish Board of Agriculture is gratefully acknowledged.
[1] Rodhe, L., Abubaker J., Ascue, J., Pell, M. and Nordberg, Å. 2012. Biosystems Engineering 113, 379-394
[2] Gioelli F., Dinuccio E., Cuk, D., Rollè L. and Balsari P. 2016. Animal Production Science 56, 343-349
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Source separated human urine is a nutrient rich biomass, but not accepted or promoted as a fertilizer in
many European countries. In this study, the fertilizer potential of urine was studied for the first time in
Finland. The aim was to acquire scientific data of the environmental benefits and fertilizer efficiency of
separated urine and indicate its safety and efficiency.
The fertilizer efficiency of source-separated and stored urine [1] was tested in two field-scale experiments
using barley (Hordeum vulgare) as test plant. The microbial quality, nutrient and element content as well as
pharmaceuticals and hormones were analysed. Environmental impacts of source separation of urine were
studied by using comparative life cycle assessment (LCA) [2,3]. The amount of nutrients produced by one
person per year was chosen as a functional unit. Mass balance calculation was used to determine the
nutrient potentials.
The NPK-ratio of urine 20-1.2-4 was similar to a commercial mineral fertilizer. Stored urine contained no
pathogen indicators Salmonella or E.coli and the concentrations of harmful metals were below limit values
[4]. Based on these indicators urine fulfilled the criteria of fertilizer products. Furthermore, urine had a
similar fertilizer effect as mineral fertilizer. The total barley yield was equally good in both urine and mineral
fertilizer treatment and markedly higher compared to the yield without fertilization. Pharmaceuticals and
hormones were found in urine samples, but not in soil or barley grain at the end of the growing season.
Nutrient potential and environmental benefits of urine source separation were clearly shown in the LCA
analysis. If source separation systems would be applied in rural areas, as much as four times more
phosphorus and over ten times more nitrogen could be recovered and eutrophication impact reduced to
one fifth.
Based on the results of this study, fertilizer efficiency, environmental and economic benefits support the
source separation and fertilizer use of human urine. Therefore, the acceptance of urine as fertilizer product
and alternative technologies for nutrient recovery should be promoted.
This research was funded by the RAKI-program of the Ministry of Environment, Finland.
[1] WHO, 2006. Guidelines for the safe use of wastewater, excreta and greywater - Volume 4.
[2] ISO 14040, 2006.
[3] ISO 14044, 2006.
[4] Ministry of Agriculture and Forestry Finland, 2011, Decree on Fertiliser Products, 24/11.
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Background & Objectives
Organic farmers often use a wider row distance of 25 cm to enable mechanical weeding between the crop
rows. In this study, we wanted to evaluate whether placement of fertilizers (i) close to the crop, and (ii) at
different depths of incorporation would increase crop yields when using a row distance of 25 cm.
Materials & Methods
Six field experiments were carried out in oats on silty clay and sandy loam in Sweden (58°N,13°E) during
2014-2016. The treatments involved placement of pelleted meat bone meal at three incorporation depths
(0, 4 and 6 cm) and three distances from crop row (0, 4 and 12.5 cm). They were compared to surface
broadcasting, mineral N fertilizer and an unfertilized control. Each plot was 0.7 m² and sown and fertilized
by hand.
Results & Discussion
On both soil types, fertilizer placement 4 cm from the crop row improved yield effect with 50-250% or 500
kg/ha compared to placement 12.5 cm from the crop row (p<0.05). On the clay soil, fertilizer incorporation
to 4 cm depth led to 40% or 700 kg/ha higher yield effect than incorporation to only 1 cm (p=0.003),
whereas no effects of incorporation depth were found on the sandy soil. Placement of fertilizer together
with seeds was not favourable, as it gave similar yield as broadcasting with shallow (1 cm) incorporation.
With the optimal placement 4 cm from row and at 4 cm depth, yield was 700-1000 kg/ha higher compared
to broadcasting. However, if mechanical weeding is performed with soil cultivation between rows, effects of
fertilizer placement may be different, since this may favour mineralization of pellets placed between rows.
Conclusion
Placement of pelleted meat bone meal 4 cm from crop row and with 4 cm incorporation gave the largest
yield and increased yield effect with 50% or up to 1000 kg/ha compared to broadcasting for an application
rate of 60 kg N/ha.
Acknowledgement
This study was financed by SLU Ekoforsk.
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By anaerobic digestion manure sulphur is lost mainly as H₂S in the biogas whereas losses of nitrogen are
negligible. Most of the lost S is normally captured in gas filters and can be returned to the digested manure.
We present an investigation of effects of manure digestion temperature and origin of inoculum on net N
and S availability in soil
Cattle slurry mixed with 3% straw was digested in 10-30 m3 continuous flow digesters at 34 or 51°C
comparing inoculates from four different biogas plants running at the same temperatures. Total N, total S,
NH4-N and SO4-N in manures were analysed before and after digestion. Dynamics of inorganic N and S in a
loamy sand soil was investigated in a laboratory incubation study over a period of 12 weeks at 20°C after
application of digested and undigested manures
A total sulphur balance indicated that 22% total S in manure was lost in the biogas at 51°C digestion and
about 28% at 34°C. However, the proportion of manure S found as SO₄-S was high, around 28% in all
digested and 23% in undigested manures. After application of digested manures to soil a similar high
immobilisation of SO₄ was observed within the first week leaving only 3% of total manure S as sulphate and
6-7% after 12 weeks. Less manure S was applied after digestion due to the loss in biogas. After application
of untreated slurry less S immobilsation was observed and 12% manure S was available after one week and
14% after 12 weeks. The study shows increased risk of S deficiency with digestion unless S from filters is
returned and utilized efficiently. 40% undigested and 55-59 % digested manure N was inorganic after 12
weeks in soil
Cattle slurry digestion temperature and inoculum origin had little influence on sulphur loss (20-30% total S)
and no influence on net release of inorganic nitrogen and sulphur in soil. A significant SO₄ immobilisation
was observed after soil application of digested manures causing higher risk of crop sulphur deficiency
The study was supported by the World Bank, Innovation Fund Denmark and the Gylle-IT project
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Introduction
Slurry is typically managed through landspreading as an organic fertiliser without prior treatment. This may
pose a significant risk to humans and animals through bioaerosol inhalation or pathogen contamination of
soils, plants and watercourses [1]. Anaerobic digestion (AD) plants can process slurry to produce energy.
This study aims to examine pathogen survival in AD of slurry with organic waste.
Methods
Slurry was obtained from three dairy farms. Triplicate 10 L continuously stirred tank reactors (CSTRs; R1-R3)
were operated under conditions representative of Irish farm-based AD: i.e. 37°C, batch-feeding slurry
augmented with fats, oils and grease (FOG) and 28-day retention time. Biogas production, pH, chemical
oxygen demand, volatile solids and ammonia concentration were measured throughout the trial. Faecal
coliform and E. coli numbers were quantified using IDEXX Colisure kit. Enterococci levels were determined
using IDEXX Enterolert kit.
Results
Pathogen indicators below 1000 colony forming units (cfu g-1) are required for AD digestate landspreading.
After 28 days of reactor operation, enterococci numbers fell below the 1000 cfu g-1 threshold, while E. coli
was no longer detectable in the digestate. An initial 3-log10 reduction of both coliforms and E. coli occurred
within 7 days of reactor operation. The relatively stable survival that followed until day 21 suggests the
presence of persistent strains or cells. For comparison levels of pathogen indicators in stored slurry were
studied and whereas only 0.32 and 0.36-log10 reductions were observed in coliform and E. coli numbers
after 7 days respectively, enterococci levels were found to increase. After two months of storage, none of
the bacterial pathogen indicators in slurry had dropped below 1000 cfu g-1, suggesting that slurry would not
be considered safe for landspreading if pathogen indicator thresholds required for AD were applied.
Conclusion
This study demonstrates the potential for AD to decrease pathogen loads in slurry, which may have
implications for associated public and veterinary health risks. Optimisation of AD reactor operation for
pathogen reduction is underway. Digestate and unprocessed slurry will be landspread to compare risks to
animal and human health.
Acknowledgement
This work is part of the FIRM Project, 14F847, funded by the Irish Department of Agriculture, Food and
Marine.
References
[1] Bicudo J.R. & Goyal S.M. 2003. Pathogens and manure management systems: A review. Environmental
Technology 24:113–5.
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Managing heavily manured soils for decreased P loss to waters requires improved understanding of the
transformation and release characteristics of P. However, little is known about this information in alkaline
soil. The objective of this study is to determine the impact of continuous manure application on P
transformation and its difference compared to chemical fertilizers application in alkaline soil.
This study was conducted based on a six-year greenhouse vegetable field experiment. Four treatments were
investigated: (1) C (control), no organic manure or chemical fertilizer application; (2) F, only chemical
fertilizer application; (3) MF, organic manure plus chemical fertilizer application; (4) M, only organic manure
application. Soil samples were taken in 30-cm increments, from 0 to 60 cm, after the crop harvest in June
2014.
Manure application significantly increased total organic P (Po) and total inorganic P accumulation at both
soil depths, but decreased the Po/Pt (Pt, total P) in surface soil relative to C treatment. Manure application
had no significant effect on Pt at both depths, but increased the Po/Pt in surface soil relative to F treatment.
Fractionation results showed that manure application significantly decreased the proportion of Ca-P and
increased the proportions of labile P (H2O-P+NaHCO3-P) and NaOH-P in Pt in surface soil. Furthermore,
XANES revealed that manure application prohibited further transformation of Ca-P to more stable species
and increased Fe-P proportion. Manure application decreased maximum P sorption, Freundlich sorption
coefficient and P buffer capacity, and increased equilibrium P concentration at zero-net P sorption and
degree of P saturation, which in turn significant decreased the P-retention capacities. Manure application
significantly lowered pH and increased organic C (OC) and OC/Po.
Manure application promoted soil P transformation and release, either directly by accumulation of P added
with the applied manure, and indirectly via changes in soil properties. Lowered pH and increased OC in
manured alkaline soil contributed to soil P transformation and release.
This research was funded by the National Natural Science Foundation of China (41571281 and 41601302).
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Focus on biogas production in recent years has led to increased production of digestates as by-products
from anaerobic digestion. Digestates represent a potentially valuable source of nutrients and organic
material [1], [2], which in turn may influence soil quality. The main objective of the study was to determine
the effect of digestates on soil quality characteristics.
A field experiment with different types of biogas digestates was conducted on a loamy soil for three years.
The digestate treatments were compared to treatments with mineral fertiliser and manure. Soil samples for
chemical and physical analysis were taken both before the start of the experiment and at the end. Among
the parameters determined were total carbon content, cation exchange capacity, and water retention
characteristics (pF). In addition, soil respiration was determined during two growing seasons.
Fertilisation with digestates achieved yields well comparable to mineral fertiliser and higher than manure.
After three years of digestate application, however, little effect on soil chemical parameters was found
compared to inorganic fertiliser or manure. Plant-available water was slightly decreased whereas small
pores representing water unavailable for plants were increased in the digestate treatments compared to
the other treatments. At the same time, soil respiration was clearly enhanced by organic fertiliser addition
with the highest respiration rates in the manure treatments and the second highest in the digestate
treatments over the growing season. As the digestates used were relatively low in dry matter and organic
matter content, effects on soil quality may take longer to develop but the increased soil microbial activity
recorded suggests a potential in the long term.
Digestate is an efficient fertiliser but shows limited effect on soil quality parameters after three years of use.
However, repeated addition of digestates stimulated soil microbes, which in time may lead to positive
effects on soil quality.
Funding was provided by The Research Council of Norway project grant 228747/E20.
[1] Bungay S., Humphries M. and Stephenson T. 2007 Water and Environment Journal 21, 1-8
[2] Smith S.R., Woods V. and Evans T.D. 1998. Bioresource Technology 66, 139-149
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In regions with intensive livestock production, manure cannot always be applied on neighbouring
agricultural fields due to strict environmental regulations. Thus, manure must be transported to other
regions or processed on site. The objective of this study was to assess the economic, environmental and
social sustainability of the manure valorisation technology BioEcoSIM compared to three state-of-the-srt
(SoA) manure processing systems.
The BioEcoSIM technology valorises pig manure into valuable products: the solid fraction is converted into
biochar and syngas for heat and power production, while the liquid fraction is processed to recover mineral
fertilisers and irrigation water. Integrated sustainability of BioEcoSIM and three State of the Art (SoA)
systems (long distance transport, manure separation and manure drying) was assessed using economic costbenefit analyses, Life Cycle Assessment and social statistical polls. The three aspects of sustainability were
considered to be equally important.
A BioEcoSIM system processing 20,000 ton manure per year performed better in both environmental and
economic terms than the three SoA systems. BioEcoSIM had lower costs per ton of processed raw manure
(15 EUR) compared to SoA systems (17 to 25 EUR). The products’ net sales in BioEcoSIM are comparable to
net costs (total costs minus revenues) at manure disposal prices of 15 EUR/ton or more.
Moreover, BioEcoSIM contributed especially to the reduction of climate change, eutrophication,
acidification, and particulate matter formation. However, fossil energy use of BioEcoSIM is higher compared
to the three SoA systems due to higher use of electricity and natural gas. Also human toxicity effects are less
positive due to the use of chemicals.
BioEcoSIM has good opportunities for social appreciation with farm-scale plants, limited regional transports
and substantiated environment-friendliness claims. This makes BioEcoSIM also more favourable on social
impact compared to SoA systems.
With this study, it was proven that the BioEcoSIM technology for manure valorisation performs better on all
aspects of sustainability: economic, environmental and social than three SoA approaches. Thus, BioEcoSIM
could be an attractive cost-effective alternative to current SoA systems in regions with intensive livestock
production.
The research leading to these results has received funding from the EU's Seventh Framework Programme
(grant agreement n°30863)
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Treatment technologies can play a role in the management of manures in N-surplus areas. Composting has
been proposed as a practical and economical way of recycling their organic matter and nutrients for
exporting them from the system. In this work the efficiency of the slurry treatment system in a pig farm
based on solid-liquid separation and composting has been evaluated.
The farm had a slurry storage tank, a mechanical solid-liquid separation system, a tank for aerobic
treatment of the liquid fraction and a solid-surface area for composting of the solid fraction. Composting
was run by turned windrow mixing solid fraction with cotton gin waste (3:1 w:w; C/N 18.2). The efficiency of
the system was calculated using a simple separation index; for the liquid fraction depuration concentration
reduction was used; and mass balance for OM and nutrient recovery in the compost.
The first mechanical separation step (filter band and screw press) resulted in low total solids, P, Cu and Zn
separation efficiencies, which were improved by the use of a rotatory sieve (step 2) as the small-sized
particles passed through the filter band [1]. However, the high proportion of NH4+-N in the pig slurry led to
low separation efficiencies in both steps (28-33%). The liquid fraction depuration efficiency was >85% for
VS, TOC and P but low for TN and the highly-soluble components (K and Na).
Temperature increased quickly during composting. The mass balance indicated that 44% of the OM
remained stabilised in the compost; the TN, P and K recoveries were >77%, indicating low losses during the
process.
The environmental evaluation of the slurry treatment [2] showed the solid-liquid separation with the solids
passive composting and aerobic treatment of the liquid was the most recommended strategy for mitigation
of GHG.
For high separation efficiencies, two-step separation (filter band with screw press and rotatory filter) was
required. The composting produced fast temperature development, compost sanitization, low nutrient
losses allowing high TOC, TN and nutrients recovery in the compost, and demonstrated that cotton gin
waste was an adequate bulking agent.
Research funded by LIFE+ Programme (LIFE9-ENV535 ES-0453). Thanks to Drs. Bustamante and Tortosa for
their help in the experimental work.
[1] Sáez, J.A., Clemente, R., Bustamante, M.A, Yañez, D, Bernal, M.P. 2017. Journal of Environmental
Monitoring 192, 57-67.
[2] IPCC, 2006. Guidelines for National Greenhouse Gas Inventories. Intergovernmental Panel on Climate
Change.
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Recycling P from pig manure as a competitive mineral fertilizer requires to separate P from the organic
matter. Chemical dissolution before struvite crystallization had been successfully tested but was not
economically sustainable [1].
This work presents an innovative approach for P dissolution by a biological process upstream from
anaerobic digestion. Its impact on struvite quality and energy production was assessed.
A test assessing the biological phosphorus dissolution potential (BPDP) previously developed for sewage
sludge [2] was performed on a pig slurry coming from a pig farm. Five co-substrates coming from an
anaerobic pig slurry digestion plant were compared to sucrose for their BPDP. The liquid phase containing
the dissolved P was tested for struvite crystallization. The biological methane production potential (BMP) of
the P recycling process by-products was compared to those of the same mixture (co-substrate/pig slurry)
without P recycling.
All the co-substrates (CoS) allowed a final pH less than 5.5 in 24-48h. After the biological acidification 6585% of the total P was dissolved. This is comparable to the fraction chemically dissolved in previous works.
The solid/liquid separation by a centrifuge decanter was more efficient (80% of the weight as liquid) with
CoS with a low fiber content (LFCoS) like potatoes or animal feed waste) compared to co-substrates with a
high fiber content (HFCoS) like oats silage or straw (45%). Screw press could be a better solution for the
HFCoS. Crystallization of P was efficient (>90%) with all the co-substrates. Struvite was the main component
of the mineral solid product obtained (75-100%) except for oat silage (41%). Organic matter was 17-30%.
Finally the P recovery potential was 28- 67% depending both on biological P dissolution and solid/liquid
separation efficiency. The BMP was not significantly affected by the P recovery process.
Biological dissolution of P from pig slurry could be efficiently substituted for chemical dissolution.
Separation, crystallization and methane production were not affected. The process should be improved,
decreasing organic matter in the mineral product. So the economical and environmental barriers for
developing the recycling process could be definitely knocked down.
This work was done in the frame of the NewFert Project (H2020-BBI-JU-SEP-210218183)
[1] Daumer, M.L., Picard, S., Saint-Cast, P., Dabert, P., 2010. J. Hazard. Mater., 180 (1–3), 361-365.
[2] Braak, E., Auby, S., Piveteau, S., Guilayn, F., Daumer, M.-L., 2016. Environ. Technol., 37(11), 1398-1407.
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The recovery of phosphorus and proteins from manure could be advantageous to both offset costs and to
improve and lessen the environmental impacts of manure. Phosphorous in manure can contaminate rivers,
lakes, and bays through runoff, if applied onto a cropland excessively. Protein is a natural resource used in a
wide range of commercial applications including feeds and industrial applications.
Thus, recovering phosphorous from manure can not only help reduce such runoffs, but also reduces the use
of commercial fertilizer based on phosphate rock.
A new method for simultaneous extraction of proteins and phosphorus from biological materials has been
developed and is presented. The experiments used swine manure solids fraction after solid-liquid
separation.
On a dry-weight basis, it was found that the separated manure solids contained 15.2-17.4% proteins and
3.0% phosphorus. Quantitative extraction of phosphorus and proteins from manures was possible with this
new system. The phosphorus was first separated from the solids in a soluble extract, then the proteins were
separated from the solids and solubilized with an alkali solvent. Both phosphorus and protein recovery
were enhanced about 19 and 22% with the inclusion of a rinse after the washing. The recovered phosphorus
solids had 20.4% phosphates (P2O5). The protein extract was concentrated using ultrafiltration (UF) and
lyophilization to obtain a protein solids concentrate. UF of 5 and 10 kDa captured all the proteins, but 30
kDa resulted in 22% loss. The protein solids were converted into amino-acids using acid hydrolysis. Further,
the system was proved effective to extract phosphorus and proteins from other biological materials, such as
algae or crops.
The recovered proteins could be used for production of amino acids and the recovered phosphorus could be
used as a recycled material that replaces commercial phosphate fertilizers. This could be a potential new
revenue stream from waste products for farmers.
Support by The Kaiteki Institute, Mitsubishi Chemical Holdings Group through ARS Cooperative Agreement
58-6082-5-006-F is acknowledged.
Vanotti, M.B. and Szogi, A.A. 2016. Extraction of amino acids and phosphorus from biological materials. US
Patent Application SN 15/350,283. US Patent & Trademark Office, Washington, DC.
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The study evaluated how the application of two additives in solid-liquid separation treatment can improve
P, Cu and Zn separation efficiencies from co-digested slurry, before and after ammonia stripping treatment,
and raw pig slurry. We assessed how the type of slurry, dose of additives and physico-chemical treatment
influence the separation efficiencies of these elements.
Separation was accomplished using as additives Ca(OH)₂ and Al₂(SO₄)₃ at six doses (from 0 to a maximum
dose determined in a preliminary test for each slurry). After chemicals were added, slurries were mixed and
after 30 minutes liquid was separated using a static filter with a mesh of 0.25 mm.
Liquid fractions were analysed in duplicate for pH, dry matter content and volatile solids, using standard
methods. Contents of P, Cu and Zn were obtained by ICP-MS analysis.

The maximum separation efficiencies obtained depended on the type of slurry and additive used.
The P separation efficiency for raw slurry increased from 11% (±16%) without additives to 39% (±6%) with
Ca(OH)₂ and to 72% (±5%) with Al₂(SO₄)₃.
The use of Al₂(SO₄)₃ increased the P separation efficiency compared to Ca(OH)₂ for raw slurries and for
digestate after stripping, but the removal rate for digestates was similar for the two additives (57–59%).
The Zn removal rates obtained for raw pig slurry using Al₂(SO₄)₃ and Ca(OH)₂ were 84% (±2%) and 46%
(±1%), respectively, and 78% (±2%)and 44% (±1%) for Cu, respectively.
The Zn and Cu separation efficiencies for digestate were similar for the two additives (44% for Zn and 27%
for Cu). After the stripping process, the most efficient additive was Al₂(SO₄)₃ for both Zn and Cu with
efficiencies of 87% (±2%) and 84% (±4%).

Additives can effectively improve separation efficiencies of P, Cu and Zn from raw and digested animal
slurries. The use of Al₂(SO₄)₃ facilitates higher separation efficiencies. The high doses of additives needed to
raise the separation efficiencies should be carefully evaluated due to their high cost and potential
environmental impact.
The study was carried out within the RENUWAL project financed by Fondazione Cariplo grant n° 2014–1279.
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Manure poses challenges on farm economics and environmental emissions. Woody biochar is poor in
nutrients. Applying a mixture of biochar and manure, the fertilizing elements are balanced plus there is
potential of emissions reductions.This works explores biochar and manure combination options towards soil
fertilization, evolution of gas emissions (N2O and NH3) and leaching of nutrients.
Biochar and hydrochar from woody residues were produced in a pilot scale gasifier and a hydrothermal
carbonisation unit, respectively. Manure samples were (a) blended with biochar (b) acidified with an organic
acid (pH~ 3.5) to lower its pH (c ) blended with hydrochars. These blends were added to the top soil layer; a
reference test of manure only was included. Ammonia and N2O (after wetting) were monitored using a
wind tunnel and water leachates of the soil were analysed .
The soil trials with biochar and manure blends did not show any emissions reduction effect most probably
because the biochar spread the manure over a larger surface and helped ammonia release. The acidification
of manure with the organic acid was effective towards emissions suppression. The acidification of biochars
also showed good results compared to non treated biochar.
The cumulative NH3 emissions after half day were (ppb): manure only (reference) 120, acidified manure 25,
hydrochar1 75, hydrochar 2 110, biochars 150. Nitrous oxides peak emissions were (ppb): manure only
(reference) 70, acidified manure 160, hydrochar1 50, hydrochar 2 60, biochar1 60, biochar 2 75.
The biochars from various feedstocks and process conditions show a large span of characteristics that are
believed to affect its interaction with fresh manure and therefore the release of N-compounds.
The effect of blending manure with biochar and hydrochar on ammonia and nitrous oxide emissions rlease
was tested. Hydrochar delivered positive results, showing the largest potential for NH3 and N2O emission
reduction. Other biochars need to be tried, as well as blending in soil before manure application to avoid
spreading.
Financial contribution of the Dutch Ministry of Economic Affairs is kindly acknowledged.

121
Closing the loop using catch crops to reduce N losses in farmland and
increase biogas production
Dr August Bonmati1, Dr Victor Riau1, Laura Burgos1, Francesc Camps2, Dr Assumpció Antón1, Marta Torrellas1
1

2

IRTA-GIRO, Caldes de Montbui, Spain, Fundació Mas Badia, La Tallada d'Empordà, Spain

O. Poster Presentations - 1. Advances in Technology
Nitrogen leaching to groundwater are one of the main environmental problems of manure management.
Catch crops (ChCps) can be grown to reduce nitrogen losses in the period between main crops. The main
objective was to study the use of ChCps to reduce nitrogen losses. In the meantime, use these ChCps as cosubstrate in a biogas plant to increase methane yield.
Catch Crops essayed were ryegrass, oilseed rape and black oat; the main crop was maize. ChCps silage
lasted 3 months. Biochemical methane potential (BMP) were carried per duplicate. Semi-continuous
experiments were performed during 120 days in six anaerobic CSTRs at 37ºC with a hydraulic retention time
of 40 days. R1-R3 were the control digesters (dairy manure), whereas the co-digestion reactors were fed
with dairy manure and ensiled catch crop (10% w/w): ryegrass (R4), oilseed rape (R5) and black oat (R6).
ChCps production were 2.69, 3.14 and 3.03 tdry matter ha-1, for Ryegrass, Oliseed rape and Black oat,
respectively. Regarding extraction yields, the higher N extraction was achieved when oilseed rape was used
as catch crop, being 58% higher than those achieved using ryegrass and 81% higher in comparison with
black oat. P extraction was also higher using oilseed rape whereas Cu and Zn extractions were higher when
using ryegrass and black oat, respectively.
BMP assays shows that ensiling improved the biodegradability and methane yield of catch crops under
anaerobic conditions. In fact, the anaerobic biodegradability was increased between 3 - 17%, and between
31- 45% of LCH4 per tonne of waste. Semi-continuous experiments confirm that the use of ChCps clearly
improve volumetric methane (VMP) production in comparison with control digesters; 20 – 52% increase was
reported. However, the highest VMP was achieved when using ensiled black oat (0.38±0.07) as co-substrate.
Catch crops are a suitable option to prevent leaching of nutrients to the natural environment by fixing the
remaining nutrients in farmland, thus closing the loop of nutrients. At the same time, silage of catch crops is
an appropriate co-substrates for anaerobic digestion of dairy manure that increase biogas yield.
The authors wish to express their gratitude to the European Commission (Project LIFE12ENV/ES/000647) for
providing financial support.
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Date palm (Phoenix dactylifera) is one of the most cultivated palms in Mediterranean areas, with a high
environmental and economic importance in these regions. This implies a significant production of vegetable
wastes from palm species without a suitable management. This work studies the viability of using growing
media from date palm wastes for the commercial production of Phoenix dactylifera.
Ten growing media were elaborated using date palm-derived materials: two composts from palm wastes, CL
from palm leaves and CT from palm trunks, and an organic blend (OB) of CL and compost pellets from CT
(50:50% in volume). Each material (CL, CT and OB) was mixed with perlite at 25%, 50% and 75%
(volume:volume), using 100% perlite as control treatment. These substrates were established in 20 L pots
for palm seedling production, studying morphological and biomass parameters of date palm.
The results obtained have shown that the incorporation of date palm wastes into the growing media
produced a significant increase in morphological aspects of the plants of Phoenix dactylifera L. compared to
those grown in the control treatment (100% perlite). The plants cultivated in the substrates from date palmderived materials showed higher height and diameter of the palm stem, as well as a higher number of
leaves, compared to that observed in the control treatment of pure perlite. However, statistical differences
were not observed among the types of palm-derived ingredients (CL, CT and OB) and among the
proportions of palm material (25%, 50% and 75%) used in the growing media. This indicates a higher
biomass in the plants grown in the substrates with palm waste-derived materials, which was reflected in the
values of the plant fresh weight, also higher in all the treatments compared to pure perlite.
The incorporation of date palm waste-derived materials into the growing media used for the propagation of
date palm produced an enhancement of the morphological and biomass aspects of the date palm plants,
showing the viability of these materials as sustainable alternative for the propagation of the same plant
species.
Study financed by Spanish Ministry Economy and Competitiveness (AGL2013-41612-R) and European
Regional Development Funds (ERDF, ‘‘Una manera de hacer Europa’’).
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The biological treatment of the effluents with a high organic load generated by the industry of the
production of dairy desserts results in great amounts of sludge with specific characteristics. This work
studies the management and recycling of this dairy dessert-derived sludge by co-composting with three
different bulking agents to obtain an added value end-product.
Three different composting mixtures were prepared using dairy dessert-derived sludge (DDS) mixed with
different bulking agents: tipa tree (Tipuana tipu) pruning (TP), mulberry (Morus alba) pruning (MP) and palm
(Phoenix dactylifera) trunk pruning (PP). The proportions used on a dry matter basis were: Pile 1 (27.7% DDS
+ 72.3% TP), Pile 2 (53.8% DDS + 46.2% MP) and Pile 3 (34% DDS + 66% PP). Throughout the composting
process, temperature evolution was monitored and physico-chemical and chemical parameters were
determined.
All the composting piles showed a good development of the thermophilic phase, reaching thermophilic
values for more than two weeks, having the use of the bulking agents a positive influence in the
development of the composting process. In addition, the pile elaborated with PP (Pile 3) showed
thermophilic conditions during a longer period of time than the other piles, which indicates the effect of the
nature of the bulking agent used. The organic matter contents decreased throughout the composting
process in all the mixtures, due to the mineralization processes. At the end of the composting process, all
the composts showed suitable physico-chemical and chemical properties, as well as a good degree of
maturity, with absence of phytotoxicity, except for compost 3, elaborated using PP as bulking agent, which
showed notable salinity contents.
The co-composting of dairy dessert-derived sludge constitutes an efficient method to manage this organic
waste and to obtain an end-product with a good degree of maturity, suitable physico-chemical and chemical
properties and absence of phytotoxicity, which can be safely used in agriculture, implying environmental
benefits in the circular economy framework.
Study financed by Spanish Ministry of Economy and Competitiveness (AGL2013-41612-R) and European
Regional Development Funds (‘‘Una manera de hacer Europa’’).
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Bio-hydrogen is a promising fuel for having high energy content (143 GJ/ton) and for generating only water
when combusted. The aim was to produce bio-hydrogen through anaerobic co-digestion of livestock byproducts (sludge, low protein cheese whey-LPCW) inoculated with rumen fluid. This would fulfill European
Community goal of considering “waste as a resource” while avoiding the environmental impact of their
disposal

To investigate hydrogenic activity, batch trials were carried out at 39°C using buffalo rumen (BU) and buffalo
sludge (BS) as inoculum (15%). Substrates (3,8% VS; 2:1 ratio) were BS and LPCW (lactose 4% w/v) both
sterile and unsterile and pH was 7. Total solids (TS) and volatile solids (VS) were determined at the
beginning and end of the experiments. Cumulated gas production (ml/g VS), biogas composition (% v/v),
volatile fatty acids (VFAs, g/L) and lactic acid (LA, g/L) were analysed.
Bio-hydrogen production (22.93 ml g-1 VS) was obtained when using BU inoculum and unsterile substrate,
reaching a maximum concentration of 44.8% in the biogas after 10 days. Methane production was low and
only during the first week (1.7 ml g-1 VS). pH dropped from 7 to 5.5 due to LA and VFAs accumulation,
nevertheless the buffering action of buffalo sludge [1,2] allowed to maintain optimal pH range for hydrogen
production (between 5 and 5.5) avoiding the decreasing to pH=4 or lower. The buffering ability persisted,
during the whole fermentation process, at this sludge/LPCW ratio. When hydrogen was produced TS and VS
showed 25% reduction (on average); VFAs analysis showed a decrement of LA (12.16 to 3.97 g/L) and an
increase of acetic acid (2.06 to 4.25 g/L). Co-digestion allowed bio-hydrogen production, due to sludge
buffering capability [1, 2, 3] LPCW lactose content, which promotes bacteria growth, and rumen microbes.
Buffalo sludge co-digested with LPCW and inoculated with buffalo rumen was able to produce bio-hydrogen
reaching interesting biogas yield and confirming buffering ability. So anaerobic co-digestion could offer a
good solution in terms of both energy production/savings and agricultural waste disposal.
Research funded by Italian Ministry of University and Research (SO.FI.A. CTN01_00230_450760).
[1] Weiland P., 2009. Appl.Microbiol. and Biotech. 85:, 849–860
[2] Rico C., Muñoz N, Rico J. L., 2015. Biores. Tech. 189, 327–333
[3] Davila-Vazquez G., Cota-Navarro C.B, Rosales-Colunga L. M. et al. 2009. I.J.H.E. 34, 4296–4304
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Anaerobic digestion of lignocellulosic materials allows for simultaneous recovery of hydrogen, methane and
either solid or liquid digestate to be used as green fertilizers. Rumen microorganisms have been successfully
employed to digest a variety of lignocellulosic biomass, including agricultural residues (1). Aim of the trial
was to investigate hydrolytic and methanogenic activity of microbial consortia from different origin.
Batch reactor experiments were carried out using three different inocula: buffalo rumen (BU), bovine rumen
(BO) and buffalo sludge (BS) at three different concentrations (10, 20, 50% of working volume) on a
substrate of sterile buffalo sludge (1,5% volatile solid, VS). VS and NDF degradation were determined at 24,
48, 96h and at the end of incubation time. Cumulative gas production (ml CH4/gVS), biogas composition (%
v/v), Volatile Fatty Acids (VFAs, g/L) and Lactic acid (LA) were scored.
Rumen inocula exhibited a double NDF degradation ability than BS (60% vs. 34% on average). VS decreased
by 29% on average at the end of the incubation time. BU50 reached the highest VS disappearance, which
could explain the higher biogas production. In fact dry matter loss of lignocellulose is proportionally related
to gas production (2,3). Among VFAs, acetic acid production was higher than propionic and butyric,
particularly for BU50 (3,4 g/l). A positive correlation was observed between concentration of inocula and
methane production both in term of yield and biogas composition. The highest methane yield was obtained
by BU50 as compared to BS50 (240 vs 198 ml CH4/g VS respectively). Moreover, BO50 and BU50 gave about
73% of methane vs 68% of BS50.
Both rumen inocula achieved higher hydrolytic and acidogenic activities than Buffalo sludge, comparable to
previously published results on animal waste treatment so they resulted suitable for anaerobic digestion.
Nevertheless to implement optimal biogas production, further investigations are needed on rumen
microbiome and metabolic pathways for biogas production.
This research was funded by Italian Ministry of University and Research (SO.FI.A. CTN01_00230_450760).
1] Z.H. Hu, H.Q. Yu, 2005 Process Biochem. 40, 2371–2377
[2] Theodorou, M.K., Davies, D.R., Nielsen, B.B., Lawrence, M.I.G., Trinci, A.P.J., 1995. Microbiol. 141, 671–
678.
[3] Nielsen, B.B., Zhu, W.-Y., Dhanoa, M.S., Anthony, P.J., Trinci, A.P.J., Theodorou, M.K.,2002. Anaerobe 8,
216–222.
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Inoculating the compost piles can amend the decomposition performance, improving the availability of
nutrients, promoting greater diversification of compost microflora, reducing the emission of odors and
consequently giving the final compost better agronomic quality[1]. The aim of this research was to evaluate
the effects of inoculation in different doses on the composting performance and the stability of the final
compost.
Four composting piles were formed using agro-industrial wastes.The initial weight of all piles was 525 kg
(natural matter) and the C:N ratio was 16. Based on this weight, the piles were inoculated with 0; 0.01; 0.02
and 0.04 L of inoculum per kg of raw wastes. The inoculation was repeated four times during the first 30
days of the process (once a week). The inoculum was produced using samples of agro-industrial wastes
collected during different stages of the composting process.

The temperature of the piles reached the thermophilic stage on the first day after installation and remained
until day 35. In all treatments the temperature exceeded 55ºC for more than two weeks, which ensured the
maximum pathogen reduction according to the European requirements on compost sanitation [2]. Then the
temperatures dropped to values < than 400C and the process was interrupted on day 38. We did not
observe difference in the mass and volume reductions considering the inoculum use. Considering the
average values of the inoculated piles and comparing it to the control (pile without inoculation) the
following variables were positively affected by inoculation: EC (5.3 and 3.6 mS/cm), soluble N contents (252
and 117 mg/L), CEC (614 and 323 mmol/kg), CEC/TOC (19 and 10), soluble P contents (38.5 and 20.2 g/kg)
and soluble K contents (6.9 and 5.5 g/kg). To all piles the Germination Index was higher than 80%.
The use of inoculum produced from samples of the composting piles themselves at different stages of the
process improved the agronomic value of the final compost (EC, soluble N, P and K content) and its stability
(CEC and CEC/TOC).
The authors thank Compostec Composting Plant for supplying the wastes and CNPq for the first author´s
Pos-Doc scholarship.
[1] Liu, J.; Xu, X.; Li, H.; Xu, Y. 2011. Biomass Bioenergy, 35, 3433–3439.
[2] Gavilanes-Terán, I.; Jara-Samaniego, J.; Idrovo-Novillo, J.; Bustamante, M.A.; Moral, R.; Paredes, C. 2016.
Waste Management, 48, 127–134.
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The bioaugmentation technique has been used in the composting process with satisfactory results [1,2]
mainly to assess the organic matter degradation. However, its effect on the composting maturation phase is
less studied. The research aims to evaluate chemical, physico and physicochemical changes during the
maturation phase of four composts produced with growing doses of inoculum.
Four piles of agro-industrial wastes were inoculated (0, 0.04, 0.02, 0.01 L/kg) and named treatments C₁, C₂,
C₃ and C₄, respectively. The inoculum was prepared with compost samples from different phases of the
process. The process was interrupted when the temperature of the piles decreased to 40ºC. The composts
were sieved, stored in bags and sampled at 0, 30, 60 days to evaluate chemical and physical parameters.
The seedling quality index (SQI)[3] of lettuce was evaluated comparing to commercial substrate.
During the maturation phase it was observed that C₁ and C₄ showed a decrease in pH values, possibly
related to the formation of nitrate during the maturation phase [4], and an electrical conductivity increase
suggesting loss of mass and salt concentration as confirmed by slight decrease in the values of total organic
carbon. It was not observed changes in the total porosity (TP) within the composts during the maturation
phase. However, except for C₄, in all other treatments a decrease in the aeration porosity (AP) and a
consequent increase in the water-holding porosity (WHP) were observed during the maturation phase. This
result permits to infer that C₄ was probably more stable in the beginning of the maturation phase. The
results of CEC and CEC/TOC reveals
The lowest dose tested (0.01 L of inoculum per kg of raw wastes added weekly during the first 30 days of
composting) affected the pH behavior and the seedling quality index of lettuce after 30 days of maturation.
The authors thank Compostec Composting Plant for supplying the wastes and CNPq for the first author´s
Pos-Doc scholarship.
[1] Zhao, Y.; Lu, Q.; Wei, Y. et al. 2016. Bioresource Technology, 219, 196–203.
[2] Jurado, M.M.; Suárez-Estrella, F.; et al. 2014. Process Biochemistry, 49, 1958–1969.
[3] Dickson A.; Leaf, A.L.; Hosner, J.F. 1960. Forestry Chronicle, 36,10-13.
[4] Sànchez-Monedero, M.A.; Roig, A.; Paredes,C.; Bernal, M.P. 2001. Bioresource Technology, 78, 301-308.

128
Impact of the inoculum source and nitrite concentration on anaerobic
ammonium oxidation (Anammox) bacteria enrichment
Dr. Patrick Dabert1, Dr. Romain Connan1, Dr. Albert Magri1, Dr. Olivier Chapleur2, Ing. Gilbert Bridoux3, Dr.
Fabrice Béline1
1

2

Irstea - UR OPAALE, 17 Avenue de Cucillé-CS 64427, F-35044 Rennes, France, Irstea, UR HBAN, 1 rue Pierre-Gilles de
3
Gennes-CS 10030, F-92761 Antony , France, SAUR, Atlantis, 1, Avenue Eugène Freyssinet, F-78280 Guyancourt, France

O. Poster Presentations - 1. Advances in Technology
Anammox consists in the biological oxidation of ammonium using nitrite in absence of oxygen and organic
carbon to produce dinitrogen gas [1]. It is an interesting process for treating biogas plant digestates [2].
However, enrichment of bioreactors in anammox bacteria is long and not completely understood [3]. We
studied anammox bacteria enrichment using six inoculums and two nitrite supply strategies.
Nitrite is a substrate for anammox bacteria but becomes an inhibitor at high concentrations. Six inoculum
sources were enriched in anammox bacteria using batch culture reactors fed with mineral medium under
two nitrite supply strategies: progressive increase from 25 to 150 mg NO2--N/L and constant concentration
at 150 mg NO2--N/L. Anammox activity was monitored by ion analysis. Additionally, evolution of both
anammox and total microbial communities were followed by hzo-targeted quantitative PCR and 16S rDNA
high-throughput sequencing, respectively.
During 2-4 weeks, nitrate was added to all the inoculums to promote denitrification. All inoculums
developed anammox activity in four months, but only when the enrichments were started at low nitrite
concentration. In such case, the specific ammonium conversion rate obtained ranged from 21 ±1 to 118 ±1
mg NH4+-N/g VS/d (VS, volatile solids). The final abundance of the anammox hzo gene showed a positive
correlation with the anammox activity reported. However, no link was found between the initial amount of
the anammox gene detected in the inoculum and either the lag-time before detection of anammox activity
or the final conversion rate achieved. High-throughput DNA sequencing showed a systematic decrease of
the microbial diversity throughout the enrichment and the presence of four different anammox genera in
the inoculums at the initial time. However, the enrichment conditions selected only the genus Brocadia with
relative abundances ranging from 0.9% to 6.1%.
The conditioning pretreatment of the inoculums and the enrichment conditions applied (low nitrite
concentration) are determinant factors, more critical than the origin of the inoculum. 16S rDNA highthroughput sequencing showed a clear convergence of the sludge microbial communities with the selection
of anammox species belonging to the genus Ca. Brocadia.
Authors thank Rennes Métropole for funding this research (allocation 14C0509) and Sophie Le Roux and
Chrystelle Bureau for technical assistance.
[1] Strous, A., Heijnen, J.J., Kuenen, J.G. and Jetten, M.S.M. 1998. Applied Microbiology Biotechnology 50,
589-596
[2] Magri, A., Béline, F. and Dabert, P. 2013. Journal of Environmental Management 131, 170-184
[3] Tao, Y., Gao, D.W., Wang, H.Y., de Kreuk, M. and Ren, N.Q. 2013. Bioresource Technology 133, 475-481
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The region of Wipptal in South Tyrol is characterized by intensive dairy cattle production and an increasing
scarcity of agricultural land for the environmentally sound utilization of the livestock manure. With the
tightening of the national legislation the management of around 50 %of the livestock does not comply with
the legislative rules.
The concept envisages that a total of 50% of the manure is processed into organic-mineral fertilizer
concentrates which shall be reused in the sense of regional nutrient management in the province of origin.
The organic-mineral fertilizers are produced in a manure processing plant consisting of the following
components: Anaerobic digestion with electricity/heat generation, mechanical separation, sludge resistant
reverse osmosis cascade, drying, pelletizing and palletizing device. The purified water from the process is
discharged to the river adjacent to the plant.
The innovative technical solution for the processing of manure / digestates lies in a processing cascade
which hasn´t been applied up to now in Europe: solid-liquid separation is done with a screw press separator
and a vibrating sieve without any addition of chemicals (flocculation aids etc.) followed by a 3-stage
"Sludge-tolerable" reverse osmosis, which allows 70-85% of the permeate to be discharged as purified
water into the nearby receiving water. The innovation lies in a layered Reverse osmosis module: in a vertical
axial column several layers of polymer membranes are stacked, the entire system is subjected to vibration
during the separation process, which prevents fouling of the membrane. The permeate/concentrate
proportion is roughly 75/25, the permeate properties are complying with the regional water discharge
standards
A regionally centralized manure processing plant has been realized in Northern Italy. Cattle solid and liquid
manure is being processed with mechanical separation and a sludge resistant reverse osmosis cascade,
which is unique in Europe for this kind of application. The technique may be used in other European
regions.
[1] Döhler, H. and Bonadei, E.: Pilotanlage zur Verarbeitung von Gülle und Gärresten für ein regionales
Nährstoffmanagement zur Entlastung von Wirtschaftsdünger-Überschüssen in Südtirol. Biogas
Innovationskongress, Tagungsband 2017, in press
[2] Döhler, H.: Innovative Manure Treatment Plant in Northern Italy for Compensating Regional Livestock
Manure Nutrient Surplus. ManuREsource http://www.manuresource2015.org/conference-downloads
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As intensive livestock farming is being placed under increasing pressure to minimise the environmental
impact of its operations, there is a growing interest in innovative processing technologies that can improve
the economic competitiveness and the environmental impact of manure handling while at the same time
improving utilisation of the nutrient resources.
In the project EUMANPRO, which is financially supported by the German MinoEnv, the pan-European state
of knowledge and technology for further processing techniques for animal manures and digestates will be
compiled by an international expert consortium. This shall be realized by the evaluation of research
projects, literature, project reports etc. as well as by the analysis of existing and operating plants. The
results will be transferred into a documentation system that will allow to compare and assess different
treatment concepts.
The EUMANPRO project was partly initiated by a post-conference workshop on "Manure Processing" of
RAMIRAN 2015.
In June, an international workshop with experts from 10 countries (Fraunhofer Stuttgart, DE University of
Wageningen & Research, NL; IRSTEA, FR, Univ. Milano and Turino, IT; VCM, BE; etc.) has been held at
Berlin, Germany, to discuss the current state of the results. A summary of the most relevant results will be
presented at the RAMIRAN 2017 conference. An analysis of the European techniques in deepness will
follow.
The project provides a good basis for further actions: describing BAT (best available techniques), identify
demand for research and development, defining BP (best practise).
It could be promising to deepen and extend the findings of EUMANPRO and the resulting documentation
system in the framework of a RAMIRAN task Group.
[1] Döhler, H. and Bonadei, E.: Pilotanlage zur Verarbeitung von Gülle und Gärresten für ein regionales
Nährstoffmanagement zur Entlastung von Wirtschaftsdünger-Überschüssen in Südtirol. Biogas
Innovationskongress, Tagungsband 2017, in press
[2] Biogas Wipptal, 2017: http://www.biogas-wipptal.it/it/euman-pro.html
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Although composting is applied worldwide, successfully operated processes in Africa are rare and do not
exist in Côte d’Ivoire at all where Municipal solid waste (MSW) is composed predominantly of organic
matter [1]. The research aims at carrying out (i) a physico-chemical and microbiological characterization of
MSW for composting and (ii) composting process optimization by using SimuCF software [2].
The study was conducted in the town of Tiassalé. 77 households according to number of inhabitants were
randomly selected from the 11 districts. Two separate 7-day sampling campaigns were conducted, firstly for
collection of generated MSW and secondly for sorting. Physico-chemical (pH, moisture content, bulk
density, TP, TKN) and microbiological (Clostridium, E. Coli, Streptococcus, Salmonella) parameters of organic
fraction were measured. Measured values were used as input parameter for SimuCF simulation. These were
varied, different scenarios simulated and results compared.
The daily MSW generation rate ranked between 0.52 and 0.64 kg/inhabitant (overall mean value: 0.58
kg/inhabitant). 56% of the MSW consisted of organics and 33% was inorganic fines (sand and stones). The
bulk density of the sorted organic fraction was 765 kg/m3 and the moisture content 72%. The TKN and TP
concentrations were 9.8 g/kg and 1.4 g/kg respectively, the average C/N ratio 31. Clostridium, E. Coli,
Streptococcus were found in concentrations above the WHO safety limits while Salmonella was not
detected. The observed high moisture could limit composting. SimuCF simulation made it clear that water
content is too high, since no fast aerobic degradation could be reached in the simulation. Hence,
optimization strategies were simulated (sun-drying techniques, addition of twigs and branches and of larger
pieces (to separate later on and reuse as structure material) and results compared regarding degradation
time, temperature levels, liquid and gaseous emissions).
Results confirmed that organic fraction is predominant in the MSW. However, pre-sorting and adjustment
of the too high water content are required. Also, sufficient disinfection is necessary for handling and
application in agriculture. SimuCF showed good possibilities of quantitative optimizations, self-heating and
selection of good procedures for implementation in practice.
This research was funded by the Volkswagen foundation (VolkswagenStiftung): Postdoctoral fellowship for
African Researchers in Engineering Sciences. Reference: 90 001
[1] Zurbrugg C., Aristanti C .1999. Resource recovery in a primary collection scheme in Indonesia, SANDEC
News No. 4:7-9,
[2] Deipser, A. 2014. Prozesssimulation biologischer Abbauprozesse im Bereich der Abfallwirtschaft,
Dissertation, TU Hamburg-Harburg, Hamburger Berichte zur Siedlungswasserwirtschaft, Vol. 88, GFEU e.V
(Hrsg.), ISBN 978-3-942768-13-9, urn:nbn:de:gbv:830-tubdok-12814, Eigenverlag, Hamburg
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Recently, the European Commission (EC) decided to allow poultry litter to be used as a fuel for on-farm
combustion under existing animal by-product regulations. Combustion of PL provides heat for the poultry
sheds and ash.
The objective was to investigate compliance of emissions from small scale on-farm combustion of poultry
litter against legislative Norms.
Results were obtained using a commercial 0.5 MWth atmospheric bubbling FBC unit, located on-farm in
Norfolk, UK, burning 100 % PL in its as-received state. Process conditions such as temperature, pressure
drop and exit gas velocity were monitored and A complete proximate and ultimate analysis of the litter was
obtained to determine its fuel properties. Flue gas emissons were monitored for heavy metals, dioxins and
furans, SOx, NOx CO and particulates according to the relevant US EPA or EN standard.
Parameter
Unit
Average
Limit1 IED2
PM
mg m-3 5.0
10
10
PM10 mg m-3 2.59
PM2.5 mg m-3 2.19
HCl
mg m-3 2.08
10
Cd & Tl mg m-3 <0.002 0.05
Heavy Metals mg m-3 0.072 0.5
Hg
mg m-3 0.0004 0.05
PCDD/Fs (I-TEQ3)
ng m-3 0.0617 0.1
SO2
mg m-3 14.2
50
50
HF
mg m-3 0.09
1
TOC
mg m-3 4.7
10
NOx
mg m-3 141
200
200
CO
mg m-3 9.1
50
CO2
% v/v 7.0
O2
% v/v 12.8
1Commission Regulation (EU) No 592/2014
2Industrial Emissions Directive – Air emission limit values for waste incineration plants - Daily average
values (11 %O2)
3I-TEQ –International Toxic Equivalence.
Emissions of SO2 were below the limit, even though S was present in PL suggesting SO2 was captured by
the the high calcium content
Self-sustaining combustion of 100% poultry litter was achieved and emissions were within the applicable
guidelines (Commission Regulation (EU) No 592/2014). These results demonstrate that small-scale, on-site
combustion of PL can be conducted with minimal environmental impact with economic benefits for the
poultry producer and reductions in fossil fuel emissions.
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Thermal drying is an increasingly common post-treatment for solids from digestate (DS) and dewatered
sewage sludge (SS). However, N losses through NH3 volatilization during drying process will result in low
nitrogen (N) fertilizing value. Aiming to mitigate NH3 emission, the applicability of acidification and zeolite
addition were assessed in a thermal drying experiment.
Operating conditions comprised four pH levels (non-acidified control, 8.0, 7.5, 6.5) of bio-materials
(concentrated sulfuric acid was used to modified pH), four zeolite addition rates (0%, 1%, 5%, 10%) (mixed
with bio-materials 24h in advance before thermal drying), fixed drying temperature (130oC) and fixed air
ventilation rate (525ml min-1).
The individual and synergistic effects of acidification and zeolite co-application on NH4+-N retention during
drying process were investigated. For DS, acidification inhibited moisture removal during thermal drying
(7.5, 6.5 p<0.05) and significantly increased NH4+-N retention from 18.0% in the non-acidified control up to
maximum 112.7% (based on initial NH4+-N in the control). Zeolite co-application barely had effect on
moisture removal efficiency but also could notably increase NH4+-N retention up to maximum 57.3%.
Regarding SS, moisture removal efficiency was hardly influenced by acidification and zeolite co-application
but NH4+-N retention up was significantly increased from 76.6% in control up to maximum 110.4% and
94.5% (based on initial NH4+-N in the control) after acidification and zeolite co-application, respectively.
Acidification is more efficient on DS (from 18.0%-112.7%) than on SS (from 76.6%-110.4%). Zeolite coapplication could significantly increase NH4+-N in processed organic waste, but in general, there is no added
benefit from zeolite when acidification was used.
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Biogas production from energy crops, especially in regions with intensive livestock production has led to an
increasing need for nutrient export from some regions in Germany. Therefore, the potential of different
technologies of digestate processing to reduce the costs of nutrient export was evaluated as well as their
effect on the greenhouse gas emissions of the biogas plant.
Calculations comprise processing of the digestate as well as storage, transport and landspreading of the
processing products. Press screw separation, belt dryer with waste air treatment, solar drying, direct
ammonia stripping, vacuum vaporization including ammonia stripping from the exhaust vapour and
membrane technologies were considered with untreated digestates as reference. Data was mainly derived
from existing processing plants and completed with planning data of plant manufacturers. As scenarios,
export of all nutrients, 50% N and 50% P were calculated.
Assuming a transport distance of 300 km and the availability of excess CHP heat, savings of transport costs
compensate investment and operating costs for most processing technologies if export of 50% P or all
nutrients is targeted. Ammonia stripping results in no significant reduction in overall volume, but a high
concentrated N-fertilizer is produced, limiting cost savings to the 50% N scenario. Vacuum vaporization is
most cost efficient with the scenarios evaluated, reducing costs by 55-88 %.
If heat is not considered vacuum vaporization shows the highest greenhouse gas mitigation effect compared
to transport of the untreated digestate, followed by belt drying with exhaust air treatment. Emission
reduction of up to 90 % can be achieved.
Energy efficiency of digestate processing and emissions during processing and storage need to be focused
on. Processed digestates are often easier to handle or better fit the demands of farmers or other users.
Which technology delivers highest cost efficiency and lowest greenhouse gas emissions depends on heat
availability, targets of nutrient export and transport distances. Heat availability provided, vacuum
vaporization shows best results for both costs and greenhouse gases. Membrane technology is an option for
complete nutrient removal, if no heat is available.
We acknowledge the supporting by Fachagentur Nachwachsende Rohstoffe e.V. on behalf of the German
Federal Ministry of Food and Agriculture.
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The Minimum Normalised Difference Tillage Index (minNDTI) technique, which utilises remote sensing data
from satellite-based Landsat and Sentinel-2 time series, can accurately detect tillage intensity on a per-field
basis [1]. The aim of this study is provide an assessment of tillage intensity in Ireland.
This research utilises remote sensing image time series from the Landsat 7 and 8 and Sentinel-2A satellites.
All images were corrected to surface reflectance and masked for clouds and cloud shadows. The Normalised
Difference Tillage Index (NDTI) [2] values were then calculated for from specific planting seasons, placed
into time series, and the dates and values of the minNDTI values were determined. These were then
calibrated using farm survey data, and maps of tillage intensity were produced.
Presented are tillage intensity maps for Ireland for the years 2014 – 2016, including accuracy assessments.
Presented is a new, operational product product that can be used to verify tillage intensity and be used as
inputs for greenhouse gas cycling and soil erosion models.
[1]
B. Zheng, J. B. Campbell, G. Serbin, and J. M. Galbraith, Soil and Tillage Research, vol. 138, pp. 26-34,
5// 2014.
[2]
A. P. van Deventer, A. P. Ward, P. H. Gowda, and J. G. Lyon, Photogrammetric Engineering and
Remote Sensing, vol. 63, pp. 87-93, 1997.
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In the Netherlands phosphate is usually the limiting factor in the application of manure. Recovery of the
easy-to-win orthophosphate from manure offers possibilities to keep a greater proportion of the nutrients
and organic matter available for fertilization. This reduces the need for artificial fertilizers and stimulates the
soil fertility. The potential of recovery of orthophosphate from dairy manure was determined.
Samples were collected from different manure separators: centrifuge, screw press, compressor roller
separator and cascading roller press system. Samples were taken from the liquid manure before separation
and the solid and liquid fraction after separation. A Ca(OH)2-solution was added to several liquid fractions
to precipitate the soluble phosphate. After settling the solution was separated into an effluent and sludge
and subsequently sampled. All sampled were analysed on the content of dry and organic matter,
phosphate, orthophosphate, nitrogen, calcium, and magnesium.
The phosphate content of the liquid dairy manure ranged from 1.17 to 2.12 g/kg with one outlier of 0.33
g/kg. The outlier was a very thin manure with a very low dry matter content of 2.1%, while all other
manures had a dry matter content of 6.3% to 10.4%. The orthophosphate content ranged from 0% to 8% of
the total phosphate content. The phosphate content of the liquid fraction of the dairy manure ranged from
0.25 to 1.77 g/kg. The dry matter content ranged from 1.9% to 7.3%. The orthophosphate content ranged
from 0% to 4% of the total phosphate content. The phosphate content of the solid fraction of the dairy
manure ranged from 1.21 to 4.29 g/kg. The dry matter content ranged from 14.4% to 37.2%. The
orthophosphate content has not been analysed. The results of the precipitation with the Ca(OH)2-solution
were not available at the time of writing.
The preliminary results are showing that the orthophosphate content of the liquid dairy manure and liquid
fraction is very low. The available orthophosphate is only a small percentage of the total phosphate content.
The potential for recovery of the orthophosphate appears to be low due to the low concentrations.
This research was funded by the Dutch ministry of Economic Affairs. The author thanks the visited farms for
their participation.

137
Developing decentralised small-scale, intra-urban and circular
management pathways for urban biowaste: an organizational and
technical solution with micro anaerobic digestion (micro-AD)
Mrs Anne Trémier1, Ms Axelle Degueurce1, Mr Pascal Peu1, Mrs Veronica Martinez-Sanchez2
1

2

Irstea, Rennes, France, Fundaciò ENT, , Spain

O. Poster Presentations - 1. Advances in Technology
Background & Objectives
To contribute to a better resilience of urban areas adressing energy and food supply crisis and their
environmental and socio-economic impacts, waste management has to be improved. Therefore, the
DECISIVE project proposes to develop a cooperative and circular organization between intra-urban smallscale biowaste valorization plants and intra/peri-urban farms, through the production and use of bioenergy
and bioproducts.
Materials & Methods
The first step of the project consisted in validating the concept of decentralised management for urban
biowaste and in defining specifications for micro-AD plant. A literature review on decentralised biowaste
management and production of energy was performed. Then constraints for micro-AD development in an
urban area were studied: regulations, safety, sanitary constraints, social acceptance, etc. Finally, technical
scenarios for micro-AD plants were proposed and energy balances were simulated to identify minimal
processing capacity for a sustainable micro-digester.
Results & Discussion
According to literature, decentralised management of urban biowaste in developed countries has been
mainly thought in relation to home composting incentive actions for individual or collective housing.
Decentralised energy production for local consumption, which can represent an interesting
complementarity to centralized energy production [1], has been mainly developed in Asia with rather basic
systems [2]. Studying operating constraints in a European urban context, specifications for micro-AD in the
DECISIVE project have been proposed: an unattended, odorless technology with limited storage of waste,
biogas and digestate. The energy balance of several scenarios of micro-AD plants was assessed (based on
varying biowaste type, quantity treated, type of pretreatment steps, type of AD technology, feeding
frequency, etc.). Feeding frequency, quantity of treated waste, phase separation technology and AD
technology demonstrated to have the greatest influence on the energetic performance of the plant that
should treat at least 50t/y of biowaste.
Conclusion
Based on the developed work, regulations and technological barriers to decentralised management of
biowaste through AD have been identified. Moreover, a minimum threshold of biowaste quantity to be
treated on decentralised micro-AD plant has been proposed. Collection strategies to supply the
decentralised plant are being studied.
Acknowledgement
This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No689229.
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[1] Boroumand, R.H., Goutte, S. and Porcher, T. 2015. Idée recue n°13: La production décentralisée
d'électricité est une impasse, in 20 idées reçues sur l'énergie. 105-118

[2] Rajendran, K., Aslanzadeh, S. and Taherzadeh, M.J. 2012. Household biogas digesters-A review. Energies,
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Large-scale livestock farming always need to challenge the high pressure of nitrogen and phosphorus
recycling in arable land to avoid eutrophication. The concentrations of N and P in the waste fluctuated with
seasonal water use, and solid-liquid separation etc. Understanding the characteristics of N and P in manure
and slurry from swine and cattle farms is critical to nutrient reutilization.
Fresh samples of animal feces were collected from the randomly selected typical cattle (n=22) and swine
farms (n=19) in the suburbs of Beijing. Different samples were classified considering different stages of
swine (gestational sows, lactating sows, nursery pigs, growing pigs, finishing pigs). The samples of slurry
from swine farm were sampled from oxidation pond. All samples were analyzed for total nitrogen, total
phosphorus, total inorganic phosphorus etc.
The total concentrations of N and P were respectively 11.4~23.9 mg/kg and 4.5-8.6 mg/kg in cattle feces,
while the corresponding values were respectively 17.7~35.4 mg/kg and 2.9-29.2 mg/kg in swine feces. The
average concentrations of N and P in swine feces were 1.63 and 2.21-fold greater than those in cattle feces.
The concentrations of N and P in feces of swine in different growth stages were relative to the
corresponding concentrations in in feeds. The total concentrations of N and P were 45.7-3522.0 and 7.1236.3 mg/L in cattle slurry, while the corresponding values were 1593-1793 and 90.4-94.6mg/L swine slurry,
respectively. The concentrations of N and P in slurry mainly affected by management modes (e.g. water use
and solid-liquid separation etc.) of farms and had less correlation with the corresponding concentrations in
feces and feeds.
The emissions of N and P in swine farms fluctuated wildly compared with cattle farms, resulting in higher
potential pollution risk. Improving the feeding model, adjusting the content of nutrition in the feed could
effectively reduce the produce of waste, thus to reduce the risk of environmental pollution.
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With the development of composting technology, large number of leachate generated [1]. 9.6% to 19.6% of
total nitrogen is lost in the form of composting leachate. The ammonium nitrogen of nitrogen component in
leaching solution is about 76.5 to 97.8% [2]. In this research, struvite crystallization pyrolysis recycle process
has been used to recovery ammonium nitrogen in composting leachate.
In this experiment, the composting leachate samples were collected from composting reactor in the suburbs
of Beijing. The parameters of the samples are shown in Table 1.
Table 1: Characteristics of the Composting Leachate
Parameter
Unit
Concentration
pH
8.18±0.04
Ec
μs/cm 6.29±0.02
NH4+-N mg/L 375±17
TKN
mg/L 683±10
TP
mg/L 25.8±0.5
Under the condition of pH 9 and Mg2+:NH4+-N:PO43--P molar ratio 1.1:1:1-1.2:1:1, when
MgCl2+Na2HPO4were used as chemicals, the optimal recovery efficiency of ammonium nitrogen was 85%,
while MgO+H3PO4 used as chemicals only achieve the recovery efficiency of 74%.
In order to recycle chemicals for repetitive utilization, the struvite product was heated with alkali to release
ammonia. The pyrolysis products were recycle used for ammonia recovery from composting leachate.
Under the condition of hydroxyl: NH4+-N molar ratio of 1:1, the heating time and heating temperature was
optimized. When the heating time reached 3 hours, there was little ammonia nitrogen remained in the
struvite product and indicated that ammonia have been depleted. At temperature 90-95℃, the
concentration tended to be stable. Considering the actual cost, the heating temperature of 90-95℃ and the
heating time of 3h was optimum for ammonia release from struvite products.
The struvite crystallization pyrolysis recycle process is a promising way for recycle chemicals to recovery
ammonium nitrogen from composting leachate. The temperature of 90-95℃ and the time of 3h are the
optimal condition for ammonia release from struvite products at hydroxyl: NH4+-N molar ratio of 1:1.
National Natural Science Foundation of China (No. 31401944), National Key Technology Research and
Development Program of China (No. 2016YFD0501404-6).
[1] Shu, Z., Lu, Y., Huang, J., Zhang, W, 2016. Treatment of compost leachate by the combination of
coagulation and membrane process. Chinese Journal of Chemical Engineering, 24 (10), 1369-1374.
[2] Martins, O., Dewes, T, 1992. Loss of nitrogenous compounds during composting of animal wastes.
Bioresource Technology, 42 (2), 103-111.
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Dairy processing sludge (DPS) is the by-product of the wastewater treatment process at milk processing
facilities. Increased worldwide demand for dairy products creates an added challenge of DPS management,
which has associated environmental regulation. Sustainable recycling of DPS could maximise industrial
symbiosis for operational performance and resource efficiency. The current study was aimed to elucidate
the physicochemical parameters of DPS.
Seasonal (n=3) DPS samples (predominantly two types: mixed sludge after bio-chemical treatment process
and lime treated sludge after dissolved air floatation (DAF) process) were collected from 5 dairy processing
plants across Ireland. Samples were analysed for physicochemical parameters (e.g. solid and organic matter,
nutrients, heavy metals and other elemental composition) following standard sample preparation
(homogenization, freeze drying and grinding in mixer mill). The analytical methods used were ICP-OES,
spectrophotometric measurements by Aquakem 600 Discrete Analyser, and LECO TruSpec CN analyser.
Results showed that the values of dry matter (DM, in %wt.) and total content of nutrients (kg/tonne DM)
were in the range of DM=9.4–19.7, N=37–65, P=18–61, K=3.5–13.6 for mixed sludge (n=11) and DM=19–30,
N=9.1–48.7, P=15–82, K=1.2–6.1 for DAF sludge (n=5), respectively. The levels of N, P and K in DPS are
generally higher than those typically observed with other bio-waste resources [1] (e.g. cattle slurry,
biosolids), while DPS also showing lower heavy metal contents comparing same. Moreover, heavy metals
levels in DPS are significantly lower than those regulated by the European Union in agricultural land due to
sludge recycling [2]. These results suggest the potential for agri-recycling of DPS as organic fertiliser. An
estimated evaluation demonstrates higher financial value of DPS (€13−22 tonne-1) than cattle slurry (~€5.4
tonne-1) considering total content of nutrient levels. So, there is a need to evaluate their fertiliser
replacement value (FRV) when applied to grassland.
The results indicate that DPS contains high nutrient levels, particularly P. The variation in major nutrient
contents and other physicochemical composition were more contrasting across different plants and sludge
types than those across seasonal samples. Follow on studies will elucidate DPS FRV and environmental loss
of nutrients following DPS application.
This work has been supported by Enterprise Ireland under Dairy Processing Technology Centre (DPTC)
programme. Grant Agreement Number TC2014 0016.
[1] Wall, D.P. and Plunkett, M. (Eds.). 2016. Major and Micro Nutrient Advice For Productive Agricultural
Crops. Johnstown Castle, Wexford: Teagasc, Environment Research Centre.
[2] EC, (2001). Disposal and recycling routes for sewage sludge. Part 2- Regulatory Report, European
Commission.
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The common continuous cropping has caused soil degradation and successive cropping obstacle in
greenhouse vegetable system in China. Catch crop has been introduced in summer fallow to reduce nutrient
losses, improve biological environment and enhance crop productivity. However, little information is
available as to how catch crop residue with high C/N affects soil nutrient availability.
A 3-year greenhouse experiment was conducted to investigate the effect of catch crop planting and residue
incorporation on soil nutrient availability in Beijing, China. The sweet corn used as catch crop was planted or
not during the summer fallow season from late June to early September between the double-cropping
seasons. The fruit yields and NPK uptakes were calculated during each season. The soil samples were
collected at 0-1.8m depth after 3 years planting to test the soil nutrient content.
There was no significant difference in fruit yields and NPK uptakes in any growing season between the two
treatments. Catch crop (CC) significantly increased the accumulative soil mineral nitrogen and dissolved
organic nitrogen (SON) by 517 and 409kg N ha-1 in 0-180cm soil layer and the SON/STN was also increased
from 28% to 34%. The soil available phosphorus and potassium in 0-30cm in CC treatment were reached
164 and 379 g kg-1 and were 46.5% and 2.5% higher than fallow treatment. However, soil EC in CC
treatment was 429.5μs/cm, which was 22% lower than fallow treatment. It is possibly that the excessive soil
nutrients in the deep soil layer can be proportionally removal by catch crop with deep root and
subsequently residue incorporation was conducive to maintain high available nutrient in rootzone. The
nutrient cycling promotion by addition of exogenous organic matter form residue might be another reason.
Catch crop planting together with residue incorporation was an efficient tool to maintain high available NPK
contents in intensive vegetable cropping system and given the potential to reduce the fertilizer input and
increase the nutrient use efficiency.
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Organic amendments, such as spent coffee grounds (SCG), could modify the nutrition of cultivated plants by
incorporation or block of mineral elements and also by availability improvement of nutrients in soils. The
objective is to investigate how the addition of differents amonts of SCG modifies the mineral nutrition of
Lactuca sativa.
The in vitro assay (monitored climatic chamber, 60 days) was performed with Lactuca sativa var. longifolia in
an agricultural Mediterranean soil. The SCG were added with increasing concentrations from 1% up to 15%.
The content of essential nutrients (N, P, K, Ca, Mg, Fe, Mg, Mo and Cu) and toxic elements (Se, Hg, As and
Pb) were analyzed in plants by ICP-MS previous acid digestion.
The SCG addition inhibited the absorption of essential elements such as N, K, Ca, Mg, Cu, Zn and Si,
regardless of the concentration of SCG. Therefore, the absorption of some toxic elements, such as Hg and
As, was inhibited. This effect may be due to the block of these elements on the surface of SCG particles by
electrostatic absorption or quimisorption. Accordingly, SCG are sometimes used to alleviate soil
contamination due to their low content of heavy metals and the adsorption capacity of some of these
elements [1].On the other hand, the SCG addition increased the movilization of Fe, V, Mn and Co. This effect
has been related to the chelating effect of the components present in SCG, such as caffeine, melanoidins
and polyphenols [2]. The quantities of Se, Pb, P and Mo in plant did not have a linear or proportional
behavior to the amounts of SCG added.
The use of SCG as organic amendment in agricultural soils has a contradictory effect on nutrients and toxic
elements absorption by vegetables. It movilizes in some cases and block in others. Further research is need
in order to unravel the mechanisms that control such behavior.
Supported by project AGL2014-53895-R from the Spanish Ministry of Economy and Competitiveness and by
the European Regional Development Fund (FEDER).
[1] Kim, M.-S., Min, H.-G., Koo, N., Park, J., Lee, S.-H., Bak, G.-I., Kim, J.-G., 2014. J. Environ. Manage, 146,
124–130.
[2] Morikawa, C.K., Saigusa, M., 2011.J. Sci. Food Agric, 91, 2108–2111.
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Increased focus in Ireland, and internationally, has been placed on increasing the proportion of land under
organic management. Farmyard manure (FYM) provides an important soil fertility input on organic farms.
This study aims to determine the nutrient content of FYM from organic cattle farms in Ireland and to
compare nutrient values to those specified in national regulation/guidelines.
FYM was sampled and analysed over a 4 year period from a range of beef and dairy farms using organic
production methods. Samples were taken at least 0.5m from the surface of the heap and mostly ranged in
age between 3 months to 10 months. Samples were sent to a registered laboratory to determine % dry
matter (% D.M.), total nitrogen (N), total ammonium-N (NH4-N), total phosphorus (P) and total potassium
(K) (kg/t fresh). Statistics were conducted using SAS9.3.
Summary results are presented as follows. Average total dry matter was 24.9% (n=16) with a range between
14.3% and 40.1%. Average nutrient concentrations were 5.10 (range 2.14 to 8.09; n=18), 0.49 (range 0.05 to
1.29; n=12), 1.02 (range from 0.48 to 2.21; n=18) and 6.80 (range from 1.45 to 10.70; n=18) for total N, total
NH4-N , total P and total K respectively (kg/t fresh).
The results show a large degree of variation in nutrient concentration of FYM both within and between
farms. In comparison to the nutrient content of FYM specified in national regulation (N and P) and Teagasc
extension advice (K), N content (5.10 kg/t present study v 4.5 kg/t guideline) and K content (6.80 kg/t
present study v 6.0 kg/t guideline) were higher in this study, while P content (1.02 kg/t present study v 1.2
kg/t guideline) was lower. Further analyses will be discussed in this poster.
These summary results indicate that the nutrient content of FYM varied widely and on average differed to
the nutrient content specified in national regulation/guidelines (Anon, 2014; Teagasc, 2016). Although this
is a preliminary study, it may lead to a re-consideration of the nutrient content of FYM for organic farms.
The authors acknowledge the financial support from the Department of Agriculture, Food and the Marine
(DAFM) for FYM analyses.
Anon. (2014). European Communities (Good Agricultural Practice for Protection of Waters) Regulations
2014. SI 31 of 2014. Department of Environment, Heritage and Local Government. The Stationary Office,
Dublin, 49 pp.
Teagasc (2016). Major and micro nutrient advice for productive agricultural crops. Eds: D. Wall and M.
Plunkett.
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Anaerobic digestates are useful fertilisers as they provide nutrients for plant growth [1,3]. As an indication
of plant growth, leaf area index (LAI) is a valuable tool in pasture management [2]. The objective of this
study was to analyse the effect of anaerobic digestate applications on the LAI of grassland swards
dominated by perennial ryegrass (Lolium perenne).
The experiment was conducted in perennial ryegrass plots, in Waterford, Ireland, during spring-summer
2016. Fertilisation treatments were of four types: anaerobic digestate, cattle slurry, chemical fertiliser and a
control (no fertilisation). A randomized block design was established with three replicates. A total of three
fertilisations and harvestings were performed, with an interval of 45 days between harvests. LAI was
measured using AccuPAR LP-80 at harvesting time. The treatments were compared by ANOVA followed by
Duncan test (P<0.05).
At the first harvesting, plots that received anaerobic digestates from combined farm/food wastes exhibited
superior plant growth (LAI = 5.63 and 5.49, respectively) compared to chemical fertiliser, cattle slurry, and
control (LAI= 4.10, 3.64 and 3.77), while sewage sludge digestate presented intermediate results (LAI= 4.68)
(P<0.05). At the second harvesting, LAI remained higher (P<0.05) in the plots that received anaerobic
digestates from farm/food wastes, but there was no difference among digestates and cattle slurry (P>0.05).
At third harvesting, there was no difference among fertilisers, with all digestates, slurry, and chemical
fertiliser showing higher plant growth than the control (P<0.05). The anaerobic digestates evaluated
positively influenced grass growth, which may be due to availability of nutrients or to other factors such as
soil/rhizosphere microbiota stimulation. Anaerobic digestate fertilisers have been associated with increases
in grass yields in field [1] and pot trials [3].
Anaerobic digestates positively affected plant growth in perennial ryegrass swards. Further investigations
are required to determine if this occurred due to nutrient availability, microbiota stimulation of
soil/rhizosphere zones, phytohormone-like effects, or a combination of these factors.
Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPq), Waterford Institute of Technology
and Teagasc Moorepark.
[1] Bougnom, B.P., Niederkofler, C., Knapp, B. et al. 2012. Biomass and Bioenergy 39, 290-295
[2] Korte, C.J., Watkin, B.R.; Harris, W. 1982. New Zealand Journal of Agricultural Research 25, 309-319
[3] Walsh, J.J., Jones, D.L., Edwards-Jones, G. et al. 2012. Journal of Plant Nutrition and Soil Science 175:
840-845.
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The use of organic compost brings innumerable advantages to plant development and soil properties[1].
However, the nutrients uptake dynamic, mainly in vegetable production systems, is affected by the manure
source. The aim was to evaluate the effects of organic and mineral manure, with or without biochar
addition, in the nutritional status of lettuce and on the soil in successive crops.
Eight lettuce crops were conducted during one year. Each crop of lettuce was fertilized with recommended
mineral fertilizer or with 50 t/ha of organic compost (from agroindustrial wastes) both with or without 2
t/ha of a kind of biochar (coal from agroindustrial use). The treatments were: Control (without fertilization);
Mineral fertilizer (M); M + Biochar (MB); Organic Compost (C) and C + Biochar (CB). The variables analyzed
were the nutritional status of lettuce and soil content of phosphorus and potassium.
All the fertilization sources used provided adequate nutritional status for nitrogen and potassium from the
second crop of lettuce, but only from the sixth crop the levels of leaf phosphorus were adequate. In the soil,
the treatments C and CB promoted phosphorus and potassium buildup due to frequent fertilization and it is
also related to the residual effect of organic manure. With phosphorus at high levels the soil loses its
nutrient retention capacity and can cause pollution when the values are above 100 mg/dm³ [2]. This fact
was observed for C and CB treatments in the fourth crop.Concerning the potassium, it was observed that
the levels in the soil exceeded the very high considered value (0.3 cmolc / dm³ ). The excess of potassium
may compromise the absorption of magnesium, manganese, iron, zinc and calcium by plants [3]. For this
reason, adequate levels of organic manure are needed.
Organic compost and mineral fertilizer provide adequate nutritional status of lettuce.
The use of biochar does not interfere with the nutritional status of lettuce and the chemical properties of
the soil.
The use of organic compost in each lettuce crop provides phosphorus and potassium accumulation in the
soil.
The authors thank Industrial Penitentiary of Cascavel for the supply and CAPES for the second author´s
scholarship.
[1] Rossini-Oliva, S.; Mingorance, M.D.; Pena, A. 2017. Chemosphere, 168, 183-190.
[2] Sharpley, A.N.; Daniel, T.; Sims, T.; Lemunyon, J.; Stevens, R.; Parry, R. 2003. Agricultural phosphorus and
eutrophication. 2º ed. USDA. Agricultural Research Service. ARS–149.44 p.
[3]Pinamonti, F. 1998. Nutrient Cycling in Agroecosystems, 51, 3, 239-248.
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Insight in developments over time indicates if nutrient policies, like the EU Nitrate Directive and additional
national policies, influence the use of nutrients and crop yields. Every four or five years the Dutch nutrient
policies are evaluated to investigate if goals are met for which data of the Dutch Minerals Policy Monitoring
Program (LMM) are used.
Data on use of nitrogen and phosphate and crop yields were derived from LMM after collection by
Wageningen Economic Research over the period 2006-2014. By calculating production on farms, adding
supply from elsewhere, subtracting disposal abroad and correcting for stock changes, available amounts of
nitrogen and phosphate in animal manure for application could be computed. Moreover application per
crop was recorded as well as use of chemical fertiliser, use of organic manure like compost and crop yields.
Since application standards for nitrogen from animal manure did not change from 2006 onwards,
application of nitrogen by animal manure was constant on dairy farms. Because of lower application
standards for phosphate during the research period arable farmers had to switch from pig manure with
higher phosphate contents to cattle manure and compost with lower phosphate contents to still meet their
crop requirements on nitrogen and organic matter.
Lower phosphate standards heavily decreased use of chemical phosphate fertiliser. Use of chemical
nitrogen fertiliser was quite stable over time although application standards for total nitrogen decreased: in
the beginning farmers did not fill up all space they had within these standards.
Crop yields did not decrease during the research period and some crops like forage maize showed yield
increases. As far as could be verified, yields would not have been higher if application standards had not
been limiting.
In the period 2006-2014 arable and dairy farmers in the Netherlands considerably reduced the use of
phosphate, mainly by dropping the amounts of chemical fertiliser. Nitrogen use remained constant with
some exchange between animal manure and other organic manure. Crop yields did not suffer from this
manure management.
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Background & Objectives
Liquid pig manure or pig slurry can be used as a nitrogen (N) fertiliser for crops but nitrogen is lost as
ammonia after surface application of pig slurry if it is not incorporated. The objective of this experiment
was to determine the effect of speed of incorporation on the nitrogen fertiliser replacement value (NFRV) of
pig slurry.
Materials and Methods
An experiment was conducted where pig slurry was either incorporated, by ploughing, within either one
hour or three days of application. A treatment without pig slurry application was also included. Spring
barley was subsequently grown with a range of fertiliser N levels (0-200 kg N/ha). Grain yield was
determined. NFRV, the amount of fertiliser N required, without slurry application, to give the same yield as
the slurry treatment without any fertiliser N, was calculated.
Results and Discussion
NFRV of the slurry was reduced by delayed incorporation compared to immediate incorporation, even
though the delay in incorporation was only three days and low DM slurry (3.2 %) was used which would
have been expected to infiltrate into the soil relatively quickly. The NFRV for the delayed ploughing
treatment was 42 kg N/ha (32 % of applied slurry N) compared to 64 kg N/ha (57 % of applied slurry N) for
the immediate plough treatment. The economic optimum fertiliser N amount was reduced by 74 kg N/ha
where slurry was incorporated within one hour of application compared to a reduction of 35 kg N/ha where
incorporation of slurry was delayed. This was despite somewhat more N being applied where slurry
application was delayed (130 kg N/ha versus 113 kg N/ha), due to variation in the N content of the slurry
used.
Conclusion
Immediate incorporation of pig slurry is important for maximising its fertiliser N value. Delayed
incorporation of pig slurry can substantially reduce its NFRV.
Acknowledgement
This research was funded by DAFM Research Stimulus fund. The author thanks Eddie Young for assistance
with field work.
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Legume-cereal intercrops harvested as whole-crop silage can be a good supplement in the diet for high
milking dairy cows. In northern Sweden studies on legume-cereal intercrops are few, and fertilization trials
are so far missing. The aim of this study was to evaluate the effect after mineral fertilizer and cattle slurry
application on nitrogen leaching, nitrogen fixation and biomass production.
A pea-oat intercrop was sown in a randomised split-block field trial for two seasons as affected by seven
fertilization treatments: three levels of cattle slurry, three levels of mineral nitrogen fertilizer, and one
control without nitrogen. The trial was monitored equal; pea:oat sowing ratio was 80:20 (2015) and 60:40
(2016). At three different times soil was sampled to estimate soil inorganic nitrogen. At harvest botanical
analyses were done, and nitrogen fixation was determined through the 15N natural abundance method.
At harvest pea:oat ratio was 90:6 in 2015 and 25:75 in 2016. In 2016 pea did not develop properly due to
abiotic stress, mainly low pH, and oats outcompeted peas in the intercrop. Yield, nitrogen fixation and crude
protein did not differ between treatments, any of the years, but due to the lower pea proportion in 2016 it
differed between the years. Average yield was 6.0 ton in 2015 and 6.3 ton in 2016. Nitrogen fixation per
hectare was 126.8 kg in 2015 and 81.4 kg in 2016. Soil inorganic nitrogen differences in the soil profile
between harvest and sowing and between end of October and after harvest did not differ significantly
between treatments any of the years. A possible explanation could be that nitrogen application rates did
not differ much between treatments. Nitrogen denitrification after a wet spring in 2015 could also be a
reason for that year.
Nitrogen fertilization does not improve production and quality of a pea-oat intercrop. However, pea
development is important and abiotic stress can negatively affect pea development and its competiveness,
and thus fodder quality. Higher nitrogen applications do not increase the risk of nitrogen leaching when
application rates are low to moderate.
This research was funded by RJN, Regional Agricultural Research for Northern Sweden.
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Perlite is an exogenous resource in Mediterranean countries mostly used in soilless production, especially
for the bag culture cropping of tomatoes. The main purpose of this work was to study the viability of using
three fibrous organic materials derived from palm tree (Phoenix dactylifera L.) as ingredient in binary
mixtures with perlite for the commercial production of Lycopersicon esculentum Mill.
Lycopersicon esculentum Mill. cv. Boludo was used in soilless confined conditions (25 L plastic bags) to test
ten different growing media prepared using palm-derived organic materials: CL, binary compost from
biosolid-palm tree leaf pruning; CT, binary compost from biosolid-palm tree trunks and OB, organic blend CL
and pellets of CT (50-50% volume). Each respective material (CL, CT and OB) was mixed with perlite at 25%,
50% and 75% (v:v), using as control treatment 100% perlite.
The type of palm-derived material had not significant effect on fruit quality (ºBrix, acidity or water content),
except for OB that showed higher ºBrix. 100% perlite media reduced the water content in fruits compared
to the proposed substitutions. The yield increased in the organic derived media compared to control;
however, it was not observed a direct relationship depending on the substitution percentage, the 50%
substitution being the most effective. CT and OB produced a higher yield and number of fruits compared to
CL and 100% perlite. Plant development was directly enhanced by the increasing presence of palm-derived
materials, except for the total substitution of perlite (100%), without observing significant differences
associated to the type of the palm-derived material used.
Significant differences were found on tomato cropping depending on the palm-derived materials evaluated
(CL, CT and OB) and 100% perlite CT and OB have been shown as the most adequate for partial substitution
of perlite, with an optimum substitution of 50% in terms of quality, yield and morphological aspects.
Financed by the Spanish Ministry Economy & Competitiveness (AGL2013-41612-R) and European Regional
Development Funds (ERDF, ‘‘Una manera de hacer Europa’’).
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Intensive agricultural practices have brought about soil degradation in particular the loss of soil organic
matter (SOM). Adding exogenous material such as paper mill biosolids (PMBs) can restores the productivity
of degraded soils. The PMBs are a valuable source of nutrients for field crops but little is known about the
effectiveness of their repeated applications. The objective of our study was to assess the effect of
continuous (9 yrs: 2000-2009) and residual applications (8 yrs: 2016) of PMBs on crop yields and soil fertility.
A field study was initiated in 2000 in eastern Canada in an imperfectly flat drained Chaloupe loam (Orthic
Humic Gleysol; 130 g clay, 453 g silt, 417 g sand kg-1 dry soil). During the first nine years, treatments, in a
randomized complete block design with four replicates, were manually applied to the same plots at
sidedress, about four to five weeks after crop seeding, and left on the soil surface between crop rows. Since
2009, no PMBs were applied. From 2000 to 2016, dry matter yields were estimated and plants were
analysed for different parameters including phosphorus (P) and nitrogen (N) contents. Soils were sampled
either in spring or after harvest and were characterized especially for N, P, SOM, and heavy metals contents.
Crop yields were not significantly affected by treatments in the first three years but subsequent applications
of PMBs increased yields. The low nutrient content of PMBs during these first three years may explain this
lack of positive response. In 2016, significant effect on yield and soil chemical properties was found eight
years after the end of nine years of continuous PMBs application. More specifically, PMBs applied at 60 Mg
wet ha-1 achieved yields comparable to mineral fertilizer under maize production and significantly
increased soil organic matter and all major soil nutrients. We concluded that PMBs can be effectively
applied to agricultural soils over many years when PMBs does not exceed 60 Mg wet ha-1 yr-1 and repeated
PMBs application improved soil fertility and this improvement can be sustained for years.
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Ecuadorian floriculture occupies a very large area, 9,327 hectares [1], and generates approximately 5,000
tons of wastes/year. These wastes can be treated by composting and then incorporated into the farming
productive cycle as organic amendments. Therefore, the aim of this work was to determine the effects of
different flower waste composts on soil properties and on rose yield and quality.
Four treatments were set up: a control with traditional amendment (non-stabilised flower wastes) (C);
compost elaborated using flower waste and broiler chicken manure (C1); compost elaborated using flower
waste and Leghorn laying hen manure (C2); and compost elaborated using flower waste and laying quail
manure (C3). The amendment application rate was adjusted to reach an organic matter content in the soil
of 4.5%. Soil physico-chemical and chemical properties and the yield and marketable parameters of the
roses were determined.
The soil application of composts improved soil fertility in comparison to the control treatment, since
available macronutrients and total N were increased significantly by the fertilisation with these
amendments. The compost treatments increased the soil pH; however, this did not reduce the
concentration of available soil micronutrients. Also, the addition of these organic amendments reduced the
soil salinity relative to the treatment with the non-stabilised flower wastes (control). This result is very
important for the continued cultivation of roses in the same facility, since a high content of salts in the soil is
a limiting factor for the growth of rose plants [2]. Finally, according to an ANOVA, the interaction between
treatments with regard to mean flower yield, flowering stem length, flower diameter and vase life of
flowers was not significant. These parameters were in the ranges of 200,000-270,000 flowers/ha, 46.9253.75 cm, 34.15-37.44 cm and 13-14 days, respectively.
From the data obtained, it can be concluded that the application of the flower waste composts to soil
produced positive effects on soil fertility and these composts did not lead to phytotoxic effects on the rose
plants or on the quality of flowers obtained.
The authors thank White River Roses (Río Blanco (Penipe) – Ecuador) for the practical fulfilment of this
experiment.
[1] INEC, 2013. Survey Area and Agricultural Production. http://www.ecuadorencifras.gob.ec/estadisticasagropecuarias-2/ (February 24, 2017)
[2] FAO. 1990. Protected Cultivation in the Mediterranean Climate. FAO Plant Production and Protection
Division 90, Rome.
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In the agro-industry, coal fragments generated in the thermal decomposition of wood are considered
wastes and may present similar characteristics to biochar, such as the capacity for nutrients adsorption[1].
The study aim was to determine the conditions for better adsorption of ammonium, phosphate and
potassium of aqueous solution by biochar from agro-industrial wastes.
The assay was conducted in lab conditions and involved the use of three biochar masses (0.1, 0. 2 and 3 gL1), three pH levels (5, 6 and 7) and three doses of N, P, K. Each condition was added in 250 mL flasks, stirred
at 180rpm for 24 hours and then filtered to obtain the extracts. The amounts of NH4+, phosphate and K
adsorbed by biochar were calculated by the difference between the initial and final concentrations of the
nutrients.
All the nutrients were more adsorbed by biochar when added in higher concentration. The highest
adsorption of both ammonium (12 mg/g) and phosphate (120 mg/g) was under high pH conditions (>7,0)
and lower biochar masses (0,1 to 0,032g) .The lower masses of biochar presented better adsorption in
relation to ion competition by the adsorption sites on the biochar surface and pores [2]. The higher
Potassium adsorption (25 mg/g) occurred at acidic and alkaline pH and higher masses of biochar (0.3 to
0.368 g) . Thus, the increase of the biochar mass increased the possibilities of negative charges for
potassium adsorption, which can be attributed to the hydration of the cation in aqueous solution and due
to the less competition with divalent cations [3].
The ammonium and phosphate adsorption is favoured by high pH and lower mass of biochar.
The condition for better potassium adsorption is the use of larger mass of biochar independently of the
solution pH.
The authors thank CAPES for the scholarship to the second author.
[1]Li, R.; Wang, J.J.; Zhou, B.; et al. 2017. Journal of Cleaner Production, 147, 96-107.
[2] Sarkhot, D.V.; Ghezzehei, T.A.; Berhe, A.A. 2013. Journal of Environmental Quality, 42, 1545-1554.
[3] Xu, R. K.; Qafoku, N. P.; Van Ranst, E.; et al. 2016. Advances in Agronomy, 135, 1-58.
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The disposal of large quantities of organic wastes produced by municipal, agricultural and agroindustrial
activities causes energetic, economic, and environmental problems. Compost is an essential organic
fertiliser for recovering organic matter in degraded soils. The aim of this work was to determine the
influence of different compost organic matters on spring barley growth.
This work investigated five types of compost - green waste and food waste, sewage sludge, manure, biogas
production waste. Ten spring barley plants were sown in pots. The pots were filled with soil – compost
substrate. Compost content in the soil was - 0%, 10%, 20%, 30%, 40%. Biometric measurements on spring
barley were taken: plant height, length of the spike, straw weight and 1000 grain weight. Grain and straw
moisture and nitrogen content (in dry matter) were also determined.
The maximum content of organic matter and organic carbon was observed in biogas production waste
compost. Food waste and sewage sludge composts exhibited similar content of organic matter and the
organic carbon (Zbytniewski et al., 2005). Manure compost was rich in organic matter – 63,1%. The
maximum growth of spring barley was observed in food waste compost and in the biogas production waste.
Plant height was varied in the range between 41,0-53,7 cm, length of the spike – 5,0-7,3 cm, straw weight –
19,6 -29,1 g, 1000 grains weight – 44,3-49,1 g. By increasing compost concentration in the soil, the plants
biometrical measurements values were higher. In the spring barley straw moisture content ranged from 7,59,5 % and nitrogen content was– 0,49 – 2,8 % across the compost treatments. Grain moisture content was
very similar – 10,2 – 11,6 %, and nitrogen content ranged from1,4-3,4 % across the compost treatments.
The results showed that different types of composts increased organic matter content in the soil. Compost
improving spring barley plants growth, grain size and weight. The best biometric measurements and
chemical analyses results were obtained from the food waste and biogas production waste composts.
[1] Zbytniewski, R. and Buszewski, B. 2004. Characterization of natural organic matter (NOM) derived from
sewage sludge compost. Part 1: Chemical and spectroscopic properties, Bioresource technology., 96(4),
471–8.
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The project “FarmClim” highlights that the IPCC default EF cannot reflect region specific N2O emissions. The
better the knowledge is about Nitrogen and Carbon budgets the better the situation can be reflected in
GHG emission inventories and mitigation measures proposed. NitroAustria identifies drivers for N2O
emissions on a regional basis with different soil types, climate, and agricultural management.
NitroAustria uses the LandscapeDNDC model to update the N2O EF for N-fertiliser and animal manures
applied to soils. Key regions in Austria were selected and region specific N2O emissions calculated. The
model runs at sub-daily time steps and uses temperature, precipitation, radiation, wind speed as
meteorological drivers. Further input data reflect agricultural management practices. This can identify hot
spots and hot moments of N2O emissions. NitroAustria will compare LandscapeDNDC results with the
national N2O emission inventory reporting.
WP “Data acquisition and harmonization”, collects data and provides them to WP “Estimating N2O
emissions form arable soils” where the data are used to model N2O emissions and nitrate leaching from
arable soils. It delivers C and N budgets, N2O emissions, nitrate leaching, region specific emission factors
and mitigation options with improved agricultural management for current and future climatic conditions.
WP “Providing data on agricultural management in Austria” provides arable management data and crop
rotation scenarios. WP ”Application of results and use for the GHG inventory” discusses trade-offs between
different GHG emissions and other nitrogen losses, shows potential environmental impacts and proposes
measures for a policy framework towards climate friendly farming. WP “Climate change scenarios”
performs site/regional/national LandscapeDNDC simulations considering scenarios of climate change.
Nitro Austria is currently in its final phase and will be concluded by July 2017. Final results and conclusions
will be presented at the conference.
NitroAustria is funded under the Austrian Climate Research Program.
Amon, B.; Winiwarter, W.; et al. (2014): Farming for a better climate (FarmClim). Design of an inter- and
transdisciplinary research project aiming to address the science-policy gap. GAiA 23 (2 May): 118-124
doi.org/10.14512/gaia.23.2.9
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Across the diversity of US dairy production systems, nutrient management priorities range widely, from
feeding regimes to manure handling, storage and application to crop systems. To assess nutrient
management and environmental impacts of dairy production systems in the USA, we evaluated nutrient
budgets at whole farm and field scales for representative dairy systems in California, Idaho, Minnesota,
Wisconsin and Pennsylvania.
Dairy farming systems were simulated using the Integrated Farm System Model [1]. The model is well
documented and has been widely applied to dairy production systems, simulating crop and pasture
production, feed use, manure management and other major activities related to nutrient management of
dairy farms [2]. For each production system, whole farm and field scale nutrient budgets were determined
over 25 years of local weather conditions, while model performance was assessed by comparing simulated
nutrient fate with local observations.
Total N emissions, primarily as ammonia, are 40-50% of farm inputs. Ammonia emissions are greater from
the farmsteads of western dairies with warmer ambient temperatures and more long-term manure storage,
whereas they are primarily from the field soils of eastern dairies. Nitrate leaching is greatest in the more
humid conditions of the eastern dairies and is of least concern in the dry regions of California and Idaho.
California and Idaho dairies have low phosphorus use efficiency (<50% is exported in milk and animals) due
to a reliance upon purchased feed and large amounts of manure export. Phosphorus use efficiency of the
eastern dairies are >60%, reflecting better on-farm phosphorus cycling through greater use of on-farm feed
production. However, liquid manure systems hamper manure export, resulting in net accumulation of
phosphorus in farm soils and greater environmental losses due to erosion.
Nutrient budget analyses suggest opportunities for increasing nutrient use efficiency and reducing nutrient
losses. Depending on regional climate conditions and management system characteristics, nutrient losses
may be mitigated by changes in feeding strategies, manure management technologies, or targeted soil and
water conservation practices.
[1] Rotz, C.A. 2017. Integrated Farm System Model, v.4.3. https://www.ars.usda.gov/northeast-area/uppa/pswmru/docs/integrated-farm-system-model/ (6 Mar. 2017). USDA ARS, University Park, PA.
[2] Rotz, C.A., M.S. Corson, D.S. Chianese, F. Montes, S.D. Hafner, H.F. Bonifacio and C.U. Coiner. 2016.
Integrated Farm System Model: Reference Manual.
https://www.ars.usda.gov/ARSUserFiles/80700500/Reference%20Manual.pdf (6 Mar. 2017). USDA ARS,
University Park, PA.
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Equitable temperatures and ample rainfall give Northern Portugal an almost year-round roughage growing
season and has led to the development of intensive dairy cattle farming. The resulting losses of N to the
environment are now a cause for concern. In this work, we use a modelling approach to quantify the
magnitude of these losses and investigate measures to reduce them.
Some structural and management data are available for intensive dairy farms in N Portugal (e.g. livestock
number, land area and cropping practices) whereas other data are not (e.g. roughage production). The
FarmAC model (www.farmac.dk) was used to estimate C and N flows on this type of farm and the extent to
which N losses could be reduced. The sensitivity of estimates to assumptions concerning roughage
production was investigated.
With 45 dairy cows (annual milk production of 7500 kg head-1) + followers on 22 ha land, zero grazing and
continuous, year-round maize and grass silage production, nitrate leaching was about 275 kg NO3--N ha-1
yr-1 and an average NO3--N concentration of 38 mg L-1. Removing all N fertilizer (150 kg N ha-1 yr-1) had no
effect on crop production, as the manure supplied sufficient N to give maximum crop production, but
reduced the average NO3--N concentration to 19 mg L-1. If the potential dry matter (DM) production was
50% higher than initially assumed (21 and 15 Mg DM ha-1 for maize and grass respectively), the feed N
import fell by 26% and the average NO3--N concentration for the baseline situation fell to 18 mg L-1.
Removing all N fertilizer and assuming the higher potential DM production gave an average NO3--N
concentration of 9 mg L-1.
Nitrate leaching problems in N Portugal may partly be because the fertilizer value of manure on intensive
dairy farms appears to be undervalued. Removing all fertilizer N halved the nitrate concentration in
drainage but compliance with the Nitrates Directive required potential DM production to have been
underestimated by 50%.
This research was funded by the EU- H2020-TWINN-2015 Coordination & support action nr 692331
NitroPortugal.
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Background & Objectives
Manure processing is playing an increasing role in manure management in Europe. Despite of “low tech”
manure management techniques like feeding strategies etc., the need for compensating local and regional
manure nutrient surpluses is continuously increasing. A workshop on manure processing has been held at
RAMIRAN and a ManuREsource 2015 network with manure processing experts has been initiated.
Material & Methods
With the EUMANPRO project, which is financially supported by the German FedMinofEnv a consortium of
manure processing experts is compiling and analysing the current status of research & development and the
relevant technologies. The work of that consortium can be used for identifying the TOP 10 /15 manure
processing systems in Europe. It is suggested to extend the work of EUMANPRO to more countries and
systems by initiating a MARIRAN task group.
Results & Discussion
As a result of the Task Group work a manuscript will be drafted describing the TOP 10 / 15 plants following a
standardized description format. and published in RAMIRAN proceedings.
The task group will support the identification of BAT (best available techniques ) in that sector and the
further improvements of manure processing components. Policy makers will be made aware of reliable
systems.
References
[1] Döhler, H. and Bonadei, E.: Pilotanlage zur Verarbeitung von Gülle und Gärresten für ein regionales
Nährstoffmanagement zur Entlastung von Wirtschaftsdünger-Überschüssen in Südtirol. Biogas
Innovationskongress, Tagungsband 2017, in press
[2] Biogas Wipptal, 2017: http://www.biogas-wipptal.it/it/euman-pro.html
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Since the abolition of the European Union milk quotas in March 2015, the Republic of Ireland has seen an
unprecedented growth in milk production. In order for Ireland’s dairy industry to remain sustainable, it is
imperative that the impacts form this increase are monitored. In this study, the environmental impact of
fluid milk production in Ireland is investigated.
This study has been structured in accordance with ISO 14040 and ISO 14044. Lifecycle assessment is utilised
in order to quantify the environmental impact, global warming potential (GWP), of fluid milk production. A
cradle-to-processing factory gate analysis is assessed. The functional unit is defined as per kg milk and the
comparative environmental impact metric is kg CO2eq/kg milk. The methodologies in [1] and [2] are used is
used to assess the impact from raw milk production and processing, respectively.
In order to perform the analysis, data was collected from 3 dairy processing factories that produce fluid
milk. The total GWP associated with fluid milk production was found to be 1.32 kg CO2eq kg-1 milk. The
breakdown in GWP between raw milk production, raw milk transportation, processing and packaging was
found to be 1.13, 0.02, 0.12 and 0.05 kg CO2eq kg-1 milk, respectively.
The greenhouse gas (GHG) emissions that contribute to the total GWP from raw milk production are
methane from enteric fermentation of animals (46%), followed by methane and nitrous oxide relating to
manure management (22%) and indirect carbon emissions associated with the off-farm production of
concentrated feed, fertilisers, diesel, electricity and other material inputs (21%). GHG emissions from raw
milk transportation and processing relates to direct carbon dioxide emissions from energy consumption,
while emissions from packaging relates to indirect carbon dioxide emissions from the production of raw
materials.
In order for Ireland to reduce GHG emissions and reach its targets for 2030 strategies to reduce emissions
from raw milk production will need to be implemented. Additionally, the use of renewable sources of
energy would see a reduction in GHG emissions in many of the lifecycle stages.
The authors wish to acknowledge the funding provided by the Department of Agriculture, Food and the
Marine for DairyWater(www.dairywater.ie) (Ref.:13-F-507).
[1] O’Brien, D., Hennessy, T., Moran, B. and Shalloo, L. 2015. Journal of Dairy Science, 98, 7394-7407.
[2] Finnegan, W., Goggins, J., Clifford, E. and Zhan, X. 2017. Science of the Total Environment, 579, 159–168.
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Correction of soil acidity in Galicia (pH 5,1-6,3) by liming increases availability of nutrients supplied by
slurries or mineral fertilizers, improving the yield of forage crops.
Usually it is recommended not to liming with slurries by volatilization of ammoniacal nitrogen as ammonia.
The objective of this laboratory trial was to quantify these losses when slurry is mixed with liming materials.
Slurry (S) was mixed with limestone (C) and dolomite (D) (two granulometries: G1/G2 and two doses:
D1/D2), and checked over time (at 40 minutes, at 2, 4, 8, 24, 48, 72 and 144 hours) the evolution of pH and
ammonium content. Previously air was circulated with a pump through 6% H2SO4 to quantify volatilization
as ammonia.
Seven treatments were defined: S, S + C(G1D1), S + C(G1D2), S + C(G2D2), S + D(G1D1), S + D(G1D2), S +
D(G2D2).
The pH increased in the first 24 hours after mixing the dolomite with the slurrry. This increase is greater
with finer granulometry and at higher dose. A slight increase in pH took place with limestone. After 24 hours
the pH decreased slightly in every treatment by precipitation of the liming materials.
The greatest ammonium losses took place in the first 24 hours after mixing. Later concentration of ammonia
stayed constant.
Ammonia losses and ammonia emissions were higher in treatments with dolomite, the finest granulometry
and the highest dose.
The highest losses in ammonia content were found in S + D(G1D1), S + D(G1D2), with losses around 12-11%
of the initial ammonium. The increase in pH displaced the reaction NH3+H2O <> NH4 ++OH- to the left.
The lowest losses after control treatment were found in S + C(G1D1) and S + C(G2D2), with losses of less
than 4% of the ammonium.
Losses of N as ammoniacal form when mixing slurry with the liming materials were smaller than expected,
being less than 12%. These losses are further reduced when limestone was used at low doses, reaching less
than 4%.
We are grateful for funding within the FEADER-Xunta de Galicia project 2012/30 (2012-2014).
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The present study was designed to evaluate the effect of a natural feed additive rich in phenolic essential
oils on methane emissions in dairy cows. The methane is a powerful greenhouse gas and representing a true
energy loss for ruminants; its reduction is beneficial for the animals and the environment
To test the effect of the natural feed additive on the emission of methane, five dairy cattle of Holstein
breed were used and received a ration composed of 4 kg of concentrated feed, and 4 kg of alfalfa hay with
free access to drinking water. After two weeks of adaptation to the feed, measurements of the production
of methane were carried out without feed additive, with 50 g of the product then with 100 g of the same
product.
The quantity of methane produced by the five cows was estimated to average 195.86 liter/day. The addition
of the product rich in phenolic essential oils to the basic ration was behind a reduction on average of
21.64% when the feed additive was added with an amount of 7,15g/kg dry matter, and a reduction on
average of 31.8% when the feed additive was added with the amount of 14,3g/kg of dry matter.
The present study indicated the réductions obtained in methane emission in dairy cattle when feed
additives rich in phenolic essentials oils were very significatives and contribute to the global effort of
greenhouse gases mitigation in the region.

161
Whole farm modelling of management factors affecting nitrous oxide
emissions being emitted from Irish livestock systems.
Mr Jonathan Herron1,2, Mr Aidan Moloney1, Mr Thomas Curran2
1

2

Teagasc, Animal & Grassland Research Centre,, Dunsany,, Ireland., UCD School of Biosystems Engineering,, University
College of Dublin, Belfield,, Ireland

Q. Poster Presentations - 3. Gaseous Emissions
N2O emissions from livestock systems vary greatly depending on soil type, soil conditions, diet of animal,
type of excreta applied, timing of application and the type of synthetic fertiliser utilised. This objective of
the study is to update current greenhouse gas whole farm models used for Irish beef and dairy systems by
improving the prediction of urine N output/animal/day.
Two single year, static, beef and dairy models will be updated to include new insights on herbage
composition, intake regulation and N partitioning where the main focus will be on improving the predictions
of urine N output/animal/day. Using a linear and multiple linear regression analyses approach, Urine N and
Fecal N will be partitioned, where prediction equations will then be developed based on fresh grass data.
As this project is at an early stage, as of yet no results have been found. However based on literature review
a number of results can be expected. It is expected that a strong positive relationship will be seen between
N intake (NI), animal body weight (BW), DOMD and grass N content with Manure N. There is an expected
negative relationship between WSC, NDF, ADF, and ME concentration with Manure N. NI is expected to be a
better primary predictor than BW for Urine N, where the addition of NDF, WSC, DOMD and ME
concentration will increase the r2 of the equations. DOMD and ME concentration are expected to be key
predictors for Fecal N. This study is unique as it will incorporated prediction equations for Urine N and Fecal
N based on data from grass fed cattle into existing models, the closest means to mimicking actual grazing
conditions.
This study will incorporated prediction equations for Urine N and Fecal N based on grazing data into existing
models. This will allow for accurate predictions of the amount N excreted in urine and feces by grass fed
cattle and consequently the amount of N excreted being lost as N2O.
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Modelling nitrogen (N) flows and losses in livestock systems is used to assess N management from farm to
national level. Though there are numerous models which quantify N cycling at these scales [1], there is no
review of these models to assess their strengths and limitations. This study reviewed available N flow
models and their suitability for temperate pasture-based systems.
This study comprised of a literature review of 24 available models for estimating N flows and losses at
different scales. The review provides an overview of the type of models available and the farm components
and the N losses that each model includes along with highlighting their suitability for temperate pasturebased systems.
The 24 reviewed models were static inventory based (n=6), empirical (n=9), mechanistic (n=5) and dynamic
(n=4) in nature. Some of the models (n=9) were greenhouse gas models with a built-in N flow model. Four of
the models: dynamic SIMSDairy [1], empirical Dairy wise [2], static BEEFGEM [3] and static GHG model [4]
included all farm N flows and losses. Of these only SIMSDairy accounted for climate, soil and farm
management conditions. Therefore, SIMSDAIRY was one of the more appropriate available N flow models
for pasture-based systems. The remaining models (n=20) did not include all farm N flows and losses, instead
they focused on one or two N losses from one or more farm components. For example, empirical ALFAM,
models ammonia (NH3) volatilization from field plots.
This study found only four models that included all farm N flows and losses, one of which was dynamic in
nature thus highlighting the need to either modify existing models or develop a new whole farm N flow
model for pasture-based systems.
The research was funded by the Irish Department of Agriculture, Food and the Marine (Project no.
13/S/430).
[1] Del Prado, A. et al. 2011. Science of the Total Environment, 409, 3993-4009
[2] Schils, R. et al. 2007. Journal of Dairy Science, 90, 5334-5346
[3] Foley, P. et al. 2011. Agriculture, Ecosystems and Environment, 142, 222-230
[4] Schils, R. et al. 2005. Nutrient Cycling in Agroecosystems, 71, 163-175
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Agriculture in Ireland accounts for >98% of national ammonia (NH₃) emissions and 32% of national
greenhouse gas (GHG) emissions with bovine livestock production the principal source (circa. 75%).
Therefore, there is a need to develop abatement strategies that reduce gaseous emissions associated with
bovine livestock production.
A suite of experiments investigating the impacts of various abatement measures a long the manure
management chain have been conducted in Ireland. This paper presents both the extent of this abatement
and the marginal abatement cost curve associated with these techniques.
Landspreading: Band-spreading and trailing shoe application of slurry reduced NH₃ emissions by 20% and
28.5%, respectively, compared to broadcast application (no difference in N₂O emissions). Broadcast
application of slurry in spring and autumn reduced NH₃ emissions by 25% compared to summer (May-June)
application. Night-time spreading also significantly reduced (17%) NH₃ emissions.
Chemical Amendment: Inclusion of nitrification inhibitors and biochar reduced N₂O emissions from slurry by
48% and 44%, respectively. Biochar also significantly (P<0.05) reduced NH₃ emissions.
Housing and storage: Amendments and covered storage were observed to reduce volatilisation by 40%70%. Aeration of liquid manures reduced methane emissions but exacerbated NH₃ loss. Slat mats and valves
significantly reduced NH₃ loss but led to a build-up of methane in the tank below the slatted floor.
Reduced crude protein: Feeding supplemental methionine to pigs lowered total ammoniacal N
concentrations in slurries. Ammonia emissions were consequently reduced by 19% and N₂O by 18%.
Cost of abatement: Altered timing of land application and the reduction in crude protein were the most cost
effective measures, followed by chemical amendment of slurry. Alterations to housing and storage were the
most expensive options. Therefore reducing surplus excreted N and land application options should be
focused on.
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Methane (CH₄) and nitrous oxide (N₂O) are both significant greenhouse gases (GHG).During
composting,considerable emissions of CH₄ and N₂O could occur,which not only lead to greenhouse effect
but also reduce the reusable nutrients in final compost. Therefore, this study aims to investigate the effects
of mature compost on the emission of CH₄ and N₂O during composting by adding calcium magnesium
phosphate.
A laboratory scale experiment of composting in a forced aeration system using pig manure with cornstalks
was carried out to investigate the effects of calcium magnesium phosphate as additive on gaseous
emissions and compost quality. Apart from a control treatment, two treatments were conducted with
calcium magnesium phosphate and calcium magnesium phosphate with phosphoric acid, respectively.
The results indicated that adding additive would not be a problem since Ca²+ in calcium magnesium
phosphate should be reason for a high EC level. And all treatments can reach maturity. Adding calcium
magnesium phosphate can reduce 77.5% CH₄, but it will increase 18.3% N₂O emission. And using calcium
magnesium phosphate with phosphoric acid as additive can reduce 74.2% CH₄ and 45.0% N₂O emission. The
total GHG emissions ranged from 50 to 140 kg CO₂-eq t-¹ DM-¹. Compared to CK, treatments with the
addition of mature compost could reduce total GHG emissions by 42-63%.
Adding calcium magnesium phosphate or calcium magnesium phosphate with phosphoric acid can reach
maturity. And the best effect for the purpose of reducing CH₄ and N₂O emissions could be achieved when
adding calcium magnesium phosphate with phosphoric acid in composting.
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In the context of greenhouse gas (GHG) emissions, the dairy sector has invested in the reduction of enteric
methane emissions by dietary strategies. Nevertheless, the impact of diet strategies on gaseous emissions
from manure is rarely studied. This study aimed to assess the effect of fat supplementation in dairy cow diet
on gas emissions (ammonia, GHG) during manure storage
Slurry produced by 4 cows fed diets supplemented with 4 rapeseed oil (RO) levels (0%, 1.5%, 3.0%, 4.5%)
was sampled for a week. Storage simulation was carried out for 4 weeks under summer conditions on a
pilot-scale by storing 5 liters of slurry (3 replicates) in glass vessel ventilated with air. Gas emissions were
measured with a gas analyzer (Innova 1312) completed with the acid trap method for ammonia. Main initial
slurry characteristics were obtained according standards
Differences in manure characteristics (pH, dry matter, ammonium, crude fat and volatile solids) were
observed among slurries (P<0.05). Compared to the control (0% RO), the incorporation of 3% and 4.5% RO
in diets increased significantly ammonia (NH₃) emissions (g NH₃ m-³ slurry) by 18.6 and 54%, respectively
(P<0.05). This is probably due to the higher pH and ammonium concentration in the 3% and 4.5% RO
slurries, two parameters impacting the NH₃ volatilization. Despite differences in organic matter content
(P<0.05), methane (CH₄) emissions (g CH₄.m-³ slurry) were similar among slurries, possibly due to
abnormally low emissions under summer conditions (11-36°C). Moreover, slurry preservation before the
trial at -20°C and 4°C could not allowed the development of methanogenic population during the 4 weeks of
measurement. N₂O emissions were at the detection limit for all slurries. The 4.5% RO slurry seems to emit
less CO₂ than the other ones.
Manure characteristics and gaseous emissions during slurry storage, especially ammonia, differed with
rapeseed oil level in dairy cow diet. Ammonia emissions increased with fat level in the diet. These results
need to be confirmed with new measurements taking into account slurry production differences between
cows.
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In the framework of international conventions, Switzerland like other countries has to report regularly
about the development of ammonia (NH3) emissions. Every few years a representative survey on livestock
and manure management is performed to get an up-to-date picture of the development of emissions. After
2010 [1], the most recent inventory for 2015 has just been compiled.
As in previous inventories [1] data on current farm management was collected with a stratified survey in
which 5813 farms participated. Based on this, emissions were calculated for each of the 2688 respondents
with the N flow model Agrammon [2]. From this, emission factors for different steps of the manure chain,
livestock categories and farm types were derived and used to calculate national emissions. To determine
development over time, emissions in 2015 were compared with those of previous inventories.
Compared to 1990, agricultural NH3 emissions decreased by 19% to 46.5 kt N (total NH3 emissions -17% to
49.9 kt N), to which livestock emissions (including manure management) contributed 90%. The shift to more
housing emissions (1990 22%, 2015 36% of livestock emissions) and less spreading emissions (1990 47%,
2015 35%) continued, reflecting the shift from tied to loose housing and other developments. This
counterbalanced lower emissions in other areas, e.g. 80% more grazing, reducing the N flow in manure.
Emissions from dairy cows decreased by 22% due to changes in feeding and lower animal numbers. As this
was largely compensated by increasing emissions from suckling cows and emissions from pigs decreased by
nearly 40%, total cattle emissions remained near 80% of livestock emissions. Emissions from poultry,
equines and small ruminants increased by 19%, 95% and 12%, respectively, but together still contribute less
than 8% of livestock emissions.
A reduction of NH3 emissions of 16% in 25 years appears low. However, this obscures considerable changes
in the complex system with counterbalancing effects and conflicting aims. For example, the high relevance
of animal welfare lead to a lower N flow in manure but to an increase of housing emissions.
We thank the Swiss Federal Office for the Environment for the financial support of the project.
[1] Kupper, T., Bonjour, C. and Menzi H. 2015. Evolution of farm and manure management and their
influence on ammonia emissions from agriculture in Switzerland between 1990 and 2010. Atmospheric
Environment 103, 215-221
[2] Kupper, T., et al., 2010. Agrammon: An internet based model ……. Proc. 14th RAMIRAN Conference
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Intensive horticulture of leaf vegetables must achieve a high yield but also minimised leaf nitrate content.
This implies a fine-tuning of nutrient management, particularly of nitrogen (N) under the irrigated and warm
conditions of the Mediterranean. Eight different fertilizing scenarios were compared in terms of spinach
production and of total and scaled GHG emission intensities (e.g. yield scaled).
Eight fertilizing treatments were applied at a normalized input of 150 kg total N/ha: NOLI, inorganic NPK
fertilizer FU 15-15-15; LI-2, inorganic NPK slow release fertilizer ENTEC Nitrofoska® with DMPP; TP, binary
compost from biosolid-Phoenix dactylifera trunk; HP, binary compost from biosolid-Phoenix dactylifera leaf
pruning; JU, compost from urban xerogardening; VT vermicompost from cow manure; DI, agrifood
digestate; LO, biosolid. A treatment without any fertilization was used as control. Emission of GHGs were
sampled eleven times using gas pooling technique.
The results obtained showed a direct relationship between application of amendments and N₂O emissions,
except for VT and JU. Despite the intensive and irrigated production, N₂O emissions were low in all the
scenarios, with the highest Emission Factor (0.13% of total N applied) for LO treatment. Sink effect for CH₄
were observed in all treatments except control and soil amended with LO, probably associated to CH₄
oxidation, usually reported in calcareous semiarid soils. Cumulative CO₂ emissions were higher in all
scenarios, except for DI y NOLI, than in control plots. CO₂ emissions were highest in soils treated with LO
and the opposite was true for DI, probably due to its differential labile organic C contents. Punctual CO₂
fluxes did not reach more than 6 g C-CO₂ m-2 day-1, peak observed in day 40 after treatment application.
The fertilizing scenarios tested produced significant differences in GHG emissions without significant
variation on yield and crop quality in irrigated spinach under Mediterranean conditions, with some of the
organic-based treatments showing a positive dual effect on both production and mitigation capacities.
Financed by Ministry Economy & Competitiveness of Spain (AGL2013-41612-R) and European Regional
Development Funds (ERDF, ‘‘Una manera de hacer Europa’’).
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Winter oilseed rape (WOSR) can be cultivated for oil production and high protein animal feed. The crop
requires nitrogen (N) fertiliser rates in excess of 200kg N ha-1 which could increase nitrous oxide (N2O)
emissions and influence national GHG budgets considerably. This research focussed on the effect of
alternative cultivation techniques as strategies to mitigate N2O emissions from WOSR systems.
Alternative managements examined were: (i) conventional tillage (CT) and strip tillage (ST) at 0, 160, 240 &
320kgN ha-1, (ii) CT and minimum tillage (MT) at 125mm and 600mm row spacing and ST at 600mm row
spacing, (iii) CT and ST with canopy management (CM) and PGR and (iv) Two cultivars (Compass and Troy)
sown at 125mm & 750mm row spacing with 10 seeds m-2 & 60 seeds m-2. Direct N2O emissions were
measured by applying the closed chamber technique.
Across two seasons, EFs ranged from 0.27% to 0.71% in CT systems and 0.66% to 1.12% in ST systems;
within the IPCC default value range of 1% ±0.3-3.0. The lowest EFs were recorded for CT and ST at a 160kg N
ha-1 rate with values of 0.08% and 0.33% respectively. No significant differences in cumulative emissions
were found between CT, MT and ST systems or between 125mm and 600mm wide rows at equal N rates.
CM and PGR treatments exhibited similar emissions. When contrasting cultivars, Troy > Compass at each
level of row spacing/seed rate tested, but no significant differences were detected (P=0.1). Nitrous oxide
yield efficiency ranged from 0.14 – 1.05kg N2O-N t-1 seed for all experiments, with N rate significantly
affecting values relative to control treatments. An exponential regression was observed for the relationship
between N rate and N2O emissions (R2=0.63) across all experiments independent of cultivation technique.
CT achieves lower cumulative emissions and EFs compared to ST systems. Low N input in spring with
substantial crop biomass may reduce N2O emissions independent of soil tillage management. Controlling N
rate may be the most suitable N2O mitigation strategy for WOSR systems.
This work is funded by a Teagasc Walsh PhD fellowship. We acknowledge the entire support from Teagasc
Oakpark and UCD
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Background and Objectives
Globally, pressure to reduce the environmental impact of the dairy industry is increasing. Nitrogen (N)
excretion is important because it impacts both air and water quality. Diets promoting faecal N excretion at
the expense of urinary N are favourable because urinary N is easily lost as NH₃, N₂O to the atmosphere and
NO₃- leachate to water courses.
Materials and Methods
Forty-eight Holstein Friesian dairy cows were randomly assigned to one of four dietary treatments in a 2x2
factorial design. Cows were grazed as one group for 63d, with concentrates offered in-parlour. Concentrate
containing 35% by-products at 3kg/d (BP35-3kg) or 6kg/d (BP35-6kg) or concentrate containing 95% byproducts at 3kg/d (BP95-3kg) or 6kg/d (BP95-6kg) were fed. The by-products used were maize dried
distillers grains, palm kernel expeller and soybean hulls, included in equal proportions on a DM basis.
Results and Discussion
By-product inclusion level did not affect N intake (P=0.13) or the proportion of N excreted in the faeces
(P=0.62) or urine (P=0.19), as concentrates were formulated to be isonitrogenous and intakes were similar
between treatments. Cows consuming BP35 had a tendency towards a higher proportion of N in the milk
(+0.07, P=0.08) than those consuming BP95.
Cows consuming 6 kg of concentrate had a higher N intake (+0.08kg, P<0.01) and excreted a lower
proportion of N in the milk (-0.08, P=0.03) and faeces (-0.12, P<0.01) and a higher proportion in the urine
(+0.24, P<0.01) than cows consuming 3 kg of concentrate. The amount of N excreted in the faeces was not
increased at the higher feeding rate (P=0.77), and while there was a tendency towards a higher milk N level
(+0.01kg, P=0.06), most of the additional N consumed was partitioned to the urine (+0.07kg, P<0.01).
Conclusion
This experiment found that increasing by-products (soybean hulls, palm kernel expeller and dried distillers
grains) had no affect on the amount or pattern of N excreted. However, increasing feeding rate from 3 to
6kg/d led to higher urinary N excretion.
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Outdoor concrete farmyard surfaces account for approximately 6% of agricultural ammonia (NH3) emissions
in Ireland. This estimate is highly uncertain. Therefore more research is required in this area. This study
investigated the effect of dairy cow urine N loading rate and the effect of two mitigation options (cleaning
by pressure washing and scraping) on NH3 emissions from farmyard surfaces.
Three experiments were conducted on a beef handling yard with completely randomised block designs
(n=4). Experiment 1 consisted of 1kg dung applied with either (i) 0.67 ltr urine, (ii) 1 ltr urine or (iii) 2 ltr
urine. In experiment 2 and 3 the treatments were (i) non cleaned control, (ii) cleaned after 1hr and (iii)
cleaned after 3hr. The cleaning method in experiment 2 and 3 was pressure washing and scraping,
respectively. Ammonia emissions were measured using wind-tunnels for 72hr.
Ammonia emissions increased linearly with increasing urine N rate in Experiment 1 with emission factors
ranging from 46% to 50% of urine urea-N applied. In Experiment 2 and 3 the greatest reduction in
cumulative NH3 emissions was obtained from pressure washing at 1h which reduced emissions compared
to the non-cleaned control by 91%. Pressure washing at 3 hr reduced emissions by 80% while scraping after
1hr and 3hrs reduced emissions by 78% and 54%, respectively. The greater reduction in emissions
associated with pressure washing was most likely due to its better cleaning efficiency compared to scraping.
Emissions from the yard were rapid, therefore not only the method but the timing of cleaning was
important for reducing emissions. For example, a previous study found lower reduction efficiencies of 45%
and 23% after pressure washing and scraping, respectively, 6 hr after excreta deposition [1].
Both washing and scraping are effective mitigation options to reduce NH3 emissions from yard surfaces. The
interval between excreta deposition and cleaning is important. Farmers could be encouraged to pressure
wash their animal handling yards as soon as possible after use to reduce emissions and retain N in their
slurry.
Funding received from the Irish Department of Agriculture, Food and the Marine (RSF 13/S/430).Thanks to
Melina Ramos for conducting fieldwork.
[1] Misselbrook et al., 1998. Journal of Agricultural Engineering Research, 71, 127-135.
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The application of pig slurry (PS) to cereal as fertiliser is the most common recycling method in Catalonia
which concentrates 29% of the Spanish pig farms. Organic fertilisers can affect N2O emissions [1], however,
their effect on soil N2O emissions remains uncertain. A comparison of the effect of mineral nitrogen and PS
on greenhouse gas (GHG) emissions was performed.
An experiment was conducted in 2014 and 2015 in a commercial sprinkler irrigated maize field (Zea mays L.)
under Mediterranean conditions (Lleida (Spain)). The N fertilization treatments were 0, 50 m3 PS ha-1
applied at seeding with either 100 or 200 kg N ha-1 as ammonium nitrate (AN) topdress applied, and 250 kg
N ha-1 as AN topdress applied (without PS). The N2O, CO2 and CH4 emissions were measured with the
semi-static closed-chamber method and analysed using a photoacoustic analyser.
The highest N2O emissions came from the PS+100 kg N ha-1 treatment. Probably, due to a low Water Filled
Pore Space (WFPS) (24-73%) the highest dose of N (PS + 200 kg N ha-1) did not imply the highest N2O
emission [2]. The N losses (calculated as emission factor, EF) were 0.46% (PS+100), 0.07% (PS+200), -0.08%
(AN 250). The lowest cumulative CO2 emission came from the control and the highest cumulative CO2
emission came from the PS+100 kg N ha-1 treatment. The highest cumulative CH4 emission came from the
PS+200 treatment. The Global Warming Potential (GWP) was negative in 2014 and was positive in 2015 for
the most of treatments, except for the 250 kg N ha-1 treatment. The GHGI (Greenhouse Gas Intensity) was
negative for the all treatments in 2014 and positive for the most of them in 2015, except for the 250 kg N
ha-1 treatment.
The GHGI results show that the studied soil acted as a sink of GHG in 2014 and as a source in 2015.
Considering the "Climate Smart Agriculture" objective of maintaining a high yield together with keeping
GHG emissions under control, applying 250 kg N ha-1 was the best tested option.

[1] Aguilera, E., Lassaletta, L., Sanz-Cobena, A., Garnier, J. and Vallejo, A. 2013. Agriculture, Ecosystems &
Environment, 164, 32-52.
[2] Guardia, G., Abalos, D., García-Marco, S., Quemada, M., Alonso-Ayuso, M., Cárdenas, L.M., Dixon, E.R.
and Vallejo, A. 2016. Biogeosciences, 13, 5245-5257.
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Nitrogen can be lost from farms as NH₃, N₂O and NO₃-, causing damage to the wider environment. In
Ireland, the number of dairy cows in 2015 was 1.3 times that of 2005, resulting in a greater portion of N
emissions being attributed to the dairy herd. This abstract focuses on dietary strategies that improve N
efficiency in the dairy cow.
Studies from the UK and Ireland were reviewed. Cows on the experiments ranged from 35 to 176 days in
milk and were offered either pasture based or mixed ration (TMR) type diets. Pasture fed cows were offered
predominantly perennial ryegrass based pasture with different concentrate types or grass cultivars
evaluated for their effect on N efficiency (ENU). For cows offered TMR, forage source (maize vs. grass
silage), starch and protein levels were evaluated for their effect on ENU.
For the grass based studies, N intake ranged from 0.28kg/day (Miller et al., 2001) to 0.65kg/day (Burke et
al., 2008). These N intakes corresponded to the highest and lowest ENU within the perennial ryegrass based
studies (0.30 and 0.20). However, there was little relationship between N intake and ENU in the pasture
based studies. Amongst the TMR fed cows, N intake ranged from 0.38kg/day (Whelan et al., 2014) to
0.68kg/day (Sinclair et al., 2016), corresponding to ENU of 0.37 and 0.31 respectively. The lowest ENU (0.24)
was observed in Whelan et al. (2011) where cows consumed 0.42kg N/day. This was 1.3 times greater than
the cow’s requirement for intestinally digestible protein, resulting in the excess protein being excreted in
the urine. For all studies, differences in the stage of lactation, forage N content and concentrates offered
(level/ type), were key drivers of ENU in the dairy cows examined.
The literature suggests that improvements in ENU can be achieved, regardless of dairy feeding system. For
pasture based diets, reducing concentrate N content and matching fermentable energy with rumen
available N are important in improving ENU. In the TMR fed animal, replacing grass silage with maize silage
consistently improves ENU.
Burke, F., Murphy J., et al., Journal of Dairy Science, 90, 908-917
Miller, L., Moorby, J., et al., Grass and Forage Science, 56, 383-394
Sinclair, K., Homer, E., et al., AHDB Dairy end of project report
Whelan, S., Mulligan F., et al. Journal of Dairy Science, 97, 7220–7224
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The aim of the study was to investigate quality of four different kinds of composts. The following types of
compost were chosen: sewage sludge, green waste, mixed municipal waste compost and compost after
biological - mechanical separation. Depending on the materials used and the composting process, composts
are not only rich in nutrients, beneficial for soil, but also contain pollutants.
Dry and organic matters were determined using gravimetric method. PHH2O was measured by a combined
electrode, electrical conductivity measured with conductivity meter. Total nitrogen - by a Kjeldahl nitrogen
distiller. Total phosphorus-by an atomic emission spectrometry method, total potassium - by flame
photometry. Heavy metals were determined in aqua regia by using the atomic-emission spectrometer
Optima 2100 DV, Perkin Elmer. PAHs were investigated using liquid chromatography with UV detector, PCBs
by means GC-ECD method.
Composts with high nutritional value and low amount of contaminants could be used in agriculture. It was
determined that amount of NPK and different pollutants depends on materials used for making compost. To
evaluate quality and assess risk of amount of heavy metals in composts the ratio of heavy metals and
amount of phosphorus was calculated (Cd/P, Pb/P, Ni/P, Cr/P). It was compared with the same rates of
phosphoric fertilizers. Also in this research work the amounts of persistent organic pollutants (PAHs, PCBs)
were investigated. Total amount of PAH in investigated composts varied from 0.77 mg/kg in sewage sludge
compost 2016 sample to 14.87 mg/kg in mix municipal waste 2015 sample. According to experiment results
most contaminated of PCBs compost in Lithuania is mixed municipal waste compost.
In conclusion, quality of composts prepared from biodegradable waste in Lithuania is getting better. We
recommended that contamination of compost should not exceed 4 mg/kg (d.w.) for PAHs and 0.2 mg/kg
(d.w) for PCBs. Get results show that the most suitable compost to use in agriculture is green waste
compost.
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Application of organic matter in soil provides available nitrogen for crops and increase soil carbon stocks. Its
effect can be evaluated by standardized approaches of carbon and nitrogen mineralization during soil
incubation in laboratory conditions [1]. Our aim was to characterize the evolution of microbial status of soil
during cold storage, and evaluate the impact on C and N mineralization.
Cultivated loamy clay soil was collected in spring 2014, sieved at 4 mm, stabilized during 7 days at room
temperature (C0), then stored at 4°C during 1 (C1), 6 (C6) and 12 (C12) months.
Soil microbial activity was evaluated by: microbial biomass carbon, total ergosterol, DNA (total, 16S, 18S), βGlucosidase, arylamidase and metabolic profile. C and N mineralization of cattle manure and urban sewage
sludge were measured during the 175 days laboratory incubation at 28°C for the four storage modalities.
Soil microbial communities’ composition was impacted by storage. Measured biological parameters,
describing both abundance, metabolic diversity and enzymatic activities, strongly decreased after 6 months
of storage. Some of the parameters showed a resilience during the last 6 months (C12) and present values
close to those observed at C0.
No significant changes were observed for mineralized C until C6. However, a lag phase of 3 and 5 days were
observed for C6 and C12, respectively. During the first two weeks, C mineralization was lower in C12, then it
reversed and was higher at the end. This effect was less pronounced in the soil with urban sludge.
Concerning N mineralization, kinetics were affected by soil storage. It had no consequence on the final
amount of mineralized nitrogen in urban sludge treatment. Nevertheless, for manure, the amount of
available nitrogen after 175 days of incubation was significantly higher in C1.
Soil storage affects microbial abundance and functions especially after more than 6 months storage. These
changes have limited consequences on the C mineralization estimation of exogeneous organic matter,
probably due to high functional redundancy of soil microbes. N mineralization prediction seems to be more
affected and would require further investigations.
[1] AFNOR, 2009. Norme XPU 44-163. Amendements organiques. Caractérisation de la matière organique
par la minéralisation potentielle du carbone et de l’azote.
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Under the EU Nitrates Directive it is prohibited to spread slurry in Ireland from the 15th October to 12th
January (closed period) to reduce nutrient loss to water. The objective of this study was to investigate the
effect of applying cattle slurry just before and within the closed period across different soil types on nutrient
loss to groundwater.
This experiment was conducted on a lysimeter facility [1] and had a completely randomized design with five
soil types and three slurry treatments (n=3). Soils varied from light to heavy as follows: Oak Park, Clonroche,
Elton, Rathangan and Castlecomer. The slurry treatments were (i) control, no slurry applied (ctrl), (ii) slurry
applied (33m3/ha) on the closed period deadline (15th Oct:ClosingDate), (iii) slurry applied (33m3/ha) in the
closed period (23rd Nov:ClosedPeriod). Leachate was analyzed up to 9th May for nutrient concentrations.
Cumulative nitrate-N leaching ranged from 0.38 to 47.26 kg N/ha and was higher (P<0.001) on the
intermediate and well drained soils (Elton, Clonroche and Oakpark) compared to the poorly drained soils
(Castlecomer and Rathagan). Nitrate leaching on the ‘ClosingDate’ and ‘ClosedPeriod’ slurry treatments
were similar and higher (P<0.001) than the control. Total phosphorus (TP) leached from poorly drained soils
was higher (0.24 to 1.60 kg TP/ha) than values leached from intermediate and well drained soils (0.003 to
0.13 kg TP/ha). From the poorly drained soils, the ‘ClosedPeriod’ slurry treatment recorded significantly
higher TP loss compared to the control and ‘ClosingDate’ treatments. No significant difference in TP losses
were found between slurry treatments on the intermediate and well drained soils (Elton, Clonroche and
Oakpark). Further work is underway to investigate differences in TP losses due to soil chemistry among soil
types.
Slurry spreading in late autumn/winter period resulted in elevated nitrate leaching regardless of the timing
of slurry application and was more prone in free draining soils. The effect of slurry spreading in late
autumn/early winter on TP leaching depended on soil type.
The authors thank John Murphy and Francesca Reville for conducting field work within this study.
[1] Ryan and Fanning 2004. Irish Geography 29, 126-136
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It has been demonstrated that the addition of spent coffee grounds (SCG) modify some soil properties and
provide macro- and micronutrients in tropical soils and substrata for cultivation [1]. The objective is to verify
the effect of the addition of increasing doses of SCG on chemical and physicochemical properties of an
agricultural Mediterranean soil.
The in vitro assay was performed with Lactuca sativa var. longifolia in a Typic Calcixerept. The SCG were
added in increasing concentrations: 1, 2, 2.5, 5, 7.5, 10, 12.5 and 15%. The samples were cultivated for 60
days in a climatic chamber (Temperature 22/18ºC and Humidity 50/60%). In soil-SCG mixtures the following
chemical and physicochemical properties were analyzed: pH, electrical conductivity at 25ºC (EC25), SOC,
total N, C/N ratio, available P and K.
SCG have more acidic pH, higher EC25, higher amounts of organic matter (with C/N of 32), N, P, K, than the
soil tested. Accordingly, the addition of SCG modified the soil properties in proportion to the quantities
added. pH increased in line with cultivation time due to the buffering capacity of the soils. There was also an
increase of N and SOC, and consequently of the C/N ratio, during cultivation time. This increase could be
attributed to the insoluble N and CO generated during SCG transformation in the soil [2]. On the other hand,
The EC25 and the content of P and K available decreased during cultivation time, which could be attributed
to the plant’s absorption activity, since the pots used in the experiment do not lose ions by leaching.
Another hypothesis not tested would be the retrogradation of K and P.
SCG could improve the chemical fertility of agricultural Mediterranean soils due to its higher contents of N,
P and K. The addition of SCG increases the content of SOC which is of environmental interest with regard to
carbon capture and the concomitant reduction of CO2 emissions into the atmosphere.
Supported by project AGL2014-53895-R from the Spanish Ministry of Economy and Competitiveness and by
the European Regional Development Fund (FEDER)
[1] Cruz, R., Mendes, E., Torrinha, Á., Morais, S., Pereira, J.A., Baptista, P., Casal, S., 2015. Food Res. Int, 73,
190–196.
[2] Yamane, K., Kono, M., Fukunaga, T., Iwai, K., Sekine, R., 2014. Plant Prod. Sci, 17, 93–102.
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The use of anaerobic digestates (ADs) as fertiliser has increased. Environmental impacts associated with ADs
include soil and ground water contamination [1]. Evaluating the concentrations and limits of potentially
toxic elements (PTEs) in the ADs is important to prevent the associated risks. This study analysed the
concentrations of PTEs in a set of ADs from Ireland and UK.
ADs samples from six Irish and five UK anaerobic digestion facilities produced using different types of
feedstock (food, farm and industry wastes, sewage sludge, and cultivated grasses) were collected in
triplicate. Samples were subjected to acid digestion in aqua regia, then digested samples were analysed
using ICP-OES (Inductively Coupled Plasma-Optical Emission Spectrometry) according to CEN/TS 16170 [2].
The following PTEs were analysed: Cu, Cr, Zn, Pb, Cd, and Ni.
PTE average concentrations (mg/kg-1) in the ADs were (Cu= 152; Cr= 19; Zn= 508; Pb= 175; Cd= not
detected; Ni= 14). The average concentrations of Zn and Pb for all ADs exceeded the recommend limits (397
and 149 mg/kg-1, respectively) set by the Irish Bioenergy Association (IrBEA) [3], which are based on EU
water and waste directives. The average result of Cu for all ADs was very close to the limit recommended
(149 mg/kg-1) due to three Irish and one UK ADs presenting considerably higher concentrations than
recommended. The maximum value detected (Cu=339 mg/kg-1) was in an Irish sewage sludge AD, which
contained more than double the recommended limit. Cd, which has the lowest limit value (1.3 mg/ kg-1),
was not detected in any ADs analysed. PTEs concentration among different types of ADs differed
substantially.
For most of the ADs analysed, PTE concentrations were within or close to the limits recommended by IrBEA.
However, it is clear that large differences in terms of PTE concentrations can occur among different types of
ADs, which requires individual characterisation of them prior any environmental use (e.g. land spreading).
Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPq), Waterford Institute of Technology,
and ADs suppliers.
[1] Nkoa, R. 2014. Agronomy Sustainable Dev. 34, 473-492
[2] CEN/TS 16170. 2012. Sludge, treated biowaste and soil – determination of elements using inductively
coupled plasma optical emission spectrometry (ICP-OES).
[3] Irish Bioenergy Association (IrBEA). 2013. An Industry Standard for Anaerobic Digestion Digestate.
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Background & Objectives
Regulation of manure application in autumn due to risk for leaching can be problematic for manure rich in
straw that could be unbeneficial for the crop to apply close to sowing and on clay soils that cannot be
ploughed in spring. The risk for leaching is likely to differ between different on soil texture and manure
characteristics.
Materials & Methods
Nitrogen leaching effects were measured from 80 cm deep lysimeters after application of manure with high
or low Carbon:Nitrogen ratio (C:N=18 or 10) in October, November or March on loamy sand or silty clay
before sowing spring oats (2014 and 2016) or spring barley (2015). In parallel field experiments effects on
ammonia emissions and yield was measured. In parallel incubations, net nitrogen mineralization depending
on manure C:N ratio was studied.
Results & Discussion
Nitrogen leaching was not affected by timing of manure application, when manure C:N ratio was 18.
However, when C:N ratio was 10, nitrogen leaching was elevated with around 10 kg N per ha after manure
application in October compared to November and March. The grain yield was similar between application
times of manure, but tended to be lower after application of manure with high C:N ratio in March and after
application of manure in November on clay soil. Ammonia emissions were on average higher after
application in October when air temperature was around 12°C compared to in November and March when
air temperature was 5°C. Incubation results indicated that only manure with C:N ratio below 14 tended to
release enough mineral N to be considered as risk for leaching during the first months after application.
Conclusion
Nitrogen leaching after application of manure was unaffected by time for application for manure with high
(>14) C:N ratio, whereas for manure with low C:N ratio (<14) application in
October caused higher N leaching than application in November and March.
Acknowledgement
This study was financed by the Swedish Research Council FORMAS.
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Nitrate (NO₃-) leaching from farmland remains the predominant source of nitrogen (N) loads to ground- and
surface waters. As residual soil mineral N (RSMN) content at harvest is often high and may increase by
mineralisation from crop residues and soil organic matter, it is critical to understand which post-harvest
management measures can be taken to restrict NO₃- leaching.
We simulated “worst-case” and alternative post-harvest management scenarios with the EU-rotate_N
model [1]. The simulations started at a given RSMN content after applying the Flemish maximum allowed N
fertilisation rates. Monte Carlo simulation were performed to assess the combined effect of variability in
RSMN and weather conditions on NO₃- leaching [2]. We evaluated the different scenarios by comparing the
mean NO₃- concentration after dividing the simulated NO₃- concentration at 90 cm by various values to
include natural attenuation processes [3].
Monte Carlo simulations showed that RSMN and attenuated mean NO₃- concentration (ANCatt) were
positively correlated for most scenarios and that the variability in ANCatt due to different weather
conditions increased with higher RSMN. In the worst-case scenarios, the simulated ANCatt was lowest for
cut grassland, intermediate for winter wheat, sugar beet and silage maize and highest for potatoes and
lower for a silt loam than sandy soil. All of the simulated measures (catch or cash crop and crop residue
management) significantly reduced the NO₃- concentration in the leaching water. For crops which are
harvested late, the potential management measures are limited. Especially potatoes are a problem crop
because of the high RSMN values. Undersowing grass in silage maize and removing N rich crop residues are
promising options. The number of scenarios with an ANCatt complying with the Nitrates Directive depends
on the local attenuation factor [2].
The NO₃- concentration was significantly reduced by the simulated measures. Regions with a small
attenuation factor will require site specific plans with preconditions for specific crops or adaptation of crop
rotations. A well-balanced crop combination on a subcatchment level is essential to achieve good groundand surface water quality.
Karoline D'Haene wishes to acknowledge VLM for funding her research for the Research and Extension
Advisory Board on Sustainable Fertilisation.
[1] Rahn, C.R. et al. 2010. European Journal of Horticultural Science 75S, 20-32
[2] De Waele, J. et al. 2017. Journal of Environmental Management 187, 513-526
[3] Van Overtveld, K. et al. 2011. Determination of process factors for surface water and groundwater to
evaluate the nitrate residue standard, Heverlee
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An agricultural liming material is defined as a material containing calcium and/or magnesium compounds
capable of neutralizing soil acidity. Nowadays it’s important to find the best way how to use industrial
waste. Cement kiln dust can be used as liming material. The objective of the present study was to assess
different liming materials quality and the impact on neutralizing soil.
For the experiment we used five different liming materials: ground chalk, dolomitic lime, granulated cement
dust (two different fractions) and granulated chalk. Was analyzed chemical composition: neutralizing value,
reactivity, heavy metals, calcium, magnesium. Calcium and magnesium contents were determined using
Atomic absorption spectrometric method. To assess the impact of neutralizing soil was conducted the pots
experiment. The soil used in pots experiment was typical of acid soils prevalent in West Lithuania. Also was
analyzed soil pH, mobile calcium and magnesium.
The two factors affecting the quality of liming materials are chemical composition and physical properties.
The studies show that the highest neutralizing value 99,46 %, 99,27 % and reactivity 52,19 %, 47,81% have
ground and granulated chalk. The calcium content in different liming materials were from 20,48 % to 38,82
%. However, the effectiveness of a liming material also depends on its reactivity, which depends on particle
size and hardness. A ground chalk containing a range of particle sizes has the advantage that small particles
rapidly react to raise the soil pH, granulated cement dust 0,1 - 2 fraction -the medium sized particles will
react longer, and the liming material (granulated cement dust 2-5 fraction), which have the large particles
will neutralize acidity over the longer term. This is confirmed by the pots experiment. Granulated chalk and
ground chalk gave higher pH values than granulated cement dust and dolomitic lime.
In conclusion, results showed that liming materials (ground and granulated chalk) raised soil pH value the
most in short term, however granulated cement kiln dust reacted longer but can be used as alternative long
term liming material for agricultural soils.
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Slurry reservoirs should be impermeable to prevent leaching of harmful substances to groundwater.
Possible crack formation in older reservoirs without impermeable liners such as geotextiles or clay is a real
risk. The aim of study was to evaluate slurry penetration through the sand column simulating extremely
permeable soil and to determine self-sealing ability of slurry and degree of nutrient leaching.
A model experiment for determination of leaching of slurry was carried out under laboratory condition. The
pressurised cylinder was used for experiments [1]. The cattle slurry of 3 %, 4 %, 5 %, 6,5 % and 8 % DM was
used for simulation of different slurry dilution or thickening. The leaked liquid was regularly collected at
least two times a day and weighed. Subsequently the N, P and K content in the liquid was determined by
means of ICP-OES analyser.
The amount and dynamics of slurry penetrating the sand substrate were inversely related to the DM of
tested slurry. In all cases, the leak of slurry through substrate was the greatest immediately after the start of
the experiment and decreased with time. The nutrient concentrations in leaked liquid (0.03-0.06 % N)
increased with increasing DM of the slurry which entered the column (0.08-0.30 % N). The total amount of
leached nutrients decreased with increasing slurry DM due to decreasing total amount of slurry capable to
pass through the column. The “cake” of solid particles from the slurry was created after 24-48 hours from
the beginning of the experiment. This resulted in sealing the route for penetration of slurry and further leak
of liquid and nutrients was not observed. Therefore, in an emergency situation, the risk of ground water
contamination is minimized and certain time for reservoir reconstruction is available.
The simulated slurry leakage through reservoir crack deep into soil profile stopped after 24-48 hours,
despite of extremely permeable soil simulated by sandy substrate representing the worst possible
emergency situation. The risk of ground water contamination by nutrients is significantly reduced.
This research was funded by National Agency for Agricultural Research of Czech Republic No. QJ1330214
[1] Vegricht, J. 2016. A device for detecting leakage of liquid through permeable substrate. Utility model.
Czech Intellectual Property Office, CZ 29190 U1.
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Laboratory studies of bio-transformation of organic products incorporated in the soil are usually carried out
on samples of products dried at 40°C. Drying, however, can introduce a bias in organic matter
characterization: e.g. due to gaseous losses or chemical and biological transformations. Litter bag
experiments involving organic matter (OM) characterization by transmission electronic microscopy (TEM)
attempted to identify these modifications.
Litter bags containing fresh or dried (40°C) cattle farmyard manure (FYM) were placed in 2 L flasks filled with
500 g of moist soil (85% of field capacity) and incubated at 15°C. They were sampled at 6 dates from days 7
to 301 of incubation, then dried at 40°C and ground for C and N analysis. Initial and incubated products
were carefully sampled with a binocular magnifying glass. Sub-samples were prepared for characterization
by TEM [1].
OM biodegradation followed a 2-step kinetic, with an inflection point corresponding to a strong decrease in
biodegradation after day 28 of incubation. Biodegradation of fresh FYM was significantly higher during the
first phase [0-28 d]. The biodegradation rate of fresh FYM remained higher than that of dried FYM at the
end of incubation, but with a smaller difference between the two products.
TEM observations highlighted clear differences between fresh and dried (40°C) cattle FYM. While dried FYM
showed numerous features of lignin degradation due to significant colonization by fungi during drying, fresh
FYM contained more bacteria showing cellulolytic activity. This observed priming effect occurred during the
first step of kinetic biodegradation. C mineralization and TEM results were related as a function of the
sampling dates.
The approach used allowed specification during a litter bag experiment of (i) the impact of drying on
mineralization dynamics of a product and (ii) OM transformation in relation to microbial activity. This
information complements information from OM fractionation.
This research was funded by the AllEnvi Alliance. The authors thank Justine Paoli (UL, SCME) for preparing
ultra-thin sections.
[1]Watteau, F. and Villemin, G. 2011. Bioresource Technology, 102, 9313-9317
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In the olive oil extraction process two classes of by-products are generated: a semi-solid organic paste and a
liquid coming from the washing water of oils and olives, which is obligatorily stored in evaporation ponds
due to its composition. To assess agricultural use of olive mill wastewater (OMW), five experimental fields
were irrigated with these effluents.
Four evaporation ponds were sampled during lagooning period and some chemical parameters analysed.
Three olive orchards and two herbaceous fields were irrigated with 250 m³/ha/yr of OMW using slurry
tankers, at least 45 days before sowing on herbaceous. This volume was modified in olive orchard
depending on the planting pattern. In all cases 2400 L/tree of OMW was used, through three irrigations of
800 L/tree each. Soil parameters were also measured and the productions compared to a control without
irrigation.
The evolution of studied elements concentrations in evaporation ponds were increasing during lagoonig
period, since the OMW volume decreased due to high evaporation rate and rainfall scarce in summer. The
increase of salinity was mainly caused by the high concentration of potassium (K) instead of sodium, which
improves its use as fertilizer.
The soil organic carbon and K analysed in soil samples were higher in the irrigated area after the irrigations
than in the control. This improved the soil fertility but, due to the high variability recorded inter-tree and
inter-year, no significant differences were observed in olive production in just two years of research. On the
herbaceous fields, sunflower production was not increased, while production of wheat was significantly
higher in the irrigation area. Only one irrigation day with 250 m³/ha improved the wheat yield up to 25%
regarding the control.
Regarding the results of this study, the OMW can represent a suitable option to enrich agricultural soils. Its
application by irrigation improves soil fertility. In general terms, the cereals provide a faster feedback to
irrigation than olive orchard or sunflower, the wheat of the experiment reached statistically higher
production.
To “Interprofesional del Aceite de Oliva Español” for its financial support and olive cooperatives and farmers
involved in this project.
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This project was initiated to study, under the same soil and climatic conditions, the fertilizer value of pig
slurry, cattle slurry and poultry manure as well as the associated environmental risks. In this particular
study, we evaluated the impact of repeated application of various manure types on the availability of trace
metals.
Two fields (silty clay; sandy loam) were divided into 60 plots according to a split-split-plot design with three
replicates near Québec City, eastern Canada. The main plots consisted of tillage: no-till vs. plowing. The subplots were the fertilizer treatments: control, mineral fertilization, pig slurry, cattle slurry and poultry
manure. The sub-sub-plots involved residue management: left in the field or removed. Soils were sampled
annually from 2009 to 2016 to monitor total and available forms of trace metal (Cu, Mn, Zn).
The mean concentration of total Cu, Mn, and Zn was 12, 186, and 54 mg kg-1 after 5 yr of repeated
application of pig, cattle and poultry manure, respectively. This resulted in increases of 25, 15 and 11%,
respectively, compared to the beginning of the study. Total concentrations of Cu, Mn, and Zn in the silty clay
were higher in the cattle slurry and the poultry manure treatments, when the residues were removed from
the plots either under no-till or plowing. The reverse was observed for the pig slurry treatment in the no-till
plots. Similar results were found in the sandy loam, but the effects were less pronounced. Crop residues
returned to the soil may have acted as an adsorbent for metals since the concentrations in soil were lower
compared soils where residues were removed. Similar results were observed with available forms of metals.
Globally, leaving crop residues in the field appears to lower metal accumulation in soils, especially in clayey
soils. These results highlight how management practices may interact and influence the accumulation and
availability of trace metals in soils with repeated application of livestock manure.
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Risks related to nutrient leaching from stored manure into soil, consequently to ground water and
thereafter to surface water exist during farmyard manure storage, especially on disposal sites in the field
[1]. The aim was to determine effects of different amount of litter on the nutrient leaching and to give
information to farmers about the best practices for manure storage.
The field experiment on 4 disposal sites with cattle farmyard manure was established on sloping land (about
3°). The effect of increased litter (wheat straw) amount on the nutrient content in manure and in the soil
around disposal site was investigated. The manure was analysed for nutrient content at the beginning of the
experiment and after one year of manure storage. The soil samples in place of dung water outflow were
regularly collected and analysed during the manure storage.
Farmyard manure maturated during the storage at the field disposal site. After one year of manure storage
on field place, initial lower nutrient contents in fresh manure with higher litter amount increased and were
comparable with lower litter dose for bedding. The percentage of nutrient contents in manure increased at
the end of experiment, mainly due to evaporation and weight losses. The highest nutrient contents were
found in the manure with the highest litter amount after one year of experiment. An evident reduction of
the inorganic N content in soil at the place of dung water runoff was recorded at the highest litter amount.
The inorganic N content in the subsoil was on average 4 times lower in treatment with 8 kg straw/LU/day
than that of the other treatments. These results correspond with data of an experiment with dung water
runoff from experimental manure-filled containers with various litter amount [2].
Higher amount of litter used in the stable has a positive effect on the nutrient content in farmyard manure.
The most substantial reduction of dung water runoff from the manure disposal site was found at bedding
with 8 kg of straw/ LU/day.
This research was funded by National Agency for Agricultural Research of Czech Republic No. QJ1330214
[1] Svoboda, P. 2011. Úroda (CD), 59, 431-434.
[2] Svoboda, P. & Mühlbachová, G. 2015. Úroda (CD), 63, 323-326.
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Faced with the need to reduce the use of chemical fertilizers, spreading of exogenous organic material
(EOM) provides nutrients for crops and improving soil fertility depending on their biochemical composition.
Our aim was to study the biochemical composition of EOM according to different methods, to predict their
behavior in soil and determine appropriate management of these EOM.
Six organic amendments (urban sludge, household compost, poultry manure, sludge compost, dry digestat,
mature cattle manure) were characterized according their i) thermal decomposition by thermogravimetric
analysis (TG-DSC) in oxidizing atmosphere between 23-900◦C, and by stability index R1 (% Masse loss of
aromatic peak/% Masse loss of aliphatic peak) (ii) biological stability, IROC indicator [1], based on Van Soest
biochemical fractionation [2] and short-term carbon mineralization in soil [3] and iii) FT-IR spectroscopy
(wave number range 4000–400 cm-1).
The six EOM present different TG weight loss curves (WL%). Total WL of organic matter fraction ranged
from 40% (sludge compost) to 72% (poultry manure). The first derivative of the TG trace (DTG) profile
clearly differentiated two exothermal peaks: 268-300°C and 441-497°C which respectively, could be
attributed to carbohydrates (cellulose and lignocellulosic) and recalcitrant (complex aromatic) compounds
decomposition. The R1 index showed a good sensitivity in detecting the changes in the forms of carbon
composition. Urban sludge, household compost and poultry manure were more biodegradable (R1<0.8) and
have low lignin content, contrary to sludge compost, dry digestat and mature cattle manure which were
thermally more stable with a having 2 times more of lignin content. These results were globally consistent
with values of IROC. The FT-IR spectra also allows to discriminate the different EOM.
These results indicate that thermogravimetric and FT-IR spectra analysis are consistent with the IROC
indicator that could be consider as reference but the techniques are much more easier to set up. As a
perspective, these approach could be compared with sequential chemical extractions coupling with 3D
fluorescence spectroscopy.
[1] Lashermes, G., Nicolardot, B., Parnaudeau, V., Thuriès, L., Chaussod, R., Guillotin, M.L., Linères, M., Mary,
B., Metzger, L., Morvan, T., Tricaud, A., Villette, C., Houot, S. 2009. European Journal of Soil Science, 60, 297310.
[2] AFNOR, 2009. Norme XPU 44-162.
[3] AFNOR, 2009. Norme XPU 44-163.
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The evident intensification of dairy production systems in Argentina allowed for the improvement of milk
production, but increased wastewater. In Europe, that process has had a major adverse environmental
effect [1]. The aim of this study was to identify current dairy effluent management in farms in Argentina and
to evaluate the relationships between water use, inputs and the practices implemented.
The present work arises from the analysis of the information obtained through surveys when visiting 114
dairy farms located in the Argentine Pampas during 2014-2015. The questionnaire covered all aspects
related to manure and slurry management, inputs, diet, animals, water use and milking facilities. Indicators
were applied to determine the efficiency of nutrients and water use at farm scale [1], [2]. The relations
between variables were analyzed with FactoMineR (R package) through the multiple correspondences
procedure.
The farms with dairy effluent management represent 76% of the total cases. The 33% have a temporary
storage and then distribute it with a slurry tanker and the remaining 67% have storage lagoons (66% one
lagoon and 34% two or three). Of these, 88% are located less than 100 meters from the milking facilities.
Regarding the separation of solids, previous storage in lagoons, only 13% responded affirmatively. Although
there were few producers that perform solid separation, 80% mentioned the use of manure as fertilizer. On
the other hand, the 67% of all the dairy producers interviewed carried out some manure management of
the pens. Four clusters were identified according to their management practices. The less productive farms
were those with older facilities, higher water consumption and poorer effluent management. In contrast,
those who had higher productivity, presented greater inputs, better practices of manure management and
water use.
Dairy farm effluent management is still a pending issue in Argentina. In light of the new regulations and
other countries‘ experiences, there is a need for improving knowledge and technology transfer and
identifying limitations to its adoption. The information collected can be used to define research topics and
management strategies.
We thank INTA project “Dairy Systems Sustainability” and the survey takers. Thanks to Antonela Falchini to
collaborate in the edition.
[1] Martinez, J., Dabert, P., Barrington, S. and Burton C. 2009. Bioresour Technol 100, 22, 5527–5536
[2] Prochnow, A., Drastig, K., Klauss, H. and Berg, W. 2012. Food and Energy Security 1, 1, 29-46
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In Argentina there is a growing interest in dairy slurry application on crops. However, salty groundwater
used in milking facilities ends up in slurry [1], which may cause problems associated to their sporadic use.
The objective was to evaluate the effects of different salinity dairy slurry in seedling stage of annual grasses,
to improve farmers´ utilization in salty groundwater areas.
Early growth phytotoxicity bioassay protocol for contaminated soils [2] for 22 days, was used in Avena
sativa, Lolium multiflorum, Zea mais, and Sorghum vulgare, in a Factorial design (n=4), 2x5: %DM (0;5) and
electrical conductivity (EC: 0, 5, 10, 15, 20mS*cm-1). Milking facility manure was collected, and deionized
water and sodium chloride were added to prepare Slurry solutions (TrSn). Seedling root and shoot lengths
(mm) were measured and shoot-root ratio (SRR) calculated. ANOVA and multiple comparisons (Bonferroni
method) were performed.
No interaction between %DM and EC were detected for root length (RL) (p>0.05). In all species, RL was
affected by EC, whereas it was only affected by %DM in Sorghum vulgare (SV) and Zea mais (ZM) (p>0.05). A
decrease in RL was observed in all species, with the greatest impact on Avena sativa (AS) (70%), followed by
ZM (63%), Lolium multiflorum (LM: 42%), and SV (27%). The impact of %DM on RL varied, being shorter in
5%DM in SV (25%) and longer for ZM (10%).
The shoot-root ratio (SRR) varies greatly among species. Whereas in LM, no significant differences were
detected (p>0.05), interaction between %DM and EC were detected in AS and ZM, and in SV significant
differences were found for %DM and EC separately. These differences may be due to releases ammonia
from mineralization during the first days of slurry application that could affect the seedling stage [3].
High salinity in slurry affected root growth which could affect later stages of growth. Grasses show different
sensitibity during this stage. It is important to further study the impacts during more advanced plant stages
and with different doses of slurry application, and long term effects on soil from applications.
To the financial support from the UBACYT Program, project 498BA-2014-2017 from the Universidad de
Buenos Aires
[1] HERRERO, M.A., 2014. PHD Thesis, 40-190
[2] ENVIROMENTAL TECHNOLOGY CENTRE (ETC), Environment Canada Report, 2005. EPS1/RM/45.131p.
[3] RIVERO, G.; GALIZIO, R.; MUGNOLO, A.; MESTELAN, S.; LETT, L. 2015. Horticultura Argentina 34, 5-13
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S. Poster Presenations - 5. Adoption and Impact
To assess manure and organic residues management and its strengths and weaknesses, a holistic view at
the national or/and regional level is important. This requires structural data and information on common
current management practice, nutrient flows, the relevant policy and economic framework etc. The
RAMIRAN task group "Country manure management profiles" is compiling such information for different
countries.
The compilation of a country manure management profile has to work with the information in a country
that is readily available or collectable with existing capacities. A combination of data from statistics or
recent representative surveys, experiences of practice orientated projects and expert knowledge is usually a
promising approach. For this, it is important that experts from different fields work together in
interdisciplinary national teams. These national teams exchange experience and knowledge in the
framework of the RAMIRAN task group.
An example of a rather detailed country manure management profile was presented for Switzerland at the
RAMIRAN 2015 conference [1]. An overview of the situation in France is presented by Loyon today [2] (in
these proceedings). Work is also ongoing or planned for the near future for the UK, Portugal, Spain, Italy,
Denmark and Austria. Existing survey and project results can be used in Austria, Italy, Spain and the UK. A
detailed survey using a questionnaire is being prepared in Denmark and proposals for project support have
been submitted in Portugal and Denmark. Although the new country manure management profiles will not
be finished for RAMIRAN 2017, it will be possible to give an overview of the state of the work and
experiences gained and recommendations derived from them and to discuss how to continue and finish the
work until RAMIRAN 2019 and communicate it to a wider audience.
Although it is not realistic to provide detailed but highly standardized country manure management profiles
across Europe, RAMIRAN provides an ideal platform to initiate such work in many countries, to link national
expert groups and to eventually provide an integrated European overview. You are invited to join the task
group!
[1] Menzi, H., Kupper, T., Richner, W. and Spiess, E. 2015. Country manure management Profile:
Switzerland. Proc. Ramiran 2015
[2] Loyon, L. 2017. Manure management in France: a review of current data available for poultry, cattle and
pig production. Proc. RAMIRAN 2017, https://www.ramiran2017.com
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The possible uses of technological waters from stables on agricultural land
Dr Gabriela Mühlbachova1, Mr Pavel Svoboda1, Mr Jan Klír1
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S. Poster Presenations - 5. Adoption and Impact
Technological waters (TW) are created in animal husbandry process in direct connection with daily
production processes [1] and may represent an additional source of nutrients available for crop fertilization.
The aim of the experiment was to evaluate effects of application of technological waters on the growth and
nutrient uptake by perennial ryegrass as well as on soil microbial activities.
The pot experiment was carried out for 112 days. Doses of TW applied at 1 or 2 week intervals were 10, 20
and 40 t/ha. The yields of two harvests of ryegrass and N, P and K content in plants were determined after
digestion in H2SO4 and H2O2. The incubation experiment with the doses of technological waters 5, 10, 20
and 40 t/ha was carried out to determine soil microbial biomass C [2] and respiratory activity [3].
The plant weight decreased at lower TW doses in comparison with control. An increase of the ryegrass yield
was noted at the highest rate 40 t/ha of TW. The yield in the second harvest was commonly low, but after
TW application generally not lower than in the control. The highest yield was obtained at a dose 40 t/ha of
TW. Nutrient uptake by ryegrass affected by application of TW showed two different trends. It tended to
decrease at the first harvest and to increase after the second harvest, in comparison with control. The
results showed possible negative effects of TW on the plant growth and nutrient uptake in the first part of
the experiment, possibly due to the presence of disinfection agents in TW. On the other hand, the
incubation experiment showed that TW had positive effect on microbial biomass C and respiratory activity
up to the dose 30 t/ha.
The yield of perennial ryegrass was affected by TW application. A slight fertilization effect of TW was found
at higher doses. TW doses not exceeding 20 t/ should be applied in longer intervals to avoid possible risks of
disinfection agents and to ensure adequate yield and soil microbial activities.
This research was funded by National Agency for Agricultural Research of Czech Republic No. QJ1330214 &
MoA Institutional Project RO0417
[1] Anderson, P. J. E. and Domsch, K. H. 1978. Soil Biol. Biochem., 10, 215-221.
[2] Vance, E. D., Brookes, P. C. and Jenkinson, D. S. 1987. Soil Biol. Biochem., 19, 703-707.
[3] Vegricht, J., Machálek, A., Fabiánová, M., Miláček, P. and Klír J. 2009. Mechanizace zemědělství, 12, 3438.
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siMMin™ : on line software tool to simulate copper balance in feeding
programs of growing pigs
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S. Poster Presenations - 5. Adoption and Impact
At high level, copper (Cu) can improve piglets growth performance. Consequently, it is commonly supplied
in excess in diets and Cu levels in animal wastes may exceed maximal authorized values when manure is
used as organic fertiliser. Some scientific methods to estimate copper balance in pig farms have been
proposed by INRA and can be used by the pig industry.
Cu retention in growing pig is calculated based on the difference in Cu body content between the beginning
and the end of a defined period. In order to calculate easily the Cu excretion, the software siMMin™ Cu has
been developed with the support of INRA, with the following variables: feeding programs on the farm,
growth performance and Cu concentrations in each feed. It focuses on the pig growing life, from the
weaning to the slaughter.
The software siMMin™ Cu enables to simulate changes in each variable compared to the existing situation,
and to measure the rate of improvement in the total reduction of Cu excretion in the life of the growing pig.
It is intuitive, user-friendly and available on line since December 2016 at www.animine.eu/simmin/ for all
stakeholders involved in pig production.
Depending on the level of interest expressed locally, this software should be later available in national
languages for major pig producing countries, like it has been realized in German and in Chinese for the Zn
application.
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Spreading quality assessment for different digestate’s solid fraction
treatments
Assistant engineer Jean-Christophe Roux1, Engineer Philippe Heritier1, Engineer Emmanuel Piron1, Researcher
Marilys Pradel1, Engineer Jacky Mazoyer1, Assistant engineer Nicolas De Freitas1, Technician Didier Varion1,
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S. Poster Presenations - 5. Adoption and Impact
The development of anaerobic digestion plant leads to increased volume of digestates. Post-treatments are
often used to reduce their volume and concentrate nutrients. Farmers currently use post-treated digestates
as organic fertilizers. Field application quality and post-treatment efficiency have to be improved in order to
maximize agronomical use of the nutrients and minimize their environmental impacts.
In order to establish a real map of the spreading quality for each post-treated digestate, simulation software
is used. Criteria defined in the European standard EN-13080 to assess spreading quality have to be
estimated as they are used as software’s parameters. Experiments were conducted for the several
digestates post-treatment (drying, peletization after drying, and incorporation of liquid fraction concentrate
into the dried digestate to increase its fertilizing value) using two tests benches with different
spreader/tractor pairs.
Digestate experimental results were compared to those obtained for raw solid fraction of digestate, cattle
manure and laying hens droppings. Thanks to the spreading patterns provided by simulation software, two
indicators were calculated: spreading accuracy and spreading precision. Precision quantifies the overall
spreading variability at the field scale while accuracy represents the potential and overall error on the
application rate within the field. The purpose of these indicators is to identify the impact of each posttreatment on the digestate spreading quality for each simulation. The digestate with the most advanced
treatment (peletization) obtains the best spreading quality followed by the raw solid fraction of digestate.
Consequently, other post-treatments don't optimize digestate spreading quality. Digestates without
treatment present an important variability in spreading quality due to the nature of the digestate, users,
spreaders and adjustment equipments.
The most advanced treatment (peletization) is clearly the best for quality of spreading. The drying and the
addition of concentrated liquid fraction to the dried digestate don't optimize spreading quality. However,
the spreading quality of these products is equally effective as cattle manure or laying hens droppings
spreading quality.
This work was supported by ADEME's Programme : “DOSTE 2013”
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