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Foreword

Integrating spatial and system scales to halve nitrogen waste by 2030

Agrofood systems are fuelled by nitrogen (N). New N enters the cropping and
grassland systems in the form of synthetic fertilizer or by means of biological fixation.
N present in the proteins of crops, local or imported, and grasses can be transferred
to the livestock or directly to us, humans, arriving in our plates after travelling along
the supply chain. Part of the N embedded in livestock manure and in crop residues
can be reused through adequate manure and soil management. Despite the benefits
of recircultion, today about 80% of the new N entering the agfood systems at the
global scale is lost to the environment before reaching our plates. We refer to this
loss as nitrogen waste (Suttoret al., 2021). The N emitted to the environment
triggers substantial negative impacts, including water and air pollution, biodiversity
loss, and greenhouse gas emissions. Nevertheless, not having enough N threatens
agricultural production and food security. Therefore, reducing N waste is clearly a
paramount objective for humankind.

The agrefood system comprises several interconnected compartments where N can
leak. Therefore, achieving food security based on sustainable systems for the coming
decades requires a detailed understanding of the functioning of eachropartment
and the complex links between crops and livestock systems as well as their
integration into agroefood systems. The proposed solutions have to be based on
sound science embracing this complexity. To do so, we need a multidisciplinary and
a multiscale approach along with the involvement of the different stakeholders.

The XXI International N Workshop aims to contribute to this challenge, and it is a
structure following a system scales organization based on Zhang et al. (2020). This
book includes the299 communications by authors from 38 countries presented at
the meeting, including iRperson and online presentations. Several keynotes by
reputed specialists integrate essential and new breakthrough knowledge from
diverse perspectives and scales. Theseontributions cover different spatial scales
(from the plot to the world) and system scopes (crop, livestock, mixed, afpod, and
landscape systems).

Contributions to the plandsoil system (crops) session include studies assessing N
losses to the air andwaters and greenhouse gas emissions in cropping systems and
grasslands, practices to improve NUE, and the efficacy of enhanesticiency
fertilizers. The livestock system session includes contributions promoting reduction
of N losses through feeding antlousing strategies. The mixed systems session deals
with emissions during manure management, N cycling at the farm or farming system
level and decision support systems, as well as systantegrated assessments. The
agrofood system session includes contriltions working with the N footprint as well
as approaches considering the full chain and the effect of the demaistle
measures. Finally, the landscape system session comprises approaches considering
the territory and the spatial dynamics involving agridutre and other nonagrifood
system emissions in river basins or even at the global scale.

Four additional special sessions consider complementary aspects of great
importance today. The special session on remote sensing for N optimization and

Page2 of 324



AbstractBookof the XXI International N Workshop Updated 230ct2022

precision agrculture aims to discuss the potential of using sensors, digitalization, and
artificial intelligence to optimize N use in cropping systems. The session on the costs
and benefits of halving N waste by 2030 discusses the economic valuation and abst
benefit analysis to design and evaluate integrated N management and policies. In the
session on N and the circular economy,
posed and includes communications on N recovery, N biofertilizers together with a
discussion aboutthe role played by the stakeholders. Lastly, the session on policy
strategies analyses the existing national policies to reduce N pollution in addition to
proposing new approaches to N governance across sectors and scales.

The exciting science of this meétg is summarized in this book of abstracts. We hope
that this collective effort contributes to advancing the scientific knowledge and its
transfer to society, resulting in actual reductions in N waste. This has been possible
thanks to the significant contibution of all the authors submitting their work as well
as the 34 members of the scientific committee and the 15 members of the organizing
committee. We are also very grateful to the conference sponsors and collaborators.

Luis Lassaletta, Alberto SanZoberfa, Corentin Pinsard and Sofia Garde
luis.lassaletta@upm.esa.sanz@upm.esCorentin.Pinsard@inrae.fr
sofia.garde.cabellos@alumnos.upm.es

Madrid, 18 October 2021

CEIGRAM/ETSAIAB, Universidad Politécnica de Ma@pmhin
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Scientific Committee

The scientific committes is responsible for reviewing the abstracts, their acceptance and presertation format, and the distribution of the presentations
during the sessions.

Soil - plant system
9

Contributions dealing with crops, grasslands and forests considering the soil and the plants growing in it
",'f as an integrated sysiam.

;!:!

Leads

Marfa Luz Cayusla
Consejo Superior de Investigaciones
Cientificas, Spain

Committegs

Achim Dobermann
Internation] Ferilizers Asscoation, [FA

Sonia Garcla
Universidad Politécnica de Madrid

Margarita Ruiz Ramos

CEIGRAM. Universidad Politécnica de Madrid,

Spain

Cameron Ludemman
Wageningen University, Metherlands

Guillermo Guardia

CEIGRAM. Universidad Politécnica de Madrid,
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Pytrik Reidsma
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Animal system

Jorge Alvaro Fusntes
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Wim de Vries
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Diego Abalos
Aarhus University | AU - Deparment of Agroecology

Maria do Rosdrio Cameira
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Antonio Vallejo
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Dolores Quilez

Centro de Investigacion y Tecnologia
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Maria Alonso
Centro Superior de Investigaciones Cientificas,
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Caontributions dealing with the animal production only considering feed production {2.g., from pasture or
crop) as a separate system providing nuirient inputs.

Leads

Salvador Calvet
Universidad Politécnica de Valencia, Spain

Barbara Amon
Leibniz-Institut fiir Agrartechnik und
Bio&komnomie, Germany
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Animal - plant - soil system

|
g ﬂ Contribution dealing with mix systems, agroforestry sysiems or livestock systems also integrating M
! oL management and losses of feed production.
Leads
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BCE Basque Centre for Climate Change, Spain Lancaster University, LIK
Committes
Anne Mottet Ana Meijide
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Julia Le Noé Oliver Godinot
Sorbonne Université, France Agrocampus Ouest, France
Karl Richards
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Agro-food system
@ Contributions extending the system boundary from production to the whole food supply chain and traces
-En E nutrient wse from agricultural production to marketplaces and to consumers.

Leads
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Spain France
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Landscape system

Contributions considering human aciivities and the terresirial ecosystem as an integrated system. M

Eb
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Centro de Investigacidn Ecoldgica y Lirecht University, Metherdands

Aplicaciones Forestales, Spain

Committes
Elisa Soana Victoria Bermejo
University of Ferrara, ltaly Centro de Investigaciones Energéticas
Medicambientales v Tecnoldgicas, Spain
Bruna Grizzetti
European Commission, EU Patrick Durand
Institut Mational de la Recherche Agronomique,
Jan Willam Erisman France

Leiden University, Netherlands
Sabine Sauvage

Rocio Alonso Centre Mational de la Recherche Scientifique,

Centro de Investigaciones Energéficas
Medioambientales y Tecnoldgicas, Spain

France

Jodo Serra
Instituto Superior de Agronomia, Portugal

Pageb of 324



AbstractBookof the XXI International N Workshop Updated 230ct2022

Index

Keynotel

Abstract title & authors Page

Halving nitrogen waste: motivation, definitions and opportunities for 2030 and beyond 32
Mark Sutton

Regul ar Session 0Crops 16

Abstract title & authors Page

Environmental N losses from Chinese and global vegetable production systems. 33
Klaus Butterbach-Bahl, Wagas Qasim, Li Wan, Zhisheng Yao, Shan Lin.

Application technology and slurry type affect slurry acidification effect on ammonia
emissions and crop response.
Andreas Pacholski, Christian Wagner, Anette V. Westergaard, Sasha Haffiavs Nyord.

34

Methodology for recording ammonia emissions in field trialare we measuring correctly? 35
Helmut Doehler, Janis L. Klug, André Acksel, Martin Kaupenjohann

Is nitrogen management alone sufficient to mitigate nitrate, nitrous oxidend ammonia 36
loss from cornfields?
Fabian G. Fernandez, Sonia T. Menegaz.

Use Efficiency and Loss of Nitrogen in Wetland Rice Field Under Nitrogen Fertilizer
Management: Field Observation and Multispectral Image Analysis. 37
Majharul Islam, H.M. AlAmin, Maruf Hossain, Mohammad Saiful Alam, Hasan Muhammad

Abdullah, Robert Martin Rees and Md. Mizanur Rahman.

CULTAN fertilization with urea ammonium sulfate: Impacts on field NH3 emissions ard |

use efficiency. 38
Alexander KelschMareike Hofemeister, Hannah Goétze, Heinz Flessa, Sina Kukowski, Andreas
Pacholski, J6rg Michael Greef, Karolin Muller, Nicolas Briggemann.

Speci al Session 0Costs and ber

Abstract title & authors Page

Global costs and benefits of nitrogense and losses in 2010 and 2050 under Shared
Socioeconomic Pathways. 39
Hans van Grinsven, Baojing Gu, Lin Zhang, Rita Van Dingenen, Xiuming Zhang, Lena Sehulte

Uebing, Wim de Vries, Roy Brouwer, Rute Pinto, Laurence Jones, Alice Fitch, Mathilde Ja¢ks&n

Alfredo Rodriguez, Luis Lassaletta, Arthur Beusen, Jan van Dam, Massimo Vieno, Mark Sutton.

A CostBenefit Analysis of Water Framework Directive implementation in Denmark towar

2027 40
Brian H. Jacobsen, Zandersen M., Olsen, S.B., & Hasler B.

Page7 of 324



AbstractBookof the XXI International N Workshop Updated 230ct2022

Theoverestimated costs of fertilizer reductio® Time for new nitrogen fertilizer
application heuristics.
Andreas MeyetAurich.

Costs and benefits of synthetic nitrogen for global cereal production under the INMS
Shared Socioeconomic Pathways.

AlfredoRodriguez, Hans J.M van Grinsven, Marloes P. van Loon, Arthur H.W. Beusen, Luis
Lassaletta.

Evidencebased Nitrogen Indexes for Sustainable Agfood Systems
Xia Liang, Xiuming Zhang, Shu Kee Lam, Hans van Grinsven, Xin Zhang, Deli Chen.

41

42

43

RegularSessi on oOLivestock

Abstract title & authors

A novel ammonia treatment of barley to optimize rumen function and increase N
efficiency in sheep.
Belanche A., MartirGarcia A.l., Jiménez E., Jonsson N., Ya#e#z D.

Influence of feed intakepattern of lactating sows on the nitrogen efficiency.
Maria Rodriguez, Naila Talavera, Gema Montalvo, Joaquin Morales, Carlos Pifieiro.

N balance to update excretion and nh3 emissions from fattening pig farms in eastern
Spain.
Elena Sanchis, Fernandé&stellés, Salvador Calvet

Project EmiDa™® Ammonia emission rates from fattening pig housings with outdoor yatr
in Germany.

Brigitte EurichMenden, Ulrike Wolf, Gianna Dehler, Dieter Horlacher, Alexej Smirnov, Ewald
Grimm, Katrin Wagner, SebastiakVulf.

Lignite is a lowcost technology for reducing nitrogen loss and odour from litter in
commercial broiler housing.
Brendon Costello, Mei Bai, Deli Chen, Clayton Butterly.

Assessing the cost of technologies reducing ammonia emissions for future BAT
requirements for finishers in pig production in Denmark.
Brian H. Jacobsen.

Page

44

45

47

48

49

Keynote 2

Abstract title & authors

Crop Improvement for Nitrogen Use Efficiency (NUE)
Nandula Raghuram

Page

50

PageB of 324

(@)



AbstractBookof the XXI International N Workshop Updated 230ct2022

Regul ar Session 0Crops 26

Abstract title & authors Page
Combination of plantbased fertilisers and compost can replace farmyard manure for

. Lo . ! o . . 51
nitrogen fertilization, and builds soil fertility in organic vegetable production.
Hanne Lakkenborg Kristensen, Mesfin T. Gebremikael, Sindhuja Shanmugam
Nitrogenous sources and tillage depths determine NUE in wheat crop. 52
Ahmad Mujtaba, Abdul Wakeel, Hafeez ur Rehman and Muhammad SanaullREMOTE
The Effect of Nitrogen Fertiliser Type on Milling Wheat Yield and Crop Nitrogen Use 53

Efficiency, Findings from a ¥ear UK Study.
Kate E. Smith, Dan Jakes, Rachel E. Thorman, John R. Williams.

Estimation of changes in soil organic N stocks is cructal determine the fate of surplus

N in intensively managed cropping systems. o4
Muhammad Adil Rashid, Sander Bruun, Merete Elisabeth Styczen, Signe Kynding Borgen, Sgrel

Kolind Hviid, Lars Stoumann Jensen.

Assessment of nitrogen management practices fantensive irrigated agriculture 55
sustainability.
Wafa Malik, Farida dechmi.

Influence of different N sources and tillage depth on NUE and soil microbial activity in

wheat crop. 56
Abdul Wakeel, Ahmad Mujtaba, Muhammad Rizwan Shahid, Abdul Qadeer, Muhamr8ada

Ullah, Tariq Aziz.

Speci al Session OPolicy 1

Abstract title & authors Page

A comprehensive review on the fertilizer subsidy policy and its impact on nitrogen 57
fertilizer use in Sri Lanka.
Anuradha Jayaweera, S.P. Nissanka

Best practices in promoting and implementing sustainable nitrogen management 58
policies.
Mihai Constantinescu, Naiana Milea.

Oceania: A global region with diverse nitrogen issues, policy responses and future 59
challenges.
Cameron Gourley, Susann8chmidt.

Strategies and policies for reducing nitrogen wastes in the United States. 60
Eric A. Davidson, David R. Kanter.

ReactiveN in South Asiad Strategies for Sustainability and Reducing Waste. 61
Tapan K. Adhya, Tariq Aziz, Milizanur Rahman andN. Raghuram

The Dutch regiorspecific nitrogen policy approach: addressing nitrogen to support 62
biodiversity.

Roel Jongeneel, Co Daatselaar.

Page9 of 324

(@)



AbstractBookof the XXI International N Workshop Updated 230ct2022

Regul ar Session OLivestock 2

Abstract title & authors Page
Ammonia emission measurements from dairy housing and wastewater treatment 63
plants using an inverse dispersion method.

Alex Valach, Christoph Hani, Marcel Buhler, Thomas Kupper.

Ammonia emission and landscape fluxes near a cattle feedlot in Victordystralia. 64
Qingmei Wang, Thomas K. Flesh, Claudia Wagfddle, Deli Chen.

Modelling and mitigating nitrogen emissions from key European dairy production 65

systems.
Xabier Diaz de Otélora, Agustin del Prado, Federico Drag&@rnando Estellés, Barbara Amon.

A newly developed model for quantification of nutrient flows and losses along dairy
manure management chains with different complexity. 66
Qingbo Qu, Kegiang Zhang, Jeroen C.J. Groot.

Advantages of a welteferenced flowchart of manure management to spatialize
nitrogen pressure and ammonia emissions: the case of Brittany (France) 67
Laurence Loyon.

Analysis of Nitrogen balances and Nitrogen Use Efficiency on farm level of the Gern
agricultural sectord implications for policy design. 68
Philipp Léw, Bernhard Osterburg.

Measures to reduce nitrogen losses in Spanish livestock. Implementation of an
electronic tool to estimate, monitoring and reporting N emissions (ECOGAN). 69
LorenaAlgarra, Fernandez, C., Ruiz, JJ., Lépez, M.

Poster Session 1.1
Abstract title & authors Page

Maize diversification and N fertilization rate impact on crop productivity and N use
efficiency in flooded irrigated systems under semiarid Mediterraneaonditions. 70
Maria AlonseAyuso, Victoria Lafuente, Ana Bielsa, Samuel Francoesma, Jorge Alvar&uentes.

Biological nitrification inhibitortrait reduces soil nitrification and improves nitrogen

uptake in wheat under ammonium or nitratdertilization.

Adrian Bozal_eorri, Guntur V. Subbarao, Masabhiro Kishii, Leyre Urmeneta, Victor Kommerell, 71
HannesKarwat, HansJoachim Braun, Pedro Aparici®ejo, Ivan OrtiMonasterio, Carmen

GonzéalezMurua, Begofia Gonzale&oro.

Precision agricultureat farm level: innovative soil technologies and fertilization

efficiency to reduce the N footprint of Portuguese wine. 72
Soraia Cruz, Claudia M.d.S Cordovil,Cecilia Rego, Pedro Baptista, Sonia Martins, Anténio
Marquesdos-Santos.

Right place, rightime: connecting soil N and plant uptake for greener agriculture

Sneha Gupta, Uta Wille, Michelle Watt, Ute Roessner. 73

Android Based Fertilizer Management Tools for Increasing Nitrogen Use Efficiency in

South Asian Countries: A Review. 74
Md. Mizanur RRhman, Mohammad Saiful Alam, MdSazzad Hossain, Jonathan Hillier, Tapan

Kumar Adhya, Md. Giashuddin Miah and GKM Mustafizur Rahman.

PagelOof 324



AbstractBookof the XXI International N Workshop Updated 230ct2022

Apparent nitrogen balance under different cover crops managements. 75
Raimondi G., Cabrera M., Quemada M., Maucieri 8qrin M.

Biochar and compost impact on soil N processes: results from a letggm field study in
an organic olive tree crop. 76
Maria SanchezGarcia, Maria Luz Cayuela, Raul Castejdel Pino, Miguel A. Sancheklonedero.

Effect of different types offertilizers on nitrogen use efficiency of rice and emission of
greenhouse gasses. 77
H.D.S Shyamantha, S.P Nissanka and G. Senevirathne.

Assessing nutrient use efficiency of different fertilizer types and weed control systems
tea fields in Hapugastenneestate in Maskeliya plantations plc. 78
L.R.R.P. Bandara, S. P. Nissanka and H.M.P. Peiris.

Introduction of legumes in maize double cropping systems: Effects on soil and plant N
dynamics. ) 79
Jesus Fernande®rtega, Jorge Alvarfuentes, Carlos CanterdMartinez.

Effect of nitrogen management system on growth and yield of rice and maize in Centr
Tarai, Nepal. 80
Prakash Ghimire, Khem Raj Dahal, Yam Kant Gaihre, Chetan Gyanwali and Umesh Sah.

Poster Session 1.2
Abstract title & authors Page

Improving nitrogen fertilisation efficiency by connecting soil nitrogen availability and
crop yield through the design of novel urease inhibitors. 81
Benjamin Andrikopoulos, Joses Nathanael, Ute Roessner, Uta Wille.

Urease inhibitors effects on thanitrogen use efficiency in a maizavheat rotation with or

without water deficit. 82
Raul AllendeMontalban, Diana MartinLammerding, Maria M. Delgado, Miguel A. Porcel, José L

Gabriel.

Nitrogen, potassium and sulphur availability from residdgased fertiisers applied singly
or combined. 83
Beatriz GémeaMufioz, Jakob Maigd, Lars Stoumann Jensen.

Impact of Different Fertilizers of Nitrate and Ammonium Forms and Slow Releasing, o
Growth, Yield and Nutrient Use Efficiency of Rig@ryza sativa. 84
S.P.Nissanka, W.K.B.A.S Parakkrama.

Effect of stabilized fertilizers of urea with Dicyandiamide ANityl thiophosphorie
tramide, Coated urea, and Biochar on Nitrogen Use Efficiency in Rice. 85
S.P. Nissanka, U.L.D.L.D Gunasinghe, M. Gunawardana.

Impact of control release and bio fertilizers on nutrient use efficiency and productivity i
Tea. 86
I.R. Dammullage, and S.P. Nissanka.

First experiences in chickpea inoculation with indigenous rhizobia in Croatia. 87
Sanja Sikora, Petra BotrlyveBr alhaMa Kiallii L.

Ammonia Energy: The future for Power Generation and Storage. 88
Andrea Guati Rojo.

Nitrogen Use Efficiency in radish fertilized with-lbped biocharbased fertilizers

compared to synthetic fertilizer. 89
Raul Castejordel Pino,Miguel Angel SancheMonedero, Maria Sanchefsarcia, Maria Luz

Cayuela.

Pagellof 324



AbstractBookof the XXI International N Workshop Updated 230ct2022

Sorghum bicolor as producer of biological nitrification inhibitors for reduced N loses in

wheat crop rotation systems. 90
IzargiVegaMas, Estefania Ascencidledina, Sergio Menéndez, Jon Gonzalez, Carmen Gonzale

Murua, Daniel Marino, M2 Begofia Gonzalédoro

Increased nutrient efficiency of new upgraded mineral fertilizers with Rhizobium strain
Marcia Barquero Quirés, José MCarpintero Salvo, Javier Brafias Lasala, Jodo Castro Pinto, 91
Sanaa Kamah, Fernando Gonzalez Andrés.

The optimization of nitrogen application on yield of potato crop by Finder® a biofertiliz
produced with MAMPs Enhancer Technology. 92
Kamah Darkaoui S., @stillo Jurado S., Gomis Garcia M. D, Galindo Garcia A, Branas Lasala J.,

Akdi Laaroussi K.

Comparative effect of Zn coated urea and conventional urea on N20 emissions in
different soils under crop plantation and bare soil conditions 93
Wajid Umar, ImreCzinkota, Miklés Gulyas, Janos Balogh

Poster Session 1.3
Abstract title & authors Page

Different stages NPK evaluation of a slurry treatment plant in a 3000 sow industrial
scale production farm. 94
Rubén Linares, Oscar Hernandez, Lidia AlvareZristina de Arriba, Maria del Pino Pérez.

Chances and challenges to improve Polish inventories of ammonia emissions from
livestock systems. 95
Anna RychGa, Jacek Dach, Jakub Mazur ki ewi c

The carbon footprintper liter of milk is explained by NUE.
Gregorio Salcedo Diaz, Dolores Baez Bernal, Athanasia Varsaki, Fernando Vicente Mainar, Pa 96
Eguinoa Ancho.

Effects of grazing XTriticosecale with Manchega sheep opONemissions.
Gregorio Salcedo Diaz, Oscar Garcia Garcia, Lorena Jiménez Sobrino, Roberto Gallego Soria, 97
Rafael Gonzalexano, Ramén Arias Sanchez.

Exploring the pathways for nitrogen losses from sheep urine patches between upland
and lowland grazing systems. 98
Danielle Hunt, Davey Jones, Laura Cardenas, Dave Chadwick.

Nitrogen and carbon excretion from beef cattle grazing two sward types in South Wes
England.

Aranzazu Lourd_6pez, Daniel Enriquetidalgo, Paulo Medrilho, M. Jordana Rivero, Mieke 99
Verbeeck, William Roberts, Carmen Seguuirante, Mélanie RoffeSalque, Charlie Maule,

Karina A. Marsden, Amber Manley, Laura Cardenas.

Influence of feeding regime on ammonia emission from dairy slurry applied to Galiciar
pasture. 100
Carme Santiago Andion, Dolores Baez Bernal, Maria Isabel Garcia Pomar, David Fangueiro.

Nitrogen cycle regulation and associated ecosystem services in the context of climate
change: assessing the potential of agroforestry in Brittany 101
Romane Mettauer,Olivier Godinot, Edith Le Cadre

Ammonia and nitrous oxide losses from intensive dairy cattle farms in the Basque
Country (northern Spain). 102
Haritz Arriaga, Oscar del Hierro, Eduardo Rosa, Joseba Lizarralde, Noemi Paino, Pilar Merino.

Pagel2of 324



AbstractBookof the XXI International N Workshop Updated 230ct2022

PosterOral Session Policy and Cost benefit
Abstract title & authors Page

Dynamic Quantification of Greenhouse Gas EmissionsONin Natural Wetlands.

Rana Kanaan, José Miguel Sanchez Pérez, Sabine Sauvage. 103

Costeffective strategies to reduce of ammoniamissions from livestock production: A
multi-country assessment.

Anna RychGa, Wilfried Winiwarter, Barbara 104
Weerden, Nick Hutchings, Francisco Salazar, Maguy Eugene, Mélynda Hasso&a@irse

Cummins, Vasileios Anestis, Jacek Dach, Jakub Mazurkiewicz.

Improving Nitrogen Use Efficiency in Oceania: Policy Advice from Social, Scientific an
Technological Perspectives. 105
Kristopher WoodrowSmith, Cameron Gourley, Susanne Schmidt.

Understanding and optimizing agricultural nitrogen utilization for synergies of UN 203(
SDGs. 106
Chuanzhen Zhang, Baojing Gu, Shu Kee Lam, Emma Liang, Deli Chen.

Getting integrated nitrogen management into policy and practieperspectives from UK
and Africa. 107
W Kevin Hicks, Mc Kendree, J. Malley, C. an

How to address Nitrogen waste abatement in the SUDOE territory: Amation

approach based on the experience of three workshops. 108
Hamid Yammine, lvanka PuigduetaAlberto SanzZCobefia, Carmen Galea, Juliana Hurtado, Alba
Monistrol, José Miguel SancheRérez, Sabine Sauvage, Irene Blanco.

Keynote 3

Abstract title & authors Page
Nitrogen Use Efficiency in Cropping Systems and Beyond 109
Xin Zhang

RegularSessi on o0Crops 36

Abstract title & authors Page

Towards a global nutrient budget data platform.

Achim Dobermann, Pauline Chivenge, Rasmus Einarsson, Patricio Grassini, Armelle Gruere, 110
Patrick Heffer, Luis Lassaletta, Cameron Ludemann, Frances€abiello, Martin van Ittersum,

Nathan Wanner, Xin Zhang.

Nitrogen in irrigation water sources: the missing link in the agricultural nitrogen cycle

and related policies in Europe. 111
Jodo Serra, Rosario Cameira, Claudia Cordovil, Joana Marinhelfduardo Aguilera, Luis

Lassaletta, Alberto San€Cobena, Josette Garnier, Gilles Billen, Wim de Vries, Tommy Dalgaard
Nicholas Hutchings.

Nitrogen balance in small holders®é mai z 112
Winnie Ntinyari, Joseph Gwe@inyango, Meknnen Giweta, Cargele Masso.

Pagel3of 324



AbstractBookof the XXI International N Workshop Updated 230ct2022

Sustainable nitrogen management in South Asia; drivers, trends and way forward. 113
Tariq Aziz, Tapan K. Adhya, Millizanur Rahman and N. Raghuram.

Some lessons learned about the use of water and nitrogen in vegetabl®ps. 114
José Salvador Rubi#\sensio, Jose Manuel Miragwvalos, Juan Miguel RamireZuesta, Diego
Intrigliolo.

Vermicomposting for improved N availability and the potential of vermicompost source

on N mineralization and soil biological properties on Nitisols. 115
Zerihun Getachew Gebrehana, Mesfin T. Gebremikael, Sheleme Beyene, Steven Sleutel, Wim

M.L. Wesemael, Staan De Neve.

Speci al Session 0Costs and ber

Abstract title & authors Page

Economic Analysis of Correcting Market Failure Causing Nitrogen Pollution from

. ) 116
Agricultural Production.
Chinthani Rathnayake, Bill Malcolm, Garry Griffith, Al&mnnett, Paul Deane.
Costs and benefits of ammonia abatement in Australia. 117
Xiuming Zhang, Yi Sun, Xia Liang, Shu Kee Lam, Lei Liu, Baojing Gu, Deli Chen.
Ammonia mitigation cost analysis for the German livestock sector. 118
Helmut Doehler, HelenaMiller, Uwe Hauessermann, Gabriele Borghardt.
Abatement of agricultural ammonia emissions in Irish agriculturglevelopment of a

X 119

marginal abatement cost curve to 2030.
Dominika J. Krol, Cathal Buckley, Trevor Donnellan, Kevin Hanrahan, Gahadigan.
How nitrogen inhibitors keep agricultural yields & environmental policies on target. 120

Gregor Pasda

Regul ar Session oOLivestock 3

Abstract title & authors Page
Nitrogen fertilisationeffect and ammonia emissions from field application of cattle 121
slurry depending on slurry treatment and application strategy

Andersson, K., Delin, S., Pedersen, J., Nyord, T.

Potential leaching of N in a sandy soil amended with pH modified aninsédrry. 122
S. Chrysanthopoulos, J. Coutinho, L. Brito, D. Fangueiro.

Promoting animal slurry application in conservation agriculture. 123

Arejacy A Silva, Mario Carvalho, Jodo Coutinho, Ernesto Vasconcelos, David Fangueiro.

Does digestion of manureand organic waste improve crop nitrogen recovery and reduc 124
nitrate leaching and greenhouse gas emissions in organic farming?
Jochen Mayer, Michael Scheifele, Nora Efosa, Else Binemann.

The impact of slurry acidification on ammonia loss, greenhougas emissions and crop

nitrogen supply. 125
Rachel E Thorman, James G R Dowers, Ryan Hickinbotham, Sam Kendle, Helen L Kingston, C
J Dyer, John R Williams.
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Regulation of NO emissions in two soils with surfacapplication of cattle slurry. 126
XiaoyiMeng, Pauline Sophie Rummel, Klaus Dittert, Sgren O. Petersen.

Regul ar SeFosddnldAgro

Abstract title & authors Page

N-Print Plus: A multcountry, multdanguage N footprint tool for consumers. 127
Allison M. Leach, James N. Galloway, Claudiad.S. Cordovil, Soraia Cruz, Morten Graversgaard,
Joana Marinheiro, Sergiy Medinets, Camille Nolasco, Jodo Pompeu.

Personal consumption pattern matters: Nitrogen footprint in Ukraine. 128
Sergiy Medinets, Allison Leach, Tetiana Pavlik, Volodyriedinets, James Galloway.

The regionalization of the Nitrogen Footprint for the five Great Regions of Brazil. 129
Camille L Nolasco, Joao Pompeu, Jean Ometto.

A local and participatory perspective on restoring nutrient circularity in nutriesgturated
agrofood-waste systems.
Bernou Zoé van der Wiel, C. E. van Middelaar, J. Weijma, C. J. N. Buisman and F. Wichern.

130

Importing feed or food? The impacts of shifting trade portfolio between US and China. 131
Yanyu Wang, Xin Zhang, Eric A. Davidson, Baojing Gu.

Reactive nitrogen compounds and human health. 132
Rolf Nieder.

Regul ar Session oLivestock 4

Abstracttitle & authors Page

MilKey: decision support system for sustainable GHG and N optimised milk production

key European areas.

Barbara Amon, Xabier Diaz de Otélo[a, David Janke, Wilfried Winiwarter, Monika Suchowska 133
Kisielewicz, Anna Rychla, Joanrfar N t -Wlitlex, Fhomas Bartzanas, Vasileios Anestis, Kobe

Coorevits, Lorraine Balaine, Dominika Krol, Cathal Buckley, Aurélie Wilfart, Klaus Mittenzwei, Gr
Jargensen, Elisabeth Castellan, James Breen, Jacek Dach, Federico Dragoni.

MELS: Mitigation of greenhouse gas and nitrogen emissions from livestock systems. 134
B. Amon, G. Cinar, T. van der Weerden, T. Bartzanas, N. Hutchings, Vasileios Anestis , M. Hass
F. Salazar, A. Nobl e , W. Wi ni warter, A. Ry

ALFAMI: Modebased calculation of ammonia loss from fieldpplied manure for

emissions inventories. 135
Sasha D. Hafner, Barbara Amon, Roland Fuf3, Nicholas J. Hutchings, Gokul Prasad Mathivanan,
Andreas S. Pacholski, Sven G. Sommer, Sebastian Wulf.

Effect of N inputs by grazing cattle and fertilizer applications on pasture®lemissions. 136
Christof Ammann, Lena Barczyk, Karl Vogimeier, Daniel Bretscher.

Impacts of land use change on nitrogen and carbon stocks in volcanic soils in Chile. 137
Osvaldo Salazar, Francisco Najera, Leah L.R. Renwick, Marco Pfeiffer, Oscar Seguel, Juan Pabl
Fuentes, Yasna Tapia, Manuel Casanova.

Multitrophic interactions between microbivorouand herbivorous mesofauna:

implications for N cycling and plant growth. 138
Ummehani Hassi, Junwei Hu, Mesfin Tsegaye Gebremikael, Stefaan De Neve.
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Abstract title & authors Page

Improvement and refinement of the UK inventory of nitrowsxide emissions from
agriculture. 139
Laura Cardenas

Regul ar Session 0Crops 46

Abstract title & authors Page

Effects of different cover crops before maize cropping on soil nitrogen dynamics and N:
emission. 140
Heinz Flessa, MirjanHelfrich, Simone Merl, Roland Ful3, Thomas Rabiger, Insa Kihling, Michaele
Schlathdlter, Henning Kage.

Evaluation of N20 fluxes using the eddy covariance technique: first observations on a 141
barley field in central Germany.
Mubaraq Olarewaju AbdulwahabChristian Markwitz, Alexander Knohl, Stefan Siebert, Ana Meijid:

Effect of drip (surface versus subsurface) fertigation and synthetic N sources on N

o . 142
uptake, NeO emissions and related key Mycling genes.
Guillermo Guardia, Ménica Montoya, Sandi@arciaGutiérrez, Alba Monistrol, Antonio Vallejo.

Assessment of the effects of manure additives on gaseous emissions and grass yield ir
North-Western Atlantic climate. 143
Maxwell Y. OwusiTwum, George Gleasure, Patrick Forestal, David Kellegh&ary Lanigan, Karl

Richards, Dominika Krol.

Genetic diversity in nitrogen fertilizer responses and N gas emission in modern wheat. 144
Maria Oszvald, Kirsty L. Hassall, David Hughes, Adriana To#Badlesteros, lan Clark, Andrew B.
Richie, Sigrid Heuer

High temporal frequency measurements of soil2® emissions in a wheat crop under

- . " . . - 145
irrigated Mediterranean conditions: impact of tillage and fertilizer type.

Maria AlonseAyuso, Borja Latorre, Samuel Frandouesma, Jorge Alvarguentes.

Speci al Session oOoOPolicy 26

Abstract title & authors Page

Knowledge for integrated nutrient management: flows, targets and possible measure

in the European Union.

Grizzetti B., Vigiak O., Aguilera E., Aloe A., Biganzoli F., Billen G., Caldeira @gifla., Egle L., 146
Einarsson R., Garnier J., Gingrich S., Hristov J., Huygens D., Koeble R., Lassaletta L., Le No

Liakos L., Lugato E., Panagos P., Pisoni E., Pistocchi A., Sanz Cobefia A., Udias A., Weiss F

Wilson J., Zanni M.

Mapping of wastewater treatment technologies for suitable policy implications to

control nitrogen pollution in Delhi, India. 147
Sangeeta Bansal, N. Raghuram, Tapan Kumar Adhya, Ananta N. Panda, Annie Yang, Jaffery

Roger.

Exploring the potential of the Horizon Europmandidate partnership on Agroecology 148

Living Labs and Research Infrastructures to reduce farming reactive nitrogen losses
Benjamin S. Gimeno, Nicolas Tinois, Torsten Rodel Berg.
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To what extent public policies have reduced nitrogen flows in Brittatlye leading agri 149
food region in France: Analysis of available public data.
Laurence Loyon.

Defining farmspecific sustainability nitrogeruse-criteria that ensure the compliance

with regional environmental thresholds for the application in Eiblicy frameworks. 150
Anne Biewald, Martin Bach.
From Urban Nitrogen Budgets to Sustainable Development Goals: N governance in 151

Urban context.
Samuel Guéret, Katrin Kaltenegger, Xianwen Fan, Zhaohai Bai, Wilfried Winiwarter

Regul ar Session oOLivestock 5

Abstract title & authors Page

Impacts of agricultural practices on large scale losses of ammonia, greenhouse gast 152
nitrate and phosphate to air and water.
Wim de Vries, Johannes Kros, Jan Cees Voogd and Gerard H. Ros.

Quantifying nitrogen flowsn European agricultural grasslands and fodder crops:

overview and key challenges. 153
Rasmus Einarsson, Alberto SarZobena, Eduardo Aguilera, Gilles Billen, Josette Garnier, Har

van Grinsven, Luis Lassaletta.

A nitrogen flow model to assess crop retiile management in integrated crogivestock
systems at a territorial scale in France. 154
Julia Hebbrecht, Francesco Accatino, Raia Silvia Massad, Benjamin Loubet.

Nitrogen management challenges in reducing coastal eutrophication. 155
Wafa Malik, FrancoigOehler, Lea Sgro, Patrick Durand.

Effect of changes in farm management on agricultural ammonia emissions and

Nitrogen flows in Switzerland for 1990 to 2020. 156
Harald Menzi, Thomas Kupper, Ernst Spiess.
The tradeoff between satisfying meat demandnd avoiding excess manure nitrogen 157

at the regional scale in China.
Francesco Accatino, Yang Li, Zhigang Sun.

Keynote 5

Abstract title & authors Page
Reshaping agrefood systems for an ecological transition: Methodology and

assumptions for scenario construction through the GRAFS approach. 158
Gilles Billen

Regul ar Session 0Crops 56

Abstract title & authors Page

Investigating the scope for N surplus reductioria Flevoland using WOFOST extended
with NHimited growth. 159
Herman N.C. Berghuijs, Joao Vasco Silva, Pytrik Reidsma, Allard J.W. De Wit.
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Optimum N intensity in arable crop systems: a model based analysis using different G+ 160
indicators.
Dorothee Neukam Rima Rabah Nasser, Jarno Rouhiainen, René Dechow, Henning Kage.

Dynamic monitoring of winter wheat N fertilization through the ARPmethod: an

: ) 161
experimental evaluation.
Raphael Paut, Pierre Lebreton, Marielélene Jeuffroy, Jean Marc Meynard.
Effects of crop residue management on{dalance and N20O inventories on European 162

croplands. A multmodelling evaluation.
Marco Carozzi, Edwin Haas, Klaus Butterba@ahl, Clemens Scheer, RaiSilvia Massad.

Use of Random Forest to predict the maimétors that affects ammonia volatilization in
Mediterranean climate cropping systems. 163
Juliana Hurtado Patifio, Eduardo Velazquez, Luis Lassaletta, Guillermo Guardia, Eduardo Aguile
Alberto SanzCobefia.

Regul ar Session oLivestock 6

Abstract title& authors Page

The Manureshed Initiative: Reconnecting animal and crop production to reduce fertilize
reliance. 164
Sheri Spiegal, Peter Kleinman, Ray Bryant, Curtis Dell, Colton Flynn, Robb Meinen, Gwendwr

Meredith, Shabtai Bittman.

Maximizing foodproduction while minimizing inputs in three French farming systems:
studying optimised compositional changes from a nitrogen perspective.
Corentin Pinsard, Francesco Accatino.

165

Ley grazing in Integrated Crop Livestock Systems (ICLS) for sustaindhley systems in
NWEurope.
Friedhelm Taube, Thorsten Reinsch, Carsten Malisch, Ralf Loges.

166

Modelling nitrogen flows on African smallholder farms; many challenges and some
solutions.
Nicholas Hutchings, Winnie Ntinyari, Jonathan Vayssier&laudia Arndt.

167

When the baseline meets the present: reactive N emissions in wildifes. livestock
dominated African landscapes.
Agustin del Prado, Pablo Manzano, Guillermo Pardo.

168

Speci al Session ORemote sensi

Abstract title &authors Page

Special Session invited keynoteOptimizing the nitrogen management on the farm leve
by using proximal and remote sensing 169
Urs Schmidhalter

Multi-platform remote sensing of nitrogen status and leaching from agricultural fields 170
with random forest regression approach.
Vita Antoniuk, Junxiang Peng, Mathias Neumann Andersen, Kiril Manevski.

Improving Nitrogen Use Efficiency through Precision Nutrient Management in Winter
Wheat and Maize Cropping Systems.
John D. Jones, Carrie A.Nlaboski.

171
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Regul ar SefFssddn2®d AgrooLandscape 1

Abstract title & authors Page

A detailed bottomup characterisation of the nitrogen flow evolution of the Spanish Agro

Food System at the province and national level. 172
Alfredo RodriguezAlberto SanzCobena, Eduardo Aguilera, Margarita Ruizamos, Miguel

Quemada, Gilles Billen, Josette Garnier, Luis Lassaletta.

Nitrogen sources and fates in the agroecological transition. Integrated scenario modelir
combining production and consumption measures in Spain. 173
Eduardo Aguilera, Gilles Billen, Mar Calvet, Josette Garnier, Manuel Gonzélez de Molina, Gloria
Guzman, Alfredo Morilla, Alfredo Rodriguez, Alberto S&babena, Marta Riverd-erre.

Nitrogenmanagement in food production is a key driver of the energy budget of
agricultural systems. 174
Petros Chatzimpiros, Souhil Harchaoui.

Assessing nutrient fate from terrestrial to freshwater systems in Fuxian Lake Basin,
China. 175
Jinhui Zhou, Peter M. vaBodegom, José M. Mogollén.

Ammonia measurements for ecosystem protection: considerations for the design of a
monitoring network 176
Alexander Moravek, Markus Geupel, Simone Richter.

Temporal variations of atmospheric ammonia revealed from spadeom longterm global

trends to weekly cycle and intraday variability.

Martin Van Damme, Lieven Clarisse, Bruno Franco, Trissevgeni Stavrakou, Roy Wichink Kruit, C 177
Clerbaux, Pierrd=rancgois Coheur.

Speci al Session ORemote sensi

Abstracttitle & authors Page

Comparison between hyperspectral indices and traits derived from biophysical model fc
assessing winter wheat genotypes performance. 178
Maria D. Ray&aSereno, Paola Bongiovani, Carlos Camino, José L. Pancorbo, José L. Gabriel, Nici
Vuilledit-Bille, Juan Herrera, Pieter S.A. Beck, Miguel Quemada.

Future Farm: Technology solutions for improved nitrogen application in Irrigated Cotton

. 179
Australia.
Tim Weaver, Peter Grace, Stephen Leo, Kellie Gordon.
Proximal sensing by RGB camera to assess N content at plant leaf. 180

Jiftah BenAsher.

Removing soil background to improve the prediction of wheat nitrogen traits with UAV

imagery. o _ _ 181
Andrés F. AlmeidaNaufiay, Ana M. Tarquis, Juan Lopéterrera, EnriqguePérezMartin, Joseé L.
Pancorbo, Maria D. Ray&ereno and Miguel Quemada.
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Wheat nutritional status estimation based on chemometric methods combining proxima

182
and UAVbased measurements. 8
Marie-Astrid Bouchard, A.L.Herinaina Andriamandroso.

Effect of split Nfertilization timing on yield and quality in oat cultivars. 183

Sofia Delin, Lena Engstrém.

Keynote 6

Abstract title & authors Page
Animal and crop producer involvement in N abatement: an example from the United

States. 184
Jill Baron

Regul ar Session 0Crops 66

Abstract title & authors Page

Optimising Nitrogen Use Efficiency on Grasslands. 185
Gerard H. Ros, Sven E Verweij, Wim Bussink.

Potential role of plant diversity in optimisingitrogen cycling in a Mediterranean

grassland. 186
Alba Llovet, Rosa Llurba, Salvador Aljazairi, Mercedes Ibafiez, Stefania Mattana, Mageesa

Sebastia, Angela Ribas.

Tropospheric ozone and atmospheric nitrogen deposition effects on nitrogen cycling il
Mediterranean annual pastures. 187
Ignacio GonzaleFernandez, Raquel RuiZheca, Tania Carrasctolina, Susana Elvira, Miguel

Quemada, Victoria Bermej@ermejo.

Ripaian buffer strips influence Nlosses as nitrous oxide and leached N from upslope
permanent pasture: evidence from a field experiment and a metmalysis. 188
J.C. Dlamini, E.H. Tesfamariam, R.M. Dunn, N. Loick, A.F. Charteris, L. Cocciaglia, S. Vangeli

M.S.A. Blackwell, H.R. Upadhayay, J. M. B. Hawkins, J. Evans, A.L. Collins, L.M. Cardenas.

Nitrogen use efficiency by pasture after sewage sludge addition in the region of Galici

(NW Spain). 189
Alvarezlopez V., RigueiriRodriguezA., MosqueraLosada R.
Nitrogen but not phosphorus addition affects symbiotic2Nixation by legumes in natural 190
and seminatural grasslands located on four continents.
Eduardo Vazquez, Pdviarten Schleuss, Marie Spohn.

Regular Sessiom Lands@éape 2
Abstract title & authors Page
In search for the missing nitrogen in lowland agricultural basins: soils and canal networl 191

as denitrification hotspots.
Elisa Soana and Giuseppe Castaldelli.
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Nitrogen fluxes and use efficiency inropland and grazing systems in the Upper Paragua 192
Basin, Pantanal, Brazil.
Karina Tosto, Felipe S. Pacheco, Jean Ometto.

Comparing global regions using Pressufétate-lmpact metrics of nitrogen threats. 193
David Hooper, Cargele Masso, Luis Lassaletslark Sutton, Jill Baron, Hideaki Shibata.

CarbonNitrogen coupling in arable cropland soils: data at the plot scale in the central 194
Paris basin.
Josette Garnier, Gilles Billen.

Increasing tropospheric ozone impacts wheat nitrogen usdficiency. 195
ChangEspino M.C, Bermej@ermejo V., Araus J.L., Samuel PrieBenitez, Tania Carrasco,
GonzalezFernandez I.

Monitoring atmospheric deposition of nitrogen at the landscape level in Germany from
2005 till 2020
Stefan Nickel, WinfriedSchroder.

196

Speci al Session ORemot e

Abstract title & authors Page

Assessment of different N treatments in Hedgerow Almond Orchards by means of LiDA

point clouds. 197
Leire SandonisPozo, Jordi Llorens, Alex Escola, Jaume Arno, MigBakcual Roca, José A.
MartinezCasasnovas.

Accurate assessment of grass nitrogen status based on multispectral data from two 198
optical sensors and the critical nitrogen dilution curve.
Shaohui Zhang, Poul Erik Leerke, Mathias Neumann Andersen, Kiril Maski.

Analysing the optical response of nitrogen and phosphorous addition on a semiarid

grassland using hyperspectral fieldpectroscopy and airborne data. 199
Rosario Gonzaleascon, Javier Pachecbabrador, J., Vicente Burcharevine, MircoMigliavacca,

Tarek EdMadany, Arnaud Carrara, Lucia Casillddartinez, Gerardo Moreno, M. Pilar Martin.

Hyperspectral and thermal sensors for distinguishing between nitrogen and water stres:

in winter wheat. 200
JoseL. Pancorbo, Carlos Camino, Maria Alonggyuso, Maria D. Ray&ereno, Ignacio Gonzalez
Fernandez, Jose L. Gabriel, Pablo J. ZaiEejada, Miguel Quemada.

Wheat grain protein content estimated by machine learning from hyperspectral and
thermal remote sensing images 201
Andrew Longmire, Tomas Poblete, James Hunt, Deli Chen, Pablo Zdiejada

Tree based leaf N prediction and management zones as toolsdptimize N application

And minimize leaching. 202
Shahar Baram Eran Rave Bar Peltin, Tuvia Turkeltaub, Anna Beryozkin, Raphael Linker, Dolev

Termin, Tarin PaXagan

Optimal nitrogen management in rice and wheat based on normalized difference 203

vegetation index using sufficiency index.
Hafeez ur Rehman, Imran Ali, Jalal Hussain, Muhammad Sanaullah, Abdul Wakeel.

Page21of 324

Ser



AbstractBookof the XXI International N Workshop Updated 230ct2022

Poster Session 2.1
Abstract title & authors Page

Sensing Nitrogen dynamics in spatially and temporally diversified cropping systems. 204
Md Tawhid Hossain, Sonoko D. Bellingratimura and Kathrin Grahmann.

Finetuning fertilization strategies to local production conditions through earm
experimentation. 205
Angel Maresma, Israel Carrasco.

Winter wheat traits prediction through ensemble modeling approaches using

hyperspectral and SentineP imagery. ) 206
José L. Pancorbo, Maria Alonstsyuso, Carlos Camino, Maria D. Ra&reno, Ifiigo Molina, Pablo

J. ZarcaeTejada, José L. Gabriel, Miguel Quemada.

Highresolution airborne hyperspectral data for spring wheat assessment: yield,

biomass, grain N concentrdon and N output. 207
Maria D. RayaSereno, J. lvan Ortikonasterio, Maria AlonseAyuso, Francelino A. Rodrigues,

Lorena GonzélePerez, Miguel Quemada.

Highresolution hyperspectral imagery and groudével sensors to detect N fertilizer

rate and residual effect in winter wheat 208
Maria D. Ray&Sereno, Maria AlonséAyuso, José L. Pancorbo, José L. Gabriel, Carlos Camino,

Pablo J. Zarcelejada, Miguel Quemada

Monitoring agricultural patterns in Central Valley, California during a myigiar drough
with AVIRIS imagery 209
J. L. Pancorbo, M. Quemada, Dar A. Roberts

Nitrogen status monitoring of sugarbeet crop with ground and remote level sensors
Juan Manuel ArroyeBanz, Jose SoleRovira, Miguel LlorenteManas, lvanMartin, Elba Rosique, 210
Maria Cabrera

Developing a new tool for N optimization and precision agriculture in potato farm 211
Francesca Degan, Grégory Vericel, Cyril Hannon, Anais Toursel, #darre Cohan

Poster Session 2.2
Abstract title & authors Page

Food Waste Management towards Nitrogen Recovery. 212
Tapan K. Adhya, Snehasish Mishra.

Wheat flour fortification for post COVID nutritional support to vulnerable segments

through food distribution networks in Pakistan. 213
Muhammad Umair Arshad, Florencia Vasta, Farrah Naz, Faiz Rasool, Ali Imran, Hameedullah

Babar.

Assessing the Tradeoffs and Synergies Between Sustainable Development Goals and
Nitrogen Management. 214
Kevin Jackson, David Kanter, Eric A. Davidson, Ximang.

Nitrogen Footprint comparison of a Spanish Research Center under CGMPandemic
conditions. 215
Sara Martinez, José Luis Gabriel, Sergio Alvarez, Radl San Juan, Maria del Mar Delgado.

The Portuguese nitrogen footprint, a challenge in a Mediterranean country. 216
Soraia Cruz, Joana Marinheiro, Claudia M.d.S Cordovil, Allison Leach, James Galloway.
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Poster Session 2.3

Abstract title & authors Page

The source and rate of Nertilizer influence N assimilation and ammonia and
nitrous oxide emissions from wheat.
Marieme Drame

217

Reabsorption oft*N enriched ammonia by a winter wheat crop at two different
growth stages. 218
Jonas Frofil, Reiner Ruser, Torsten Miller.

Reducingammonia emissions from field applied fertilizer§ comparing multiplot

approaches for ammonia measurements. 219
Hannah Gotze, Sina Kukowski, Jonas Frol, Alexander Kelsch, Heinz Flessa, Andreas

Pacholski.

NHs-Min project: Reducing NEllosses from application of synthetic nitrogen

fertilizers and increasing nitrogen use efficiency of fertilization.

Sina Kukowski, Andre Acksel, Julian Brokdtter, Nicolas Briiggemann, Christian Brimmer,

Christine von Buttlar, Annette Freibauer, Jonas FroBlannah Gotze, Jérg Michael Greef, 220
Paul Heinemann, Mareike Hofemeister, Julia Jaquemotte, Henning Kage, Martin

Kaupenjohann, Alexander Kelsch, Sandra Kiesow, Karolin Muller, Torsten Muller, Andrea

Pacholski, Sandra Riesch, Reiner Ruser, Urs Schmidhalt8ebastian Wulf, Heinz Flessa.

Cover cropds effect on agricultural
emissions. 221
Victoria Nasser, Miriam Helfrich, Lisa Idler, Klaus Dittert.

Optimising NO measures following the application of mineral and organic nitroge
fertiliser to sugarcane. 222
Daniel Poultney, Frédéric Feder, Charles Detaille, Laurent Thuriés and Antoine Versini.

Organic vs. synthetic fertilization of silage maize>® emissionsfrom digestate
and urea. 223
Leonardo Verdi, Peter Kuikman, Marco Mancini, Simone Orlandini, Anna Dalla Marta.

Greenhouse gas emissions from cultivated soils vs riparian areas in the Sorraia
Valley, Portugal. 224
David Fangueiro, Claudia Cordovil, Maria dRoséario Cameira.

Understanding cover crop traits as drivers of nitrogen losses

Carlos R. Fernandez Pulido, Jim Rasmussen, Jgrgen Eriksen, Diego Abalos 225

Effect of crop diversification on soil BO emissions in semiarid Mediterranean

conditions. 226
Irene Martin Brull, Maria Alonso Ayuso, Carlos Cantero Martinez, Victoria Lafuente, Ana

Bielsa, Fernando Gémez Valenciano, Jorge Alvdigentes.

Effects of different nitrogen fertilization sources and rates on nitrogen use

efficiency and N20O emissions of tropical forage grasses 297
Mike Bastidas, Daniel M. Villegas, Alejandro Ruden, Idupulapati M. Rao, Nelson J. Vivas

Quila, Jhon F. Gutierrez3, Migu&imado, Carlos Berdugo, Jacobo Arango

Nitrous Oxide Emission Dynamics in Sri Lankan Paddy soils under controlled wa
management 228
Lakshani M M T, Chamindu Deepagoda T K K, S.P. Nissanka, Senanayake D M J B
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Abstract title &authors Page

Enhancing nitrogen use efficiency in global livestock supply chains 229
Aimable Uwizeye

Poster Session 3.1

Abstract title & authors Page

Taking advantage of drainage water from a modernized irrigation district in the Ebro
basin toreduce the nitrogen input in downstream traditional district. 230
Victor Altés, Pierre Laluet, Miquel Pascual, Olivier Merlin, Josep Maria Villar.

Agronomic evaluation in different crops of a bistabilized Municipal Solid Waste.

Maria del Mar Delgado, José Luis Gabriel, Raul Allende, Raul San Juan, Sara Martinez. 281

N and C in composting processes: Mass balance and GHG emissions.
Ana Garcia Randez, Luciano Orden, José Sdawar, Ma Angeles Bustamante, Ma Dolores Pérez 232
Murcia, Jvier Andreu, Enrique Agull, Encarnacion Martin€abater, Raul Moral.

The potential of N recovery from agrofood waste: the case study of Valencia Region

(Spain). . o 233
Ana Garcia Randez, David Alfonso, Ma Dolores Pékéarcia, Luciano Orden, José Saekowar, Ma
Angeles Bustamante, Javier Andreu, Enrique Agulld, Encarnacion MartiS8ebater, Raul Moral.

Filters made by waste to fix N gas emissions from slurry.

Adridn Gonzalezsuzman, Antonio Rafael Sanchez Rodriguez. 234
Circular Economy Model dflitrogen Management and Bioenergy Production from Waste
Water. 235
Inga Grinfelde, Alina Rozenvalde, Dace Grazule, Jovita Piletck& L uga l e v a , Lindeze
Kristaps Siltumens, Anda Bakute, Juris Burlakovs.

Emergyapproach to the sustainable use of ecosystems towards better land managemel

Joana Marinheiro, Ana Fonseca, Jodo Serra, Claudia Marques-Santos Cordovil, Christine 236

Watson.

Revealing st akeh olferdizing ractres in SEDDE heaceais o f
agroecosystems. 237
lvanka Puigdueta, Hamid Yammine, Irene Blanco, Guillermo Guardia, Carmen Galea, Juliana

Hurtado, Alberto SanXobena.

Comparison of the ammonia trapping performance of different ggermeable tubular
membrane system configuratins. 238
Maria SoteHerranz, Mercedes SancheBascones, Pablo MartifRamos.

LIFE Green Ammonia project: Market technology based on membranes for ambient
ammonia reduction in livestock farms. 239
Mercedes SancheaBascones, Maria Sotdderranz, Pablaviartin-Ramos.

An integrated innovative approach for sustainable delocalization of manure nitrogen in
orchards 240
Elio Dinuccio, Luca Rolle, Flavia Dela Pierre, Martina Friuli, Gianfranco Airoldi, Paolo Balsari

Challenges for the development of thgaspermeable membrane technology for the
recovery of nitrogen from wastewater: the LIFE Green Ammonia Project. 241
Maria Cruz Garci#&onzalez, Berta Riafio, Beatriz Molinuex®alces, Berta Gil

Harnessing Reactive Nitrogen in Integrated Food Productiongi®@imediation and Energy
Generation Systems. 242
Georgina RobinsonA | asdai r . Oo6Del |
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Poster Session 3.2
Abstract title & authors Page

Closing the gap: soil greenhouse gas emissions in a Holm oak forest. 243
Raquel RuizCheca, Laura Sanche#artin, HugoPérezJordan, Sonia Garcia, Rocio Alonso.

Longterm Trajectories of Soil Nitrogen Surplus Across Europe (183019). 244
Masooma Batool, Fanny Sarrazin, Sabine Attinger, and Rohini Kumar.

Atmospheric deposition of organic nitrogen (DON and WSON$panish Mediterranean

forests. 245
David Elustondo, Ander Aranguren, Rocio Alonso, Héctor Gaf@ianez, Jesls Miguel Santamaria,
Raquel RuizCheca, Carolina Santamaria, Anna Avila, Esther Lasheras.

Nitrous oxide emissions in riparian zones of the SUD@fritory. Static and automatic

chambers methodology.

Carmen Galea, Luis Lassaletta, Juliana Hurtado, Antonio Vallejo, José Miguel Sanchez, Sabine 246
Sauvage, Maria do Rosario Cameira, Roxelane Cakir, Rasmus Einarsson, Jaime Recio, Hamid
Yammine, Eduardo Agiera, Alberto SanZCobefia.

Impact of agricultural management changes on the risk for habitat conservation in

protected areas in Spain. 247
Héctor GarciaGomez, Rasmus Einarsson, Eduardo Aguilera, Hans van Grinsven, Mark Theobalc
Marta G. Vivanco, Tani€arrasceMolina, Luis Lassaletta, Alberto Sar€obeiia.

Development of new fertilizers based on urea coated with biopolymers and biostimulan
CALL FOR PARTNERS. 248
Mohammed BENBRAHIM, Laurent KREMER.

Foliar nitrogen uptake in a Mediterraneafforest: a fertilization experiment with labeled

nitrogen. 249
Raquel RuizCheca, Hugo Péredordan, Héctor Garci&somez, Samuel Priet@enitez, Victoria
BermejoBermejo, Rocio Alonso.

N cycling in food/excretion systems: the potential of human excretionsed as fertilizers. 250
Thomas Starck, Fabien Esculier.

The fate of nitrogen in the urban ared@ the case of Zielona Géra, Poland.
Monika SuchowskaKisielewicz, Wilfried Winiwarter, Barbara Amon, Katrin Kaltenegger, Andrzej 251
JRdrczak, SylwianbBy®Boagianni Ew Andr zej Gr ei

The impact of riparian buffers on N loading in the Nooksack River transboundary
watershed. 252
Astoria Tershy, David Hooper.

Poster Session 3.3

Abstract title & authors Page

Root traits explain multitrophidnteractions of soil microfauna on N mineralization and

plant growth. 253
Junwei Hu, Ummehani Hassi, Mesfin Tsegaye Gebremikael, Kenneth Dumack, Tom De Swaef,

Steven Sleutel, Stefaan De Neve.

Nitrogen availability and losses from digestates, organic amdineral fertilizers. 254
Mohammed BENBRAHIM, Laurent KREMER, Jessica HAAS.

Results from a novel woodchips bioreactor test center may improve the performance of
field-based woodchips bioreactors. 255
Finn Plauborg, Maja H. Skjadt , Arnaud Jéglot, Joachim Audedrl C. Hoffmann, Brian H. Jacobser
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Understanding the inconsistency in performance of nitrification inhibitors by exploring
their interactions in soil. 256
Ben A. Rigby, Clayton Butterly, Deli Chen, Helen C. Suter.

Productivity improvements ofubber with application of different sources of fertilizers.
: ; 257
D.N. Jayasinghe and S.P. Nissanka.

The humicacid activation of nutrient transporters in the root is mainly regulated by
jasmonic acid and indoleacetic acid. 258
Olaetxea, M., Erro, JZamarreno, A.M., GarciMina, JM.

Nitrate signal use as potential modulator of plant metabolism in ammoniufad crops. 259
Aitziber CallejaSatrustegui, Mikel RivereMarcos, Idoia Ariz.

Ntrace, an advanced tool for analysingN tracing data. 260
JansenWillems, A.B., Zawallich, J., Muller, C.

Impact of missing inputs and outputs in agenvironmental N indicators
Jodo Serra, Rosario Cameira, Claudia Cordovil, Joana Marinheiro, Luis Lassaletta, Eduardo 261
Aguilera, Sergiy Medinets

Identification of Rice Genotypes with Efficient Nitrogen Use by Assessing Phenotyping
Molecular Traits. 262
R.M.N.H. Senanayake, D.M.J.B Senanayake, N.A.A.S.P. Nissanka.

Regul ar Session 0Crops 786

Abstract title & authors Page

Crop developmentontrols denitrification through Carbon exudation, Nitrogen and water 263
uptake.
Pauline Sophie Rummel, Jonas Eckei, Reinhard Well, Amanda Matson, Klaus Dittert.

A global synthesis of soil denitrification: driving factors and mitigation strategies. 264
Baobao Pan, Longlong Xia, Shu Kee Lam, Enli Wang, Yushu Zhang, Arvin Mosier, and Deli Chel

Nitrogen immobilisation, mineralisation, and uptake of silage maize and sugar beet

following cover crops from different functional groups. 265
Insa Kihling Thomas Rébiger, Mirjam Helfrich, Simone Merl, Roland Ful3, Heinz Flessa2, Michat
Schlathdlter, HeinzJosef Koch, Dennis Grunwald, Lisa Essich, Reiner Ruser, Henning Kage.

Abiotic nitrogen cycle in agricultural soils: NOx fixation/emission throughotocatalytic

reactions. 266
Antonio Rafael SancheRodriguez, José Maria Méndez, Ute Skiba, Davey L Jones, Dave R

Chadwick, Elena Gémez Alvarez, Maria del Carmen del Campillo, Rafael BA Fernandes, Vidal

Barrén.

Agrephysiology of grasses and legumedestined for biorefining of proteind effects of 267
defoliation and fertilization regimes.
Kiril Manevski, Uffe Jargensen.

Soil nitrogen enrichment using biomass dliricidia sepiuminjected with labelled>n 268

fertilizer and subsequent recovery b¥eamays.
S P. Nissanka and U. R. Sangakkara.

Page26 of 324



AbstractBookof the XXI International N Workshop Updated 230ct2022

Regul ar Session OLandscape 3

Abstract title & authors Page

Impacts of anthropogenic nitrogen inputs on the spatial variation in greenhouse gas
exchange at global scale. 269
Wim de Vries, Lena Schultelebbing, Naiging Pan, Rita van Dingenen, Klaus Butterbach Bahl, En:

Du, Massimo Vieno and Hangin Tian

Nitrogen oligotrophication: How can it be? 270
Peter M. Groffman.

Spatially explicit targets for nitrogen use efficiency to keep foaoduction within 271

environmental boundaries.
Lena SchulteUebbing, Wim de Vries, Gerard Ros, Astrid Berendsen, Arthur Beusen, Lex Bouwm

N human inputs into the biosphere: nutrient imbalances and their impacts on 272
environment, food security and humamvellness.
Josep Penuelas, Jordi Sardans.

Region oriented and integrated approach to reduce emissions of nitrogen and

greenhouse gasses to the environment. 273
Hans Kros, Edo Gies, Piet Groenendijk, Twan Cals, Jan Peter Lesschen, Jan Cees Voogd, Tia
Hermans, Gerard Velthof.

Urban Nitrogen Budget$ Comparison Across Cities.
Katrin Kaltenegger, Xiangwen Fan, Samuel Guéret, Monika Suchowsksielewicz, Wilfried 274
Winiwarter.

Speci al Session o0Circul ar eco

Abstract title & authors Page

Recovery of ammonia from livestock and municipal wastewater using gagesrmeable 275
membranes: Effect of carbonate alkalinity.
Matias Vanotti, Patrick Dube, Raul Moral, Maria Cruz Gar€inzalez.

Futurability of our nitrogen use connecting humanity and nature. 276
Kentaro Hayashi, Yoshinori Nakagawa, Hideaki Shibata, Keisuke Koba, Kazuyo Matsubae, Koicl
Kuriyama, Tatsuyoshi Saijo.

Fertilization strategies in organic winter wheat for bread quality. 277
SofiaDelin, Lena Engstrom.

Global nitrogen demand, waste, and potential circularity under nationally sourced EAT 278

Lancet diets.
José M. Mogollén, Nicolas H. Navarre.

Revealing st akeh olferdizing @ractres in SEDDE heobaceouo f
agroecosystems. 279
Ivanka Puigdueta, Hamid Yammine, Irene Blanco, Guillermo Guardia, Carmen Galea, Juliana

Hurtado, Alberto Sanobena.

Recoupling global livestock and crops through managing trade. 280
Chuanzhen Zhang, Baojing Gu, Shu Kee Lam, Emma LiabgJi Chen
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Abstract title & authors Page

A oneway journey from land to sea: the N cycle in rivers, lakes, estuaries and coastal
ecosystems 281
Estela Romero

Regul ar Session 0Crops 86

Abstract title & authors Page

Barriers andopportunities for developing nexgeneration enhanced efficiency fertilizers. 282
Deli Chen, Shu Kee Lam, Helen Suter, Frank Caruso, Uta Wille, HaagHu, Bill Malcolm, Emma
Liang, Charlie Walker, Michael Wilkes.

Leached nitrogen losses from ureéertiliser with and without urease and nitrification

inhibitors. 283
Alison Carswell, William Roberts, Marieme Drame, Maria Oszvald, Martin Jemo, Guy Kirk, Sigrid

Heuer, Tom Misselbrook.

Nitrate leaching in maize and wheat irrigated cropping systermgder nitrification

inhibitor and/or intercropping effects. 284
Raul AllendeMontalban, Diana MartinLammerding, Maria del Mar Delgado, Miguel A. Porcel and

José L. Gabriel.

Reducing reactive nitrogen losses and improving nitrogen use efficiencyioe-wheat

system using nitrification and urease inhibitors. 285
Arti Bhatia, Sandeep Kumar, Ritu Tomer, Shikha Sharma, Niveta Jain, Julia Drewer, Bob Rees,
Himanshu Pathak and Mark A Sutton.

Effect of tillage and DMPSA on the fate of N and® emission in a Mediterranean barley
crop. A field5N tracing study. 286
Sandra GarciaGutiérrez, Guillermo Guardia, Ménica Montoya, Rocio Rodrigiregez, Antonio

Vallejo, Sonia Garcidiarco.

Degradation of the Nitrification InhibitoB,4-Dimethylpyrazole Phosphate in Soils:
Indication of Chemical Pathways.
Parvinder Kaur Sidhu, Bethany Isabel Taggert, Deli Chen and Uta Wille.

287

Regul ar Session OLandscape 4

Abstract title & authors Page

The quest for efficient nutrient restoration strategies of aquatic ecosystems: an

288
exploratory study.
Angel Udias, Bruna Grizzetti, Olga Vigiak.
Integrated policy options to reduce future nitrogen load to surface waters. 289
Arthur Beusen, Jan JansePeter van Puijenbroek, Paul Giesen, Lex Bouwman.
Longterm trajectories of nitrogen and phosphorus point sources from wastewater to 290

German river systems.
Fanny Sarrazin, Sabine Attinger, Rohini Kumar.
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Strong hydroclimatic controls owulnerability to subsurface nitrate contamination across
Europe. 291
Rohini Kumar, Falk HeRRe, P.S.C. Rao, Andreas Musolff, James W. Jawitz, Fanny Sarrazin, Luis
Samaniego, Jan H. Fleckenstein, Oldrich Rakovec, Stephan Thober and Sabine Attinger.

Optimizing Denitrifying Bioreactor Installation in the Chesapeake Bay Watershed to Tre 292
Legacy N Pollution.
Sarah Kinz, Kelly Cobourn, Kurt Stephenson, Zach Easton.

Three decades of nitrogen fluxes in freshwaters and to the seas in Europe: a histand

regional analysis. 293
Olga Vigiak, Angel Udias, Bruna Grizzetti, Michela Zanni, Alberto Aloe, Franz Weiss, Jordan Hris

Berny Bisselink, Ad de Roo, Alberto Pistocchi.

Speci al Session 0Circul ar eco

Abstract title & authors Page

Distribution of livestock populations and excretion relative to human populations in

Canada: Implications for nitrogen circularity. 294
Shabtai Bittman, Derek Hunt, Devon Worth, Sheri Spiegal, Peter Kleinman, Joao VendraMaria

Silveira, Colton Flynn, Keith Reid, Tim Martin, Andrew VanderZaag.

Comparative consequential LCA: microbial fertilizers grown on potato wastewater, 295
common organic fertilizers, and mineral fertilizers.
Julia Santolin, Siegfried VlaemingkMarc Spiller.

New composting technology as a potential tool for valorizing afgrod wastes into 296
compost and liquid nitrogen fertilizer.
Mesfin T. Gebremikael, Dorian Medrano, , Hanne Lakkenborg Kristensen.

Sewage sludge and its valuadded products for nitrogen circular economy: Opportunitie: 297
and challenges.

Muhammad Riaz, Maryium Adil

Production of Smart Biofertilizers from recovered nutrients: a step forward to turn WWT 298
into biofactories.

G. Noriga-Hevia, A. Mayor, A. Sanchez, L. Rodriguez, C. M. CaBanos.

Nutrient cycling indicators and their relation with nutrient use efficiency in agfmod

systems. 299
Hein F.M. ten Berge, Marloes van Loon, Wytse Vonk.

Poster Remote
Abstracttitle & authors Page

Crops

Effect of DMPbased nitrification inhibitors and soil pH on nitrifying and denitrifying soll
bacterial populations. 300
Teresa FuertesMendizabal, Ximena Huérfano, Miren K. Dufiabeitia, Carmen Gonzéa\arua, José

Ma Estavillo.
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Nitrification inhibitors and soil pH effect on BO emissions in a cut grassland.
Ximena Huérfano, Teresa Fuerteslendizabal, Miren K. Dufabeitia, Carmen Gonzaksturua, José 301
Maria Estavillo

Unveiling of genetic factors regulating nitrogen uptakend utilization in wheat Triticum
aestivum L) 302
Rubab Igbal, Aysha Kiran, Muhammad Ramzan Khan, Muhammad Kashif Naeem, Abdul Wakee

Nitrogen use efficiency of wheat as affected by variable potassium sources and nitroge
levels. 303
Aysha Kiran, AbduWakeel, Zunaira Bano, Rania Baloch.

The role of biological nitrogen in plant nitrogen nutrition on sgubdzolic soils of Russia. 304
Sergei Lukin.
Linking root traits and N20 emissions from grassland soils. 305

Arlete S. Barneze, Jan Willem va@roenigen, Gerlinde B. De Deyn, Jgrgen Eriksen, Diego Abalos

Agroecological validation of an organic fertigation protocol in areas vulnerable to nitrate
contamination 306
Cristina RomereTriguero, José Maria Bayona, Maria Puerto Sanchez, Felipe Bastiiz Belén

Mira, Emilio Nicolas

Impact of Nitrogen Addition on CO2 emissions at Different Stages of Plant Residue
Decomposition. 307
Ahmad Mujtaba, Abdul Qadeer, Tahseen Afzal, Abdul Wakeel and Muhammad Sanaullah.

Biochar production from forest wast@s a source of nitrogen and phosphorus. 308
Nuria FerreireDominguez, Subhi Salman, Maria Rosa Mosquetasada.

Impact of different nitrogen rates on ammonia volatilization and nitrogen use efficiency

wheat (Triticum aestivum L.). 309
Muhammad Rizwan, Abdul Wakeel, Muhammad Rizwan Shahid, Muhammad Sanaullah,
FaisalabadPakistan.

Modeling the effects of climate change on nitrogen use efficiency (NUE) of wheat in ari
and semiarid environments. 310
Muhammad Rizwan Shahid, Abdul WakeéMuhammad Sana Ullah, Tasneem Khalig.

Livestock

High animal comfort and low emissions in a new housing system for pigs.
Helmut Doehler, Susanne Doehler. 311

Mix systems

Nitrification potential and NO emissions assessment from processed slurander
(;ontrolled conditions. 312
Alvaro DoblasRodrigo, Mikel Anza, Haritz Arriaga, Laura Rincén, Pilar Merino.

Soil nitrogen modelling in grasslands of the north of Spain under conventional and
rotational grazing scenarios. 313
Alvaro DoblasRodrigo, RaphaéMartin, Katja Klumpp, Pilar Merino.

Greenhouse gasses emission as affected by dairy manure {afiplied to a Silvopastoral

system based on Pecan in Argentina. 314
Fernanda Figueiredo Granja Doriléo Leite, Gustavo Sebastian Cambareri, Claudia Faverin3 and
Marcelo Beltran.

Integrated approach to estimation of nitrogen use efficiency in intensive dairy husbandr
at farm level in the NortiWest Russia. 315
Aleksandr Briukhano, Eduard Vasilev, Natalia Kozlova and Ekaterina Shalavina.

Remote Sensing

Hyperspectral imaging for the assessment of mineral nutrition status in peach trees
Lourdes Lled, Pilar Barreiro, Victoria Lafuente, Natalia Hernand8anchez, Jesus Val 316
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Landscape

Integrating environmental sustainability efforts across community and university bound:
A case study with Charlottesville City, Albemarle County, and the University of Virginia. 317
Elizabeth Dukes, James Galloway.

The OAtmosphered pool flows within Nati 318
Olga Krukowskaya, Hanna Malchykhina.

Integrity and potential future development of forests in Germany exposed to atmospher
nitrogen deposition and climate change in Germany. 319
Martin Jensen, Stefan Nickel, Winfried Schroder.

Estimation of Nitrogen budget in the transboundary river catchments of Eastern Europe

dominated by agricultural activities 320
Sergiy Medinets, Oksana Butrim, Lidiya Moklyachuk, Tommy Dalgaard, Volodymydiigs

Nitrogen fluxes due to agricultural activities and wastewater management in Turkey.
Aysun (Vatansever) BolL-a, Selim Latif Sanin 321

Circular economy

Surface Modification of Coal and its Application to Mitigate Ammonia Loss from Livesto
Manure. 322
Wei Zhang, Deli Chen,-Ziheng He, Clayton Butterley, Bing Han.

The National Fertilizer Plan and its implications for nitrogen sustainability in Brazil. 323
Gisleine CunhaZeri, Jean Pierre Ometto, Evandro Albiach Branco.

Assessment of Nmineralization from pelletized and nopelletized composts through an
incubation experiment. 324
Virginia Takata Vidal, Claudia Vitéria, Maria Cruz GarGianzélez, Carmo Horta
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Halving nitrogen waste: motivation, definitions and opportunities for
2030 and beyond.

Mark A. Suttod* and David S. Kanter

1 UK Centre for Ecology & Hydrology (UKCEH), Edinburgh Research Station, Bush Estate, Penicuik, Midlothian,
EH26 0QB.
2 New York University (NYU), New York, United States

* ms@ceh.ac.uk

While major gaps in knowledge remain, the major reactive nitrogen;)(flows are weH
characterized in many regions, informed by a combination of experimental studies, ground
based and satelliteobservations, and numerical models. While the evidence shows clear
benefits and threats of anthropogenic Nmobilization, the question now becomes ever
clearer: what is society going to do to address the challenge?

This presentation reflects on the develape nt behind the idea of o0hal v
globally, considers the need to develop consensus around definitions, and considers options
for action by 2030 and beyond.

Nitrogen narratives have developed over the last 20 years, including the idea @fagen as

a multithreat, multi-benefit issue. This has emphasized the need for communication tools,

such as the WAGES perspective, where action on nitrogen simultaneously ben@fter, Air

quality, Greenhouse balance Ecosystems andSoils. Since thena sequence can be detected

from oO0reduce pollutiondéd (socially negative fo
(socially positive, but hard to set shared goals), to reduce nitrogen waste (socially positive for

all, easy to set shared goals, emphass economic benefit).

It is explained how the phrase ohalve nitrogen
| NMS New York workshop (Sutton et al., 2021).
bold action. oO0OWasted wadresolrcesgneoney,byhaléngwhicle ss t he

everyone could benefit. The concept was launched by INI (October 2018) and embraced by

14 UN member states in the Colombo Declaration (October 2019). A linked aim to
osignificantly reduce mindvogans waospe ey b0 A0 I am
in the UN Environment Assembly Resolution 5/2 (March 2022).

Action to halve nitrogen waste will be accelerated by the tripling of nitrogen prices since
2019, now representing a global economic opportunity worth USD @B®illion per year.
Options in agriculture, wastewater, municipal solid waste, combustion processes,
consumption and integration are presented with a view to accelerating action. The gross
financial benefit of action to halve nitrogen waste is now even gar than the USD 200 billion

of public money that is used globally to subsidize farmers.
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Environmental N losses from Chinese and global vegetalgeoduction
systems

Klaus ButterbachBahl3*, Wagas Qasirh2, Li Wart2, Zhisheng Yaé, Shan Lii-5

1 Institute for Meteorology and Climate Research (IMRU), Karlsruhe Institute of Technology, Garmisch
Partenkirchen 82467, Germany

2 College of Resourceand Environmental Sciences, China Agriculture University, Beijing 100193, China
3 Pioneer Center LandCRAFT, Agroecology, University of Aarhus, Denmark

4 State Key Laboratory of Atmospheric Boundary Layer Physics and Atmospheric Chemistry, Institute of
Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029, China

5 College of Life Science and Technology, Hubei Engineering University, Hubei, 432000, China

* Klaus.ButterbachBahl@agro.au.dk

Vegetable production in greenhouses is often associated with the use of excessive amounts
of nitrogen (N) fertilizers, low NUE (135%), and high N losses along gaseous and
hydrological pathwaysOn basis of a thoroughneta-analysisaccompanied with detailed field
measurements in various regions of Chinave asses®d the effects of application rate,
fertilizer type, irrigationtype and amount and soil properties onsoil NeO emissions and
nitrogen leaching from greenhouse vegetablg/stems on the basis of 75 studiesOur studies
show that at global scale annual mean soil &0 emission from fertilized greenhouse
vegetable systems are about 12.0 £ 1.0 kg M}ON hat yri, but that specifically in China,
where farmers use huge amounts of rganic N fertilizers, annual N emission rates by far
exceeding 50 kg NO-N ha! yrt may occur. The mean annual nitrogen leaching (NL) was 297
+22 kg N hat yrt (global: 1.66 Tg N y¥), with fertilization, irrigation, and SOC explaining 65%
of the obsewed variation (Qasim et al., 2021). Also here, own field observations show, that
N leaching rates may exceed 500 kg N Hayr!, with leaching of dissolved N (DON)
contributing about %. Global yielécaled NO emissions (0.05 + 0.01 kg NON Mg1! yr1)
and nitrogen leaching (0.79 £ 0.08 kg N Mg yr!) strongly depended on fertilizer rates.
Overall, rates found documented in our metanalysis as well as in our field studies, may still
represent an underestimation as only single studies investigated N lossduring periods of
anaerobic soil disinfestation (ASD), a method carried out every32years during fallow
periods to combat soiborne diseases and to improve soil health (Qasim et al., 2022).

In field studies in the North of China and in Shandong proeivarious options for mitigating

N losses during greenhouse vegetable production were tested, with introduction of drip
fertigation in combination with reduced N fertilization rates being the most promising one.
However, additional incorporation of maizstraw or biochar are as well suitable measures to
reduce N losses, while at the same time increasing soil C stocks.

Overall, our study shows, that while global greenhouse vegetable production systems are
hotspots for environmental N losses, specificallggarding N leaching, economically feasible
adaptations of the production system may allow for signification mitigation.
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Application technology and slurry type affect slurry acidification effect on
ammonia emissions and crop response

Andreas Pacholskiz*, Christian Wagne, Anette V. Westergaafl] Sasha Hafnet, Tavs

Nyord-5

1 Thuenen Institute for Climate Smart Agriculture, Braunschweig, Germahynstitute of Ecology, Leuphana
University of Luneburg, 21335 Lueneburg, German$SEGES, Agro Food Park 15, 8200 Aarhus N, Denmairk;

Department of Biological and Chemical Engineering, Finlandsgade 12, Aarhus University, 8200, Aarhus N, 8
Denmark;5 Concito, Copenhagen, Denkmark

* andreas.pacholski@thuenen.de

Field slurry acidification with sulfuric acid has been discussed as a major igétion measure

to reduce ammonia (Nk) emissions from field applied liquid organic fertilizers. Commercial
systems available for farmers operate according to single point acidification, i.e. addition of
acid between slurry tank and application tube duringlurry application. However, scientific
experimental testing of field acidification has been mainly confined to acidification prexy
systems in which acidification is often done the day before slurry application and eventually
re-adjusted before slurry apfication. Two field studies were carried out with commercially
available technology. In a trial in Denmark (Wagner et al. 2021) acid amount needed for
single point pH adjustment was tested in the lab before system application. In the same
experiment, 5 diferent slurry types (cattle, pig, mink, anaerobic digestate, liquid phase
separated digestate) with (target pH 6) and without acidification were tested in 2 winter
wheat campaigns, while combinations of acidification with different slurry application
systems were investigated in summer barley. Yield components were determined after plot
combine harvest. In a trial carried out in central Germany, another commercial system was
used applying liquid phase, chickemanure based digestate on grassland at 2 acidadage
levels. In both trials, Nkl losses were measured by a combination of sulfuric acid trap
samplers scaled by DTM dynamic chamber measurements (Pacholski, 2016). Apart of pig
slurry, acidification significantly reduced ammonia emissions in all slurrpés by about 50%,
while crop effects were mainly observed in nitrogen uptake and apparent nitrogen use
efficiency. Amount of added acid rather than pH reduction increment accounted for observed
NHs reduction effects. Combination of slurry incorporation (n@w) with acidification resulted

in NH mitigation on the same level as closed slot injection. In the grassland trial, even very
high acid application levels (5 | sulfuric acid per m?) resulted in a smaller reduction of
emissions (35%). Tested single pdiracidification systems significantly reduced ammonia
emissions in most trial situations. However, care should be taken regarding choice of
acidification target values (slurry pH vs. amount of acid) and technical system limitations for
slurry substrates denanding high dosage of acid.
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Methodology for recording ammonia emissions in field trialsare we
measuring correctly ?

Helmut Doehlet*, Janis L. Klug, André Acksél Martin Kaupenjohanr?
1 DoehlerAgrar Consultancy, Untermerzbach, Germany
2 TUBerlin, Berlin, Germany

* helmut.doehler@doehleragrar.de

Introduction

The application of nitrogenous fertilisers both livestock manure and mineral fertilisers is
one of the main sources of national and global NHemissions. It is therefore absolutely
necessary to have emission measuring methods that are as simple, accurate, inexpensive
and correct as possible in order to obtain representative data for a large number of regions,
crops and cultivation specifics.

Identification of a reference method for the quantification of ammonia emissions

The correctness of the IHF method (Integrated Horizontal Flux Method) was tested in two field
trials. In a first trial, viscous cattle slurry was applied to a harvest wheat stubble field on
the circular experimental area. The straw was chopped and evenly distributed over the plot
so that only small amounts of the slurry were in contact with the soil. Nemissions were
recorded over a measurement period of 50 h usintpe IHF method. In the second field trial
on a harvested grain field, an ammoniurontaining solution filled into small aluminium pans
served as an ammonia source. The pans were also arranged in a circular pattern and the
emissions were recorded by the IHmethod over a period of 6.5 hours.

Results and conclusions

The measurement and model calculations with the IHF method showedsNissions of 96
% of the applied ammoniurdN within one day in trial 1, after which no more emissions were
detectable. Sigificant residual levels of ammonium on the straw were not detectable. In trial
2, 95 % of the ammonia emitted from the pans was recorded by the IHF method.

It can therefore be assumed that the IHF method correctly displays the emissions at elevated
ammonia source strength conditions. The IHF method should therefore be considered as a
reference method for ammonia emissions in the field, but further investigations are required
(Dohler et al. 2021; Déhler and Wiechmann, 1988).
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Is nitrogen management alone sufficient to mitigate nitrate, nitrous
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Enhancing crop productivity whilmitigating the negative environmental impact of agriculture
with advanced nitrogen (N) management practices is fundamental, but is N management
alone sufficient to achieve it? The objectives of this-year study (20142020) were to
evaluate preplant urea (traditional management) and enhanced efficiency fertilizers and
split applications (advanced management) on cordZéa maysL.) grain yield and N loss to the
environment as nitrate (N®) leaching and nitrous oxide (M) and ammonia (Nk) emissions

to the atmosphere. The study was conducted in Lamberton Minnesota, USA. The study was
replicated four times in a randomized complete block design with four treatments with an
agronomicoptimum N rate: preplant application of 202 kg N ha of either urea (U) or EN

(E), which is a polymer coated urea, and 135 kg N has urea with the urease inhibitor
Agrotain (U+) sidedressed at development stage ¥4with 67 kg N hal applied before
planting as either urea (U/U+) or ESN (E/U+). The E/U+ increased corn graidyj® Mg ha

1) and total N uptake (18 kg N h&) compared to U, while E and U/U+ produced no
differences. A trend for greater net economic returns per hectare was observed with E/U+
than U (US$63), E (US$52), and U/U+ (US$46). Nitrate loss was lower fah&h the other
treatments, but flowweighted concentrations showed only a lower trend. Nitrous oxide
emissions were not reduced with split application or U. However, they were reduced with E in
wet years, but there were no differences in dry years or seasowith evenly distributed
precipitation. Ammonia loss was lower for E compared to other treatments. Overall, U was
least efficient, producing lower crop yields and increasing N losses compared to E in wet
years. While split treatments increased corn yieldhey did not reduce N losses, thus they
may not be as environmentally advantageous. While improved production and environmental
protection can be achievable by refining N management practices, they are insufficient to
substantially reduce N loss.
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Abstract

The study attempted to increase nitrogen use efficiency (NUE) and reduce nitrogen (N) losses
in two consecutive rice seasons of boro (dry season), and aman (monsoon) during 2020
2021 under different nitrogen fertilizer managements in Gazipur, BangladesH. dlso
assesses and quantifies nutrient contents and yield using multispectral unmanned aerial
systems (UAS) data collected on seven growth stages of aman rice. There were seven
treatments viz. (i) ero N control, (ilrecommended dose (RD) of N as prillearea (PU), (iii)
RD+ 25% PU, (iv) RB25% PU, (viowdung (2 t/ha)+ supplemented by PU, (vRRD+ biochar,

and (vii) urea deep placement using urea super granule (USBecommended doses of N
fertilizer as PU were 186 and 102 kg/ha for boro and amanag, respectively, while as USG
were 95 and 75 kg/ha, respectively. Ammonia (NfHvolatilization and nitrate (N®) leaching
were determined. In both the growing seasons, BN emission was found the lowest in the
USG treatment followed by biochar and cowdg treatments. The minimum N©®leaching
loss was recorded in the USG in both rice seasons. The highest grain yields of both rice were
attained in the biochar followed by USG and cowdutrgatments. The highest agronomic
(28.51 kg/kg), physiological (48.36kg/kg) and recovery (58.98%) efficiencies of N were
found in USG followed by biochar and cowdung treatment in boro but recovery (62.56%)
efficiencies were found in biochar treatment followed by USG and cowdung treatment in
aman season. UAS data also confihed that, the recommended dose with biochar showed
better grain and biological yielddn biochar treatment, the highest levels of nitrogen (1.70%),
phosphorus (0.21%), potassium (1.48%) and sulfur (0.17%) were found in the canopy,
followed by cowdung andJSG.The findings revealed that USG and biochar treatments
appeared promising to reduce ammonia volatilization and nitrate leaching, and increase NUE
and grain yields.
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About 12%of agricultural NH emissions originate from the application of synthetic nitrogen
fertilizers in Germany. Through the Convention on Larange Transboundary Air Pollution,
Germany has committed to reducing its total NHemissions by 27% by 2030 comparedot
the reference year 2005. As part of the joint research project NHWin, we conducted a mult
plot field experiment on winter wheat, set up at 10 sites across Germany. We measured NH
emissions daily for up to two weeks after application of different rofgencontaining synthetic
fertilizers. Additionally, we monitored soil mineral nitrogen dynamics, pH, weather conditions
and various plant parameters, such as yield, biomass and protein content. In three of the
sites, we fertilized plots also with the "Cdrolled Uptake Longlerm Ammonia Nutrition
(CULTAN) 6 met hod, w thasad dertillzaér ¢ unjected aniy raca at whm
beginning of the growing season at high concentration into depots near the root zone, as
opposed to usually three fertilizer aplications throughout the growing season. We measured
ammonia emissions and soil mineral nitrogen content in the CULTAN treatment four times
during the growing season, each time directly in the depot, between the depots, and between
rows. Ammonia emissionwere quantified by means of plot based acid traps and
simultaneous dynamic chamber measurements (Pacholski, 2016). Using our data, we will
compare ammonia emissions and nitrogen use efficiency of urea ammonium sulfate
injections (CULTAN) with conventionablid urea ammonium sulfate surface application.
Preliminary results show that CULTAN injection resulted in similarsMthissions after the
initial application as its counterpart, i.e., solid urea ammonium sulfate, but that hH
emissions from CULTAN decread to almost zero thereafter, while NHemissions after the
second and third surface application of solid urea ammonium sulfate were as high as after
the first application. This difference corresponded at one site to an overall reduction inaNH
emissions of 70%, or 14.5kg N/ha by CULTAN fertilization. The residual ammonium was
completely absorbed by the plants during the first two to three months after application as
observed in soil mineral N dynamics. No significant difference in yield was observed betwve
the different fertilizer treatments, although at one site a decrease in grain dry protein content
was found with the CULTAN treatment. The final aim is to assess the suitability of the CULTAN
method for the reduction of ammonia emissions and increasimgtrogen use efficiency.
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Nitrogen (N) use benefits food production and carborguestration, while nitrogen losses can
cause severe damages to environmental quality, human health, ecosystems and affect the
greenhouse gas (GHG) balance. Assessment of the societal costs and benefits of these
multiple effects can inform policy about theassociated welfare loss and the relative
contribution of nitrogen in pollution issues and food production. These N shares and welfare
effects vary widely between world regions and can inform design of N policies and mitigation
options. For the Internatioal Nitrogen Management System project, costs and benefits were
monetized for the following N issues: change of (1) mortality by ambient BMind G due to
change of N emission to ai(Gu et al., 2021) (2) cereal production and N surplus by change
of fertilizer use(van Grinsven et al., 2022jand exposure to @, (3) climate effects of Nrelated
changes to he GHG balance, elaborating the effect of N deposition on carbon sequestration;
(4) ecosystem services of marine ecosystems due to change of N river inputs and (5)
biodiversity of terrestrial ecosystems by change of atmospheric N deposition. In view of
considerable uncertainties and conceptual debates about valuation of environmental impacts,
presentation of results will focus on changes of values between current (202015) and
contrasting scenarios for 2050 (Shared Socioeconomic Pathways; viz. SSP1, S&RPSSP5,
with contrasting climate and N policies) and between thirteen world regions. (results
forthcoming)
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The aim of the WFDs to achieve good ecological status of water bodies by 2027. EU
countries are busy deciding on the measures needed to achieve this target in the last
planning period. The WFD acceptsxemptions to the environmental objectivesn cases
where achievinggood ecologicalstatus is disproportionately costly when compared to the
environmental benefits.However, few countries have succeeded in such an analysis and so
the wish for exemptions is often not founded in actual CBA analyses. In a previous paper an
approach to screeiing of catchments has been presented (Jensen et al., 2013).

In this new analysis, an effort has been made to improve both the cost and especially
the benefit estimates. For each catchment area, the current water quality status is identified
and the costsof achieving good ecological status are determined. The cost estimates include
a range of nonpoint pollution measures in agriculture and urban wastewater (overflow and
from sewage works)Benefit assessment is based on a meta analysis of primary valuatio
studies in the Nordic countries. The analyses are carried out for the 108 catchments
included the River Basin Management Plans for Denmark.

On the cost side, the reduction target of 13,000 tN has been set in order to reach
good ecological status in 2@7. The national costs vary from 600 to 1100 million DKK
depending on the potentials and the measures used. The highest costs are where the
reduction requirements are the largest.

The benefit estimates are based on a meta function. The meta functionhaeen
tested at it shows that the transfeferrors are within the bounds of what is considered
acceptable for this type of benefit transfer. The average transfer error is 13.7 % with a median
of 0.7 %. The benefit results show significant variations acrosatchments; accordingly,
willingness to pay for good water quality varies across households. Variations in aggregate
willingness to pay across catchments is also attributed to the variation in number of
households across catchments. The average WTP wasl1B3DKK per household. Further
analyses will show the cost/benefit ratio in the different catchments which will be presented.
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The optimal use of nitrogen (N) fertilizer is on debaterfmore than 100 years. In the middle
for the 19t century Justus von Liebig found that mineral nutrients are essential for plant
growth and stated the Law of the Minimum which is widely interpreted as the foundation for
proportional yield response of cropt the supply of fertilizer. Later Eilhard Alfred Mitscherlich
found that crop yield response to fertilizer is diminishing resulting in the Law of Diminishing
Returns, which is widly used in economic theory. The concepts of linear response and the
Law of Diminishing Returns are contradicting eachother and until today both concepts
coexist, leaving farmers and advisors confused about the best model to apply. Economic
optima and nitrogen fertilizer reduction costs deviate substantially for the different
approaches, resulting in confusion and potential barriers for N fertilzer reduction in
agriculture. In fact many heuristics for fertilizer applications are based on nutrient contents
of the harvested crops, implying the concept of the need to substitute themaral nutrients

of the harvested crops taking into account O0i ng¢
substituted by fertilizer.

This paper reviews the implications of different yield response models based on data from
field experiments in Brandeburg, Germany. Profit maximizing N rates were compared to

recommended N fertilizer values and costs of reduced fertilizer levels were estimated over
six years for different assumptions about the course of the response functions and different

price assumptbns. On average, recommended rates were higher than the economic optimal
fertilizer rates. The paper concludes with an assessment of N reduction costs for a range of
scenarios and pledges for a new approach to recommend N fertilizer rates to farmers, which
takes into account increased uncertainty due to climate change and the economics of N

fertilizer use.
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Cereals are the most important global staple food and use more than haffglobal cropland
and synthetic N fertilizer. Synthetic N could feed about half of the global population but also
has massively increased loss of reactive N to water and air, causing a suite of impacts that
offset the societal benefits of N fertilizers.d assess current and future benefits and costs of
changing inputs of synthetic N, a new model was developed for the UNEP INMS project. This
model (NBCalCer) quantifies longerm global yields (using generic N response curves with
soil N status in steady sate (Van Grinsven et al., 2022)and N budgets (country/state level)
for rainfed and irrigated wheat, maize,ice and barley (using potential and water limited
yields obtained from GYGAw(vw.yieldgap.orjand N inputs based on IMAGENM and IFA).
Further the tool monetizes changes in yield and N surplus. NBCalCer was appiichase
years (20102020, hereafter baseline) and results were validated. Next it was applied for
contrasting scenarios for 2050 (Shared Socioeconomic Pathways; viz. SSP1, SSP2 and SSP5,
with contrasting climate and N policies). Global use of synthetiddN\orojected to change from
50.9 TgN in baseline and in 2050 to 41.5 in SSP1, 38.6 in SSP2 and 90.9 TgN in SSP5, with
grain yields of 2.8, 3.8, 4.1 and 4.4 billion tonnes, respectively. The contribution of this
synthetic N to global cereal production in Is&line (2.8 Gt) was estimated a 47%, ranging
between 27% in SukSaharan Africa (SSA) region to 75% in Canada. The total Nloss in
baseline is estimated at 41TgN (80% of synth N) and is projected to change to 31, 36 and
69 TgN in 2050 (74, 934 and 76% of syth N under SSP1, SSP2 and SSP5). The global ratio
in base year of the economic benefit of synthetic N to increase grain production over its
summed cost from purchase and the external cost of the Nloss ratio was 1.6 (ranging from
0.3 in Australia to closeto 5 in SSA, India and Brazil). This benefibst ratio is expected to
decrease in future SSPs. Given the concerns about food security, environmental quality and
its interaction with biodiversity loss, human health and climate change, the new paradigm for
global cereal production is producing sufficient food with minimum pollution. Our results
indicate that achieving this goal would require a massive change in global use and regional
allocation of synthetic N.
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Although reactive nitrogen (Nr) inputs are essential for agricultural and industrial production,
a large proportion of the Nr inputs is lost to the environment and cascades through the
atmosphere, aquatic and terrestrial ecosystns with multiple negative effects (Sutton et al,
2021). Nr pollution induced by the agrdood systems are the result of millions of diverse
producers/products worldwide produced under vastly different climates, soils and agronomic
management (Poore & Nemeek, 2018). To identify effective solutions under this
heterogeneity, we present a methodological framework to build evideAoased nitrogen (N)
indexes for agrefood systems at varying levels of detail and complexity. Our results confirm
that there is high variation in Nr loss among both food products and producers/countries. For
most major animal and crop products, 98 percentiles of Nr loss per kg food product impacts
are more than three times greater than 10 percentiles for all loss pathways. This gigests
substantial scope to reduce Nr loss through producers. The lowest Nr loss for the 11 livestock
products exceeds those of vegetable substitutes, providing new evidence for the importance
of dietary change for reducing food's Nr loss through consungoii This evidenceébased N
indexes for global food that can adequately capture the environmental impacts and social
costs (ecosystem and human health) of Nr associated with production, and potentially can
serve as an effective tool to communicate to consum& producers and policymakers. We
demonstrate how our N indexes can be used to, firstly, highlight regions, management
practices, and food products as potential foci for mitigation; secondly, estimate the societal
cost of N pollution; thirdly, establisiN | abel | i ng and rating to guide
food products with lower Nr loss and to incentivize farmers to adopt more sustainable N
management practices; and ultimately, to make global agfood systems more sustainable,
less polluting and moreprofitable.
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Meeting the energy and nitrogen requirementsf high-performing ruminants while avoiding
digestive disturbances (i.e. rumen acidosis) is a key priority in ruminant nutrition. This study
evaluated the effect of a cereal ammoniation treatment, in which barley grains are combined
with urea and enzymeshat catalyze the conversion of urea to ammonia to optimize rumen
function. Twelve rumen cannulated sheep were randomly divided in two groups and fed a
diet containing 60% of ammoniated barley (AMM), or conventional barley supplemented with
urea (CTL) to stdy the impact on rumen fermentation, feed utilization and N metabolic
efficiency. Ammoniated barley had higher total N content and effective rumen degradable N
fraction than conventional barely. AMM sheep had a consistently higher rumen pH
throughout theday (6.31 vs 6.03) and tended to have a lower pogirandial ammonia peak
and higher acetate molar proportion (+5.1%) than CTL sheep. The rumen environment in
AMM sheep favored the colonization and utilization of agiredustrial byyproducts (i.e. orange
pulp) by the rumen microbes leading to a higher feed degradability. AMM sheep also had
higher total tract apparent N digestibility (+21.7%) and urinary excretion of purine derivatives
(+34%) suggesting higher N uptake and microbial protein synthesis than GHeep. The
inclusion of ammoniated barley in ruminantso6 d
rumen pH within a physiological range and to improve N utilization by the rumen microbes
which could have positive effects on animal’s health and producitiy in intensive production
systems. This cereal ammoniation process also accelerated the utilization of agrdustrial
byproducts by rumen microbes, that are normally low in protein content. This, along with the
improved used of norprotein N, could hegb to decrease the environmental impact of
ruminant production. These findings are currently being evaluated under conventional farm
conditions.
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In lactating sows, protein consumption and feed wastage have a great impact on pollutant
gas emissions. Electronic feeders make the sow eating more efficiently thus reducing feed
wastage and allow the evaluation of both their daily feed intake and feed ake pattern
during lactation. The aim of the current work was to evaluate the nitrogen intake and its
relationship with litter gain produced by lactating sows according to different feed intake
patterns. A total of 100 sows were selected and their feed mite was characterized as
recently described by Rodriguez et al. (2022). To sum up, four feeding curves were defined
as high (H) and medium (M) feed intake during the periods@days and 728 days of
lactation: 1-HH (35 sows), 2MH (23 sows), 3HM (23 sows), and 4MM (17 sows). Two sows
were discarded from the experiment due to their low total feed intake (TFI). Sows were fed
with a commercial lactation diet containing 16.5% of crude protein (2.64% of nitrogen). The
TFI and the total nitrogen intake (TN&f sows was determined. Litters were weighed both at
farrowing and at weaning, and the litter gain during lactation period was calculated. In
addition, loss of backfat thickness (BFT) during lactation was measured. The efficiency of
nitrogen ingestion intokilograms of litter produced per sow was calculated. Data were
analysed by a general linear model procedure (GLM procedure of SAS software). The TFI
decreased (P<0.05) from pattern HH (223.8 kg), 2MH (204.8 kg) and 3HM (192.7 kg) to
pattern 4-MM (176.8 kg) (2.69 kg SEM). Consequently, the TNI also decreased (P<0.05) from
6.02 kg to 5.54 kg, 5.24 kg, and 4.73 kg (0.061 kg SEM) as the pattern number increased.
These sows in pattern MM also showed a higher loss of BFT compared with patterdHH
and 2-MH (P<0.05). As a result, nitrogen efficiency was lower in sows with the lowest TFlI,
pattern 4-MM (0.057 kg/kg) than in patterns :HH and 2MH (0.069 and 0.067 kg/kg,
respectively), keeping pattern 3M in intermediate values (0.055 kg/kg) (P<0.05).
Accordirg to the results of this work it can be concluded that, a higher nitrogen intake not
necessarily implies an increase of sow production during lactation. However, the caloric
deficit faced by sows with lower consumption should be also taken into account base it
might affect their later productive life.
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Abstract

N losses are a major concern in intensive livestock production, particularly in areas with a
high livestock density. In Spain, the main livestock sectors are being regulatedctmsider
environmental criteria. For pig farms, the Royal Decree 306/2020 describes some measures
to achieve important reductions in ammonia (Nfjland greenhouse gas (GHG) emissions for
existing and new farms. Among others, this regulation requires farrs apply multiphase
feeding systems to reduce N excreta in manure. In recent years, advances in nutrition,
genetics and installations have allowed achieving a better efficiency. The amount of nitrogen
excreted by the pigs depends on several factors, suck the amount and type of N ingested
or the digestibility of the protein. The Ministry of Agriculture, Fisheries, Food and Environment
of Spain estimates that 65% of the N ingested in pigs is excreted in slurries (Babot, 2017).
This report estimates that Nexcretion in fattening pigs from 20 to 120 kg is around 10.6 kg

N per animal place and year. This work evaluates the efficiency in the use of nitrogen and
ammonia emissions in the current livestock production sector in Eastern Spain.

To quantify the averag content of N excreted in the slurry from pig farms in the Valencian
Community, data from 87 fattening farms have been analysed. Information related to
productive periods, animal weights, feed consumption and composition, crude protein level,
and animal weights, has been provided by the farmers. A nitrogen balance has been carried
out following the official methodology used in the Spanish emission inventory (Babot, 2017).
Following this methodology, total nitrogen excretion has been obtained, as well as th
inorganic (ammoniacal) and organic components. Finally, Nidmissions from housing,
storage, and field application have been obtained following the EMEP/EEA methodology
(EMEP/EEA, 2019).

Results show an average value of 6.17 kg N/place-year excretedlurries from the fattening
farms analyzed. Values ranged from 4.29 to 9.21 kg N/place-year, depending on the farm
inputs. These results show an average reduction of 42% of excreted N, respecting the value
of Babot (2017). Due to the N content reduction &m pig slurries, NH emissions were
reduced by 43% in the housing, storage, and field application stages. Additionally, results
show that the amount of N available to crops was reduced by 30%. This confirms the
increased efficiency in the use of nitrogenral the great potential to increase efficiency at
farm level.
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The social demand for more animal welfare in fattening pig farming can be taken into account
by building housing systems with outdoor yards. However, the question arose as to how these
stables are to be assessed regarding the level of their ammonia emigssiates. Therefore,
ammonia emission measurements were carried out in fattening piggeries with outdoor yard
of practice farms.

Measurements were carried out at 8 locations in Germany over at least six measuent
periods to map the weather conditions ovex year. Two types of piggeries withutdoor yards
at 4 locations each were selectedclosed floor of the yard with bedding material (1) and
slatted floor of the yard (2).

Ventilation rates and accordingly emission rates of the piggeries with outdoor yavdre
determined using the tracer gas ratio method. An artificial tracer (§kvas used according to
Schrade (2009). The tracer gas is added at a constant volume flow in the yard floor area.
Tracer gas concentrations in the air are measured by &CD. Ammoia concentrations in
the air are measured simultaneously and at the same location using FTIR.

No statistically significant differences were found in annual ammonia emission rates
between the two types of piggeries withoutdoor yards. The overall calculated@mmonia
emission rate in this study for fattening piggeries with outdoor yard is 2.6 kg N¥per animal
place and year (mean live weight over the fattening period: 67 kg).

Our calculated mean annual ammonia emission rates for piggery with outdoor yardslawer
than the emission value of 3.0 kg NEHN per animal place and year for forcedentilated barns
with fully slatted floors currently used in Germany (VDI 2011) in state licensing practice.
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Intensive broiler farms are a kown point source of nitrogen (N) pollution. Uric acid, which is
deposited on litter in bird manure, is rapidly hydrolysed to urea and then ammonia, which
can be volatilised and deposited in the surrounding environment. This can lead to increased
soil acidty, eutrophication of waterways and a reduction in biodiversity. Bird housing is also
a point source of odour, which can be a nuisance to neighbouring communities and lead to
difficulty obtaining farm development approvals. Odour is largely generated bg ticrobial
decomposition of organic material, which in Victoria and likely other parban areas, is the
principal reason for complaints in relation to chicken meat production. While other
agricultural industries have moved further away from cities toddress this issue, broiler
farms must have ready access to breeder farms, processing plants, labour markets,
electricity, and water, which limits their ability to relocate away from perban fringes.
Lignite is a lowcost brown coal, which is abundant itVictoria. It has a high adsorption
capacity and rich microporosity and has been shown to significantly reduce N loss and NH
from broiler litter in an incubation experiment (Costello et al, 2021). However, its
effectiveness in commercial broiler housing dd not yet been investigated. Lignite was
applied to litter in bird housing over 3 consecutive greaut cycles at a commercial farm in
Mornington, Victoria, Australia. A significant reduction in N losshiouse NH concentration,
odour emissions and litte decomposition were observed. This research aims to reduce N
pollution from broiler housing and increase economic opportunities for farms by reducing
odour. By addressing key codienefit drivers that impede the adoption of sustainable
agricultural practces, we aim to improve the potential for uptake of N pollution reducing
technology.
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The ambition of EUds Clean Air Policy Packag
emissions by 2030 compared to 2005.The Danish ammonia emissions have already been
reduced by 43% from 1990 to 205, but further reductions are required towards 2030. The
goal is to find the right technologies to ensure both a cosfficient implementation of
measures and that the costs are acceptable to the industry (not excessive costs). The focus
in this analysis § on the general BAT requirements and not the site specific measures linked
to Nature 2000 areas (Jacobsen et al., 2019).

A new analysis of technologies and technology combinations and costs has been
carried out in order to establish a basis for future BArequirements for ammonia emissions
in livestock production in Denmark. Ae technologies analyzed for finishers include both
stable types (share of solid floors) and technologies like cooling, air cleaning (chemical and
biological), acidification and solid cover of slurry storages. The technologies are analyzed
separately, butthe effect and costs can then be combined based on a chain effect. The
analyses cover four different sizes of production from a yeaggoduction of 1.700 to 45.120
finishers per year.

A total of 270 combinations of the many potential combination possitiés of stable
types in combination with one or more environmental technologies are included in the
analysis, where an ammonia reduction is achieved. Using the old BAT level requirements with
maxi mum coSt s of G01. 14 per A iitnsi fauhde that faw d 013. 4
technologies can pass this test, as the costs of the technologies are higher in 2020 than in
2011. Only fixed cover of slurry tanks is cheaper than before, but this alone does not give the
reduction required to fulfill the current BAT uirements. As expected, implementing the
technologies is cheaper on large herd sizes than on small herd sizes, which is why the old
BAT requirements where differentiated according to size of production. The cost of the
measures per slaughter pig is, in seeral cases, twice as large per finisher for the smallest
herd sizes compared to the largest. The cheapest technologies and combinations are tent
covering and cooling (10W/m2).

The analysis indicates that in Denmark reducing ammonia emissions for slaughter
pigs is more expensive than before. This is also the case for some of the other livestock
categories, but not all. The analysis therefore help to get an updated estimation of costs,
which can be used both nationally and in the international modelling aésts and measures
at the EU level.
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Progress towards crop improvement for nitrogen use efficiency (NUE) has been slow due to
the multiplicity of NUE definitions, poor characterization of the phenotype and genotype for
NUE. The lack of low Iput screening of crop germplasm and ranking by MAlso delayed
biological identification of genetic targets for improvement. The crops to be improved also
vary by country, depending on their scale of production and fertilizer consumption, apart from
the nature of fertilizer itself (ammonium, nitrate ourea). For example, rice followed by wheat
account for over twehirds of Indian urea consumption and genetic variability in the rice
germplasm accounted about half of the observed differences in NUE, making it an ideal
target crop. We ranked 21 Indica rie varieties based on Nesponsive germination, identified
contrasting varieties and validated them in the field: Early germinating or short duration
varieties were least Nresponsive with relatively lower yield and NUE, whereas the late
germinating or longduration varieties were most Nesponsive, with relatively higher yield
and NUE. We used 3 pairs of contrasting rice varieties for lifelong phenotyping at low and
normal levels (1.5 and 15 mM) of nitrate or urea in the greenhouse. Of the 25 parameters
measured, only 20 were significantly Mesponsive, out of which only 8 contributed
significantly to NUE, constituting the NUE phenotype. They are, germination and flowering
time, shoot/root length and vegetative biomass, apart from yielelated parameters. h order

to characterize the genotype for NUE, baseline transcriptome data were generated on the
genomewide Nresponse in Indica and Japonica varieties of rice using microarrays. Further,
comparisons of nitrate or ureaesponsive transcriptomes of contrastig rice varieties
revealed some candidate genes/pathways involved in NUE. They were prioritized for
validation using hierarchical shortlisting of candidate genes by combining phenotypic
association, guantitative trait loci and bioinformatics. Mutants or g@me-edited rice lines

are being developed for final validation and shortlisting of the genes that have the largest
role in NUE for crop improvement. This approach could also be useful for NUE improvement
in other crops.
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Intensive vegetable production relies on high nitrogen (N) fertilization. However, the
availability of organically certified fertilisers is limited, and the use of fertilisers of
conventional origin is restricted in manic production. Planbased fertilisers can be
produced onfarm in large quantity by growing green manures (Hefner et al., 2020), and
composts are provided from waste recycling. The effects of the combination of pthased
fertilisers and compost on cop nitrogen availability and soil fertility is little studied. We
hypothesized that fertilisation that combines pladbased sources such as green manures
and compost can replace farmyard manures. The plabased combination will provide
sufficient nitrogenfor crop growth, while improving soil fertility.

To test this hypothesis, we conducted a field trial over two years in cabbage and beetroot in
Denmark on sandy loam and supported by a pot trial testing plamhsed combinations of
green manures and compos The results were compared to similar trials from other
European countries.

Results showed that potential nitrogen mineralization increased already in the second year
of the field trial when plantbased combinations were compared to fertilization witlafmyard
manure. Crop nitrogen uptake was maintained without yield penalty. Soil mineral nitrogen in
deep soil layers did not indicate an increased risk of nitrate leaching to the environment. The
pot trial showed that there was an additive effect from thgreen manure and compost
application on nitrogen availability and soil microbial enzyme activities indicating improved
soil fertility. From a longeterm perspective, the plarbased combinations of green manures
and compost have the potential to increasdéoth nitrogen availability and soil fertility due to
the high inputs of organic matter compared to farmyard fertilisation.
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Nitrogen (N) is the most important essential nutrient for plant growth and productivity and
plays a key role for sustainable aggulture. There are many factors which are responsible for
N losses and decreasing nitrogen use efficiency (NUE), including nitrogenous sources as well
as cultural practices. Along with NUE, the contribution of N sources and tillage practices
towards greerhouse gases (GHGs) emissions and climate change still needs to be
elucidated. The objectives of our study were to identify the optimal combination of tillage and
N fertilizer source to enhance crop profitability via increased NUE and to reduce N losses
including GHGs emissions. A field experiment was conducted at research area of Institute of
Soil and Environmental Sciences, University of Agriculture, Faisalaffakistan (31.4391°

N, 73.0700° E). Two nitrogen sources (Urea and Calcium ammonium nitrate, CAlN}he
rate of 160 Kg N ha! for wheat were applied in 3 splits and two tillage depthsgnventional
tillage 15 cm and deep tillage 30 cm) were maintained along with control where no N was
applied. Each treatment was replicated four timeand 30 m?2 plot size was maintained. The
results of the study showed that Nkvolatilization were higher in urea as compared to control
and CAN regardless of tillage depths and peak values were after fertilization events. While in
CQ effluxes, under conventional tillagesources have no significant impacts on emissions
but interestingly, under deep tillage practice, there were low £@missions when urea was
applied compared with CAN. The plant biomass increased in fertilized plots and was
maximum when CAN fertilizer was applied under deep tillage. The NUE under conventional
tillage was more in Urea as compared to CAN while NUE waslainfior both N sources under
deep tillage. Under conventional tillage, NQeaching was pronounced with the application

of urea while it was opposite in deep tillage where N@ontents at different soil depths were
higher with the application of CAN feltker. While considering impacts of N sources and
tilage depths on soil health, we found that soil microbial biomass carbon significantly
increased with CAN fertilizer application for both tillage practices. Similarly, extracellular
enzyme activities suchas a-glucosidase, acid phosphatase andeucine aminopeptidase
activities were higher with CAN fertilizer application. Higher activities of chitinase in Urea
indicated microbial turnover in soilWe concluded that use of CAN fertilizer has positive
impacts including low gases emissions, improved crop growth and efficient microbial
activities compared with urea, especially in deep tillage practices.
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Nitrification inhibitors, urease inhibitorsand controlled release fertiliserdhave the potential

to increase nitrogen (N) efficiency and reduce the environmental footprint of agricultural
systems. It is well documented that ammonia (NHemissions from urea fertiliser are greater
(than ammonia nitrate (AN) and that the addition ofhe urease inhibitor N(n-butyl)
thiophosphoric triamide (nBPTP) can be effective at reducing emissions (Chadwick, et al.
2005). Furthermore, the addition of nBTPT, can improve crop nitrogen weféiciency (NUE)

of urea to match the performance of AN (Damy, et al., (2006). Whilst the efficacy of urea
+nBTPT is well studied, few field experiments have been carried out assessing the agronomic
performance of other enhanced efficiency fertiliser products compared to AN.

A 3year study (20192021) was carried out in Nottinghamshire England. In each year,
nitrogen response experiments were set up on milling wheat in a randomised, replicated (3
times) design; with 7 different nitrogen fertiliser products (1. AN, 2. Urea, 3. urea ammonium
nitrate (UAN), 4. UAN +rease inhibitors nBTPT & #h-propyl) thiophosphoric triamide
(NPPT), 5. Urea +urease inhibitor nBTPT, 6. Polymer coated urea, 7. Urea + ureali®(d &
nitrification (MPA) inhibitors) applied at 7 rates (0, 60, 120, 180, 240, 300 & 360 kg N/ha).
Grain yields were measured on each plot using a plot combine and representative grain
samples were analysed for total dry matter and N %. Multiple regression was used to fit
response curves to yield, grain Hfftake (kg N/ha) and grain protein (%) data, for eaaif the
fertiliser products. Economic optimum nitrogen fertiliser rates and yield atdgtimum was
calculated assuming a breakeven ratio of 5:1. Mean nitrogen recovery (across the 6 N rates)
was calculated for each fertiliser product as: mean net nitrogarptake (minus ON control)

as a percentage of total nitrogen fertiliser applied.

In all years, winter wheat yields responded well toflrtiliser application. The optimum N
fertiliser rate varied between years reflecting site and climatic differences. It years, there
was no significant difference in yield response between the fertiliser products. However, in
each of the 3 years the optimum Mate for AN (3year mean = 193 kg N/ha) was lower than
for all other ureabased products (3 year mean ranged beteen 214 kg N/ha and 246 kg
N/ha); whilst yield at Noptimum was similar for all the fertiliser products. Overall, N optima
for the ureabased fertiliser products were 20 to 50 kg N/ha greater than for AN. The mean
NUE of AN was between 12% and 5% greatkan the ureabased fertiliser products.
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The European Nitrogen Expert Panel (EUNERas proposed N surplus as an indicator of the
potential N losses from agriculture to the environment. The use of N surplus as an indicator
for N losses essentially rely on the assumption that the soil organic N (SON) stocks remain
unchanged; however, this assumption may not hold on farms developing intensive
production, ultimately questioning the adequacy of its use in a wider context. The adequacy
of N surplus as an indicator can be scrutinized by estimating actual N losses and SON stock
changes over time through experimental and/or modelling (i.e. using the iBya mode?)
approaches. This model based study was carried out with D&idp estimate N balance
components including N surplus, total N loss (N escaping to the atmosphere and
hydrosphere) and annual changes in soil organic N stocks within the root zone ddarge
number of realistic scenarios. The scenarios were based on diverse crop rotations, texture
based soil types, soil organic matter levels in the A horizon, cropping-prgtories varying in

C input and the proportion of N supplied in manure vs. ngral N. The results, averaged over
24-year simulation period, indicated large variation in SON stock change&3(to +8 kg/haly

in the 0-100 cm soil profile) under different crop rotations. Addition of grasdover ley in the
rotation had a positive effecon SON as compared to springereal dominant rotations, which
lead to depletion of stocks. Generally, the SON stocks tended to increase, or be depleted with
a lower rate under rotations containing grasslover ley, low C input cropping history (spring
barley), coarse sand, low initial SOM and higher proportion of N application as manure.
Expectedly, the relations between N surplus and N loss were strong for spring cereal
dominated rotations (R=0.67 6 0.93). In contrast, N surplus vs. SON stock changdatons
were relatively strong for rotations with grasdover ley in the sequence (R=0.21 8 0.90)

as compared to other rotations (R=0.13 d 0.75). We estimated average error for N losses
(calculated as the difference between the simulated N losses drN losses estimated by
considering entire N surplus as N loss), which ranged fro#5% (underestimation) for maize
monoculture to +50% (overestimation) for continuous grasdover ley. These results
confirmed that the assumption that SON stocks remain uhanged is questionable, and
highlighted the importance of including SON stock changes irfbllance sheet. The findings
imply that N surplus would be an accurate indicator for N losses only under conditions where
a steady state equilibrium has been reacheddowever, using the N surplus indictor without
accounting for the changes in SON stocks under conditions where stocks change, may result
in under- or overestimation of potential N losses, and ultimately lead to biased conclusions.
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In intensive agricultural systems, irrigation and nitrogen (N) fertilizer are the most important
factors that influence crop production and N losses. This work aimed to assess the N
managementpractices using the calibrated and validated Decision Support System for Agro
technology Transfer (DSSAT) model for the main cultivated crops (Malik et al. 2018; Malik
and Dechmi, 2019) in La Violada Irrigation District (VID, Northeast Spain) to enhance
imigation return flows quality. I n total,
2017 crop seasons distributed in different soil types in the VID in order to assess the current
and optimum N fertilization and the combined irrigation and N feihtion management
practices. Considering the whole VID cultivated crop area in each soil type and comparing
with the current N fertilization, results showed that the optimum N management could reduce
the NQON leaching below root zone by 51 % and the rdsial NQAN in soil by 58 %. These
reductions could be improved further by 35 % and 3 %, respectively, under the combined N
fertilization and irrigation optimum management (irrigation dose adjusted to the crop water
requirements). Moreover, the adjusted iigation and recommended N fertilization could
reduce NNOSN emissions by 60 %, the triple than under the recommended N fertilization
alone. The more vulnerable soils for NON leaching found were shallow and/or very
permeable soils. As for the impact of indidual crops, both long and short season maize were
identified as the most polluting crops (84 % of total N leached) due to the heavy fertilization
applied by the local farmers that exceed crop requirements by more than 50 %. This study
supports the impotance to incentivize farmers to adjust their N fertilizer and irrigation
practices to crop requirement and soil properties to ensure production while improving
environmental sustainability.
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Nitrogenous fertilizers are critical for crogproduction but nonrjudicious use with poor
management enhances the reactive nitrogen (Nr) emissions decreasing nitrogen use
efficiency (NUE) and crop profitability. Comprehensive nutrient management practices are
required to improvesoil healthand yield, simultaneously, for sustaining crop production. A
field study was designed with seven treatments (Conventional Tillage depth (CTD) with no N
(control), CTD with 100% recommended N as urea, CTD with 75% recommended N as urea,
CTD with 125% recommended N asea, CTD with 100% recommended N as animal manure,
CTD with 100% recommended N as calcium ammonium nitrate (CAN), deep tillage (DT) with
100% recommended N as ureaEach treatment was replicated four timeby maintaining 30

m2 plot size. The agronomic andyield parameters were determined at maturity of crop. The
agronomic parameters such as plant height and number of the plants2ywere non
significant, plant biomass increased in N fertilized treatments and were maximum in CTD and
DT with 100% recommendedirea N as compared to control and other treatments. The yield
m-2were maximum in CTD with 125% N fertilizer as compared to control and significant
among other treatments. The shoot and husk N concentration increased in N added
treatments being maximunin CTD with 100% recommended N and CTD with 100% N as CAN
as compared to control and other treatments. The grains and soil N increased maximum in
CTD with 125% N fertilizer. The soil nitrate was maximum in CTD with 100% N fertilizer and
CTD with 125% N feilizer at 15-30 cm depth as compared to other depths (A5 and 30-
45cm depths) and other treatments. The NUE was maximum in CTD with 125% N and was in
order CTD with 125% urea \DCTD with 100% urea NDDT with 100% urea NDCTD with
100% CAN NOCTD wih 100% N as animal manure > CTD with 75% urea N. Soil organic
carbon increased in CTD with 100% animal manure N in top and sub soil. Soil microbial
biomass carbon was decreased in 100% and 125% N treatments at both depths and
increased in CTD 75%, CTD wieimimal manure and deep tillage with 100% recommended

N treatments at 0-15cm depth. Activities of extracellular enzymes showed mixed trend &@s
glucosidase activity was significantly more except CTD with 100% and 125% N. Chitinase
activity decreased in CTDr5% N fertilizer and increased in DT urea treatment. Acid
phosphatase activity was nosignificant among all treatments and Leucine Aminopeptidase
activity decreased in CTD 125%, CTD with animal manure and CTD with CAN. The agronomic
and yield parametersof crop as well as NUE increased by inorganic N high doses while soil
health parameters enhanced by organic N addition. The combination of inorganic and organic
N sources should be considered in N management both for soil health as well to maximize
crop production.

Keywords: Animal manure, N fertilizer rate, Soil enzymes, NUE
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A comprehensive review on the fertilizer subsidy policy and its impact on
nitrogen fertilizer use in Sri Lanka

Anuradha Jayaweerd, S.P. Nissanka
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Sri Lanka provides an interesting case to study the influence a fertilizer subsidy policy could
have in shaping thenatural, sociopolitical and economic landscape of an agrarian nation.
The fertilizer subsidy scheme for rice (the staple food in Sri Lanka), which was initiated in
1951, came to an end with the recent move of the incumbent government to ban importation
of all forms of synthetic fertilizer in 2021. This abrupt policy decision created a public unrest
which dramatically grew into a political turmoil. The government was compelled to lift the ban
but the subsidy scheme still remains suspended despite the smédkrmers daunting requests

to receive urea at an affordable price. The subsidy scheme, over its long history of 70 years,
turned Nitrogen (N fertilizer into one of the most politically sensitive commodities in Sri
Lanka. As per the historical records, thhe had been a strong resistance from the small
farmers to adopt synthetic fertilizer, even with lucrative price incentives provided by the
subsidy in its inception. Eventually, over the next few decades, the fertilizer subsidy program
transformed syntheticN: fertilizer into an indispensable input in rice production and gained
prominence as a customary right of the small farmers. It is unarguable that the fertilizer
subsidy scheme was instrumental in helping Sri Lanka to attain sslifficiency in rice by he
year 2009. However, the subsidy is also blamed for inducing Misuse and inefficiencies in
almost all the farming systems and exerting a significant cost on environment and human
health in Sri Lanka. Further, heavily subsidized fértilizer grew intoa national burden as the
country had to entirely depend on overseas markets for synthetic fertilizer. The evidence
shows that the fertilizer subsidy scheme has evolved on a path shaped by competing
interests originated out of global pressures, national gtsas well as political motives. The
scheme, has undergone a number of distinctive reforms ranging from suspension of the
subsidy to free distribution of urea. The evidence shows that the drastic and improper
reforms introduced to the subsidy program haveven resulted at times in public unrest, food
shortages as well as migonsumption of fertilizer. This paper, with reference to historical
narratives and data, critically elaborates the impact of the fertilizer subsidy scheme in
shaping the trajectory of itrogen use by the smallholder rice farmers in Sri Lanka. The paper
also discusses how the feedback from socioolitical context influenced the fertilizer subsidy
scheme to undergo various reforms with competing interests. This study has policy
implications for Sri Lanka as well as other agrarian nations to consider in determining
strategies to promote sustainable consumption of h smallholder farming systems.
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20 years ago, Romania was on a clear pathway towards EU accession. In terms of policies
and public administration, this triggered reforms, especially on environment protection. While
transposing EU legislation was relatively a simple process, the reforntsfarm level are
requiring consistent and efficient londgerm investments and behavioral changes national
programmes. Starting with pilot investments and gradually fisening and scalingup the
approach, Romania developed and implemented programmes addsésy especially the
small and mediumsize farms. Ensuring the sustainability of these interventions was a
concerned considered from the beginning of the programmes design. Various funds sources
were considered, but EU funds are currently taking the lead targeted reforms envisaged

to be implemented during 2023- 2027.

Furthermore, a raising interest in efficient use of N appeared due to the recent Global
concerns on food security and because of the-f8ld increase of fertilizers costs. Thus, it
suddenly became more reasonable and political acceptable allocating public funds and
administrative energies in implementing public policies on sustainable N management, but
what kind of interventions will be most suitable? In the context of Romania types of fammi

a mix of communal platforms, farmeted knowledge transfer networks and awareness
campaigns proved efficient means. This may be a policy answer for many other sisedle
farming dominated agricultural systems.

At international level, under INMS andasne UN countries initiatives, a set of international
agreements are promoting more ambitious national policies. The UN&A resolution and
Colombo Declaration on Sustainable Nitrogen Management, the Fawdork Strategy and
the recent adopted UNEA 5 Resolution on N management introduced targets for the
reduction on N waste gave a clear direction of future policies: N should be more efficient
used / air and water pollution should be prevented and reduced. This calls for new types of
guidelines, trainingmaterials and awareness campaigns, as well consistent investments
programmes. Examples of best practices for international knowledge transfer are part of the
solution.
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Oceania is home to 42 million people in 14 countries, across more than 1000 islands in

Australasia, Melanesia, Micronesia and Polynesia. The largest countries by land area include
Australia,Papua New Guinea and New Zeal and, whi ch a
population. Oceania spans the equator to #48South and includes highly diverse terrestrial
ecosystems and some of the worl dds most exten:
encompasses countries with disparate economic development and farming systems that

range from subsistence to largacale and globally important food and fibre production.

Nitrogen is a major contributor to agricultural production in Oceania. Inputs range from
insufficient to excessive, reflecting the diverse soceconomic conditions, climates, crop
types and production systems as well as regional policy settings. In Australia and New
Zealand, numerous scientists, policy experts and industry stakeholders work otragen-
related issues across a broad range of industries and regions. There is less information on
nitrogen use and interactions in countries that include Micronesia, Fiji, Kiribati, Marshall
Islands, Nauru, Palau, Papua New Guinea, Samoa, Solomon Islanfisnga, Tuvalu and
Vanuatu.

While the role of nitrogen in farming enterprises and its impacts on natural ecosystems and
GHG emissions is well recognised, motivations and ability to increase nitrogen efficiency in
systems receiving excessive nitrogen ardten inadequate. Conversely, where nitrogen input
is limited, food security and soil fertility (i.e. declining organic matter) are challenged.
Improving nitrogen management in Oceania is therefore a complex task. It demands
supporting the productivity of drerse agricultural systems and ensuring food security, while
protecting fragile terrestrial and aquatic ecosystems including oceanic ecosystems that
include coral reefs and seagrass meadows that are sensitive to N pollution.

In this paper we will presentdiverse regional and industry nitrogen issues and policy
responses in Oceania as they affect reactive nitrogen in the biosphere, including increasing
nitrogen fertiliser use and intensive animal production systems. We argue that an essential
first step is to quantify nitrogen budgets and nitrogen use efficiencies across applications
and scales, and to develop and share solutions that enable the sustainable use of nitrogen.
Additionally, we will explore some implications of the ammonia (hydrogen) economy for
energy production, and the potential implications for the nitrogen cycle, nitrogen accounting
and the wider ecosystem.
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Assessments of nitrogen budgets for the United States conducted within the last 15 years
provide reasonably good estimates for national sources and sinks of N. About half of all
inputs are fromHaberBosch fertilizers and crop biological fixation. About o#leird is used

in products from agriculture and industry and about twihirds is lost to the environment
(Houlton et al. 2013). Emissions of NOx from energy and transportation sectors have itecl
significantly since the 1990s as a consequence of amendments to the Clean Air Act enforced
by the Environmental Protection Agency (EPA). Problems with eutrophication of water bodies
and nitrate levels in drinking water have become more common in somegions. The EPA
requires states to calculate Total Maximum Daily Loads (TMDLSs) and to develop local plans
to achieve them in impaired watersheds, but progress has been spotty at best. Fertilizer use
has been relatively flat since 1995, while crop produahn has increased, resulting in modest
increases in N use efficiency (NUE) in croplands, due to a combination of improved
technologies and voluntary actions by federal, state, and local governments, the private
sector, NGOs, and universities to promote ttt4 Rs 6 of nutri ent manageme
NH: emissions from manure management and animal production systems are mostly
unregulated and are increasing.

At present, there are no plans to initiate the development of a National Action Plan (NAP) to
reduce N wastes in the U.S. The EPA and the U.S. Department of Agriculture (USDA) have
several initiatives on specific forms of pollution and nutrient management, but we are
unaware of any crossectoral planning or coordination on N, such as minimizing risks of
pollution swapping. Assessing NUE for the broader afgiod system is occurring mostly in
academia. A directive for EPA and USDA to develop an integrated NAP focused on N wastes
would likely need to come from high levels of the government. The White Houseently
announce a plan to issue a Global Fertilizer Challenge to improve fertilizer use efficiency in
response to fertilizer shortages and price increases, as well as concerns about global food
security, provoked by the war in Ukraine (White House, 2022ikewise, increased ambition

by the Biden administration to address climate change, such as promoting a global methane
pledge, may bring additional interest to mitigating® emissions from both agricultural and
industrial sectors. The 2023 Farm Bill ab offers opportunities to increase incentives for
improved NUE in crop, animal, and food systems. However, connecting these encouraging
prospects in an integrated NAP on N wastes remains a major challenge without a clear
pathway.

References:
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the-major-economiesforum-on-energyand-climate/
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South Asia is a critical region for the anthropogenic effects of the global N cycle and
deteriorating impacts on ecosystem service\itrogenous fertilizer is a major agricultural
input into the cerealbased cropping systems across most of the regioBouth Asia is the
second largest fertilizer consuming region in the World (FAO, 2016) with consequent pollution
especially related to fetilizer overuse. The region contains many Nr hotspots showing high
absolute quantities and growth rates relative to global means. Nr emissions asaNtid N.O
have roughly doubled since the 1980s. For NHand NeO the agriculture sector (including
animal husbandry) is the main emission sourceilthough use of N fertilizer has resulted in a
steady increase in crop yields in the region, indiscriminate use has brought extensive
negative impacts on ecosystems and environmenith South Asia, recovery efficiency &
applied through fertilizer and manure has declined from 94.4% in 1970 to 61.2% in 2017.
The scenario has prompted overzealous farmers applying in excess of nitrogenous
fertilizers, leading to economic loss as well as leakage of reactiXeto the envirorment.
Different country governments have introduced administrative actions and policies to
manage the wastage of fertilizeN and followed up with UNEA resolution to reduce N
fertilizer wastage by 50% before 2030. Attention is paid orhé following key areas for
reducing leakage of reactive Mvastes including (a) Improving the performance of-N
fertilizers, (b) Improved management of biological N fixation (c) Improving performance of
livestock production, (d) Improved use and proper cyaj of organieN resources, (e)
Reduce food wastage and balanced meat and dairy consumption and (f) Introduce
measures to improve landscape resilience to N pollution. However, sevebalrriers are
required to be removed for effective minimization of Wastage byintroducing new policy
initiatives. Halving N waste may reduce gaseous-KEmission by 19% by 2030 & 30% by
2050.

Reference:

1. [FAO] Food and Agriculture Organization of the United Nations 2016, FAOSTAT Database, FAO. (1 December
2016; www.fao.org/faostat)
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First the evolution of the Dutch policy approach till now with respect to nitrogen as applied to
agriculture will be discussed (Daaelaar, 2022). Recently a new saalled regionspecific
approach has been launched which combines generic measures and regapecific
approaches. A very ambitious set of targets has been specified and one of these targets is to
bring about 75 percent ofthe Natura 2000 areas below their critical deposition values for
nitrogen. Another target is to increase biodiversity. So far the policymakers are less clear
about how these targets have to be achieved, although several actions (low protein feeds,
low emission stables, low emission manure application techniques, etc.) have been
suggested, a large budget (25 billion euro) has been devoted to solve the problem (including
budget for large scale farm buwputs) and measures have been announced to create a
sufficient perspective for farmers.

Further it will be discussed how feasible the policy targets are, and which instruments are
needed to achieve the objectives. Here two aspects will be further highlighted: i) which
instruments fit well in that they contributeto the advocated integral policy approach, which
alongside nitrogen also addresses other policy challenges such as climate, water, and
biodiversity; and ii) which instruments, or combination of instruments are relevant when
striving for a costeffective slution. Insights from empirical studies (e.g. PBL, 2020) will be
used to argue that the least cosprinciple needs more attention in the Dutch policy debate.
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Ammonia emissions produce negative human health and environmental impacts by affecting
air quality, soil, water, and biodiversity. Largest emissions stem from the agricultural sector
and especially in countries with high livestock density such as Switzeda emissions from
animal housing, as well as waste and manure storage and application are dominant.
Measuring total emissions of multiple heterogenous sources from buildings and open
structures such as farms and waste treatment facilities can be challemgj. Previous studies
have shown that quantifying net fluxes at this scale can be achieved using an inverse
dispersion method, which combines concentration measurements ugnd downwind of the
structures with backward Lagrangian stochastic modelling to calate the emissions from a
defined source area. Conditions in Switzerland including complex topography and smaller
emission sources deviate from the ideal micrometeorological requirements for this method.
Here we present results from several successful afgpations of ammonia (together with
methane, not presented here) emission measurements from cattle housing using miniDOAS
and inverse dispersion methods and the first such measurements from wastewater
treatment plants in Switzerland. Results were comparenith a reference inhouse tracer ratio
method conducted at the cattle housing and were within the uncertainty range of <10%.

The inverse dispersion method may be increasingly helpful not just in determining emission
factors from complex sources and structeas, but especially when applying and assessing
emission reduction measures on farms and waste storage and processing facilities. Since
ammonia emissions occur in conditions counter to those required to produce methane and
nitrous oxide emissions, both potet greenhouse gases, this creates a tradeoff between
mitigation measures to reduce emissions from one gas which may increase emissions from
another. Therefore, it is vital to quantify ammonia emissions concurrently with at least one of
the two other gasedo assess the net impacts of the mitigation measures which can be done
using this method.
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Concentrated animal feeding operations (CAFOs) are ammonia {NEmission hotspots
which can contribute nitrogen (N) to the surrounding landscaplerough dry deposition. This
presentation will report a summer field campaign conducted at a cattle feedlot in south
eastern Australia in February 2020. Emission rates of Niffom the feedlot were measured
with an inverse dispersion modelling (IDM) technigu based on gas concentrations
measured inside the feedlot with opefpath lasers. Landscape NHEfluxes adjacent to the
feedlot were measured with a flugradient technique using opespath Fourier transform
infrared (ORFTIR) sensors to measure vertical ga®ncentration gradients 110 and 220 m
from the feedlot boundary. Results shoed a total feedlot emission factor of 180.8 g NH
head! d-, corresponding to a loss of 65% of the feed N. When upwind of the feedlot, the two
sites showed upward fluxes (surfaeemissions) with a daily mean of 0.05 and 0.06 ug NH
m2 st at the two distances. This corresponds to net NHmissions equivalent to 43.2 and
51.8 g NH hat dt. When downwind of the feedlot, the two measurement sites showed
downward fluxes (surfacaleposition) with a daily mean value 61..16 and -0.69 ug NH m=
stat 110 and 220 m from the feedlot. This corresponds to a net NHleposition equivalent

to 1.0 and 0.6 kg NH hat di. During the campaign, the amount of Ndeposited totaled
around 9800 kg NH within a 5x5 km deposition grid centered on the feedlot, accounting for
11% of the total NH emission from the feedlot. Such measurements provide reliable data
for NHs inventory, model simulation of the Nitransport from the feedlot, and contribte to
development of sustainable N management strategies for the surrounding agroecosystems.
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European dairy production systems (DPS) face stricter and increasingly binding
environmental protection requirements where contesgpecific actions are needed.
Evaluating he environmental impacts of DPS is a crucial step for applying adapted
approaches to ensure and promote sustainability. Whalarm models are presented as
useful tools for assessing these impacts as they encompass individual farm processes
through an integated system approach. In this context, the Sustainable and Integrated
Management Systems for Dairy Production (SIbk®y evaluates the effect of different farm
characteristics and bioclimatic conditions on environmental indicators such as the nitrogen
footprint (NF). This study aims to model the nitrogen emissions of six key DPS in Europe and
assess the effect of selected mitigation options to reduce ammonia (B)Hemissions.
Productivity, diet composition, land use, manure management and fertilizatiormnagement
were the main modeling inputs. Heterogeneous geographic distribution of the scenarios was
considered to evaluate the effects of a wide range of climatic conditions. The results show a
large variability in the intensity of NF analyzed, averagingB3gN | milkl and ranging from
16.1 to 6.9 gN I milkl. NH and nitrate (NQ) emissions represent the highest contributors to
the NF in all scenarios analyzed. Manure storage was identified as one of the major hotspots
for NHs emissions (33% of the NF oaverage) in those scenarios with low efficient practices.
As for NQ, those scenarios with higher application rates of mineral fertilizers (urea) present
higher emissions of this gas, averaging 61% of the NF. Preliminary results show how-high
efficiency covers reduce NH emissions in those scenarios with high emissions from manure
management. Furthermore, substituting urea with alternative fertilizers such as ammonium
nitrate resulted in significant reductions in the NF. This study shows how the applicatain
adapted measures in different DPS leads to a substantial reduction in nitrogen emissions at
the farm scale. In this way, this study cooperates in making informed decisions when
mitigating the negative environmental impacts of DPS.
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Nitrogen (N) loss from manure management chains (MMCs) of ddmyms are substantial
and variable. The complexity of MMCs varies dependent on the method of collection and the
number of subsequent storage and processing technologies used. We developed a modular
approach that quantifies flows and losses of total ammonéal N (TAN) and organic N along
MMCs with different complexity. This approach allows integrating any number and sequence
of manure management facilities to simulate MMCs in diarm settings. Nitrogen flows and
losses from nine published case studies wereugntified using established emission factors

of different N species for various manure management facilities. Comparisons between
simulated and reported N losses of nine published case studies showed deviations ranging
from 0.05% to 40% for the whole MMCS4 he largest deviations were caused by uncertainty
about emission factors for open lots, grazing lands and anaerobic lagoons. By revising the
reported emission factors, deviations in N losses can be reduced to less than 10%. Simulated
N losses were withinthe range of estimates obtained from the application of the present
IPCC Tier2/Tier 3 methodology, which further validates the reliability of estimates using the
modular approach. Further, we extended this approach and developed a model (FarmM3) to
guantify flows of different manure constituents along MMCs. This FarmM3 model can track
flows of manure organic matter (OM), carbon (C), nitrogen (N), phosphorus (P) and potassium
(K) and quantify gaseous emissions from various MMCs by integrating establishedssion
factors, loss coefficients and performance parameters. A sensitivity analysis can be
performed to identify the most important input parameters determining losses of manure
constituents in complex MMCs. This model can also support to design and optendairy
manure management strategies at farm level by evaluating traedéfs among degradation of
organic matter, nutrient losses and gaseous emissions of various MMCs. In conclusion, the
FarmM3 model based on modular concepts is highly flexible and adapta and can be used

to assist dairy farmers in optimizing manure management strategies.
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Brittany is one of the French and European regions with a high nitrogen surplus for more
than 30 years resulting in a high lesf of nitrates in rivers and the proliferation of green algae
on the coast.Public policies, regulatory (nitrates directive, NEC directive, IED directive), or
incentive have been put in place. These policies have enabled a broader deployment in
Brittany of measures aimed at nitrogen input reduction (herd reduction, manure treatment,
feeding strategies), farmersd information, anc
storage/spreading technigues. More recently, new public policies relating to climate, egyr
and agroecological transition have also affected the nitrogen flows via the mobilization of
livestock manure as biomass (biogas production) by encouraging organic production. These
various policies have undeniably contributed to the nitrogen reductiapplied in Brittany and
the nitrate levels in the waters. These went from 204.2 kg N/ha in 2000 to 178.8 kg N/ha
in 2018 for the nitrogen applied and from 53.7 mg N&¥I in 2000 to 37.3 mg NGs/l in 2018
for the average nitrate levels in Brittany waters. The nitrogen surplus (54.5 kg N/ha in 2000)
was 26.6 kg N/ha in 2018, partly explaining the very thorny problem of the proliferation of
green algae which persists in Brittany. Between 2011 and028, the regional pressure in
total nitrogen (kg N/ha) is reduced by around 4% but with variable values between areas
(stability or increase).On a regional scale, the pressure from manure nitrogen shows an
average reduction of 11.2% in 2011/2018, but thismasks again various situations between
livestock and between areas. This fact can minimize specific sources of nitrogen that are
more difficult to control (pasture, outdoor run)ln addition, 2015/2018 data invalidates or
confirms the 2011/2018 evolutions. A reduction in ammonia emissions between 2011 and
2018 is also observed due to the consequent decrease in ammonia emissions from pig
herds, unlike cattle and poultry. These changes since 2011 will positively or negatively impact
nitrate concentrations insurface waters depending on the nitrogen and hydrological legacies.
These evolutions according to livestock and production area indicate that public policies
should be more sectoral and spatial, which may seem contradictory with integrated or
systemic appoaches. Nevertheless, local and targeted measures can be complementary
regarding applied nitrogen. The additional solution currently envisaged for some areas is the
Payment for Environmental Services.
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Nitrogen (N) use is a key environmental issue in agriculture, as losses of reactive N
compounds threaten biodiversity, climateand human health (Sutton & Bleeker 2013). The
utilization of N as an essential macronutrient must become more efficient in order to mitigate
the negative externalities of food production and to achieve the ambitious (ir@ational
climate, environmentaland sustainability goals concurrently. The Nitrogen Use Efficiency
(NUE) in an appropriate indicator for assessing N utilization in farm systems, and can be
estimated from the same parameters as the N balance. Thus, the aim of the present work is
to quantify the level of NUE for different farm types in Germany and to identify determinants
of onfarm N indicators. For that, we use data of the German Farm Accountancy Data Network
(FADN), covering around 6,000 farms with comprehensive annual information onnfia
structure and yields, and representing the German agricultural sector. For calculating the
NUE on farm level for six farm types according to EU farm typology, the relevant input and
output parameters as thregyears mean are considered based on Low et.g2021) and
national legislation. Further, two explanatory models are developed to identify linkages
between the N indicators investigated and farm structural (e.g., farm type, farm size, and
fertilization intensity), regional (e.g., soil fertility, altide, and soilclimate-areas), and socie
economic (e.g., age, operating profit, and education level) attributes. The Mlimator, a
robust regression technique, is utilized in order to consider the existence of outliers. First
results show a sectoral NUEraund 60%, with significant differences among and within farm
types. The mean NUE increases from dairy, over pig and poultry, towards arable farms. Also,
all farm types with animal husbandry miss the goal of a 60% faiRUE, a level required for
meeting thenational Sustainable Development Goal by 2030. The explanatory models show
significant results for various independent variables, such as farm size, soil fertility, or
education level. However, limitations regarding organic fertilizer imports need to be
considered. In order to achieve the ambitious (intgnational sustainability goals, further
efforts are needed, and efficiency reserves of all farm types must be identified and mobilized
henceforward. For designing ageanvironmental policies to improve Mhanagement, the NUE
can serve as a robust and informative performance indicator whose relevance will further
enhance due to the addressing and focusing on resource efficiency in current political and
societal visions.
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Measures to reduce nitrogen losses in Spanish livestock.
Implementation of an electronic tool to estimate, monitoring and
reporting N emissions (ECOGAN).
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The Spanish authorities are strongly committed to promoting a rational use of nitrogen in
agriculture in general and livestock farming in particular. Important changes in legislation
have been introduced to reduce nitrogen losses in the main animal specid$e package of
legislative proposals includes specific measures to reduce nitrogen excreta and reduce
ammonia emissions through the application of Best Available Technigues (BAT).

In addition, farm operators are responsible for carrying out a completérngen balance,
estimating their emissions in their various forms, and BATs to avoid or, where this is not
possible, reduce emissions and the impact on the environment as a whole. They are also
responsible for notifying the implementation of these techniges to the competent
authorities.

In order to provide the livestock sector and the competent authorities with an electronic
support at national level to facilitate the calculation, monitoring and notification of the
emissions of each farm, as well as theaification to the General BAT Register, the Ministry

of Agriculture, Fisheries and Food has developed the ECOGAN computerized system. It is
currently available for the swine species; the rest of the livestock species will be incorporated
as the correspondng management regulations are implemented.

The estimates of these emissions are made in accordance with updated guidelines
established by the Intergovernmental Panel on Climate Change (IPCC) and the European
Monitoring and Evaluation Program (EMEP/EEA)daather institutions with competence in

the matter (including TFRN), allowing the estimation of ammonia, methane and nitrogen
oxide emissions with an advanced level of complexity, in such a way that they are compatible
with the Spanish Inventory and Proj¢éions System (Sistema Espafiol de Inventario y
Proyecciones).
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and N use efficiency in flooded irrigated systems under semiarid
Mediterranean conditions
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Maize monoculture is a common system in irrigated areas of the Ebro River Basin
(ERB, NE of Spain). It is characterized by an intensive management that implies high
N inputs, leading to a highcrop productivity, but with high environmental impacts.
Doubleannual cropping systems are an interesting alternative to increase crop
diversity in these regions. On the one hand, they can increase the profitability per
land unit, and on other hand, they mvide several environmental benefits, including
the improvement of the N use efficiency (Maresma et al. 2019). However, most of
the studies were conducted in systems using sprinkler irrigation; and more
information is needed in traditional flooding systes) as it is still a widespread
irrigation method at the Central ERB.

The main objective of this work was to study the impact of cropping diversification
and different N rates on the crop performance and on the N use efficiency, in a
flooded irrigated maizeunder Mediterranean conditions. Three cropping systems
(maize monoculture; and peanaize and barleymaize double cropping systems) and
three N rates (unfertilized, medium, and high rate) were evaluated in a field
experiment located in Zaragoza (Spain) dag two years. Before termination of each
crop, the aboveground biomass was determined and different crop components were
measured. Grain yield was measured at harvest. Nitrogen concentration in the grain
and stover were determined. Each year before sowiagd after harvest, soil samples
(0-90cm) were collected from each plot to measure soil inorganic N content. Different
N use related indicators were calculated.

The results indicated that crop diversification may provide different environmental
advantages compared to maize monoculture (i.e. higher soil coverage, greater N
supply in the systems including legumes and lower residual N). However, it was clearly
observed that the management of doubleropping systems with flood irrigation is
challenging, and tls entailed crop yield penalties, that led as well to lower N use
efficiencies. Therefore, doubleropping systems under flooded irrigated conditions
are interesting to increase sustainability, but further research is needed to identify
proper management pactices to maximize its potential and be a profitable
alternative for farmers.
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NITRIFICATION AND IMPROVES NITROGEN UPTAKE IN WHEAT UNDER
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Synthetic nitrification inhibitors (SNI) and biological nitrification inhibitors (BNI) are
promising tools tolimit nitrogen (N) pollution derived from agriculture. However, SNIs
performance varies substantially depending on soil conditions, and modern wheat
cultivars lack the ability to exude BNIs. Fortunately, the chromosome region (-5)
controlling BNI prodction in Leymus racemosus a wild relative of wheat, was
introduced into two elite wheat cultivars, ROELFS and MUNAL. These two high BNI
isogenic lines can inhibit nitrification in acidic soils under ammonium nutrition. We
evaluated the BNI trait expressin of ROELF8NI and MUNAJIBNI in the field, and
under ammonium and nitrate fertilization in microcosms. Using BNI isogenic lines
could be an efficient technology with potential use worldwide, in support of more
sustainable agricultural and environmentallyfriendly agronomic practices. The
introduction of the BNirait had no negative impact since Control and Biogenic
lines from ROELFS and MUNAL presented similar agronomic performance and plant
development. In the soil, ROELFENI and MUNAIBNI plants cecreased ammonia
oxidizing bacteria (AOB) abundance by 60% and 45% respectively, delaying
ammonium oxidation without reducing the total abundance of bacteria or archaea.
Moreover, under nitrate fertilization, BNbsogenic lines reduced solil nitrate content
ROELFS8NI and MUNAIBNI plants showed a reduced leaf nitrate reductase (NR)
activity and a higher amino acid content compared to Bhthit lacking lines,
indicating that plants preferred ammonium as N source. In addition, the benefits from
introduction of BNHrait into ROELFS and MUNAL wheat cultivars were also noticeable
for nitrate fertilization with improved N absorption.
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Soraia Cru, Claudia M.d.S CordovilCecilia Regd Pedro Baptistd, Sonia Marting, Anténio
Marquesdos-Santost

1 Instituto Superior de Agronomia, Universidade de Lisboa, 13837 Lisboa, Portugal
2 Fundag&o Eugénio de Almeida, 706201 Evora, Portugal

3 LusoviniDistribuicdo S.A., 352@61 Nelas, Portugal

4 Reguenguinho- Sociedade Agricola Lda., 705009 Montemor-o-Novo, Portugal.

* scruz@isa.ulisboa.pt

Nitrogen (N) is a key nutrient in croproduction and crucial in vineyard management.
Agriculture is one of the more important activities where action can and must be take
n to promote N losses mitigation and create awareness about the impact of excessive
N inputs. The efficient use of N as félizer was tested in several field experiments to
produce wine of low N footprint.

Conventional fertilization practices in each farm served as control (treatmentdA
higher N dose) and three other rates of N inputs (treatments B, C and D, being D the
lowest N dose) were applied to vineyards located in two different regions in Portugal,
from the varietyAlicant Bouschet.Innovative soil probes were set up in the field, at
two different depths, to monitor nitrate leaching potential risks in real time. Sewaér
samples of soil, plants and fruits were collected for chemical analysis along the
growing cycle. At the harvest time, grapes of each treatment were collected, weighted,
and vinified to produce a type of wine per treatment.

Different N fertilizer managerent practices applied in the field of each farmer found
no significant differences in fresh grapes production yield and quality. Treatments B
and C (medium N doses applied) resulted in the higher grape production (t/ha). The
reduction of N fertilization dil not negatively affect production yield neither the
potential alcohol content of wine. The conventional farmer practice of higher N inputs
in vineyards production did not result in the best yield. The innovative soil probes
tested in the vineyard fields wre an added value to farmers allowing the control of N
inputs and soil pollution and improving N use efficiency through better agricultural
practices. Wines of low N footprint were produced with a very good quality and taste.
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Right place, right time: connecting soil N and plant uptake for greener
agriculture
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Nitrogen (N) is a primary nutrient that is essential to the survival of all living
organisms. Crops are inefficient in their N use, losing 5®% of applied N, which
transforms to reactive nitrogen Nr, to the environment. This results in increased Nr
species, such as NH3 and nitrous oxide (N20) in the atmosphere and nitrate (NP3
in terrestrial and aquatic ecosystems, which has significant consequences for climate
change and environmental toxicity. In Australia, agriculture is responsible for ~80%
of N20 emissions. One of the approaches to tackle the problem of unwanted N losses
from the plant/soil system is through the use of novel inhibitors delaying degradation
with fertiliser formulation. My current ARC funded project aims to test the effects of
N movenent from controlled growth solutions to plant on root growth and morphology
without/with novel inhibitors compared to the commercial inhibitors in using root
growth microcosImRAPRbBal | ed 6ROOT

This proposed project aims to transition into real worlscenarios using pots and a
range of soil types to achieve three main objectives:

1)To identify beneficial microbes interacting with plant roots and contributing to
improved N uptake and how these interactions are impacted by new fertilizer
formulations

2)To characterize in detail the rhizosphere biochemistry underlaying beneficial
microbe interaction under different N supply conditions (ie with/without novel
inhibitors)

3)To test the efficacy of candidate higperforming novel inhibitors on plant growth
performance and ultimately yield

Results obtained from this project will provide important knowledge to identify the
mechanisms underpinning plant roesoil-microbiome interactions in response to new
fertilisers and eventually plant growth and N use égfency of target crops along with
the knowledge on N release of new fertilisers in response to plant signalling
molecules for N acquisition.
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Android Based Fertilizer Management Tools for Increasing Nitrogen Use
Efficiency in the South Asian Countries:Review
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Nitrogen (N) is a blessing for the human beings, and at the same time it is the
godfather of environmental pollution. The global challenge is to achieve a synergy
between these two opposite scenarios. The N reserve in soil decreasing continuously,
while application of inorganic N fertilizer increasing dramatically to produce food,
feed and fiber. At present, the global requirement of N fertilizer in agriculture is 110
million tons (Mt), while in the South Asia is 24.25 Mt. Average N use efficiency (NUE)
in agriculture rarely exceed 3@10% which depicts that a large amount remains
unutilized as reactive N (Nr). Th8outh Asia region is a global hotspot dfr which
catastrophically damaging the environment and collapsing the ecosystem functions
Scientists across the world are belligerent to find a better option to increase NUE.
Different soil and crop management practices have already been identified and found
effective to increase NUE but not efficient to halve N waste by 2030 as emphasized
int he 6Col ombo Declarationd by UNEP. The un
based mobile technology and high speed internet connectivity across the South Asia
region might open a new avenue for optimization of N fertilizer in crop production.
Many free Nfertilizer management Apps are available across the South Asian region
and the world as well. Information on such fifty fertilizer management Apps were
collected and characterized considering some common criteridz. target users,
target crops, data reqirements, user friendliness, accessibility, cosffectiveness,
adoption rates, barriers to adoptiongtc. Some Apps are found user friendly and
provide quantitative N guidance, but most of them are generalized and do not use
far mer s0 f i enutnentg yaetd goalletc. whele calailiating N requirement.
The study revealed that mobile based suitable, efficient, and solely N guidance tools
are still demanding.
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Apparent nitrogen balance under different cover crops managements
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The use of cover crops (CCs3 becoming of utmost importance to increase the
environmental sustainability of agricultural production systems. It has been
demonstrated that CCs significantly affect the dynamic of soil fertility and especially

the nitrogen (N) cycle. Different CCs magements, including the use of diverse

species, termination dates, and residues managements, can differently affect the

CCs0d r ol e i nimmolilizatioN turnoven, end ahle N availability for the
subsequent cash crop. The analysis of the N releaseiin the CCs residues is thus

essential to optimize the management of this agronomic practice. In this context, the

present study aimed to compare two winter CCs management systems in the first two

out of three years succession, with waxy maize as a sumnuash crop. The 2 years

research study (20192021) was conducted on a 6.5nha field in Northeast Italy
(45A20y53h N, 11A57yl11h E). The CCs systern
gramineous species (triticale), a ¥ear gramineoudeguminous succession fre,

clover), and control with No CCs (weeds). Simulated values of N release were
investigated using the CENCALC Model and considering residue incorporation on

three termination dates (end of January, February, and March). An apparent N

balance wasperfome d anal yzing the resi daNecsnentN cont e
in the first 040 cm layer. Finally, the maize biomass yield at waxy maturity was
analyzed in each treatment. The results of the N balance showed significant
differences among treatments. Inthe two years, the soil N&N content at CCs
termination decreased on average by 51.7 (No CCs), 29.9 (fixed), and 35.9 kgt ha
(succession) compared to the N&N content measured at CCs sowing time. In the No

CCs and fixed treat metnmsequivalemtdo thre €56Pochnnide s @ N ¢
95.7% of NQ-N content lost from the 040 cm soil layer (above reported),
respectively; in contrast, in the succession treatment, the N balance showed
residuesd® N content sdNganrtlost. bhe GAGALCIM6deb f t he
estimated that the N released by the residues (terminated in March) during the

following maize season was equal to 36.4%, 21.5%, and 30.8% of the total N content

in the residues of No CCs, fixed and succession treatments, respectively. Comgarin

different termination dates, the results showed that rye, clover, and weeds
accumulated N in their biomass with a constant linear increase, while triticale showed

a significant increase in biomass and N uptake early in the winter (end of January)

and then remained stable. This might have affected the triticale biomass quality,
determining the N mineralizatioammobilization turnover after termination. The

maize biomass yield was indeed lower after triticale (16.2 Mg #pthan after the No

CCs and successn treatments (+7.1% on average).
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Soils from Mediterranean areas, usually characterized by law organic matter
content, require high N inputs to maintain and further increase their productivity. This
increases the risk of reactive N losses to the environment, which further promote
global warming and eutrophication processes. Compost and biochemendments
have been postulated as advantageous strategies to increase soil C build up and
sustain soil fertility. Additionally, the interaction between these two amendments
have been previously reported with promising synergistic effects (Harindintwalakt
2021).

Compost, biochar and their mixture (90:10) were applied to an organic olive tree crop
every two years at a field rate of 6 t ha Control plots did not receive N nor C inputs,
whereas compost, mixture and biochar treated plots received, in &aapplication,
141,132 and 50 kg N hd and 2.15, 2.34 and 4.04 t C hal, respectively. The effect
of these organic amendments on soil N availability and the N related microbial
community was assessed 8 years after the experiment started.

Mineral N was #milar in all treatments and the differences in N availability between
treatments was a consequence of the organic soluble N fraction. Although the highest
nutrient input corresponded to the compost amendment, the highest rate of N
availability was reachedn the mixture amended plots. Water soluble N in the soil
was positively correlated with the dissolved organic C (DOC), the denitrifying enzyme
activity (DEA) and the relative abundance absZ genes, which encode the enzyme
system catalyzing the last ste of the denitrification process. Microbial communities
related to the soil N cycle had contrasting responses to different organic
amendments, i.e. archaeal community was enhanced by compost amendment while
bacterial community showed the opposed trend, anithe mixture treatment favored
the development of the fungal community. This affects the mechanisms transforming
N in the soil and the N lost in the form of 2D, a potent GHG which usually correlates
with N availability.
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Rice cultivation is considered as one of the important anthropogenic sources of
greenhouse gas (GHG) emissions such as nitrous oxide@Nand methane (CH as

a result of inefficient input management. Soil type, climate, soil redox potential, water
management and method of application and type of fertilizers are some of the
important factors that control agricultural GHG emission. Therefore, this study was
conducted to assess the nutrient use efficiency and GHG emission from three
fertilizer types namely; Depdment of Agriculture (DOA) recommended mixture (T1),
Nano fertilizer (T2), slow release fertilizer (T3) and compared with no fertilizer
application. The experiment was conducted under open field conditions at the
experimental field of Mahailuppallama Subampus, University of Peradeniya. Plant
height was significantly different in 6 and 9 WAP and tiller number showed a
significance difference 4, 6 and 8 weeks after planting. Significantly highest
(p=0.0024) flag leaf chlorophyll content was obtained from thDOA recommended
treatment. The highest grain yield of 3938 kg h&was reported from Nano fertilizer
while the lowest yield (2,738 kg hd) was from the no fertilizer treatment. A slight
N>.O emission was recorded without a clear pattern whiléH emission was not
detectable during the growing seasorOverall results showed that the Nano fertilizer
treatment exhibit higher nutrient use efficiency while reducing 2@ emission
compared to other treatments suggesting the potential of use of Nano fertilizer for
mitigating climate change while increase the rice yield.
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Ways toimprove Nutrient Use Efficiency (NUE) and control weeds by reducing the
complete dependency on chemical control is essential to enhance sustainability in
the tea sector. This study was initiated to investigate the impact of different weed
and fertilizer management measures on soil nutrient status, NUE and green leaf
production of tea. A Field experiment was conducted in VP tea fields of TRI 2025
(Camellia sinensed..) to assess the NUE of Slow Releasing Fertilizers (SRF) in already
established Herbicide Free Integrated Weed Management (HFIWM) and chemically
weed controlled mature tea fields in Hapugastenne Estate in Maskeliya. The
experiment was a SpliPlot Designwith weed control as the main plot factor with two
levels (HFIWM and chemically weeding). Sub plot factor was fertilizer with six
treatment combinations of TRI recommended 100% U709 (200 kg/ha/3months),
75%U709+25%SLF, 50% of U709 and SLF, 25%U709+75%SlB0%SLF (100
kg/ha/3months) and no fertilizer treatment. Green leaf yield and SPAD meter
readings were taken at 12 day intervals and soil measurements were taken from O
15 cm depth initially and three months after treatment application. Results showed

a significant yield increment (P <0.05) in HFIWM compared to chemical weeding
fields. Among six treatments 100%SLF and 25%U709+75%SLF showed higher yields
in both HFIWM and chemical weeding fields. Overall, the SPAD meter readings were
greater in HFIWM compad to chemical weeding fields. In both fields, application of
100% SLF resulted a greater AE30%) compared to 100%U709. There was no
significant difference (P>0.05) in soil properties of CEC, total N, exchangeable K,
available P and organic matter contenbf initial and 3 months after treatment
application. Addition of organic matter content in HFIWM fields was 1212
kg/ha/3months as dry weight. HFIWM improved NUE, soil properties and biodiversity
in tea plantations exhibiting significant improvement in man parameters over
chemical weeding.
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Maize is one of the main irrigated crops in northern Spain. The traditional cropping
system used has been intensive monoculture, which requires a large amouwft
inputs for its cultivation, and being often affected by weeds, pest and diseasddne
practice that allows for the maintenance of the sustainability of farms is the switch
from maize monocultures to multiple cropping systems with the use of leguma&se
aim of this work was to evaluate the impact of double cropping systems, through the
introduction of different legumes prior to maize, on soil and plant N dynamics. The
study was carried out in Agramunt (NE Spain). A lagegn tillage and N rate
fertilization field experiment established in 1996 under rainfed conditions was
transformed into irrigation with maize4ea maysL.) monocrop as cropping system in
2015, and into a diversification experiment in 2018. Maize monocrop (MC) against a
legumemaize doubk cropping (DC) were comparedPea for grain (2019), vetch for
green manure (2020), and vetch for forage (2021) were the legumes employed. The
soil management used was ndillage and the N fertilization rate was 200 kg h&in
MC and 150 kg ha in DC resgctively. Although DC received less N fertilization than
MC, soil mineral N levels were similar for both treatments. This indicates that the
legumes used were sufficient to replace the lower fertiliser application in the DC. A
biological fixation of 57, 84and 39 kg N ha! was found for the legumes used in 2019,
2020 and 2021 respectively under DC. In addition, the use of legumes resulted in 18
and 30% increase in the llucosidase and dehydrogenase soil enzyme activities
respectively, which implies a highremineralisation of organic matter in DC system.
Maize grain yields were 23, 20 and 28% higher in DC than in MC in 2019, 2020 and
2021. This would be related to a better use of N by the DC system, as N is supplied
more gradually. The higher mineral N feliiation in the MC also led to rapid increases
in soil N concentration which resulted in maize leaf N@vels 46% higher in MC than
in DC. These differences in N dynamics originated that the NUE was on average 54%
higher in DC than in MC during the yeassudied.
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EFFECT OF NITROGEN MANAGEMENT SYSTEM ON GROWTH AND YIELD
OF RICE AND MAIZE IN CENTRAL TARAI, NEPAL

Prakash Ghimire, Khem Raj Dahal, Yam Kant Gaihre, Chetan Gyanwali and Umesh Sah

Ricedmaize systems are rapidly expanding in South Asian countries due to higher
yield and profit potential from winter maize, and its increasing demand from poultry
and fish feed industries. An osstation trial was conducted at research farm of
National Rce Research Program, Nepal in 2021/22 under the aegis of South Asia
Nitrogen Hub (SANH) Project to access the effect of different nitrogen sources and
amounts on productivity of rice and maize crops. The experiment was conducted in
randomized complete blok design with eight treatments (N omission; recommended
dose of Nitrogen (RDN); RDN+25%; RER28%; cattle manure; poultry manure and
industrial manure adjusted as per RDN each; and briquette urea adjusted as per RDN
0 35%), and was replicated four timesThe recommended dose of nutrient for rice
and maize crops in Nepal are 120:40:40 and 120:60:40 kg NPK per hectare,
respectively. Green gram was cultivated during spring as baseline crop and
incorporated in soil before the rice crop which was followed byaime. Growth, yield
and yield attributing parameters of rice and maize crop were recorded and analysed
by Rstat software. There was no significant effect of N management on growth, yield
and yield attributes of rice crop. However, the highest panicle lehg26.1 cm) was
recorded in brigquette urea plot; highest biomass yield (6.5 t/ha) in RDN + 25% plot;
and highest grain yield (2.9 t/ha) in industrial manure plot. Maize was planted after
rice using the same treatments. Plant height of maize was recordedghest in
industrial manure plot at 30, 60 and 90 days after sowing (DAS), however it was
highest in briquette urea plot at 120 DAS and at harvest. Number of grains per cob
(243.8) was significantly higher in RDN + 25% plot, however thousand grain weight
wasndét significantly different among the tr
yield (15.4 t/ha) was significantly higher in RDN + 25% plot, however the harvest
i ndex wasndt significantly influenced by N
seasonexperiment on rice and maize each it can be concluded that 25% addition to
recommended N fertilizer increased the yield of maize significantly but no significant
difference was found among the treatments in case of rice.

Key words: rice, maize, manurdertilizer, Nitrogen, yield
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Improving nitrogen fertilisation efficiency by connecting soil nitrogen
availability and crop yield through the design of novel urease inhibitors
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By the year 2050, the world population is predictetb approach 10 billion people,
with the question of how to feed the increasing population of utmost importance. The
known correlation between plant growth and nitrogen (N) uptake allows for
maximised crop yield, and through manually applying nitrogen fésérs such as urea
and ammonium salts, N content in soil can be increased and plant growth maximised.
However, excessive use of nitrogen fertilisers can result in significant nitrogen losses
to the environment of up to 50%, leaving less available for pkanptake. Mitigating
N-oss can be achieved by improving nitrogen use efficiency using synthetic urease
inhibitors (Uls) to slow the enzymatic conversion of urea fertiliser to plavailable
nitrogen, reducing accumulation and loss to environment. Curresammercially used
Uls whilst effective at slowing down this process, are both shadting and
significantly less effective in soils with a naturally low pH (<5.5), as commonly found
all over Australia. This project aims to develop new generation Ulstthae more
effective and applicable in diverse soils compared to commercial inhibitors to
improve N efficiency. These compounds will be designed and screened for inhibitory
potential through a combination ofn vitro and in silico experiments before promising
candidates being tested on Australian soils and plant model systems.
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Urease inhibitors effects on the nitrogen use efficiency in a maiadeat
rotation with or without water deficit

Raul AllendeMontalban 1.2, Diana MartinLammerding?, Maria M. Delgadd, Miguel
A. Porcel, José L. Gabriel-3”
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3 Centro de Estudios e Investigacion para la Gestion de Riesgos Agrarios y Medioambientales, 28040 Madrid
* gabriel.jose@inia.csic.es

The use of urease inhibitors in irrigated systems decreases both saihmonium
(NH:*) and nitrate (N@) availability, and thus, could be an easy tool to reduce N loss
by ammonia volatilization and N®leaching. The main goal of this experiment was to
assess the effect of urease inhibitors in the N use efficiency, N loss&sd economic
impact in a maizewheat field experiment. In this study, 10 treatments were
compared, combining the urea fertilizer with or without urease inhibitor, applied in
one or two dressings and under optimal or suboptimal irrigation (Allende et aD221).

A single application of urease inhibitor () coupled with the conventional urea can
help to reduce the nitrate leaching risk both during the maize period (even when
compared to the two dressing) and after harvest. In addition, this improvement was
achieved together with an increase on the economic benefit, even when compared
with the application of the same amount of regular urea split into two dressings.
Under low water availability systems, the benefits of applying urease inhibitors
increased regect to the application of regular urea, making this technique a very
promising strategy for adaptation to the climate change under arid and semiarid
regions.

References

AllendeMontalban, R, D Martihammerding M del Mar Delgado, MA Porcel, JL Gabriel, 2021rease Inhibitors
Effects on the Nitrogen Use Efficiency in a Mai@¥@/heat Rotation with or without Water Deficit. Agriculture 11,
684, https://doi .org/10.3390/agriculture11070684

Acknowledgements

The authors wish to thank the work done by La Canaleja field staff (David San Martin and José Silveria), the
laboratory  staff (Mar Albarran and Alvaro  Moreno) and the founds receipt by
MCIN/AEI/10.13039/501100011033/(AGL2017 -83283-C2-1/2 R), the Community of Madrid (AGRISOSW
S2018/BAA4330), and European Structural funding 20142020 (ERDF y ESF) and EuroChem Agro Iberia S.L.

Page32of 324


mailto:gabriel.jose@inia.csic.es
https://doi.org/10.3390/agriculture11070684

AbstractBookof the XXI International N Workshop Updated 230ct2022

Nitrogen, pdassium and sulphur availability from residubased
fertilisers applied singly or combined

Beatriz GomeaMuioZ*, Jakob Maigd, Lars Stoumann Jenseh

1 University of Copenhagen, 1821 Denmark
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In organic farming systems, nutrients taken up by crops should be replenished by the
recycling of agricultural and urban organic waste to close nutrient cycles. However,
the availability of organic wastes permitted for application in organic farming is
limited, and organic farmers usually have to apply manure from conventional farms,
which are considered to be contentious. Alternative nutrient sources acceptable for
application in organic farming are therefore needed to supply available nutrients to
maintain or increase organic food production. In this study, we investigated the ability
of manure, digested manure, manure cdigested with the organic fraction of
municipal solid waste, Fertigro®, and ash from straw to supply N, K and S to ryegrass
grown in pos, and establish whether the use of complex mixtures to obtain more
suitable nutrient ratios which may benefit plant growth. Digested manure and manure
co-digested with the organic fraction of municipal solid waste produced greater plant
growth and N recoery than manure, while no significant differences were observed
in terms of K recovery. Fertigro® showed similar plant growth and nutrient uptake to
the mineral S and N positive controls, while the addition of straw ash demonstrated
even greater K recoveryhan that observed for the mineral K positive control. The
mixture of Fertigro® with manure caligested with the organic fraction of municipal
solid waste and ash was outstanding among the wasbased fertilisers in terms of
amounts of N, K and S availaklnutrient are supplied for plant uptake. However, field
trials are required to confirm these benefits under field conditions.
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Impact of Different Fertilizers of Nitrate and Ammonium Forms and Slow
Releasing, on Growth, Yield and Nutrient Use Efficiency of RiCeyga
sativa)
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The rice sector in Sri Lanka has a nitrogen use efficiency of about-26%. At the
University Experimental Station in Dodangolla, Sri Lanka, field and pot experiments
were conducted to compare the growth, yield, and agronomic nitrogen use efficiency
(ARy) of irrigated rice with various nitrogen fertilizers and rates to the Department of
Agriculture's (DOA) Urea recommendation. Both experiments consisted of 8
treatments. They were; no N applied, 100% DOAN provided as Urea (Control), 75%
AN, 75% U+UI, 75% g$inocote, 50% AN, 50% U+UI, 50% Osmocote. The Field
experiment revealed, there was no significant (p<0.05) yield difference between the
75 % U+UI treatment and the control. The 50 % U+Ul and 75 % U+UI treatments have
the highest A, showing 34.0 % and 26.8%6 increases respectively over control. From
the pot experiment, there was no significant difference (p<0.05) between the 75 %
U+UI and the control. The 75 % U+UI, which has a 26.3 % increase over control, has
the highest Al. Results showed, there could é& a significant yield loss due to
ammonia volatilization from urea in field conditions, which can be significantly
reduced by Urease inhibitors. In the pot experiment, urea performed better than AN

when flooded.
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Effect of stabilized fertilizers of urea with Dicyandiamide, iNityl
thiophosphorictramide, Coated urea, and Biochar on Nitrogen Use
Efficiency in Rice

S.P. Nissankd&, U.L.D.L.D GunasingheM. Gunawardana
1- Department of Agriculture, Faculty dkgriculture, University of Peradeniya, Peradeniya, Sri Lanka
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Nitrogen use efficiency (NUE) in padawltivation in Sri Lanka ranges from 150 %.

A field and a pot experiment were conducted at the University of Peradeniya
Experimental Station at Dodangolla, with the objectives of assessing yield and
Agronomic NUE (At of irrigated paddy cultivation with the application of stabilized
fertilizer of urea (with Dicyandiamide [DCD]) and{(N-butyl) thiophosphorietramide
(NBPT), coatedirea, and biochar compared to the Department of Agriculture
Nitrogen recommended rates IOAN). Both experiments consisted of 8 common
treatments, namely, no N (T1), 100% DOAN provided as urea (control:T2), 50% of
DOAN+M1(30% NBPT+15% DCD:T3), 50% of DOAN+M2 (20% NBPT:T4), no
N+biochar (T5), 100% DOAN-+biochar (T6), 50% of DOAN+M1+biochar @0 of
DOAN+M2+biochar (T8). Pot experiment consisted of 2 additional treatments of 50%
of DOAN+50% of DOAN provided as coateca (CU:T9) and 50% of
DOAN+(M1+M2)+50% of DOAN provided as CU+(M1+M2:T10). The M1 and M2
rates were 10% of the amount of ur@ used. Results of the field experiment showed

a significant £<0.05) yield difference among treatments, and T3 and T7 recorded
22.2% and 8.3% greater yield than the control7(08 t/ha). The highest AkEwas
reported in T3, which was a 28.34 kg yield incese kg! N applied compared to the
control. Results of the pot experiment showed significant (p<0.05) yield differences
among treatments, recording 61% and 29.5% greater yield in T7 and T8, respectively,
compared to the control $.06 t/ha). The highest agrsnomic efficiency of applied N
(AR was reported in T7, which was 30.9 kg yield increasekd applied compared

to the control. Results showed that usage of N fertilizer could be reduced by 50% with
the application of stabilizers of M1 and M2, while ineasing yield potentials and

subsequently providing significant economic and environmental benefits.
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Impact of control release and bio fertilizers on nutrient use efficiency and
productivity in Tea
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Field experiment was conducted in Newburge tea estate, located in Uwavince
(IU3agroeecological region) with the objective of assessing the impact of control
release fertilizer (CRF) and bifertilizer application to tea fields in the upcountry
intermediate zone of Sri Lanka on tea productivity and nutrient use efficigncTwo
separate experiments were conducted in a conventional tea field and nron
conventional tea field. Seven treatments were applied to conventional field and six
treatments were applied to the norconventional field. Treatments of both
experiments were aranged in Randomized Complete Block Design with three
replicates. Fresh leaf weight, intenodal length and dormant bud percentage were
measured with seven days plucking intervals during experimental period. Agronomic
Efficiency (AE) and Value Cost RatM(R) were calculated to determine the efficiency
of different fertilizer treatments. Fresh leaf yield was significantly different (p<0.05)
among treatments in both experiments. Combination of bfertilizer and inorganic
fertilizer applied treatments showd higher yields (p<0.05) than other treatments
which were treated with only inorganic fertilizer. Int@odal lengths between first and
second leaves, and second and third leaves were different (p<0.05) among
treatments. Highest AE was recorded in T7 (CRBio-fertilizer). The highest VCR was
recorded in 100% U709 (T2) whilst the lowest was in CRF + edtilizer (T7). Yield
ranged from 1691.76kg/ha to 1997.31kg/ha in non-conventional field. The highest
yield was recorded in 50% inorganic fertilizer + bfertilizer (T5) followed by CRF (T6).
Intermodal lengths between first and second leaves, and second and third leaves
were different (p<0.05) among treatments. Combination of biertilizer and organic
matter application showed higher fresh leaf yield andtermodal lengths than other

treatments, which were treated with only organic matter.
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First experiences in chickpea inoculation with indigenous rhizobia in
Croatia
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The application of beneficial microorganisms can significantly enhance agricultural
sustainability and environment protection. Plant growtipromoting rhizobacteria
(PGPR) are among the most useful and promising microbial groups because of their
beneficial effect on the overall welbeing of the plants. PGPR represent a very diverse
group of soil bacteria tlat also includes various nitroge#iixing and phosphate
solubilizing bacteria as well. Nitrogen fixation is a microbiological process in which
molecular nitrogen is converted into available form for plants. Symbiotic associations
between special group of nrogenHixing bacteria (rhizobia) and legumes have a
unique role in agriculture because the utilization of this natural process enables
significant reduction of mineral nitrogen fertilization. Like most other grain legumes,
chickpeas Cicer arietinumL.) are a valuable source of proteins in a healthy diet and
it is an important crop especially in the Mediterranean basin. The objective of the
present study was to evaluate the beneficial effects of chickpea inoculation with
indigenous strains of rhizobia angphosphate solubilizing bacteria under different
environmental conditions. Field trials were set up at following locations in Croatia: i.
continental part (Zagreb) and ii. Mediterranean part (Zad&e t r Lani ) . At I
Zagreb, the inoculation with both hizobial strains caused significant increase in
nodule number and nodule dry weight in comparison with uninoculated plants. The
inoculation with indigenous rhizobial isolate resulted in better nodulation and higher
N content in plants in comparison with ioculation with reference strain. The effect
of rhizobial inoculation on fresh plant biomass and total nitrogen content in plants
was determined as well. These results strongly confirm the importance of strain
selection in the use of inoculation. At locain Zadar- Pet r Lani the eff
inoculation was not so expressed and the differences in nodulation, plant biomass
and N content in plants were not significant. The reason for such results is in
chickpea growing areas in Croatia since the chickpea is mnilys grown in
Mediterranean region while in other parts is only sporadically grown. The obtained
results showed that the existence of natural populations of rhizobia in the soil can
limit the success of inoculation. Different values for seed yield were det@ned
depending on location and application of particular strain for inoculation. Further
investigation is needed in order to select rhizobial strains with enhanced symbiotic
performance which will enable reduction of mineral fertilizers and impact of
unfavorable environmental conditions.
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Ammonia Energy: The future for Power Generation and Storage

Andrea Guati Roj#,
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Ammonia is the second most produced chemical worldwide after sulphuric acid,
mainly recognized due to its uses as a fertiliser. Around fdifths of all ammonia is

used to pioduce nitrogen fertilisers, such as urea and ammonium nitrate, responsible
for half of the worldoés food production.

Currently, the increasing interest to replace carbon intensive energy systems is
creating an opportunity for molecules such as hydrogen amasnmonia to provide a
zerocarbon energy alternative. As an energy vector and storage medium, ammonia
presents significant advantages over hydrogen. It holds all the benefits'@ while
also having better physical characteristics, lower cost per unit dbsed energy, higher
volumetric energy density, easier production, handling, and distribution.

With the current applications of ammonia as a fertiliser and chemical compound,
existing knowledge, and infrastructure, along with the attractive characteristias a
zerocarbon fuel, recognition for the use ob "CB energy is increasing. Industries are
investing in this chemical as an energy carrier and for power generation all around
the world.
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Nitrogen Use Efficiency in radish fertilized with-¢bped biocha-based
fertilizers compared to synthetic fertilizer

Raul Castejordel Pind, Miguel Angel Sanchekonedero, Maria Sanchegarcia,
Maria Luz Cayuela
Department of Soil and Water Conservation and Waste Manageme@EBASCSIC. Campus Universitario de

Espinardo, Murcia, Spain
* rcastejon@cebas.csic.es

Current environmental and economical boundaries entail the need to improve the
efficiency of the fertilizers by reducing Mssesto the environment andincreasing N
use efficiency (NUE) of the crops. Researchers are increasing their attention to
biocharbased fertilizers because they could further promote the reported benefits
associated to the ceapplication of stable forms of organic C and nutrients sropping
systems, enhancing the NUE by reducing both gaseous losses andsNé&aching
(Rasse et al. 2022).

In this work, we compared three types of fertilization: urea, a mix of urea and biochar
and two biocharbased fertilizers. The objective was to euste the NUE and their
impact in other agronomical parameters of a radish crop. We measurec:ON
emissions, radish yield, N uptake by plants and N remaining in the soil at the end of
the experiment. In addition, we calculated 2D yieldscaled emissions, wtgh links
N2O emissions and plants N uptake. Biochdrased fertilizers were produced from
olive treepruning biochar pyrolyzed at 400 and 800 °C as described in Castejdliel
Pino et al. (2021). Radish plants were cultivated in soil pots into a greenhouseden
climatic controlled conditions. Biochabased fertilizers showed promising effects
with a significant reduction of 47% of the PO emissions compared to the plants
fertilized with urea and the mix of urea and biochar, being the biocHaased fertilizer
made with biochar produced at 800 °C the fertilizer treatment with the lowest
emissions. There were no significant differences in radish yield and plant N uptake
between biocharbased fertilizers and all the treatments fertilized with urea.
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Sorghum bicoloras producer of biological nitrification inhibitors for
reduced N loses in wheat crop rotation systems
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The low nitrogen use efficiency (NUE) of crops in highly fertilized agricultural
productions entails major losses of N from the plasoil system via nitrate(NQ)
leaching and NO gas emissions produced by soil microbial processes. During soil
nitrification the rapid conversion of ammonium (NA) into NQresults in inefficient
use of both soil N and applied fertilizeN by the target crop. Biological nitrfation
inhibition (BNI) is a plarimediated process in which organic compounds are exuded
in the rhizosphere to suppress the activity of ammoniaxidizing bacteria and
archaea. Thus, the release of BNI to the soil limits the amount of N cycled via the
nitrification pathway, reducing N losses and representing an environment friendly and
low-cost alternative to the application of chemical inhibitors. BNI exudation capacity
has been identified for several species, includin§orghum bicoloror Brassicaceae
spedes, that are commonly cultivated as catchrops or included in crop rotation
systems. Thereby, the incorporation of new crop varieties with BNI potential into crop
rotations is proposed as mitigation strategy to further retain NHn soils and increase
soil N pools, reducing the requirement of N fertilizers for the subsequent target crop.
Such integrated approach represents a sustainable tool to develop loitrifying
agronomic environments, minimizing N leakage and improve NUE in agricultural
systems. Wh this aim, a 2year field trial (Fustifiana, Navarra) was stablished in
2021 in which four Sorghum bicolorvarieties (two silage types and two mixed types)
are characterized for their BNproducing capacity, testing their inhibitory effect over
soil ammamia-oxidizing bacteria (AOB), in rotation with a winter wheat culture. The
efficiency of Sorghum plant to affect soil N cycle and promote N availability for the
subsequent wheat crop is investigated regarding soil mineral N contents, as well as
yield and NUE parameters of both Sorghum and wheat target culture. This study was
performed under various Nhkt-based fertilization regimens, with the supply of urea
with or without urease inhibitor Nn-butyl)thiophosphoric triamide (NBPT), that will
increase the pesence of NH* in the soil, potentially enhancing the BNI capacity of
the Sorghumplants.
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New Rhizobium strain enhanced mineral fertilizers from Fertiberia perform higher
fertilizer N efficiency in microcosm with cereal crops. This Rhizobium straimeral
fertilizers are registered under the current Spanish fertilizer regulation. Rhizobium
are widely known for their PGPR characteristics. In these new fertilizers they are used
as microbial plant biostimulants that improve the nutrient use efficiency of crops as
free living bacteria. Rhizobium strains are among the microorganisms included in the
current Regulation (EU) 2019/1009. After Dobermann (2007) a number of
Agronomic indices have been proposed for the shderm assessment of Nitrogen
Use Efficiency and its components. These indexes have been cited by the newly
released standard CEN/TS 1770-2:2022 to validate the claim for enhanced nutrient
use efficiency from the use of a plant biostimulant.

The results show that the addition of mineral fertilizer with PGPR produced increases
in nitrogen efficiency indices, such as the physiological ef@acy of acquired nutrient
(PE #15% increase), the internal utilization efficiency (IE & 11% increase) or the
agronomic efficiency (up to 75% increase).
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The optimization of nitrogen application on yield of potato crop by
Finder® a biofertilizer produced with MAMPs Enhancer Technology.
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Finder® is a biofertilizerconsortium based onAzospirillumand SinorhizobiumPGPRs
microorganisms, resulting from innovative fermentation technology: MAMPS
Enhancer®. It is an efficient biological nitrogen fixer that provides a large amount of
molecular elicitores that improve narobial biofilm root colonizacién and promote
plant growth. Applying the minimum range of nitrogen fertilization to achieve optimal
production, FINDER® increases its nutritional efficiency, significantly enhancing
productivity by 9% compared to control. RDER® is a suitable complement for
conventional nitrogen fertilization.

TRICHODEX, Biobased company, focuses on development of biotech solutions based
on plantmicrobiomesoil interactions to improve agriculture productivity and to
guarantee food security and sustainable use of natural resources.
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About 50% of the worl dds food production r e
hence, to meet food production, its use has increased tremendously during the last
4 to 5 decades. The use efficiency of added N is oftéess than 50% because of poor
management and higher rates of application, particularly in developing countries. The
surplus N once released into the environment contributes to the soil, water, and air
pollution, many health issues, loss of biodiversitynd climate change. Nitrous oxide
(N20) is a potent greenhouse gas that has 296 times higher global warming potential
and about 80% of this gas is released from the agricultural fields where N is applied.
Slow or controlled release of N fertilizer caimprove its use efficiency and decrease
its environmental impacts. In this study, we evaluated the>® emission from Zn
fortified nano-bentonite coated Zbento-Urea) and ZnO NPs coated ure@fanoUrea)

in silty clay and sandy loam soils with crop and wadht crop. We also evaluated the
effect of the method of fertilizer application on pO emission i.e., surface placement
and deep placement. The emission of J0 from coated urea was compared with the
N2O emission from conventional urea. The soil without feizer application was
considered a control. The static chamber method was used for®I flux
measurement. NO emission was measured from bare soil continuously for 15 days
after the application of fertilizer by using an d0 analyzer Thermo Fisher Scienti€
46i, USA, while from planted soils the DO flux was measured continuously for one
week after fertilizer application and then twice a week. The results showed that
coated urea significantly reduced the daily 4D flux intensity as compared to
conventiond urea. A significant delay in the X0 emission was also observed. The
N>O emission calculations from the planted soil experiment showed that during the
application of the first dose there was no difference in the emission o® from
coated and uncoated wea while the NO emission from coated urea was reduced
significantly when the second dose of fertilizer was applied. Deep placement of
fertilizer reduced the emission of BO from silty clay soil while it has no effect o,
emission from sandy loam soillt was concluded that the use of the enhanced
efficiency Zn coated urea with appropriate soil management practices can reduce the
emission of NO from agroecosystems.
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Rubén Linare§* , Oscar Hernandeg Lidia Alvarez, Cristina de Arriba, Maria del Pino Pérez

1 Universidad Catdlica de Avila, calle Canteros sn, 05004 Avila, (Spain)
*ruben.linares@ucavila.es

The pig slurry, without any treatment, can become an N ammonia emission source.
There is plenty of laboratory research done about the emission reduction process. In
this work, we have evaluated a slurry treatment in a 3000 sows industrial scale plant.

Thesslurry treatment is made with a solid liquid separation (with 200U holes diam),
an SBR (Sequencing Batch Reactor) with nitrification denitrification cycles (NDN),
ending with an effluent decanter.

A 13000 m3/year of lactating sows slurry has been treatedlhis slurry agronomic
value is really low with 98%+1,2% humidity, less than 1,65% SST, Total N between
1,84 to 2,14 kg/m3, 60 -80% N ammonia, a 0,45+0,3 kg/m3 P, and 1,12 kg/m3 K.

For a period of almost 2 years, every 3 moths an analytical control of gvstage of
the treatment was done in order to study the different process performance. Three
samples were taken in each sampler point.

The Total N content has been reduced by 97% in an annual in global basis. Moreover,
there is a 23% reduction in the sadi liquid separation, a 64% decrease in the SBR
process, and a 90% reduction in the final effluent decanter. Also, DQO falls from
23995 to 865 mg/lO.. There is at least a 90% efficiency even during the low
temperaturesd mont hs, w i t ratureaoh -1°@, (agerageg e
monthly temperature variation between 3 and 21°C).

The Spanish Ecological Transition Ministry sponsors some projects buying TQ
from those farms that achieve a least a 65% N reduction. The global process
evaluated exceeds this #iciency.
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National emission inventories serve as valuable source to monitor air pollution,
identify major emission sources as well as to develop reduction targets and assess
relevant mitigation options. In Poland, ammonia emissions mostly derives from
agriculture wth significant share of manure management from livestock and use of
organic fertilizers to the agricultural soils. Hence, high quality counspecific data

are required to reduce considerable uncertainty in emission compilation resulting
from defaultvale s. Particularly, one of the most
factorso (EF) t hat describe the emission
depending on the goals of individuals studies scientific outcomes often are reported
in different units whch hinders comparisons of quantitative impact of these practices
on air pollution. The purpose of this work was, therefore, to compile and review
experimental data on ammonia emissions from various livestock systems, including
different mitigation options, carried out for Polish conditions. The source of
information were: scientific literature (publications in peeeviewed journals,
monographs, chapters in monographs, doctoral dissertations, published post
conference materials) covering the period of 200Q021. In total, 33 publications
were found where experimental results of ammonia emissions were reported. A
critical review of the available literature identified 14 different technologies or
practices that were tested to estimate their effectiveness in deicing ammonia
emissions. Additionally, our research served as an input to the database DATAMAN
with agreed quality criteria enabling conversion to EF (Webb et al. 2021). As a result
of our compilation, 47 observations with EF were incorporated into thetdbase. Our
compilation also showed that relevant set of published results neither contained data
on emission factors nor conversion to EF was possible due to missing information on,
e.g., manure type, nitrogen content in excreta or manure, number and typé
animals, duration of the experiment. Our analysis indicate that experimental emission
data can be successfully utilized for inventory compilation. There are, however, still
challenges in providing simultaneously several key parameters which are essainti
for proper estimation of EF in Polish conditions.
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The percentage of nitrogen (N) recovered in milk relative to that ingegia dairy cows
(NUEn) varies from 15 to 35% (Uwizeye, 2019). This efficiency can refer to the milking
cows or to the total number of animals on the farm (NJg. Both NUR. and NUEr
are not environmental indicators per se, but they do reflect to the N losses @\N&O
and NH) included in the life cycle analysis for the calculation of the carbon footprint
per liter of milk. The aim of this work is to analyse at farm scale the possibl
relationships between NUf and NUEr with the total carbon footprint as:
[CHi+CQO+N20+CQ soya+CQ iLUCndirect Land Use changeio@rbon sequestration] of five
dairy farms feeding typologies. These were classified as "Organic, O", "Grazing, G",
"Grass silage, GS", "Maize silage, MS" and "Grass and maize silage, GMS". The
DairyCant (Salcedo, 2015) was used. Results indicated average intakes of 489+103
g N VL day; 29.8+5.9% for NUEand 22.7+5.9% for NUErand a carbon footprint of
1.085+0.30 kg CQpe L1 ECM (fatcorrected milk). Among typologies, the highest VL N
intake per day, NUfz. and NUErwere located in MS (P<0.05), with means of 587+79

g N; 33.1+4.3% and 26.5+4.4% respectively, and the lowest of 390+86 g;
25.715.7% and 17.1+5.1% in O. In contrastthe carbon footprint per liter of milk was
lower in MS (P<0.05) and higher in O, with averages in each case of 0.97 and 1.27
kg CQe. NUERr and NUEL for the data set (n=54) explained 61% and 30%
respectively of the variability of CL?1, the equationbeing of the type: 1.99- (0.04
NUER); £0.19 r2=0.61. The simulated values were 1.08 kg GOL1. The simulation

of the carbon footprint with the variable NUfrwas acceptable, as is evident from the
positive values of the model efficiency (EF=0.61) andeanter than zero and a high
clustering index (d=0.86). The positive sign of the mean bias error (MBE=0.23)
indicated overestimation and a low root mean square error percentage
(RMSE=0.33%). In conclusion, we note that the use of NddBs an independent and
low-cost variable can explain the variability of the carbon footprint per liter of milk.
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Faeces and urine are livestock grazing main sources of Nitrous oxide@Nemissions.
Grass concentrations of proteins (CP) anglater-soluble carbohydrates (WSC) might
be useful to mitigate such emissions, just by enhancing Ammonia ®H
sequestration for the synthesis of microbial protein, what could be achieved by raising
the recovery of Nitrogen (By in milk. The conversion of éed-N into Milk-N (Nitrogen
Use Efficiency, NUEcould be indirectly used to estimate it. This parameter is affected
by the capture of N at rumen level, the protein degradation process and the
synchronisation of WSC and CP supply on microbial protein swsis. This work
analyses the feasibility to reduce pO emissions in Manchega sheep breed when
moving from an animal feeding system based on the usage of alfalfa hay {ARar
2019) to other based on grazing on XTriticosecale (A2021-22 period), by
assessing milk urea concentration, WSC intake and NUBRanleCQ was the
simulation model used to estimate NO emissions (Salcedo et al., 2022). Results
showed higher concentration of WSC and higher WSC/CP ratio in XTriticosecale
based feeding (17.5% and 1.05)compared to alfalfa hay based feeding (11.2% and
0.50). In terms of CQequivalents, NO in milk decreased from 326 grams per liter in
AR:to 243 grams per liter in A(P<0.001), and urea concentration in milk decreased
from 0.59 grams per liter in AP to 0.49 grams per liter in AD(P<0.001). No
significant differences were found in NUE between both feeding systems (11.9% and
13.4%, respectively) WSCintake (in terms of grams per ewe and day) and NUE are
negatively correlated with BO emissions per lite of milk (2=-0.62 and r2=-0.41,
respectively; P<0.001) in both cases. Such differences could be attributed to the
enhancement in microbial protein synthesis in ADr 53 g per ewe and day), that was
indirectly estimated according to Oldick et al. (1999)hat considers net energy intake
from milk as an independent variable. In conclusion, ES@take and NUE might be
useful variables for the estimation of BO emissions per liter of milk in Manchega
ewes grazing on XTriticosecale grasslands in spring timader Mediterranean
climate conditions.
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Urine patches from livestock present unique environments where extremgrogen
(N) loading occurs, the average N load from a urination event is between 500 to 1000
kg N hal. N losses from urine include nitrate leaching, plant uptake, ammonia
volatilisation, and nitrous oxide, nitric oxide and nitrogen emissions. Urine patish
losses have been extensively researched for cattle excreta on lowland pastures under
intensive management, however, few studies have been undertaken in extensive
sheep grazing systems in temperate climates. Upland pastures vary greatly in
vegetation, tgography, climate, soil, management and productivity compared to
lowland grazing systems. These factors can all affect how N is cycled in soils. The
reported default N losses from urine patches do not take into account the potential
differences to N cyclig and N losses from these different grazing systems. To
address this a mesocosm experiment was conducted exploring N losses from three
sites along an altitudinal gradient including one lowland site (Cambisol) and two
upland sites (Podzol and Histosol). Thates varied in soil pH and organic matter
content, vegetation, microbial community, nutrient inputs and management. The
study measured greenhouse gas emissions, potential ammonia volatilisation, N
leaching, plant uptake and microbial immobilization fronmtact soil cores over a 13
week period in which half of the cores received artificial sheep urine and the
remainder received the equivalent volume of water. Data from previous field studies
have shown that nitrous oxide emissions and emissions factors finche two upland
sites are much lower than the lowland site (Marsden et al. 2018, 2019), indicating
differences in N cycling in the upland urine patch. This experiment is expected to
show that the other N loss pathways also vary when comparing upland aodland
urine patches, addressing a crucial knowledge gap for livestock farming systems.
Through improving the understanding of N losses from urine patches this can provide
more realistic, regional, and accurate emission factors for upland farming systems.
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Nutrient excretion from grazing animals is a major part of the farm nutrient cycle but
it is challenging to accurately measure, especially under field conditions when
animals are freely grazing. To make accurate measurements, two field campaigns
were carred out in 2021 to estimate N and C excretions via urine and dung
deposition from beef cattle (n=30) when grazing either permanent pasture (PP,
dominated byAgrostis stoloniferal.. andLolium perenng or aLolium perenneL. (cv.
Abermagic, higksugar grass)and white clover mix sward (HWC) on the North Wyke
Farm Platform, in Devon, UK. In each pasture, the individual animal dry matter intake
(DMI) and the fecal output (n=15) was estimated by the C2fkane tracing technique
(C32/C33 ratio) and the daily volme of urine excretion was estimated using the
creatinine content. The urine and dung samples were collected for each animal twice
a day from the & to the 12t day of nalkane dosing in June and August 2021.
Samples collected during each campaign were alyaed for total N and total C (dung,
grass, and urine), ralkane (dung and grass) and creatinine (urine) contents. Animal
live weight (LW), herbage mass and botanical composition were recorded. The
estimated DMI was similar between sward types with valudsr PP and HWC of
11.9+0.53 and 10.2+ 0.23 kg DM day? in June and 11.4+0.61 and 11.1+0.44 kg
DM day! in August, respectively. The fecal excretion was 8.8+0.84 and 7.2+0.42 kg
DM day! in June and 7.1+0.76 and 9.3+0.74 kg DM day in PP and HWC,
respectively. The volume of urine excreted was similar between pastures in June
(19.5+2.25 and 21.7+2.57 L day? in PP and HWC, respectively) whilst in August the
excretion was higher in HWC than in PP (23.3+2.35 versus 45.9+4.35 L dayThese
and coming up resuls will ensure a more thorough understanding of farm nutrient
cycling and allow nutrients to be properly managed with losses or accumulations in
excess avoided.
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Nitrogen losses can account for substantial amounts of crop available N, mainly by ammonia
emission, that occur mainly during mame management and N fertilizer application to
agricultural land. Application of organic fertilizers to crop is recommended as a way of
supplying the essential nutrients for plant growth, recycling nutrients within the agricultural
systems, while reducing the need for inorganic fertilizers. There is a lack of knowledgedb
ammonia emissions from slurries from different dairy cows feeding systems in Galicia as well
as slurry treatments at region scale. Thus, ammonia emissions from different dairy slurries
applied on undisturbed soil plots with clover and reygrass crop, ®eneasured using acid
traps. In this study we compared the differences between ammonia emissions from the
different feeding systems (classified according to the main forage in pasture grass: PG, grass
silage: GS, corn silage: CS or combined grass/corragié: GCS) and compared these results
with urea fertilizer. Also, slurry acidification and the mixture of slurry with urea were
considered with the aim to look for strategies to reduce the N volatilization, leading to eight
treatments with different N fertiizers, and ammonia emissions were measured during 9 days.
0.5 g of total nitrogen in all treatments were applied on first day. The highest ammonia
emissions were observed in mixture of slurry with urea and in urea fertilizer (with 83.6 mg
per plot). The lighest emission per hour was observed in mixture of slurry with urea and in
urea fertilizer (12,7 mg and 10.6 mg per hour, respectively). There were no differences
between the GS, GCS, CS slurries and the acidified slurry, showed the lowest ammonia
emission (30.88 mg per plot and 6.18% of total N applied). Only acidified slurry was lower in
terms of fluxes compared with GCS slurry (3.43 vs 5.66 mg per hour). Ammonium emissions
were lower in the PG slurry, being significantly lower from GCS and CS slurliBs6{ vs
36.28 mg per plot, 2.52 vs 5.51 mg per hour and 3.12 vs 7.26%, respectively) and without
differences between the other slurries, including slurry acidified. No differences were found
between the emission of PG slurry with the control treatment.giminary results indicate
that slurries have low ammonia emissions compared to urea, with few differences on this
when slurry were acidified, especially highlighting the lower emissions achieved with PG slurry
that could be related with lowest dry matteand N ammonia content, leading to a greater
absorption of N available by the crop.

Pagel00of 324



AbstractBookof the XXI International N Workshop Updated 230ct2022

Nitrogen cycle regulation and associated ecosystem services in the
context of climate change: assessing the potential of agroforestry in
Brittany

Romane Mettauet”, Olivie Godinot, Edith Le Cadré

1 SAS, INRAE, Institut Agro, Rennes, France
* romane.mettauer@agrocampusuest.fr

Excess of reactive nitrogen threatens our ecosystems by altering soil, air, water
quality and biodiversity. Especially, nitrogen losses to water streams are of great
concern for territories that are specialized in livestock farming. In the near future, it
is expected that such losses will increase under extreme events as a consequente o
climate change. Agroforestry whereby trees are integrated on a plot with crops
and/or livestock - is considered as a lever to increase the resilience of
agroecosystems facing climate change by intensifying ecosystems services and
supporting productiviy. In livestock areas, tre€rop associations could prevent
nitrogen losses through the impact of trees on microbial driven processes, nitrogen
acquisition and water drainage.

This study aims to explore the potential benefits of agroforestry systems to noye
nitrogen cycle regulation and associated ecosystem services within dairy farming
systems in Northwestern France. As delivered ecosystem services are driven by
ecological processes, we first explore the impact of trees on a key process driving the
production of reactive forms of nitrogen, the nitrification. Nitrification is a microbial
driven process and its stability varies according to different environmental conditions.
In our study, impact of trees on nitrification stabilityi.e. the biological response of
nitrifying microbial communities to extreme climate eventss assessed through the
use of a causal conceptual model linking field and lab measurements on trees, soils
characteristics, practices and nitrification. These results will help us tib & nitrogen
cycle model to evaluate nitrogen losses at the plot scale in the context of climate
change.

First field experimentations showed variations of soil properties, including soil
nitrogen, according to two studied factors: (i) the distance to theees; and (ii) the
agroforestry designd as plots with alleycropping agroforestry and hedgerows were
studied. These first results call for the assessment of the delivered ecosystem
services associated to the nitrogen cycle at farm and territory scalescacding to the
potential development of these two agroforestry designs. To test this, results from
the nitrogen cycle model will be nourished and complemented by data collected on
farms through interviews. Later on, we plan to scalg the assessment at teritory
scale by using a participatory design of agroforestry development scenarios.

The novelty of the hereby presented study is (i) to combine field, lab and modeling to
assess the nitrogen cycle regulation at different scales and (ii) to consider its

operational potential for building bridges between research, territorial development

and field work.
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European dairy farming ranges from roughagdmsed systems to feeding regimes with
large use of concentratesNitrogen use efficiency at farm level decreases as the
animal production is intensified. The objectives of this work were to study ammonia
(NHe) and nitrous oxide (MNO) losses from intensive dairy farms in the Basque
Country, and to assess the abatement pential of different mitigation strategies.

13 pilot farms were assessed at farntevel for NH and NbO emissions. Herd, nutrition
and manure management data were collected through surveys. Mean concentrate
intake was 4,500 kg/cow/year, maize silage accoured for 55% of forage in milking
herd ration, and milk yield was 12,730 kg/cow/year. Mitigation strategies were
simulated on a standard dairy farm: 143 milking cows, 111 replacement herd (calves
and heifers), 35 kg milk/cow/d, uncovered slurry pit and spkh-plate slurry
application. The following scenarios were simulated: (i) adjusted N intake (from 18.5
to 17.0 g N intake/kg milk), (ii) lower replacement rateZ0%), (iii) extending grazing
period of dry herd and heifers (from 4 to 9 months), (iv) slurpjt covers, (v) slurry
band spreading, and (vi) the combination of the strategies. All farms were simulated
by using EMEHEEA (2019) and IPCC (2006) software for MFnd NoO losses,
respectively.

Ammonia losses from the pilot farms ranged from 61 to 429k NH/ha, and
averaged 183 kg NH/ha. Emissions represented from 18% to 42% of total N
excreted. Nitrous oxide losses ranged from 6.9 to 28.8 kg@/ha, with a mean value
of 14.4 kg NeO/ha. Nitrous oxide emissions accounted for from 2.0 to 2.5% of
excretedN. Regarding the abatement scenarios, gaseous N losses from the default
farm were 229 kg NH/ha and 14.0 kg N.O/ha. Most promising NH-abating
strategies were band spreading15.3%), N intake fitting 1.0.1%) and covers8.8%).

If all the strategies wee simultaneously used, we estimated that Ndemission would
be reduced by 38.8%. In terms of D losses, reducing N intake&.4%), and the lower
replacement rate and slurry band spreading-4.0%) were the most promising
strategies. We estimated that apping all the strategies, MO losses would be
reduced by 10.6%. According to these results, it is suggested that if all mitigation
practices were applied at the defaul't
the atmosphere, mainly from NElreduction.

We conclude that intensive dairy farms from the Basque Country have significant
room for improvement in terms of reducing Ng-and NeO losses. Nutrition, herd and
manure management strategies may significantly contribute to reduce such losses,
although ther real implementation onrfarm will depend on the required investments.
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Dynamic Quantification ofGreenhouse Gas Emissions 2 in Natural
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Despite their less than 3% of global land area, wetlands are recognized among the
worl dds most productive and valwuable ecosy
transition between aquatic and terrestrial environmentdn fact, these wetlands are
considered as hotspots that favorize the conditions for Nitrate removal via
denitrification. Denitrification phenomena is defined as a stepwise reduction of
Nitrate to Nitrogen gas carried out mostly by anaerobic bacteria. Untorately,
denitrification contributes, to a certain extent, to potent greenhouse gas emission
NoO in case of incomplete reduction. However, assessing the magnitude of
denitrification in wetlands is a miserable process due tthe diversity of the factors
influencing denitrification in terms of time and space and the diversity of methods
and models suggested in literature to measure this process. In this study, we
addressed different challenges in quantifying denitrification in natural wetlands and
we suggesed a dynamic quantification which is inclusive of different factors
influencing the process.

Keywords:natural wetlands, denitrification, Greenhouse Gas Emissions, quantification
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Estimating costs and savings is an important step for finding prioritizing emission
reductions, and assessing the economic impact of mitigation measurdsvestock
production systems across countries and continents vary widely, hence also the
available strategies to reduce ammonia emissions may vary considerably.
Additionally, another important factor influencing national strategies is the target
value for emission reduction set either by international agreements or national
policies. This work aims to summarize current knowledge on costs and benefits
associated with selected abatement measures to reduce ammonia emissions from
livestock systems in six Europmn countries and in Chile. The focus of ammonia
reductions is put on feeding and manure management. Further, the ceftective
strategies of mitigation options are selected and compared among the case study
countries. For instance, preliminary results inchate that in countries with dominating
dairy production (e.g. Ireland, Poland), the most beneficiary mitigation options in
terms of ammonia reduction are associated either with lowering of crude protein
content or precise balanced diet with rumen nodegradable proteins. For Polish
conditions its reduction potential of ammonia emissions is relatively low compared to
other 8 slightly more expensive feeding option, like extended grazing, whereas in
other countries this option has lower potential. The multbuntry assessment allows
to highlight the similarities and differences between the case study countries in
environmental and economic priorities and to understand the choice of strategies.
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Improving Nitrogen Use Efficiency in Oceania: Policy Advicenfi®ocial,
Scientific and Technological Perspectives
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Oceania is a highly diverse region in view of its geography and seatonomic
development as well as agricultural practices. We can therefore expect that policy
responses to increasing nitrogen use efficiency (NUE) will vary greatly across the
region. Gien that the economies of the Pacific are highly reliant on natural
resources, degradation that is caused by N pollution will have a direct impact on
sectors such as tourism and fishingwith this in mind, we aim to firstly analyse the
current effectivenessof nitrogen use policies in the region from both quantitative
and social perspectives. This will be undertaken at multiple scales using existing
regional and globally collated data from individual countries and industries, as well
as NG@, UNEP, FAO, USEO. We will then evaluate the effectiveness of
technological advances that may aid in improving NUE and contribute to proposing
policy solutions for specific regions, with viability of adoption assessed through
farmer and industry interviews.
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Understanding and optimizing agricultural nitrogen utilization for
synergies of UN 2030 SDGs
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Synthetic nitrogen (N) fertilizers have nourished half the global population by
increasing food and feed prodation during the past century. However, over 60% N
used along the food production chain was lost to the environment, threatening the
environmental quality and human health. Almost all the UN 2030 Sustainable
Development Goals (SDGs) are directly or inditlgcrelated to N use and loss. It is
essential to explore managing agricultural nitrogen for the maximum synergies
among SDGs. This project intends to use literature review, model simulations, and
environmental effect assessment to 1) map synergies and tte-offs between N and
SDGs; 2) quantify the contribution of nitrogen in global SDGs through connecting
SDGs by their N intelinkages, and 3) explore ways to achieve synergy among
multiple global SDGs through nitrogen management. The project is importaat f
providing policy support for N management and achieving synergies among SDGs.
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Getting integrated nitrogen management into policy and practice
perspectives from UK and Africa
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This paper presents the results from three projects that assessed the nitrogen (N)
issue at different scales and from different perspectives. It considers the potential
for linking integrated nitrogen (N) management to policy development. The first
project compiled and synthesized examples of good practice to inform more
integrated and efficient nitrogen use in mixed arable and livestock farming, with a
focus on the county of Yorkshire in the UK. The second assessed the package of
policy responses requiredor integrated N management at UK scale, from agreeing
global priorities to introducing national nitrogen budgets and targets to guide action
to halve nitrogen waste by 2030 (Hick®t al., 2022). The third, developed a new
model that integrates assessmentof agricultural systems on (i) human health
indirectly through dietary, obesity and malnutrition health risks from food
consumption, (ii) human health directly through exposure to air pollutants from
agricultural emissions, and (iii) greenhouse gas emissi® (Malleyet al., 2021). The
model has subsequently been applied in an Integrated Assessment of Air Pollution
and Climate Change for Sustainable Development in Africa.

Implications of these three distinct studies for integrated N management at different
scales and situations are presented in the context of achieving the goals of the UNEA
Resolution on Sustainable Nitrogen Management.
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Mitigating Nitrogen waste is a challenging issue due to the involvement of contrasting
actors and interests. With this work we aim to get a collective vision of the challenges
and opportunities regardingNitrogen abatement within the Garonne and Tajo waters.
In the first semester of 2022, we carried out three workshops in Spain, France and
Portugal with different actors to discuss the situation of agriculture in the Garonne
and Tajo basins. These workshopsvere based on the Fuzzy Cognitive Maps
Methodology (FCM). Fuzzy Cognitive Maps are models (diagrams) that are built with
groups of actors and show how an individual or a group conceives a given system or
environment. The system is represented by nodes thare the factors that determine

the system and arrows that represent the relationships/influences between these,
whose intensity can be measuredn general terms, after the three workshops were
successfully carried out, it can be said that the most reawnt problems or factors
related to agriculture among the actors who attended the activities were those
related to profitability issues in agriculture and the use of water in agricultural activity.
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In the pursuit of sustainable nitrogen (N) management, growing efforts have been devoted
to quantifying and understanding N Use Efficiency (NUE) for a widiege of systems and on
multiple spatial scales. However, differing definitions and quantification methods for NUE
can potentially lead to misinterpretation or confusion by stakeholders, and consequently
hinder comparisons among studies and experience stiag among researchers and regions.

To address this knowledge gap, we first focus on the definition and quantification of NUE for
cropping systems. We investigated the theoretical differences, as well as connections, among
three major methods for N use eftiency (NUE) quantification (i.e., N differencé&N tracer,
and N budget methods). The investigation revealed the influence of soil legacy effects and
offered recommendations for selecting the proper approach (Quan et al., 202Epcusing on
the N budgetmethod, we led the firstof-tskind intercomparison project for NUE and N
budgets on a national scale, involving 10 major research groups (Zhang et al., 2021). We
identified the most uncertain N budget terms by country, many of which range as widely as
their median, and recommended approaches for improving estimates and reducing
uncertainties.

Moving beyond cropping systems, NUE has been quantified for a wide range of systems
based on the N budget method. Through a literature review, we synthesized s N
budgets under a framework with five systems (i.e., S#llant system, Animal system, Animal
PlantZ&soil system, Agra-ood system, and Landscape system) and four spatial scales (i.e.,
Plot and Farm, Watershed, National, and Global scales). Based ore #ystem definition,
global NUE drops from 43% for the cropping system (a Seliint system) to 16% for the Agro
Food system, demonstrating large efficiency loss beyond crop production (Zhang et al, 2020).
Assessing NUE at various system and spatial scalesn help to unpack N challenges and
identify management gaps (Li et al., 2019).
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Towards a global nutrient budget data platform
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Accurate estimatesof nutrient inputs and outputs on agricultural land at national and sub
national scale are critical for (i) quantifying nutrient balances and nutrient use efficiency, (ii)
assessing the impact of nutrient use on food production, biodiversity, global climatvater
and air quality and other environmental functions, (iii) developing realistic nutrient and
emissions targets and roadmaps, and monitoring progress towards them, and (iv) forecasting
future fertilizer demand. Such data are of particular importander national action plans on
SDG Target 2.4 (sustainable food production systems, including in the context of climate
change). Various national and subational scale databases on nutrient inputs and outputs
have been created by organizations and researctgeaworldwide. They have resulted in coarse
and widely ranging estimates because of large uncertainties due to data scarcity and
differences in data sources and estimation methods used. The accuracy of many data layers
remains poor in many countries. Persting data gaps are difficult to fill with the current
methods and the resources available. An improved dataset will result in stronger evidence
base for use by a wide range of stakeholders, including policy makers.

Here we first review the current statusf data on nutrient inputs and outputs on agricultural
land in the world and we discuss major trends as well as knowledge gaps. We then present
a vision and strategy for a coalition to create and manage a joint nutrient budget data
platform that brings together data and expertise available in public and private sectors. We
discuss the general framework and principles to follow, including distributed -ceation,
collective ownership, openness and innovation in creating novel data sourcing pipelines and
analytical tools. The joint platform, a test version of which is being built for dissemination in
FAOSTAT and IFASTAT, will lead to more timely and better aligned reference data, reduced
uncertainty, and increased granularity in terms of sufational and cropspecific data. Novel
data collection methods will focus on acquiring better agronomic information at a suitable
aggregation level, including data on fertilizer use by crops, manure use, crop residue
management, crop biological fixation, etc. The basic datallection will be complemented
with existing and emerging datasets from tegown measurements such as remote sensing.

Filling critical data gaps through a collaborative effort will greatly enhance use of global
nutrient data for specific policy and invgtment purposes. It will enable countries to better
monitor and report on nutrient use, nutrient use efficiency, risks, and emissions from
agriculture.
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Irrigation is one of the 28 agrenvironmental indicators defined in the European Union
Common Aguultural Policy. The scope of this indicator fails, however, to consider irrigation
as an additional source of nitrogen (N), which is often a missing link in agricultural N budgets.
The annual N input from irrigation water sources (N) was quantified br Europe for 2000
2010 at a resolution of 10x10 km, accounting for crogpecific gross irrigation requirements
(GIR) and surfaceand groundwater nitrate concentration. GIR were computed for 42 crops,
while spatially explicit nitrate concentration in groxdwater was derived using random forest
(R = 0.65 + 0.08). Irrigation requirements were relatively stable during this period (%D
km3 yrl); about 62% of irrigation requirements were located in Mediterranean countries.
Those data were compared with #hodels, attaining strong correlationsR2 = 0.87-0.90). The
Nirig in Europe increased over the 1§ear period (181 to 241 Gg N y#), approximately 68%

of which occurred in the Mediterranean region. The main hotspots appeared in areas with
both high irrigation requirements and high groundwater nitrate concentration, in the south of
Portugal and Spain, and the eastern coast of Greece whereifN\reached up to averaged
values of 129 kg N ha yrt. Smaller hotspots were identified in the Netherland§weden and
Germany. Our data showed that by not including:ly environmental and agricultural policies
are likely underplaying the real extent of N pollution hotspots in European irrigated systems.
However, it is likely that the overall magnitude of i is overestimated due to the
unaccounted recycling of N in groundand surface water at the spatial and temporal
resolution used.
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Soil Nitrogen (N) mining is a serious threat to sustainable production of maize, a stapigpc
for food security in Kenya. By integrating dat
plots, and mass balance calculations, this study reveals the extent of soil N mining for
different categories of farmers. It also provides practical solutiorsnd opportunities for
improving the management of N. Our data show that most maize farmers within the Lake
Victoria region have NUE values >90%, low N inputs < 50 kg Nthaand yield below the
target potential of 5 t hat. Our findings showed that incresing N fertilizer application in
maize cropping systems could optimize NUE to fall within the recommended range of 50 to
90%. In N balance, deficits ranging fror66.6 kg N hat to -125 kg N ha! were recorded
among fertilized and unfertilized plots. In addition, unbalanced N fertilization in farmers
showed a trend below the linear neutrality option for good N management in maize crops.
From the experimentation involving some scenarios of N usewias revealed that with the
increase in N application by farmers, there is a likelihood of improving N balance. However,
the current and recommended rates are insufficient and will require the integration of nature
based sources of N to optimize N availdlity and the sustainability of the maize farming
systems in Kenya.

Keywords: soil mining, unbalanced fertilization, partial N balance, soil fertility,
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TRENDS AND WAY FORWARD

Tariq Aziz', TapanK. Adhy&3*, Md. Mizanur Rahmari and N. Raghurarf

LInstitute of Soil & Environmental Sciences, University of Agriculture, Faisalabad, Okara, P&rjaB00, Pakistan

2Kalinga Institute of Industrial Technology, Bhubaneswar751024, Odisha, India
3Sustainable Indian Trust, NASC Complex, New Dé&Hi10012, India
4Department of Soil Science, BSMRAU, Joydebpidf06, Bangladesh

draziz@uaf.edu.pk

Nitrogen is responsible for about 48% of global food production and is a key to life on this
planet. The nitrogen fertilizer use has been increased tremendously during the last 5 to 6
decades which has also resulted in many of the serious environmental canns like
deterioration of water and air quality, biodiversity loss, and climate change. Sustainable
nitrogen management is linked to many of the sustainable development goals. As nitrogen
pollution has already crossed the planetary boundaries, a holisand jointup approach is
needed for its sustainable management. South Asia is one of the global 4spbt for N
emi ssi ons. South Asia occupies about 5.7% of
24.8% of global population, thus has tremendous pressure@cosystem services which are
already under severe pressure due to air pollution, depletion of water quantity and quality,
changes in land use and soil degradation. The overall N use efficiency in the region is
seriously low (about 45%) which further waants to devise and adopt strategies aiming at
reducing N waste. Many of the available policies in these countries are directly or indirectly
linked to nitrogen management. There is dire need to assess the available technologies and
devise joint and holistt strategies to strengthen the institutional and regulatory frameworks,
to address the N challenge. This requires modernization of practices and procedures involved
in N production and consumption, encompassing all relevant sectors including agriculture,
livestock, transport and industry to reduce N leakage to the environment and increase NUE.
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During the last 7 years,within the framework of projects RiegeAsesor, Phertilizer and
OFertirriego de precisi-n para un manej o soste
agronémicos ei mp |l i caci on e we havwabonducted enlltiple dpen field trials in

the Campo de Cartagena and multiple greenhouse experiments in Santomera (Murcia),

either in pot or hydroponic. The trials with vegetable crops include endive, baby lettuce,

romaine lettuce, summer wonder lettuce, Iceberg lettuce, piel de sapo melon, and potato.

The overall objective of all these projects was to make a more efficient use of two mayor

resources used in agriculture; water and nutrients, with special focus on nitrogererel we

resume the most notable results of these experiments; i) the amount of irrigation water

applied by farmers was tightly adjusted and this amount closely mimics the FAO
recommendations and customma de wat er bal ance -Asocedseolr 6named ¢
fertigation strategy aimed to match water and fertilizer inputs with plant demand is key in

improving water and nitrogen use efficiency, and simple to use decision support system was

designed for this goal iii) irrigation frequency/dose plays a critical raleimproving water and

nitrogen use efficiency, with high frequency of irrigation resulting in higher yield and lower

nitrate leaching iv) knowing how the nitrogen source (nitrate/ammonium) affects growth and

development in different vegetable crops canéba further step of adjustment to increase

nitrogen use efficiency. All this information can be used to designing fertigation strategies in

intensive agriculture that match and integrate water and nutrients supplies with the needs

of a given crop under a iyen growing conditions.
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Vermicomposting converts organic wastes into higfuality nutrientrich compost andhas
been considered as a suitable technology for developing countries, especially at the
household and community level as it is a simple and natural technology that does not require
sophisticated machinery and frequent process monitoringn addition, atempts to address
SOM and nutrient losses in a sustainable manner in sub Saharan Africa countries require
careful optimization of use of organic amendments such as through vermicomposting. We
performed avermicomposting experiment using threearthworm speces, exotic Eisenia
fetida and Eisenia andre) and indigenous Eudrilus eugeniag, fed onsix different substrates
made fromagricultural wastes(cow and donkey manure separately spiked with three types
of equally mixed crop residues (maize with soybeaM$), maize with banana (MB) and
soybean with banana (SB)) to assess the nutrient stabilization in the resulting compost; and
performed an incubation experiment using a selection of these vermicomposts to study the
net N mineralization of the composts, anthow they affected soil microbial properties such
as microbial biomass C, dehydrogenase aridglucosidase activities, in NitisolsEarthworm
activities during vermicomposting of agricultural wastes acceleratéie rapid decomposition

of mixed substratesand resulted with a significant reduction of TOC (C mass loss > 65%) and
C:N ratios (twofold compared to the control without earthworm) and an increase in N
mineralization and thetotal concentration of P, K and SThe effect of vermicompost on N
availabiity and soil microbial quality significantly varied depending on vermicompost
sources. The vermicompost made from cow manure mixed with soybean and banana
residues usingEudrilus eugeniaehad the highest net N mineralization (32.4 pgNgsoil, 75%

of N added). Regardless of vermicompost type, amended soils had significantly higher
microbial and enzymatic activities than unamended controlOur results suggest that
vermicompost sources tested could reliably use for loagrm improvement of soil nutrient
mineralizationand microbial activity under Nitisol®f Ethiopiadue to their greatest microbial
activities and nutrient dynamics during vermicomposting
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Market failures abound in aleconomies. When markets are failing, sometimes a case can
be made for government to intervene to fix them to improve the welfare of people in the
future. The case for public action to fix the failure of markets depends on the marginal
benefits of fixing tre failure exceeding marginal costs in the relevant future planning period.

In Australia, markets involving nitrogen fertilizer inputs to agricultural production fail if the
nitrogen fertilizer used in agriculture causes negative externalities, with soaalsts from
polluting the atmosphere and the natural environment. Current use of nitrogen fertilizer is
likely to not be the social optimum quantity, which is the case when the marginal social cost
of pollution from using extra nitrogen fertilizer exceedbé marginal social benefit of the

extra nitrogen input that is used.

The aim of government tackling this market failure is to more closely align in the future the
social marginal costs of fertilizer used in agricultural production with the social marginal
benefits that derive from the extra nitrogen used. Public intervention to correct the market
failure and reduce the marginal net social cost of a negative externality can involve the
public investing in research, development and extension of new technadlesy or

implementing policy to reduce the net marginal social cost. Given a range of possible policy
mechanisms to reduce social costs of nitrogen pollution to economically efficient levels,
least cost policy solutions are paramount.

Perspective matters. 8cial benefitcost analysis can be retrospective or forward focussed.
Informing government about whether to act to correct a market failure and if so, how to do
it, requires the forwardiooking counterfactual. The questions to be answered are about
what agiculture and society might look likevithout and with government actions to
increase marginal social benefits and reduce marginal social costs of the market failure in
question, over the relevant planning period.

This paper is about identifying likely fure marginal social benefits and marginal social
costs of emissions from nitrogen fertilizer that will be used to produce cotton, sugar cane,
dairying and vegetable production in parts of Australia.

This research sets the context for subsequent researchtinand analysing public policy
options and potential net benefits, in value chains and socially, of new, enhanced efficiency
nitrogen fertilizer products currently being researched.
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The abatement of ammonia (NH3) emissions has attracted much attention globally given its
increasingly dominant role in ecosystem sustainability and human health. The potential,

costs and benefits of NH3 abatement in Australia, thadriest inhabited continent in the world,

are less known. We mapped the latest spatidémporal NH3 emissions in Australia and

assessed the feasibility of NH3 abatement. Results show that annual NH3 emissions in

Australia ranged 1.21.4 Tg N y+1 in resporse to agricultural activities and climate variability

from20144+ o 2019. I ntensive animal and cropping sys
but contribute 60% of NH3 emissions. The mitigation potential of Australian agricultural NH3

emissions is 32% (2147%), with implementation cost estimated at 0.3 (0.0.9) billion US

dollars (USD), equivalent to only oAenth of the total mitigation benefit at 3.1 (0.57.6)

billion USD. The societal benefits of mitigating NH3 emissions in terms of ecosystem
sustainability (0.6-6.2 billion USD) are higher than human health benefits (B9 billion

USD) due to the smal.l human popul ation and the
biodiversity. Mitigating NH3 emissions in Australia should be prioritized in theimmal and

cropping systems to achieve the lodwanging fruit. Coseffectiveness mitigation of NH3 will

require integration with the current climate policy.
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Introduction

Under the EU NEC Directive and the UN CLRTAP Convention, Germany is obliged to reduce

ammonia emissions by 29 % to an annual level of 444 kt by 2030. For this purpose, policy
measures (here: NEC scenarios) have to be developed in order to realise a -effatient
reduction national strategy.

Methodology

With this research work, we present a consistent cost calculation model for livestock farming
in Germany. This was achieved by analysing existing investment data sets on livestock
facilities and updatingthese using our own surveys and amending them. The model allows
the exante and expost calculation of ammonia (Nk) abatement costs and the impact of
ammonia mitigation measures on economic success variables at product, process and farm
level. By blendingndividual farm data, specific Nklabatement costs, and structural data at
the district level (which were derived from official statistics on agricultural structure) using
regression analysis, we calculated the compliance costs for NEbatement for different
policy scenarios, both regionally and nationally and broken down by livestock category and
housing system.

Results

With the calculation model, the mitigation impact and national compliance costs for the NEC
Directive were determined for 5 policy se@rios. The baseline is representing the emissions
in 2030 that will occur following the implementation of already existing legal provisions.Three

of the five NEC scenarios we have designed are below the required NEC emission ceilings.

These scenarios focs on techniques for the application and storage of liquid manure. The
annual costs for these 3 scenarios range
mitigation costs per kg of ammonia in these scenarios amount to an average of 1,30 to 1,65
0 / lkamgmonia abated.
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Agriculture is responsible for virtually alhmmonia (NH) and NO emissions in Ireland.
National NH emissions are targeted to be reduced by 1% by 2030, while agricultural
greenhouse gas (GHG) emissions must decrease by at least 22% by 2030. However, Ireland
has exceeded its NEC Directive limita seven of the last ten reporting years, while N20O has
risen by 14% since 2011.

Although many management practices can abate Nlidnd/or N2O emissions the challenge

is to identify measures which deliver mitigation for both and in the most cost effective
manner. One way to elucidate this is through calculation of cesffectiveness metrics using
marginal abatement cost curve (MACC) methodology. The aim of this study was to: i) assess
the mitigation potential of a range of NHand NeO measures most relevant floa bovine
dominated system of agricultural production, ii) estimate the uptake, efficacy, cost and
subsequent costeffectiveness of selected mitigation measures, iii) evaluate the cest
effectiveness and absolute effect of mitigation measures over a 10 getime horizon under
different agricultural activity level assumptions, and iv) evaluate, if a combination of
mitigation measures can bring Ireland into compliance with the EU NEC Directive whilst
contributing to N O reductions.

Ammonia and N20 emissiongere estimated using a static inventory model approach, based

on emission factors applied to agricultural activity data. Activity data used in this analysis is

based on projections from the FAPRieland Partial Equilibrium Model of the Irish agricultural
economy. The emissions factors followed those
gas and greenhouse gas inventories. Mitigation measures for MN.O abatement

considered here were chosen based on a review of both national and internatiolirature.

Mitigation potential was assigned based on published national and international efficacy

figures.

Thirteen measures were selected into the final MACC. Two measures provided the bulk of
available mitigation potential for ammonia, with low emissn slurry spreading (LESS) for
bovine slurry delivering on average over 9.04 kt Nier annum, and protected urea (urea
with urease inhibitor such as Nn-butyl}thiophosphoric triamide (NBPT) (urea + NBPT))
delivering a further average of over 3.11 kt Ndper annum. Combining these two measures
can deliver approximately 80% of the overall calculated mitigation potential. Mitigation of
N20 was calculated to be 1.9 MtCf per annum or onethird of national NO emissions. No
single measure accounted for moréhan 20% of this abatement total, with optimizing pH,
legumes and changing fertilizer type calculated to be the most cesffective measures.
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Due to N losses in form of ammonia (NH3) and nitrous oxide (N20O) emissions as well as
nitrate (NO3) leachingand nitrogen (N) which is fixed in the soil) only 50% of the applied N

is taken up by the crops. These losses have negative impacts on the environment (NH3:
acidification of the soil, reduced biodiversity, forms with particulate matter smog; N20O:

climate change; NO3: eutrophication of groundwater and waterbodies etc.) and so on the
society (human life and health) as well as on the economics of a farm (payment for 100% N,
reduced yield).

National governments as well as EU commission recognized such lossed astablished 30
years ago regulations (1991: EU Nitrates Directive, 2001: EU NEC Directive) to reduce them.
One of the six priorities of the new EU commission (202®924) is the European Green Deal
with the target to become the first climateneutral coninent by 2050 (milestone 2030:
reducing net greenhouse gas emissions by at least 55%). For the agricultural sector the EU
commission presented two strategies: Farfo-Fork (F2FS) and Biodiversity (BS). One of the
main targets in both strategies is the redetion of nutrient losses by at least 50%. The
existing and upcoming EU regulations under the EU Green Deal will have a big impact on
agriculture (farmers) and especially N fertilization. This affects the upstream (fertilizer
producers, distributers and dalers) and downstream industries.

How can the targets of the EU Green Deal concerning N fertilization be reached without a
significant negative impact on farmers and industry economics and provide safe supply of
food and feed? By increasing nitrogen usdficiency (NUE) via a combination of tools/devices
to determinate the optimal N amount and application of suitable products to reduce N losses.

Such suitable products are nitrogen inhibitors: urease inhibitors (Ul) for urea containing
fertilizers (reduction of NH3 emissions from pure urea by on average 70%) and nitrification
inhibitors (NI) for urea and/or ammonium containing fertilizers (reduction of N2O emissions
by on average 38% and NO3 leaching by on average 18%).

Model calculations show that nitrogernnhibitors could reduce fertilizers footprint by a third
(32 mio tonnes CO2eq) if all mineral fertilizers consumed in one year in the EU would be
treated with Ul and NI, resp.. This amount is equivalent to removing 8.9 mio passanger cars
driven of one yea.

So nitrogen inhibitors are a triple win: For farmers (increased return on investment, simplified
farm management, prepared for future regulations), the society (better air and water quality,
reduced climate impact, improved biodiversity) and the indugt{innovation, differentiation,
prepared for future regulations).
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The fertiliservalue of cattle slurry is often low, due to its high dry matter (DM) content, implying a high
carbon to nitrogen ratio (C/N ratio), decreasing the availability of N through immobilisation. The high
DM content also leads to slow slurry infiltration and pentially large ammonia losses after field
application. The aim of this study was to investigate methods for improving the N fertiliser effect of
cattle slurry in crop production. For this, the effect of reducing the carbon content in cattle slurry by
solidHiquid separation or anaerobic digestion was investigated, as well as the additional effect from
ammonia abatement strategies such as acidification and trailing shoe application of slurry. In total
seven field experiments were conducted in winter wheat drgrass ley in 20192021. The experiments
were carried out at one clay soil (>40% clay) with cereal based crop rotation and no addition of animal
manure, and one sandy loam soil with a crop rotation including boti3years forage ley and annual
crops, andfrequent addition of animal manure. The experiments were twactorial with the factors
being slurry type and application strategy. The slurries tested were untreated cattle slurry (CS), the
liquid fraction from solidliquid separation of cattle slurry (E), and biogas digestate (BD) mainly based
on cattle slurry. Application strategies tested were trailing hoses, trailing shoes and trailing hose
application of acidified slurries. Sulphuric acid (96%) was used for slurry acidification, with a target pH
of 6.0 for all slurries. Average pH after acidification was 5.9, 6.1 and 6.7 for CS, LF and BD,
respectively, with the average amounts of acid added being 6.7, 5.0 and 16.5 kg foslurry. Ammonia
emissions, for the same treatments as in the fertilisation ittls, were measured in separate field
experiments in grass ley at the clay soil site, using wind tunnels connected to continuous online
ammonia measurements, with a technique described in detail BBedersenet al. (2020). Measured
cumulative ammonia emissins (as percent of applied total ammoniacal nitrogen (TAN)), was highest
for BD (32%)), followed by CS (29%) and LF (23%). The highest initial emission rate was seen in BD
(with highest pH), while CS (with highest DM content) showed the slowest declinenmisgions. Slurry
acidification effectively reduced ammonia emissions for all slurries (by B8%). For acidified CS, an
unexpected increase in ammonia emissions was seen from about-Z8 hours after slurry application,
indicating an increased slurry pH. T& phenomenon is interesting and would need further study. For
the fertilisation experiments, nitrogen use efficiency of slurry treatments in comparison to a mineral N
fertiliser was calculated, as mineral fertiliser equivalents (MFE) in percent of appli€4N. Averaged
over all experiments, the highest MFE with trailing hose application of racidified slurries was seen

for LF (55%), and BD (51%). For CS it was lower (32%), probably as a result of the higher C/N ratio of
CS (10.7 compared to 4.2 and 6.4dr BD and LF, respectively). Despite having the lowest C/N ratio,
BD did not show the highest MFE, most likely related to a high slurry pH (8.0 compared to 7.1 and 7.0
for CS and LF, respectively), and hence larger ammonia losses. The MFE for acidifiadieduwvere
80%, 50% and 66% of applied TAN for BD, CS and LF respectively, corresponding to an increase
compared to nonacidified slurries by 59%, 58% and 21%. On both soil types, the trailing shoes did not
manage to create soil slots with enough volume tmntain the total volume of slurry applied. Spreading
out of slurry beside the soil slots resulted in nasignificant differences compared to trailing hose
application in most cases, both in terms of ammonia emissions reduction and fertiliser effect. In
conclusion, trailing shoes need softer soil for optimal performance, while slurry acidification effectively
reduces ammonia emissions and increases the fertiliser value of slurries. Sdlglid separation of
cattle slurry is an interesting option, with aincrease in MFE comparable to slurry acidification, but
with the advantages of easier and safer handling and permitted according to EU regulations for organic
farming.
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A biobased alternative to the conventional mineral fertilisers is livestock manure, an organic
nutrient-rich material that is abundant in several EU countries. However, surface application
of raw animal slurry to fertilize horticultural crops may be a source of foodborne pathogens
and eventually contaminate the edible parts of the crops. On top of that, inappriate slurry
management can result in excess N losses as ammonia emissions gNdEr N leaching to
underground waterbodies. Slurry acidification is a solution to minimize Nemissions and
alter slurry physicechemical properties. On the other hand, slurikalinization has proved

to be efficient to obtain a hyginized material. Chemical additives have been used in previous
research studies to modify animal slurry pH. The possibility to utilizegrgducts from various
industrial activities as slurry addities for pH modification is an option to reduce treatment
costs. Our research aimed to assess the potential leaching of nutrients and pathogens (fecal
coliforms) in a sandy soil amended with pH modified pig slurry. Three treatment strategies
were considerednamely acidification of pig slurry to pH 5 with sulphuric acid {80 and
spent acid, bicacidification to pH 5 with sucrose and a combination of28Q/sucrose and
ultimately alkalinization to pH 9,5 with potassium hydroxide (KOH). Four leaching events were
performed under laboratory conditions following the methodology used Bgngueiro et al.
(2014). Considering the total amount of NH-N leached, the highest losses observed in
acidified slurry with HSG; and spent acid (approx38% NH*leached/TN applied) while the
HSQi/sucrose treatment exhibited the lowest Nkt-N leached. The amounts of total NO
leached were below 10% of TN applied in all treatments except untreated slurry that exhibited
during the 39and 4t leaching events a considerable increase in N@leaching. Fecal coliform
numbers followed a decreasing trend in all treatments during the experimte The results
obtained suggested that surface application of acidified slurry increased the risk of potential
NH:*-N leaching, however, reduced N©leaching relative the control. Future studies should
involve leaching experiments with different soil types as well as test nutrient leaching at field
scale.
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The main objective of this project was to find viable solutions to promote the use of animal
slurry application as an option to replace synthetiertilizer in conservation agriculture (CA),

a cropping system in which the soil disturbance and the uncovered soil surface must be
avoided. For this, several experiments were performed to evaluate some strategies of slurry
application on crop residues alal to obviate the incorporation into the soil. Additionally, the
joint application of slurry and urea was also assessed in order to reduce costs and time spent
with transport and application of slurry. Finally, the timing of slurry application (before sayvin
or after plantsd® emergence) was al so consider e
the slurry placement under the stubble (US) efficiently reduced hgtnissions and led to crop
yield and NO emissions similarly to raw slurry injection and ammium sulfate applied on

the stubble. The joint application of raw slurry and urea led to a large increase insNH
emissions but this problem was solved when urea (U) was applied jointly with AS (Silva et al.,
2022a). Furthermore, AS + U performed similartg U and AS, applied separately, regarding
crop yield, nitrogen (N) recovery antk® emissions. Lastly, AS and AS + U applied eight days
after oat sowing (T8) did not affect oat yield, N recovery, Nbt NoO emissions in comparison

to application on the saving day (T0). However, NH¢missions from U were halved at T8. In
conclusion, AS, US and AS + U are alternatives able to obviate slurry incorporation into the
soil, helping to promote the replacement of synthetic fertilization in CA (Silva et al., 2022b).
Moreover, AS + U treatment, by decreasing slurry application rates, improves the efficiency
of slurry transport and land application, ensuring that farmlands located far from animal
husbandry can have access to slurry as a nutrients source while helpiregdecrease N
hotspots close to farms due to continuous slurry applications.
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recovery and reduce nitrate leaching and greenhouse gas emissions in
organic farming?

Jochen MayeY, Michael Scheifelé, Nora Efosd, Else Binemana

1 Agroscope, Dept Agroecology and Environment, Zurich, Switzerland
2 Research Institute of Organic Agriculture (FiBL), Frick, Switzerland

* jochen.mayer@groscope.admin.ch

Anaerobic digestion of manure and organic waste generates renewable energy and
contributes to close nutrient cycles. It is also suggested as an option to improve nitrogen (N)
recovery in organic cropping, but possible tradeoffs like increased ammonia ¢gNksses,
nitrous oxide (NO) emissions or nitrate (N§) leaching are not well understood. Biochar
amendments to digestate has been advocated to decrease N losses. The aim of this study
was to understand the benefits and tradeoffs of digestion of manurend organic waste as
well as biochar amendments to digestate compared to undigested liquid manure under
organic cropping.

We set up a comprehensive field study in Switzerland with digestates from liquid manure with
and without biochar amendments and diquid digestate from an organic waste digestion
plant and compared it to undigested liquid manure, mineral fertilization and a zero N control.
We assessed yields, N use efficiency (NUE),Nbsses and NO emissions and mirrored the
experiment in the AgrecopeZurich lysimeter facility to evaluate NfOleaching. The
ammonium (NH) N fraction of fertilizers wagsN traced and allowed to study the initial NH

N flows over three crops (silage maizé winter wheatd winter barley). N application rates
were basal on total N content (120- 140 kg N hat).

Crop yields differed only slightly in maize and wheat. However, in barley digestates produced
comparable yields to the mineral fertilization, but undigested liquid manure was significantly
lower. Apparent NUE ahanurebased digestates tended to be greater than for undigested
liquid manure. A decrease rather than an increase in apparent NUE was observed when
digestate was amended with biochar at 2 t hayrl. Crop NH-N recovery in the year of
application was oty 36 % for mineral and 16% for organic fertilizers in maize due to the very
dry summer 2018, but in wheat in 2019 75% of NIHN was recovered from mineral fertilizer,
52% to 62% from digestate, but only 40% from undigested liquid manure. LowsM\Hecovery
could be explained by partly high NHosses after application, which were significantly higher
in digestates, 42%- 58% of applied, compared to undigested liquid manure with 29%.
Emissions of NO tended to be increased by application of liquid organicropared to mineral
fertilizers, but were mainly driven by soil temperature, soil moisture and soil mineral N.sNO
leaching was low and did not exceed 25 kg N@ hatyrl. Overall digestion could be a
measure to reduce N limitations in organic cropping wittmall environmental tradeoffs if
NHs losses after application can be reduced. Biochar additions had no beneficial effect on N
losses.
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Agriculture is responsible forc.85% of UK ammonia (N emissions with livestock slurry
accounting for ¢.35% of losses. The UK has targets to reducesNrissions by 16% of 2005
levels by 2030. Acidification has been identified as a potential measure to abate Nbly
altering the equilbrium between NH (gaseous phase) and slurry ammonium (aqueous
phase). Following application to land, the reduced Nibss has the potential to increase the
nitrogen (N) fertiliserreplacement value of slurry. However, the conserved N may also risk
increasing emissions of the greenhouse gas (GHG), nitrous oxidgQ@N The UK is committed
to achieve net zero emissions by 2050, therefore it is important that measures implemented
to reduce NH emissions do not result in increased GHG losses.

Field experiments were carried out at two arable sites: site 1, central England, sandy loam
soil; site 2, eastern England, clay soil. Following separate autumn (2019) and spring (2020)
slurry appliations, GHGs and NH(site 1 only) were measured using the static chamber (3
chambers/plot; 5 replicate plots) and wind tunnel techniques, respectively. Pig slurry and
acidified pig slurry was applied using the ADAS plot applicator via trailing hose andase
broadcast methods. A control treatment was included where no N was applied. Grain yield
and total N crop offtake were measured at harvest in 2020.

At site 1, acidification reduced Nk emissions by ¢.6075%, from both slurry application
timings. Howeeer, there was no effect (P>0.05) of acidification onJ4® emissions from the
autumn application timing, and acidification reduced (P<0.05) cumulative2®8 emissions
following the spring application. At site 2, there was also no effect of slurry acidificatiom
total N2O loss (P>0.05). At both sites on the day of application, acidification reduced (P<0.01)
methane emissions, which was most likely caused by methanogen inhibition.

There was some evidence at both sites, that crop yields and grain N offtakesrirgpring
application timings were greater (P<0.05) from acidified than from the unacidified slurry,
reflecting reductions in NH emission.

This UK study shows that slurry acidification was effective at reducingaMrhissions at land
spreading |l eading to increased nitrogen recove.
GHG emissions.
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Manure is a key source of nitrogen for crops, but also a driver of N20O emissions from #gail.

an intermediate of denitrification, N20O emissions from manure are regulatdmy oxygen
consumption associated with manure C and N turnover and by gas exchange. A sandy loam
soil had shown higher N20 emissions than a clay loam when both soils were incubated at
the same bulk density and water content (55% watditled pore space, WPS) and amended
with cattle slurry. This difference could either be due to a difference in O2 supply, or a higher
degree of N20O reduction to N2, in the clay loam, or a change in N2O producing pathways.
This was investigated in an incubation experiment wreecattle slurry was again applied to
the two soils. Repacked and préncubated soil cores with surfacepplied cattle slurry at 100

kg NH4+N hal were incubated at 18203 in flowthrough chambers flushed with
atmospheric air. N20, NO and CO2 concentration in chambers were continuously measured,
and additional gas samples were taken manually for analysis of isotopic composition of-soil
emitted N20 to evaluate N20 productiopathways as well as the N20 reduction to N2. On
day 13, when N20O emission rates were declining, chambers were flushed with pure helium
to investigate the residual denitrification potential. Separate samples were destructively
sampled on days 1, 4, 8, 13 ad 22 for analyses of NO2 NO3, NH4+ and waterextractable
organic C. The isotopic signatures of N2@16Nbulk, a15NSP andal80) were measured by
isotoperatio mass spectrometry (IRMS) on day 1,4 and 8. Data analyses are ongoing. From
the N20O and N2 emision estimates obtained, sources of N20 and environmental controls
will be discussed.
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The NPrint project was launched in 2011 with a goal of creating nitrogen footprint tools for
consumers to understand how their use of resources contributes to nitrogen pollution. The
first tool, N-Calculator, was published in 2012 and focused on the US and The Netherlands
(Leach et al., 2012). Since then, Nbotprint tools using NCalculator have also been
developed for Germany, United Kingdom, Austria, Japan, Australia, China, Denmark,
Tanzania,and Taiwan (e.g., Galloway et al., 2014).

This paper reports on the development of nitrogen footprint tools for Brazil, Denmark,
Portugal, and the Ukraine usingN-Print Plus, a new multicountry and multdlanguage tool.
The project is part of | NMS and since the
been multiple virtual workshops to develop the tool. We are pleased to report that tRe
Print Plustool is now operaional and will be formally presented at the XXI International
Nitrogen Workshop in Madrid, together with opportunities to get involved in the project.
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Personal consumption pattern directly influences on waste generation and ovefdilrogen

(N) footprint, an environmental indicator demonstrating the contribution of individuals to N
pollution. Two main aspects can be distinguished: (i) unrelated to personal choice, such as
sewage water collection and treatment efficacy provided by gommental authorities, and

(i) laid under personal responsibilities for individual demands, such as amount and types of
consumed products, energy, transport and services use.

We quantified the mean N footprint in Ukraine was 21.9 kg N céagor 2017. Thiswas ca.
17% lower than reported for Germany, Netherlands and UK acal 50% less than those for
the US and Australia. The food component contributed to 80% of the total personal N
footprint in Ukraine through direct losses derived from food protein consption, including
those wasted upon food distribution, serving and wasted unconsumed, and after the partial
N removal via wastewater treatment facilities. The largest portion of N wastes was associated
with food production chain made 15.1 kg N capyr! with the majority (82%) generated from
food animal system. Animal products consumed by Ukrainians generatedotd higher N
wastes per 1 kg N of consumed animal food compared to plant products, where 1 kg N
consumed led to 1.5 kg N losses to the environmen@n average, individuals consumed 7%
less animal proteins than planbased ones in 2017. However, at improving Socg&conomic
environment in Ukraine, the animal products consumption is expected to increase as it was
shown for Romania (a member of the EUngie 2007). Energy component made 8.5% (1.83
kg N cap! yrt) and embraced electricity and fuel consumption for household needs and
transport use.

Although the overall protein consumption likely tends to increase in Ukraine following the
individual income raise and stabilization of economics, the personal choice for a diet will then
be formed by available information on healthy food and sustainabledd production systems,
which is a great opportunity window to introduce wimin options of how slightly changing
oneds di et to ma k e onesel f heal t hier s
environment. This study was performed before the aggressiohthe russian federation and
we believe that dissemination of these aspects will be of benefit upon pasar renovation
and sustainable development of Ukraine.
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Reactive nitrogen (Nr) is necessary for food production, but it is also adrgduct of energy
consumption, and its losses can cause a cascade of environmengabblems that negatively
affect the environment and human health. The Nitrogen Footprint Calculator@alculator)
developed by Leach et al. (2012) allows the identification of imbalances in the nitrogen cycle
in agrofood systems and their interface witlsociety, promoting a base for discussion and
education on dietary choices. The alculator estimates Nr lost in units of resources
consumed per capita by analyzing Nr emissions (or loss factors) in two sectors and their
components: Energy (domestic; trap®rt; goods and services) and Food (food production
and consumption). In this work we present the-fdotprint for Brazil through a greater detail
for regional differences in the patterns of production and consumption within the country
(North, Northeast, @ntral West, Southeast and South). The virtual nitrogen factors (VNF)
were calculated for the production and residues associated with products of plant and animal
origin, including forage and pasture used for animal feed. Animal products and crops
analyzedcorrespond to foods selected based on their greater representation in the regular
diet of the Brazilian population (pork, poultry, beef, milk, eggs, fish, oranges, bananas,
lettuce, tomato, onion, potato, cassava, corn, wheat, rice, sugarcane, and beafgods were
divided into large groups: Fruits, Vegetables, Cereals, Legumes, Meat and Animal By
products. National level consumption data from the Food and Agriculture Organization of the
United Nations were used through the FAOSTAT platform, and regipnadiuctivity data from

the National Institute for Geography and Statistics (IBGE), besides local references of
nitrogen application for each crop in each region, including industrial and organic fertilizers,
and content of absorbed, lost and exported N iagricultural and pasture/forage crops
presented in regional literature. At the national scale, we found that beef production has the
highest VNF of 10.9 g N loss/g N consumed, ranging from 4.86 to 16.93, followed by milk
production (7.03, ranging from 4.4%0 9.58). Fruits presented an average VNF of 2.6 (1.4
4.4); vegetables of 1.5 (1.3 to 2.4); and grains 0.73 (0-4.2). The highest VNF of animal
products was found in the North (corresponding to the Amazonia biome), while the lowest
ones were in the Southand Southeast. Regarding vegetables, VNF was highest in the
Southeast and lowest in the CenteWest. The Northeast presented the highest fruit VNF and
the Southeast the lowest. The results show differences when comparing the five great regions
in Brazil,in special when comparing regions that produce commodities and the ones that are
producers of food for local consumptionThe results show that N losses differ when
comparing regions with different farm practices and the ones that produce commaodities from
the ones producing food for local consumption, which should be considered in policy
discussions involving nitrogen and its role in meeting the objectives of sustainability and of
food and nutrition sovereignty and security.

References

LEACH A M, GALLOWAY, BLEEKER A, ERISMAN J W, KOHN R AND KITZES J. A nitrogen footprint model to help
consumers understand their role in nitrogen losses to the environment Environ. Dev. 1686, 2012. Online:
http://dx.doi.org/10.1016/j.envdev.2011.12.005

Pagel29of 324


http://dx.doi.org/10.1016/j.envdev.2011.12.005

AbstractBookof the XXI International N Workshop Updated 230ct2022

A local and participatory perspective on restoring nutrient circularity in
nutrient-saturated agrofood-waste systems

Bernou Zoé van der Wiel3- C. E. van Middelaas J. Weijma, C. J. N. Buismahand F.
Wicherrt

1 Faculty of Life Sciences, Rhiné&/aal University of Applied Sciences, Kleve, Germany

2 Animal Production Systems group, Wageningen University & Research, Wageningen, the Netherlands
3 Environmental Technology, Wageningen UniversityR&search, Wageningen, the Netherlands

* bernouzoe.vanderwiel@hochschuttein-waal.de

Local nutrient cycles became disrupted through the introduction of fosbiised fertilizers
and the resulted specialization and intensification of crop production and animal husbandry
with strong spatial separation. The demand in feed beyond local supplyedo the increased
meat consumption over the last century, moreover disrupts nutrient cycles. Areas with
specialization in livestock husbandry experience local nutrient surplus as a result of nutrient
import as feed, while export of nutrients in the anintsourced products is substantially lower.
Thus, due to excessive manure availability, nutrient application is often in excess of crop
demand, ultimately leading to nutrient losses for agriculture and harmful emissions to the
environment. The stakeholdersare in a lockin within the current agrefood-waste system,
which is still driven largely by economics. In order to counteract these prevailing issues, the
nutrient balance needs to be restored through systemic change. Systemic change requires
the cooperaion of stakeholders stemming from the system. A regional implementation
strategy, involving stakeholders, can specifically aid a transition towards circularity. District
Cleves in the German state North RhiA&/estphalia is a region with intensive animal
husbandry. A nutrient flow analysis of nitrogen, phosphorus, potassium and carbon flows
simultaneously, utilizing localized data of the study area, confirmed that the district has a
typical nutrient surplus. The import of feed, for livestock, implying an ialhnce between
locally available feed and kept livestock, is the biggest driver of the linearity of flows. This
study aims to Identify and utilize stakeholders” perspectives on a circular system by
incorporating them into a agrdood-waste model in order ¢ evaluated how nutrient flows in
the system would be affected. To construct a circular nutrient scenario, input from
stakeholders was acquired through questionnaires and interviews. A partial least squares
analysis was employed to identify which points the system affect aspects of circularity. The
construction of a scenario utilized the range of answers of the different stakeholders
acquired, such as about how livestock humbers would adjust to the reduction in available
feed. The different stakeholdersperspectives of a circular system were in this way reflected
in the modelled range of performances of the system expressed through multiple indicators
capturing aspects of circularity.
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Current agriculture trade between the U.S. and China is dominated by feed crops. For
example, the US accounted for 8 8 %, 38 %, and 26% of
soybean imports in 2020, respectivelylnstead of importing feed, directly importing animal

products from the U.S. to China could potentially mitigate the existing excessive N loss from
livestock production in China and encourage the coupling of cripestock production in the

U.S. However, few studies so far have quantitatively assessed the impacts and feasibility of

this option. Therefore, we designed three scenarios to evaluate the potahtimpacts of

shifting from feed crops to animal product export from the U.S. to Chibta meet the
increasing Chinabd6s ani mal product demand: 1) [
instead of importing; 2) importing the required animal products from thg.S.; 3) importing

feed from the U.S. and producing the animal products in China. Our preliminary results show

that importing required animal products from the U.S. to China requires lower trade
expenditure and lowers environmental damage costs (N surplug.5 Tg N) for China.

However, importing feed crops from the U.S. and producing the required animal products in

China generates higher trade revenue and lower environmental damage costs for the U.S.

We also assessed the potential impacts on N surplus aitluse efficiency (NUE) at the county
scale in the U.S. by assuming that the expansi
feed production is proportional to the national total. We found that most counties show lower

coupled croplivestock NUE and higheN surplus in the exporting animal product scenario.
Specifically, counties in the Midwest corn belt region and in eastern North Carolina that

support the most increased pork production show higher total N surplus (20 Gg N at the
countyevel) in the eporting animal product scenario. We will work with stakeholders to

identify strategies to avoid such a decoupling of crdiwestock production on the county

scale, especially in these potential hotspot counties. Overall, this study provides insights into

the opportunities and challenges facing U.S. and China when shifting from predominantly

feed crop trade to predominantly animal product trade between the two countries.
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Human production ofreactive nitrogen Nr) via HabeiBosch process and cultivatiosinduced
biological N fixation (BNFhas doubled global nitrogen (N) cycling over the last centuiihe
most important beneficial effect of Nr is augmenting global food supplies due to increased
crop yields.However, ncreased circulation of Nr in the environment is responsible for serious
human heal th effects such as me tmeemogadmmdi ner
eutrophication of coastal and inland waters. Furthermore, ammonia (B)-emission mainly
from farming and animal husbandary impacts not only human health causing chronic lung
disease, inflammation of human airways and irritation of eyes, sinusesdskin but is also
involved in the formation of secondary particulate matter (PM) that plays a critical role in
environment and human health. Nr also affects human health via global warming, depletion
of stratospheric ozone layer resulting in greater intsity of ultraviolet B rays (UVB) on the
Ear t hd s, ansl areafioa of groundevel ozone (through reaction of NQwith &). The
consequential indirect human health effects of Nr include the spread of vectoorne
pathogens, increased incidence of skircancer, development of cataracts,and serious
respiratory diseases, besides land degradation. Evidently, the strategies to reduce Nr and
mitigate adverse environmental and human health impacts include plugging pathways of N
transport and loss through rundf leaching and emissions of NH nitrogen oxides (N&), and
other N compoundsjmproving fertilizer N use efficiency; reducing regional disparity in access
to N fertilizers; enhancing BNF to decrease dependence on chemical fertilizers; replacing
animal-based proteins with plantbased proteins; adopting improved methods of livestock
raising and manure management; reducing air pollution and secondary PM formation; and
subjecting industrial and vehicular NOemission to pollution control laws. Strategic
implementation of all these presents a major challenge across the fields of agriculture,
ecology and public health. Recent observations on the reduction of air pollution in the CGVID
19 lockdown period in several world regions provide an insight into the achaility of long
term air quality improvement. The focus of this presentation is on complex relationships
between Nr and human healthhighlightingbeneficial and detrimental effects.
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Dairy production systems (DPS) are an essential part of Eurapeagriculture. Nevertheless,
these systems face many challenges across the three pillars (3P) of sustainability
(environment, economy, society). Therefore, it is essential that holistic concepts are
developed to ensure sustainability of the sector, and t@ssist farmers and stakeholders in
making knowledgebased decisions. The MilKey project aims to develop flexible concepts for
sustainable milk production in key European Areas, allowing to identify synergies and trade
offs of measures dealing with singlesustainability parameters, and to suggest targeted
solutions for the different DPS in Europe. For MilKey, monitoring emissions is presented as
crucial step for the design and implementation of mitigation measures to enhance the
environmental sustainabilityof the sector. To this end, an online tool for monitoring indoor
barn climate, animal stress and emission levels of air pollutants (OTICE) has been developed.
The OTICE gives real time information on the temporal and spatial distribution of indoor air
quality parameters, the level of animal activity and the emission levels of air pollutants such
as ammonia (NH). Furthermore. MilKey develops and tests integrated sustainability
assessment approaches that include GHG and blEmission mitigation options for key DPS
across Europe. As the main output of the project, the MilKey platform will provide relevant,
accessible, and sciencéased information to stakeholders regarding emission mitigation
and sustainability improvement. Irthis way, MilKey will assist stakeholders when making
knowledgebased decision towards the design of more sustainable DPS.
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National and international climate legislation requires significant reductions in GHG and N
emissions in the short and long termlivestock systems and manure management are major
sources of GHG and N emissionsThe reduction of GHG emissions will demandé
implementation of existing and new mitigation technologies, and the documentation of their
implementation in national emission inventories via activity data and emission factors. MELS
gathers knowledge about the currently available mitigation measures a global database,
creates functional relationships between emissions and activity variablesnd develops
methods to implement and document their use at the farm and national scalddELS results
are integrated intofarm-scale Decision Support Systems ahsuggestions are being made on
how to improve national emission inventory methodologies for livestock production systems.

The farmscale DSS will be an opesource software specifically designed for countries
lacking such a tool, based on the review dlready existing tools and the assessment of
future needs of the agricultural sector. MELS interacts with policy makers and inventory
compilers, transferring project results to achieve higher accuracy and reportability of
emissions in National Inventory Reorts. By this, MELS reduces the costs of collecting activity
data and investigates how transparency can be retained in the more complex emission
inventories that MELS foresees for the future.
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Ammonia (NH) volatilization from fieldapplied animal slurry (liquid manure) is a massive
source of nitrogen (N) pollution globally. Many countries need to quantify the magnitude of
emissions and effects of mitigation measures in order to meet reduction commitments.
Although default Tier 1 emission factors (EFs) or national measurements are still common
bases for inventory calculations, modédased approaches are gaining traction. In this
contribution, we describe one such approach. The ALFAM2 model will form the wakion
core of a new method and software package for inventory calculations developed as part of
the ALFAMI project. The model is a lewder representation of the soitmanure system, with
simple mechanistic relationships meant to capture essential physic and chemical
interactions (Hafner et al., 2019). Model parameter values are determined from field
measurements. The current parameter set is based on a subset of data from the ALFAM2
database (available throughwww.afam.dk), with measurements from about 650 field plots

in 6 countries. Effects are included for application method, weather, and slurry
characteristics in the current parameter set. Mitigation practic@sncluding incorporation,
acidification, and separatioffiare reflected through changes in slurry placement, dry matter,
and pH. Current efforts in the ALFAMI inventory tool project are focused on: 1) expansion of
the ALFAM2 ammonia emission database with measurements from underrepresented
regions or those thastrengthen our understanding of mitigation measures, and 2) evaluation
of the model and development of an improved parameter set. Development of the new
software package will take place in 2023. The present contribution will summarize the project
and model| discuss the advantages and disadvantages of a modehsed approach, and
present an evaluation of mitigation measures.
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Fertilized and grazed pastures are considerable sources of the greenhouse ga®NwWhile
fertilizer applications usually lead to short emission pulses, anal excreta produce smafl
scaled emission hotspots resulting in a nechomogeneous source distribution. The strong
spatial and temporal source variability represents an inherent problem for the quantification
of gaseous emissions from pastures with chambedechniques. The eddy covariance (EC)
method, integrating emissions over a larger footprint domain, are well suited to quantify total
field-scale NO emissions, but the partitioning of emissions for different nitrogen (N) sources
and the determination of feld-scale grazing excreta inputs for emission factor calculation are
still a challenge.

In our study on Swiss pastures, we combined eddy covariance and chamber measurements
to investigate NO emission fluxes and emission factors on the patch and on tfield scale.
The investigated pastures were grazed by dairy cows in an intensive rotational management.
They were additionally fertilized with organic and/or mineral fertilizer. The figlchle NO
fluxes were quantified continuously with the EC techniquesing a fast response quantum
cascade laser spectrometer for BO concentration measurements. Using the same analyzer,
chamber measurements on real and artificial excreta patches were performed periodically
with the manual fastbox technique (Vogimeier etla2019).

The pasture management and environmental conditions resulted in high temporal and
spatial variations of the NO fluxes with highest values occurring after fertilization events and
urine patch applications in the summer months under moderately weoil conditions.
Combining the EC and chamber measurements, a partitioning of the total annualON
emissions into urine/dung related emissions, fertilizer related emissions, and background
emissions was performed. Consequently, grazinglated and fertlizerrelated emission
factors could be derived. They were found considerably lower for organic than for mineral
fertilizer applications. The results for the graziaglated emission factor tend to be higher
than the new IPCC global default Edrevalue 0f0.4% for cattle (IPCC 2019).
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Quantifying the outcomes of land use change (LUC) for soil health or degradation and
incentivizing sustainable land use is critical in Chile (Salazar et al. 2022). Cengauthern
Chile is influenced by he southern volcanic zones of the Andes and dominated by soils
derived from volcanic ashes, mainly Andisols, where about 70% of agricultural activities in
Chile are carried out (Casanova et al., 2013). In this zone, increased demand for agriculture
commodiies like meat and dairy incentivizes conversion of native forests to pastures and
forage crops. This study aims to evaluate the impacts of LUC on nitrogen (N) and carbon (C)
stocks in volcanic soils in Chile. We sampled soils at 24 farms in centsaluthern Chile
spanning 800 km from 36° S to 43° S, where conversion of native forest to dairy or beef
cattle pasture or forage crops had occurred. In each farm a <0.5 km transect with the same
soil type was identified, where two or more of the following landesswere identified: native
forest (NF); grazed native forest (GNF); pasture (P); and forage crop (FC). Composite soil
samples of 3 samples per sitdand use combination were collected by auger {80 cm) and

bulk density (Db) was determined by the core meaiH. Soil total C and N concentrations were
determined on ovendry soil samples by dry combustion. The N and C stocks (kg-th& 30

cm soil depth were calculated from concentrations and Db. Total N and C concentrations
were highest under NF land use witlvalues ranging between 0.71.5% and 11-18%,
respectively, whereas the lowest values were in P and FC land uses with values ranging
between 0.61.2% and 715%, respectively. Conversion of NF to GNF and P land uses
increased Db from 0.3 to 0.5 and 0.6 Mg m, respectively. Along the land use gradient
described above from NF to FC, the change in soil N and C stocks ranged from negligible to
a 40% loss. Volcanic soils have a low Db (< 0.9 Mg®mbut land uses that involve grazing
generated soil compaction thaoutweighed losses in total N and C concentrations under
these land uses when calculating stocks. We conclude that LUC from NF reduced soil total N
and C concentrations and in some cases soil aeration. Sustainable soil management such
as minimum tillage and grazing management such as lower stocking rates or rotational
grazing to increase N and C recycling and maintain soil quality should be prioritized.
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In comparison to soil bacteria, archaea and fungi, the soil micrand mesofauna (protists,
nematodes) are very much understudied. Soil nematodes are composed of multiple feeding
groups that can strongly determine plant growth and plaptant interactions (Wang et al.,
2019). Different trophic groups of nematodes control distinct energy channels, though their
exact trophic links remain little understood and most individual studies focused on
bacterivorous nematodes, largely neglecting herbivorous and fungigus nematodes (Zhao
and Neher, 2014). To the best of our knowledge no research has been done on how the
multi-trophic interactions among these three feedingroups of nematodes and microbial
community impact nutrient mineralization and plant growth. A rmecosm experiment was
conducted to investigate how herbivorous and microbivorous microfauna, separately and in
combination, enhance N mineralization and plant growth. Loamy sand soil was selectively
sterilized by gamma irradiation (6 kGy) and piecubated for one month to recover the
activity of the indigenous micrdlora community caused due to the irradiation effect.
Pratylenchus zeae Aphelenchus avena and Rhabditis oxycerarepresenting herbivorous,
fungivorous, and bacterivorous nematodes, respectilye were inoculated in these soils alone
and in all combinations, and rygjrass was used as a model plant and incubated in custom
made microcosms. After two months, plants were harvested and analyzed, and the soil was
analyzed to evaluate the impact of tgehic interaction on plant growth. There was no
significant change in N% of shoot and root within all the treatments and mineral N ¢NH
NG- concentration) was low for all treatments. Nonetheless, plant biomass (shoot and root)
was significantly higher § 11.4 and 45.2% in the treatment with all three trophic groups of
nematodes combined compared to the presence of microbes only (control treatment). The
change in root architecture due to the presence muttiophic nematodes further indicated
that the root growth was benefited from different feeding group of nematodes.
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The submission of annual national greenhouse gas (GHG) inventories is a requirement under
the United Nations Frameork Convention on Climate Change (UNFCCC) for Parties included
in Annex | to the Convention. Agriculture is one of 5 sectors that must account for their
emissions, and in the UK, it comprises ca. 9% of the total emissions (2019). IPCC Tier 1
approaches ae applied by countries to calculate emissions when this annual reporting
commences and in the case of the UK, up until 2015 this default methodology was mostly
applied which resulted in emissions of NO/CH: contributing to total emissions in a ratio
60/40. Uncertainties in emissions were approx. +/130% and +/- 11% for NO and CH
respectively. Between 201015, the UK Government and the Governments of the
constituent countries of the UK (Scotland, Waleh| Ireland), funded three projects aiming to
develop a new improved GHG inventory for
nitrogen management, soils and climates (for 20), livestock breeds, diets (for GiHand
management practices (activity data to result in more accurate and less uncertain
accounting of emissions. These three projects aimed (amongst other activities) to: i) improve
soil NO emissions, developing protocols, providing training and national capacity, and
included 37 field trials on different soil/climate conditions for different N fertilizer and
manure applications, as well as excreta deposited by grazing livestock; ii) improves CH
emissions estimates from enteric fermentation and manure management for dairy, beef and
sheep; iii)synthesize the data, resulting in country specific (CS) emission factors (EFs). The
newly generated data have been gradually incorporated in the inventory since the 2016
inventory year, resulting in an improved CS inventory which changed the emissions
contributions for NO/CH, to ratios: 36/60. Further changes include much lower EF for
grazing and manure applications compared to the changes in EF for fertilizer. The improved
UK inventory estimates emissions using a modelling tool at a 10 x 10 km spatial
disaggregation, accounting for the influence of loAgrm average annual rainfall and
application rate for fertilizer N MO EFs. The N emissions {8, NH, NOx, N) are estimated
using a N balance approach and the GHmissions for major categories are estintad using
typical diets. Overall, the emissions in the improved inventory are reduced compared to the
original inventory as well as the uncertainties forR) and CHwhich are approx. +£15% and

+/ - 4%, respectively.

Further, the improved UK inventonsibeing continuously revised, with planned changes to
fully disaggregate emissions from the manure management continuum (housing, manure
storage and land application).
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