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Forword

More than half of the world's population is nourished by crops grown with nitrogen (N)
fertilizers. As global food demand continues to grow in the coming decades, the demand for
N inputs and for agricultural land are expected to increase substantially. Unfortunately, too
much N in the Earth’s soils poses multiple severe environmental and health problems that
have yet to be solved. Inefficient N use contributes to global warming, ozone depletion,
eutrophication, reduced biodiversity, and aerosols that contribute to air pollution and health
problems. From a socio-economic perspective, N losses reduce farmer's profits and affect
food security. We are facing a global N dilemma of an unprecedented magnitude: how do
we reconcile the need for sufficient N inputs to ensure crop productivity and human nutrition
with the need for reducing N losses to sustain a viable environment and healthy ecosystems’?
Improving N use efficiency, reducing N losses along the food and feed processing chain, and
increasing N recycling are key challenges to address this dilemma. There is a large and
growing body of knowledge and technological capacity to improve crop N uptake, manage
N losses along the food chain, and recycle N from waste streams, but implementation of this
knowledge requires cooperation and co-creation among actors and stakeholders including
researchers, farmers, advisors, industry, NGOs, and policymakers, and raising awareness that N
use in agriculture is a double-edged sword. The N workshop aims to raise awareness of the N
related challenges and to share the newest information on innovations and progress on N
impact research to develop concrete strategies to dramatically improve N management
worldwide. To do so, we not only need to further improve the technological and
management options that increase N use efficiency, but even more importantly, we must
understand the socio-cultural and economic incentives needed to encourage farmers to
adopt such options.

Since 1982, researchers from different parts of the world have regularly gathered at the N
workshop in different locations to try to put all the parts of the N puzzle together. The XXII
edition of the International N Workshop, hosted by Aarhus University, contributed to solving
this challenge by welcoming exciting presentations of more than 350 participants from 36
different countries divided into six reqular and four special sessions, together with seven
keynotes by outstanding international scientists.

Over 5 days in Aarhus, the participants covered a wide range of topics including field
measurements, farm to global N budgets, and food system perspectives, which are
summarized in this book of abstracts. We hope that this workshop is a tuming point in the N
dilemma and makes a decisive contribution to the transformation of agriculture and the agri-
food system. We would like to thank all the people who made the XXII International N
Workshop possible, including our local staff and helpers, the session leads, members of the
scientific committee, the conference sponsors, and all the participants for their contributions.

Diego Abalos, Kiaus Butterbach-Bahl, Hanne L. Kristensen, Jergen E. Olesen
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1 Part 1 - Oral presentations

1.1 General keynote: Wim de Vries “Spatial variation in the warming and
cooling impacts of anthropogenic nitrogen fixation at global scale”

Wim de Vries is professor at the Environmental
Systems  Analysis Group of Wageningen
University, where he holds the chair
"Integrated nutrient impact assessment”. He is
a researcher in the field of biogeochemistry
with special reference to nutrient cycling, soll
acidification, greenhouse gas emissions and
metal pollution. His research is organized
around large scale impacts of the elevated use
of nutrients (especially  nitrogen  and
phosphorus) in agriculture on air-, soil - and
water quality and related boundaries in view
of those impacts. Wim de Vries wrote more
than 600 publications as an author or co-
author on the above mentioned topic,
including ca 200 publications in international
peer reviewed journals.

Spatial variation in the warming and cooling impacts of anthropogenic
nitrogen fixation at global scale

Wim de Vries', Lena Schulte-Uebbing?, Naiging Pan?, Rita van Dingenen’ and Hangin Tian?

1 Wageningen University and Research, Environmental Systems Analysis Group, Wageningen,
The Netherland;

2 National Institute for Public Health and the Environment (RIVM), Center for Environmental
Quality, Bilthoven, The Netherlands

3 Auburn University, School of Forestry and Wildlife Sciences, Auburn, United States

4 BEuropean Commission - DG Joint Research Centre, Ispra, Italy

E-mail: wim.de vries@wur.nl

Abstract

Anthropogenic perturbation of the global nitrogen (N) cycle affects the Earth's climate due to
manifold impacts on the N and carbon (C) cycles. Warming effects include (i) N-induced
increases in emissions of nitrous oxide (N20), and methane (CH4) from sails, sediments and
water bodies and (i) NOx emission-induced tropospheric O3 formation, leading to reduced C
sequestration in forest biomass and soils. Cooling is caused by N-induced C sequestration in
terrestrial and aquatic ecosystems. In this study we assessed the spatial variation in the N-
induced warming and cooling effects of N20O, CO?2 and CH4 exchange and the resulting net
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effect at the global scale using both an empirical approach and a process-based model
(DLEM). Calculations were made for 2010 and for 2050 under six future SSP/RCP scenarios
combined with N mitigation ambitions.

Results of both the empirical and model-based show the warming impact of enhanced N20O
and CH4 emissions combined with the reduced C sequestration in response to NOx emission-
induced O3 formation (1.13 Pg CO2-C eq. yr-1] is slightly higher than the global cooling effect
of N-induced C sequestration (-0.87 Pg CO2-C eq. yr-1). Results, however, vary strongly in
space. Hotspots for anthropogenic N-induced N20O emissions are predicted for China, Indiq,
Western Europe and Central US, where agricultural activities were intense.

Significant N-induced CO2 sequestration occurs in southern Ching, India, South Asia and part
of Africa. Changes in N inputs and land use under future scenarios affect both warming and
cooling, and the net effect of N use stays relatively similar.
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1.2 Session 1 - How to increase nitrogen use efficiency

1.2.1  Keynote: Ute Skiba "Nitrogen options in Europe and Southern Asia”

Ute Skiba works for the UK Centre for
Ecology&Hydrology with a focus on greenhouse
gas flux measurements, particularly regarding N20,
NO and CH4 fluxes in  natural/agricultural
ecosystems and temperate/tropical/arctic climate
zones. She studies environmental drivers (climate,
el properties,  agricultural management,
atmospheric - N deposition) and  microbial
processes leading to emissions of these pollutants
to the atmosphere & determine spatial and
temporal variability of soil trace gas fluxes and
upscaling from plot to region.

Nitrogen options in Europe and Southern Asia

Ute Skiba', Nick Cowan', Mark Sutton', Robert Rees? Annie Young?®, Arti Bhatia®, Prakash
Ghimire®, Rizwan Shahid®, Mizanur Rahman’, Sarath Nissanka®

'UK Centre for Ecology & Hydrology

2Scotland's Rural College, UK,

SUniversity of Edinburgh, UK

“Indian Agricultural Research Institute

*Institute Tribhuvan University, Nepal

®University of Agriculture, Faisalabad, Pakistan

’Bangabandhu Sheikh Mujibur Rahman Agricultural University
®Peradenyia University, Sri Lanka

E-mail: ums@ceh.ac.uk

Abstract

Synthetic Nitrogen (N]) fertiliser application rates differ between Europe & Southern Asia (SA).
Europe’s N fertiliser rates increased over 1961-1981 & stabilised since 2000. Contrary, N
fertiliser use increases steeply across SA countries, with large N application rates (108 kg
N/ha) compared to Europe (47 kg N/ha, FAO, 2024). Environmental consequences of N
over-fertilisation (N2O, NOx, NH3, NO3) impact air quality, climate change, eutrophication,
biodiversity. In response, the EU set targets to reduce 50% of nutrient losses and reduce 20% N
reduction by 20301. Advanced mitigation options are available, but not affordable for small
farms in Europe & SA. Mitigation options for Europe are: Sail testing to optimise crop needs;
macro/micronutrients & soil pH; improve soil organic matter using cover crops; incorporate
residues; smart fertilisers; nitrification & urease inhibitors; legume intercropping; riparian buffer
strips, etc.

12



Options for Southern Asia (SA): India’s agronomic N policies include recommended N fertiliser
application rates across their climate zones?2. Urea is the preferred N fertiliser for SA countries,
less energy demanding & cheaper compared to ie. NHANOS. In 2015 India switched to urea
coated with Neem oil, which serves as a nitrification inhibitor. It reduces N2O, but increasing
NH3 emissions. Some smaller SA countries cannot sustain N fertiliser imports, due to
economical fluctuations, leading to poor crop yields & poor nitrogen use efficiency. Policies for
SA are required to reduce N losses, to improve NUE by: no residue burning, manure for soil but
not burning, and no N leakage to rivers, estuaries.

Reference to a journal publication:

"Higgins, S, Keesstra, S.D, and 45 authors, 2023. Stocktake study of current fertilisation recom-
mendations across Furope and discussion towards a more harmonised approach. Eur. J Soil
Sci. 2023;74:e13422. https.//doi.org/10.1111/ejss. 13422

?Priyadarshini, P, Abhilash, P. C, 2020. Policy recommendations for enabling transition towards
sustainable agriculture in India. Land Use Policy 96, 104718
https://doi.org/10.1016/)landusepol.2020.104718
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Challenges and Way Forward to Increase Nitrogen Use Efficiency

Md. Mizanur Rahman'!”, HM. Al-Amin', Mohammad Saiful Alam’, Jo Smith? Mark A. Sutton?®
and Bill Bealey?

' Bangabandhu Sheikh Mujibur Rahman Agricultural University, Bangladesh
2 University of Aberdeen, Scotland, United Kingdom
¥ Centre for Ecology and Hydrology, Scotland, United Kingdom

* E-mail: mizan@bsmrau.edu.bd

Abstract

Nitrogen (N) is widely used in agriculture for increasing crop yields and plays an important role
in human food and nutrition. But N use efficiency (NUE) is too low (20-40%), while its loss is
unreasonably high (60-80%). Excessive and ineffective use of N raises the cost of production
and brings manifold threats to the environment. Unexploited reactive N (Nr) degrades soil
health, augments environmental menace, and increases greenhouse gas emission that
contributes towards global warming and climate change. Therefore, improving NUE in crop
production systems is a must for sustainable agriculture and healthy environment. The study
attempted to prepare a compendium of available N management options, analyzed their
performances and shortfalls, recommended some viable technologies for farmers’ practice,
and envisaged for future innovative N guidance. The global scientists are in thirst for
innovating location specific best management options to raise NUE to a reasonably higher
level from the present state that could at least halve N waste. Nitrogen management
practices, viz.,, 3-4 split application, integrated nutrient management, legume-based cropping
systems, genetic improvement of crops, nitrification and urea inhibitors etc,, are all important
technigues to improve NUE. Fertilizer recommendation using an Android-based N apps
would be challenging but inspiring. A holistic approach in selecting the guidance considering
locally available resources, farmers' interests, economics, and the environment might be
effective for better N management and achieving a higher NUE.

Reference
Alam, M.S., Khanam, M., Rahman, M.M,, 2023. Environment-friendly nittogen management

practices in wetland paddy cultivation. Front. Sustain. Food Syst.
https://doi.org/10.3389/fsufs.2023.10205/0
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Optimizing N fertilization in silage maize: consideration of site and management
leads to savings compared to official recommendations

Josephine Bukowiecki', Larissa Ullrich?, Martin Komainda®, Antje Herrmann?, Insa
KUhling', Henning Kage'

"Institute for Crop Science and Plant Breeding, Kiel University, Germany,
2 Agricultural Center, Hessen Department of Agriculture, Germany,

¥ University of Gottingen, Department of Crop Sciences, Division of Grassland Science,
Germany

E-mail: bukowiecki@pflanzenbau.uni-kielde

Abstract

Fine-tuning of nitrogen (N) fertilization to the difference between plant N demand and soil N
supply can decrease N losses from agricultural systems and allow to achieve same yields at
lower N rates. This economic and ecological potential is huge in Northern and Westermn
European silage maize (Zea mays L) cropping systems, being the third most widely grown
crop (Eurostat, 2024) and often linked with overfertilization (Ten Berge et al, 2007). Yet, the
estimation of optimal N fertilization is particularly challenging for silage maize, as it is typically
fertilized by one single-application at sowing.

Alarge set of German and Swiss silage maize N fertilization trial data was compiled to
examine the effect of site and management parameters on the economic optimum N
fertilization (Nopt). On the base of 223 different N response functions, an empirical model to
predict Nopt was developed.

Four site and three management parameters were found to significantly influence Nopt.
When combined in a linear model, they described Nopt with an adjusted R-squared value
of 0.29. Approximately half of the variation explained by the model could be attributed to soil
and weather parameters, while the other half was explained by pre- and cover crop
category and whether the straw of the pre-crop was removed or incorporated. It is
demonstrated that a N fertilization recommendation based on these parameters allows for a
reduction of N fertilizer of 21 % compared to the current German fertilizer ordinance without
yield reduction.

References

Eurostat, 2024. Crop production in EU standard humidity - annual data [Data set].
https://ec.europa.eu/eurostat/databrowser/view/APRO CPSH]
custom 925638/ /default/tab le?lang=en.

Ten Berge, H. F. M, Burgers, S. L. G. E, Van der Meer, H. G., Schroder, J. J., Van der Schoot,

J. R, & Van Dijk, W. (2007). Residual inorganic soil nitrogen in grass and maize on sandy  soil.
Environmental pollution, 145(1), 22-30. https.//dol.org/10.1016/].envpol.2006.04.003
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Effects of regional patterns, farm structure and drought events on nitrogen use
efficiency in Germany between 2017 and 2022

Philipp Low', Mareike Soéder?, Michael Danne?®, Frank Offermann?, Bernhard
Osterburg?

1 Institute of Rural Studies, Thunen Institute, Braunschweig, Germany

2 Coordination Unit Climate, Soil, Biodiversity, Thunen Institute, Braunschweiqg,
Germany

3 Institute of Farm Economics, Thunen Institute, Braunschweig, Germany
E-mail: philipp.loew@thuenen.de

Abstract

Nitrogen (N) utilisation must be optimised to ensure food security and mitigate
negative externalities of food production. However, studies find substantial
differences in N use efficiency (NUE) on the regional and farm type-level, and an
increasing number of drought events jeopardise recent trends of increasing NUE
in Western Europe. In order to identify drivers of differences in NUE we calculate
NUE by considering N input and output parameters at the “farm gate” as system
boundary (Low & Osterburg, 2024; Quemada et al., 2020), based on farm data of
the German Farm Accountancy Data Network. Covering around 30,000 NUE
observations between the years 2017 and 2022, we develop a panel data model
to identify effects of regional patterns, farm structural characteristics and drought
events (Finger, 2010). The results indicate an increasing trend in NUE on the
sectoral level from 56% to 68%, while 2018 stands out as a year of extreme
drought and low NUE. We find a large variance within each farm type, indicating
efficiency reserves in N use. Our multiple regression analysis reveals statistically
significant interrelations between NUE and independent variables, just like
altitude and soil fertility (regional level), or crop selection and manure application
intensity (farm structural level). First results on the effect of drought events on
NUE indicate a low adaptation of N management to the dry conditions, resulting
in lower NUE and thus increasing N emissions. In this context, we highlight the
need to adapt practical guidelines addressing N management for farmers that
consider the increasing occurrence of extreme weather events.

References

Finger, R., 2010. Revisiting the Evaluation of Robust Regression Techniques for Crop Yield Data
Detrending. Amer. J. Agr. Econ. 92(1): 205-211. https://doi.org/10.1093/ajae/aap02]

Low, P, Osterburg, B, 2024, Evaluation of nitrogen balances and nitrogen use efficiencies on
farm level of the German agricultural sector. Agric. Syst. 213, 103796.
https://doi.org/10.1016/).agsy.2023.103796

Quemada, M, Lassaletta, L, Jensen, LS., Godinot, O., Brentrup, F, Buckley, C., Foray, S., Hvid,
SK, Oenema, J, Richards, KG.,, Oenema, O, 2020. Exploring nitrogen indicators of farm
performance among farm types across several European case studies. Agric. Syst. 177,
102689. https://doi.org/10.1016/1.agsy.2019.102689
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Site-specific management zones for crop rotation based on NDVI images of
clover-grass fields

Tobias Reuter', Konstantin Nahrstedt?, Thomas Jarmer? und Dieter Trautz!

'Osnabrueck University of Applied Sciences, Am Krumpel 31, 49090 Osnabruck, Germany
ZInstitute of Computer Science - Remote Sensing, Osnabrueck University, Wachsbleiche 27,
49090 Osnabrick, Germany

E-Mail: tobias.reuter@hs-osnabrueckde

Abstract

Legumes are a significant source of nitrogen (N) due to their symbiotic relationship with
rhizobia, particularly in organic farming. The amount of N-fixation depends on the biomass of
legumes produced, which varies due to soil heterogeneity and weather variations (Murphy
etal 2021). The heterogeneity further influences the development of crops within the crop
rotation, as the N from the legumes is partly available for the subsequent crop. In this study;,
three clover-grass fields in north-west Germany were divided each into two management
zones (MZ) based on NDVI maps from drone-based multispectral cameras. Simultaneously,
the above-ground biomass (AGB) of clover and grass were harvested and weighed. The
data about mineral N-stocks in clover-grass and subsequent crop were estimated by soil
sampling (depth 0 - 90 cm). In the following crops summer spelt (2021, 2022) and winter
wheat (2023) measurements of plant development and yield were conducted. NDVI values
differed significantly between MZ in all fields. AGB and clover fractions also differed in two
fields, along with the yield of the following crop. One field had significant N-stock differences
between MZs before grassland ploughing. This field had more heterogeneity in soil and
elevation, which influenced the yield potential (Peralta et al. 2015). This study and the
research of Breunig et al. (2020) show the potential of delineation of MZ within the crop
rotation based on NDVI maps of cover crops. This can be used for a site-specific fertilization,
especially for organic fertilizer as they release the nutrients slower than mineral fertilizer.

References

Breunig, FM., Galvao, LS., et al. 2020. Delineation of management zones in agricultural fields
using cover-crop biomass estimates from PlanetScope data. International Journal of Applied
Earth Observation and Geoinformation, 85, 102004,
https.//doi.org/10.1016/}jag.2019.102004.

Murphy, DJ., O Brien, B., Hennessy, D, Hurley, M. and Murphy, M.D. 2021. Evaluation of the
precision of the rising plate meter for measuring compressed sward height on
heterogeneous grassland swards. Precision Agriculture, 22, 922-946,
https://doiorg/10.1007/s11119-020-09765-9.

Peralta, N.R., Costa, J.L, Balzarini, M., Castro Franco, M., Cordoba, M. and Bullock, D. 2015,
Delineation of management zones to improve nitrogen management of wheat.
Computers and Electronics in Agriculture, 110, 103-113,
https.//doi.org/10.1016/j.compag.2014.10.017.
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Fertilizer dependency complements nitrogen use efficiency to improve sustainable
management in agrosystems

Miguel Quemada, Luis Lassaletta’

' Centro de Estudios e Investigacion para la Gestion de Riesgos Agrarios y
Medioambientales (CEIGRAM), Universidad Politécnica de Madrid, 28040 Madrid, Spain.

E-mail: miguel.guemada@upm.es

Abstract

Food production requires external nitrogen application to cropping systems; however, we

lack metrics to account for society's fertilizer dependency (FDN). Some research shows that
50% of the food produced nowadays is based on the application of synthetic fertilizers,
whereas other emphasize that this is a created dependency that could be mitigated by
redesigning the food production system. In this work, we propose calculating FDN as the
ratio between human-controllable external inputs and total nitrogen inputs. FDN has a solid
mathematical base since it is derived from closing the nitrogen use efficiency equation and
it has been calculated for cropping systems at various spatial scales based on field, farm
(Quemada et al. 2020) and country (Lassaletta et al, 2014]) data. At the field experiment,
when replacing the barley precedent crop of wheat with a legume FDN accounted for soll
legacy and was reduced by 15% in fertilized treatments. In a farm population, FDN ranged
from 47% to 95% and accounted for the relevance of biological fixation and irrigation water
N inputs. On the country scale, FDN revedls different temporal patterns, depending mainly on
the relevance of biclogical atmospheric nitrogen fixation. Global FDN has risen to #83% in
the last five decades, even if the nitrogen exchange among regions has increased. FDN has
great potential to monitor the reliance of agriculture on external nitrogen sources at different
scales and should be reported together with nitrogen use efficiency, surplus and nitrogen
output to complement the characterization of resource efficiency, environmental impact
and productivity of agricultural systems.
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Nitrogen use efficiency of plasma technology treated digestate compared to
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Abstract

The N2 Applied plasma treatment is a method where electrical energy is used to take
nitrogen from the atmosphere and use it to enrich liquid organic fertilizers while at the same
time reduce pH to limit ammonia and methane emissions. To evaluate the N fertilizer benefits
of plasma technology treated digestate, four experiments were conducted in winter wheat in
Sweden during the period 2021-2023. Digestate applied from a three-meter wide ramp with
12 outlets equipped with trailing shoes, and mineral fertilizer applied with broadcast
application were compared in different treatments in 3mx 14m plots replicated in four blocks.
Nitrogen offtake was calculated for each treatment by multiplying grain yield with its nitrogen
content. From this, nitrogen use efficiency (NUE) was calculated by subtracting the nitrogen
offtake in each treatment with that in the unfertilized control and dividing the difference with
the mineral nitrogen applied. NUE was similar between N2 Applied treated digestate and
digestate acidified with sulfuric acid (on average 48 and 51% respectively).

That was higher than for untreated digestate (37%), but lower than for the granulated mineral
fertilizer Axan (64%) which consists of ammonium nitrate. However, for Axan dissolved in
water, applied in the same way as the digestate, NUE was similar to N2 Applied treated
digestate. A combination of untreated digestate (60 kg N ha™') with a separate application of
granulated Axan (70-90 kg ha') resulted in higher NUE (43% or 50% when acidified) than a
single dose (same N amount) of N2 Applied treated digestate (NUE 37%).
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Abstract

Cover crops are grown to capture mineral N in auturmn and to provide mineral N in spring.
However, these functions can trade-off leading to suboptimal N use. We tested whether
cover crop mixtures enhance N capture in autumn without increasing N leaching in spring. In
a 4- year field experiment, we rotated cover crops with different cash crops. We used 8 cover
crop treatments: monocultures of radish, vetch and oats, all 2- and 3-species mixtures and a
fallow. We estimated leaching losses by analysing N concentrations in leached soil pore
water and modelling the volume of water leached below the rooting zone. Most N leached in
autumn and winter while in spring the amount of N leached was negligible due to water
deficit. N leaching in autumn correlated negatively with cover crop biomass, N uptake and
root length density. Radish and oats were the most productive species and radish and
mixtures that contained radish reduced N leaching by 49-/3% compared to fallow. Radish-
based cover crops showed quick soil cover, high N uptake and low to moderate C:N ratio.
Subsequently, their residues mineralized quickly, resulting in an increase in soil mineral N in
spring by 70- 110% as compared to fallow. This mineral N did not leach in spring and was
available to the subsequent cash crop. This study demonstrates the importance of species
selection in cover crop mixtures and recommends the use of radish-based mixtures if the
purpose is to reduce N leaching in autumn and provide mineral N in spring.
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Prediction of winter wheat nitrogen status using UAV imagery, weather data,
and machine learning
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Abstract

The critical nitrogen (N) dilution curve (CNDC) and associated N nutrition index (NNI) are
known to provide valuable information indicating whether the crops are suffering from N
insufficiency. The aim of the current study was to explore the potential of using UAV-based
remote sensing together with weather data to quantify NNI'in a winter wheat crop. For that
purpose, field trials with different N application strategies were conducted over three
cropping seasons from 2016 to 2018. The CNDC calibrated in the present study showed a
better performance in detecting yield reduction caused by the N insufficiency compared to
the curve developed in a previous study (Justes et al, 1994). Machine leaming models (ie,
Random Forest and Partial Least Squares Regression) were used to predict shoot dry matter,
N concentration, and NNI using UAV-based multispectral images and weather data based
on the model developed by Justes et al. (1994) and a newly calibrated model. The NNI
predictions based on UAV data and the Justes et al. (1994) model consistently indicated N
insufficiency even when the crop was not suffering from N insufficiency. Consequently, will
unnecessary N be applied with no yield gain and a possible environmental risk. Recalibration
of the CNDC improved the UAV-based prediction of NNI. Robustness and scalability of the
CNDC have rarely been discussed but based on our findings we suggest testing if the
preferred CNDC should be calibrated for a specific cultivar or region especially when
remote sensing technologies are employed for nondestructive N status measurement.
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Abstract

India is a global hotspot for N surplus. Inefficient N use contributes to massive urea subsidy
expenditure (~16 billion USD/year) and ~5% of global anthropogenic GHG emissions linked to
N fertilizer use. In India, NUE has declined over the years, 56% in 1961, 39% in 2003, and 35%
in 2018 due to injudicious use of nitrogenous fertilizer. Hence, optimization of nitrogen use
efficiency (NUE) is imperative for sustaining production. We have evaluated a few
technologies such as nano-fertilizers, timely sowing, and site-specific nutrient management
practices to improve nitrogen use efficiency in rice and wheat, both crops play a pivotal role in
national food security. The results from three years trials (2021-2023) showed that application
of nano-urea spray along with 66% of recommended dose of nittogen (RDN) had higher NUE
over 100% RDN without nano-urea in rice and wheat. However, long-term studies are required
to see the effect on soil N mining in continuous application of 66% of RDN. In another study
we found that timely sowing of wheat (15 Nov to 30" November) had higher NUE than late
sowing of wheat (15- 30 Dec). This was mainly due to terminal heat stress during the maturity
period in late planted wheat. Data-driven N management is emerging to address the site-
specific nutrient management in rice-wheat systems. Through a large-scale survey of
production practices and machine learning techniques, we found that 30 Kg N/ha can be
reduced from the farmers fertilizers application dose without any yield penalty in Eastern Indo-
Gangetic plains.
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Abstract

Emerging biorefinery concepts can lead to new applications and markets for various types of
crop biomass (Jergensen et al, 2022). This may change the cropping systems towards crops
with higher yield but also aiming at higher nitrogen (N) use efficiency (NUE). We investigated
7 annual and 7 perennial cropping systems on a sandy loam soil (Manevski et al, 2017), with
large variation in N fertilization. Yield of dry matter (DM) and crude protein (CP) as well as
NUE for DM yield (NUEDM) and CP yield (NUECP) was measured over 9 growth years from
2013 to 2021,

A conventional four-year cash crop rotation, set as reference, achieved mean yields of DM
and CP of 10.5.and 0.85 Mg ha™' vy, respectively. An optimized four-year rotation with various
annual crops had 51-84% higher DM yield and 42-78% higher CP yield, whereas perennial
cropping systems with festulolium and tall fescue had 63-65% higher DM yield and 192-200%
higher CP yield.

Compared to the reference system, the optimized rotation had significantly higher NUEDM,
while festulolium and tall fescue had lower NUEDM. However, NUECP was significantly higher
for the grass crops and particularly for the optimized rotation.

Across 12 cropping systems and 9 years, there was a non-linear DM yield response and a
linear CP yield response to N fertilization rate. Consequently, NUEDM decreased when
increasing the N rate whereas NUECP remained constant.

In conclusion, novel cropping systems can increase both yield and NUE, and the choice of
cropping system and optimal N fertilization may depend on the use of the biomass.
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Abstract

Long-term farming system experiments and well-validated dynamic farming system models
are a powerful combination to evaluate the production and environmental implications of
novel innovations in agriculture. A current deficiency is the lack of comprehensive validations
for long-term crop sequences without resetting soil conditions, especially soil mineral nitrogen
(Min-N). This reduces confidence in the outcome of scenario analyses for proposed
improvements in productivity and sustainability given the central role played by nitrogen
dynamics. We used data from a 30-year long-term experiment (Kirkegaard and Lilley 2023)
to validate the APSIM model (Holzworth et al. 2014) and achieved excellent predictions for
soil and crop responses including the dynamics of Min-N without resetting. A critical step was
to ensure that the parameters describing soil organic matter pools matched measurements
over the full rooting depth (1.6 m) rather than measured surface layers and default
parameters in deeper layers. In scenario analyses of agronomic innovations, including
improved N fertiliser strategies, the model predicted potential increases in average annudl
productivity of 1.2 t/ha (30 %), WUE of 2.0 kg/ha/mm (30%) and NUE of 13 kg/kg (21%) and
reductions in N leaching of 8 kgN/ha (-33%) and soil organic matter loss of 3.1 t/ha (31%) (0-
10 cm). Our study represents a rare case of model validation capturing the dynamics of soil
water, Min-N, biomass and grain yield in a long-term diverse crop sequence to provide
confidence in scenario analyses of production and environmental consequences of
agronomic innovations.
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Abstract

Anaerobic digestion of animal manures reduces methane emissions during storage while
generating enerqgy, benefiting the greenhouse gas footprint. This study presents an innovative
digestate treatment approach to enhance the overall nitrogen fertilizer value, increase
nitrogen quantity, and diversify digestate-derived fertilizers for different purposes. Cattle
manure was co-digested with grass clover silage to augment total nitrogen quantity and
biogas yield. The digestates were separated via screw press. The solid fraction underwent
drying for storage stability and simultaneously removing ammonia by stripping. A newly
designed desulfurizing bio-filter based on liquid digestate as nutrient source for oxidizing
bacteria converting sulphide from the biogas to sulfuric acid was used to capture ammonia
from the simulated drying of the solid fraction resulting in a sulphur-nittogen-rich fertilizer
product (LigNS).

The fertilizer value of resulting digestate products and untreated cattle slurry were evaluated
in two-year field trials by injection to spring barley. Cattle slurry, anaerobic digestates, liquid
digestate, and LigNS exhibited high nitrogen fertilizer replacement values (NFRV) of 80- 90%
relative to mineral nitrogen, with no significant difference amongst them. Liquid digestates
showed consistent performance over the years and a higher N/P ratio. Conversely, the dried
fibre fraction (DF) demonstrated negative NFRV due to nitrogen immobilization.

However, as a soil amendment in a nitrogen-independent crop like faba bean, DF balanced P
and K uptake without yield reduction.

Overall, this novel approach increased fertilizer quantity while maintaining NFRV through co-
digestion, offering diverse fertilizer products to meet various agricultural needs. LIgNS emerged
as a promising additional fertilizer from biogas production.
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Abstract

Plasma treatment of slurry and digestate use electricity to fixate nitrogen from air as NOx gasses
that turn into HNO3 and HNO?2 during injection in liquid digestate. In this way, the content of
inorganic nitrogen can be doubled, and at the same time, pH is lowered from around 8.1 to 5.1
The lowered pH reduces NH3 emissions during storage/field application and restricts
methanogenic activity. In this study, plasma treatment was applied to the liquid fraction of
agricultural digestate to evaluate digestate characteristics during storage and NH3 and
greenhouse gases emissions (GHG). Experiments with storage (lab- and full-scale) and field
trial studies to determine the fertilization effects were conducted.

In lab-scale, effects of plasma treatment on digestates to a pH range of 4.3-5.4 on pH stability
during storage at 10 °C and N availability were examined. The pH was stable when digestate
was acidified to pH <5 and the treatments increased N availability by 5-14% compared to the

control and inhibit NH4™ nitrification. In full-scale storage, the gaseous emissions of untreated
digestate (pH = 8.1) and plasma treated (pH = 5.4) were measured in two storage periods.
While the treatment proved very efficient at reducing NH3 and CH4 emissions, N2O
emissions were increased.

The fertilization effects of the plasma treatment were studied in field trial experiments in wheat
(2418 m? plots fertilized with 100 kg of plant available N). The plasma treatment increased
nitrogen use efficiency by 34%. The total impact on improved nitrogen value and GHG
emissions will be calculated and presented.
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Abstract

Irish livestock systems are characterized by a grass-based production model, where animals
spend the majority of the year grazing outdoors. Effective grassland management is therefore
fundamental to the success of Irish livestock farming. Central to this is the strategic application
of fertilizer, both chemical and organic, to ensure an adequate supply of grass throughout the
grazing season and grass silage for the housed period. Nonetheless, excessive use of nitrogen
fertilizers poses environmental risks, with high nitrogen surpluses causing potential runoff to
watercourses, thereby compromising water quality (O’ Mara et al, 2021).

Utilizing data from the Teagasc National Farm Survey (FADN) spanning the years 2013 to
2021, this study looks at the trends in NUE and investigates the drivers of NUE on Irish livestock
farms. These drivers include farm and farmer characteristics and well as the adoption of novel
practices and technologies. Key innovative strategies examined in this study include the
implementation of low emission slurry spreading techniques, the allocation of a higher
proportion of slurry spreading activities between January and April, and the manipulation of
the nitrate content within feed concentrates (Buckley et al., 2020)

The analysis reveals that these innovative approaches are a significant driver of NUE.
Moreover, trends observed over the study period suggest a growing recognition and adoption
of innovative practices among Irish farmers, reflecting a broader shift towards sustainable and
environmentally conscious agricultural practices. By identifying and promoting effective
innovations, this research contributes to the ongoing efforts to enhance the sustainability and
resilience of lrish livestock farming systems, ensuring their long-term viability amidst evolving
environmental and economic challenges.
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Abstract

Nitrogen leaching loss is the main N loss process in many agricultural systems, and the cause
of arange of environmental problems. Even if N fertilization could be matched precisely to
crop demand, leaching would still happen, as much of the leaching loss is related to N
mineralization in periods with little or no plant growth, leaving the nitrogen prone to leaching
loss.

However, unlike many chemical transformation processes which are part of the soil N cycle,
N leaching is a gradual rather than a discrete process. N leach down the soil profile,
becoming gradually less available for crops, and more prone to final loss to the environment.
During this process, the depth of the active root growth and N uptake by crops is critically
important for the fate of the nitrogen, determining whether it will be used by the crop or lost
to the environment.

Large differences exist among crops in their rooting depth development and final rooting
depths. This can be used in different ways to try to reduce N leaching loss. We have studied
deep crop root growth, and its ability to increase N recovery. Studied include effects of crop
rotation, cover crops, sowing time, and most recently, deep root phenotyping for crop
breeding. Studies of root growth have been combined with soil analysis and uptake of deep
injected 15N tracer, to study how deep rooting can improve crop nitrogen use efficiency.
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Abstract

Rice-wheat is the major cereal-based cropping system, grown either in rotation with each
other or interspersed with crops like maize, sugarcane, cotton or vegetables, in South Asia,
comprising Afghanistan, Bangladesh, Bhutan, India, Nepal, Pakistan, Sri Lanka and Maldives. N-
fertilizer plays a major role in the agriculture of the region. Compared with the data of 2006,
fertilizer inputs have been projected to double by 2050, to make South Asia the highest N input
region globally. Amazingly, crop yields do not reflect high levels of fertilizer use, resulting in very
low NUEcrops values, and N surpluses higher than the 50 kg N ha™' yr'" benchmark
(Lassaletta et al, 2014). Concerning wheat and rice, the data indicate that India and Pakistan
were overusing fertilizers between 1990 - 2010 (Adalibieke et al., 2023) with high N surpluses
and low nitrogen use efficiency (NUEcrop at 50% and 25%, respectively). Rice growing in
Bangladesh is a rare example of farms with better agro-environmental performance with
higher NUE. In Nepal and Bhutan, minimal fertilizer application (mean values of 4 and 8 kg N
ha! yr!, respectively), with low/medium yields resulting NUEcrops >90%-100%, suggesting
net depletion of soil N reserves. Overall, N-fertilizer application in cereal growing in most South
Asian countries, are generally managed as recommendations formulated on the basis of crop
response data averaged over large geographic areas. It is necessary to apply N fertilizer
reflecting the exact requirement of the crop to increase the NUE and reduce N loss to the
environment.
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Abstract

Assessing the nitrogen (N] use efficiency (NUE) of fertilizers is crucial for optimizing crop
productivity while minimizing negative environmental impacts. However, organic fertilizers’
long-lasting legacy effect challenges an accurate NUE quantification. A practical tool for
fertilizer recommendations, which includes the long-term soil N dynamics post-application, is
needed.

We developed a mechanistic model incorporating key soil N processes: mineralization,
stabilization and re-mineralization in soil organic matter, and losses (volatilization, leaching).
Parameters were defined using literature values. Due to the strong dependency of soil N
processes on local pedo-climatic conditions, the model requires calibration with data from
local field experiments. Using selected Swiss cropland Long-Term Experiments (LTEs) with
organic fertilizers, we computed multiple NUE indicators to assess fertilizer performance over
time and sites, highlighting dynamics differences. The resulting NUE were used as an integral
part of the NUE model calibration.

Initial N availability (NH4-N fraction) largely determines the long-term NUE for liquid manures
(after 10 years, < 2% additional N potentially plant available). The N release from soil organic
matter strongly influences long-term NUE for farmyard manure (NUE ranges 30-65% 40 years
post-application, depending on model parameters). LTEs exhibit similar increasing NUE trends
over time, yet there's a mismatch between the theoretical NUE model and LTEs NUE values,
possibly due to changes in fertilization strategies, yield disparities, or overestimation of N2-
fixation via temporary ley.

The NUE model facilitates incorporating legacy effects into overall NUE assessment of organic
fertilizers. Calibration using LTE data enhances model robustness, aiding implementation in
fertilizer recommendations.
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Abstract

Nitrogen (N) is the most important mineral nutrient for cereal production. However, Nitrogen-
Use-Efficiency (NUE) of winter wheat worldwide is relatively low with 47%, compared to other
cereals, with large differences between countries (Lassaletta et al. 2014). Mainly gaseous N
losses of ammonia and nitrous oxide (N20) from the soil-plant system are responsible for low
NUE and pose an economic problem for farmers. Weiske (2006) stated that fertilizers with
urease and nitrification inhibitors are one possible solution to avoid or at least reduce gaseous
N-losses. But several meta-studies conducted on the matter came to varying results of the
efficacy of inhibitor addition. Rose et al. (2018) suggested, that many analyses may
underestimate the efficiency because they compare mostly on just one N fertilizer rate and
rarely on high yield sites.

This study aims to target those suggestions. In a 3-year field experiment, the performance of
inhibitor additions to mineral N fertilizers in comparison to widely used mineral N-fertilizers was
conducted on a high yield site (~8.5 t/ha long-term grain yield mean) in northern Germany
on & different N-intensity levels. Furthermore, the additional costs of inhibited fertilizers were
considered to compare their agronomic effectiveness.

First results show a good performance of inhibitor usage. Highest NUE was observed on urea
with urease and nitrification inhibitors (+10 % compared to urea). While grain yield at
agronomic optimal N intensity was similar between fertilizers grain protein concentration was
highest on urea combined with urease inhibitor. The efficacy of urease inhibitor was
significantly lower combined with ammonia-nitrate-urea solution compared to urea.
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The potential of agronomic management to reach required NUEs on croplands
at global scale

Gerard H. Ros', Lena Schulte-Uebbing?, Luncheng You®, Wim de Vries'
"'Wageningen University, 2 Planbureau voor de Leeforngeving, ? China Agricultural University

E-mail: gerard.ros@wur.nl

Abstract

Nitrogen (N) fertilizers are needed to sustain crop production, but excess N application have
led to widespread exceedance of critical N concentrations in air and water. The type and
extent of N-related challenges vary across regions. Spatially explicit targets for NUEs to
reconcile crop production with environmental targets have been quantified, but it remains
unknown how this improvement can be achieved by agronomic measures. We quantified their
impact on NUE at global scale and its potential to meet required NUE increases in view of
sustainability and food production targets. We used 2,436 pairs of observations (for maize,
wheat and rice) from 407 studies and using 10,936 observations for maize, wheat, rice, and
tuber crops, while accounting for soil properties, climatic variables and existing management.
The current NUE varied strongly across regions, with a median NUE ranging from 45 to 50% for
root and other crops up to 68 to /5% for cereals. The NUE is strongly affected by N dose, crop
type, soll texture, phosphorus availability and partly by water availability during the growing
season. Measures optimizing the N dose in combination with the best application technology,
selection of fertilizer type and timing could substantially increase the NUE. When applied on a
global scale the NUE can increase from the current average of 48% to /8%, using optimal
combinations of nutrient, crop and soil management. The global mean NUE can increase by
30% allowing most farmers to reconcile crop production with acceptable N losses to the
environment.
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Soil Fertility Management on Nitrogen Use Efficiency and Productivity of
Potato in Sri Lanka
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Abstract

Potato (Solanum tuberosum L) is intensively cultivated in Sri Lanka, and excess
application of fertilizers by farmers are common resulting greater losses to the environment.
Thus, effect of different fertilizer treatments namely; Department of Agriculture recommended
rate of urea (DOAU), Farmyard manure (FM), Combination of the DOAU and FM,
Combination of +25% (more) of DOAU and FM, Combination of -25% (less) of DOAU and
FM, Combination of 2™ generation modified fertilizer (Yara) and FM, Combination of 70%
DOAU as slow releasing Urea-biochar pellets and FM, Combination of DOAUU and
Dicyandiamide (DCD) (7.5 % of N weight) and FM, Combination of DOAU and Cinnamon
leaf powder (30% of N weight) and FM, and Combination of -25% DOAU and Biocarbon
Hybrid fertilizer and FM on the yield and agronomic Nitrogen Use Efficiency (NUE) of
potato was assessed. A field experiment was conducted applying above mentioned
treatments at the Seetha Eliya Potato Research Institute using variety granola.

Results showed all DOAU amended nitrogen treatments reported similar tuber yield to the
treatment of DOAU. The highest yield was recorded in the treatment of +25% DOAU + FM.
The agronomic NUE, was the highest in plants treated with DOAU. The lowest yield was
reported in the treatment with Combination of less amount of DOAU (-25%) + Biocarbon
Hybrid fertilizer (760kg/ha) and FM. The results revealed that urea amended treatments
yielded better and the usage could be reduced by amending with Urea-biochar pellets.
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Advancing Nitrogen Use Efficiency in Agriculture: Field and Controlled
Environment Strateqgies
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Abstract:

In the quest to mitigate the environmental impact of nitrogen fertilizers while enhancing
agricultural productivity, the development of crops with improved nitrogen use efficiency
(NUE) has emerged as a critical objective. This synthesis explores innovative approaches to
characterizing NUE in crop plants through a dual lens: comparative analysis of plant
performance under field conditions versus controlled environments. In the field, the
multifaceted interplay between nitrogen acquisition, utilization, and external factors such as
soil variability and climatic conditions underscores the complexity of improving NUE. This
variability challenges the direct translation of genotypic traits into predictable phenotypic
outcomes, highlighting the need for nuanced understanding of plant adaptation strategies
and the genetic underpinnings of NUE. Through controlled experiments, we delve into the
mechanistic bases of yield reduction under nitrogen stress, elucidating the distinct pathways
through which plants manage nitrogen and carbohydrate resources. Our investigation into
maize genotypes with contrasting NUE profiles reveals differential regulation of critical yield
determinants—kernel set and potential kernel weight—underscoring the potential for
targeted breeding strategies that enhance both aspects simultaneously. By integrating field
observations with controlled environment data, we propose a comprehensive framework for
advancing NUE research. This framework emphasizes the importance of dissecting the
genetic and physiological bases of NUE, fostering the development of resilient crop varieties
that sustain higher yields with lower nitrogen inputs, thereby addressing the global nitrogen
dilemma from both environmental and agricultural perspectives.
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Ammonium supply, an alternative potential to improve the nitrogen use
efficiency in oil palm
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Abstract

Ammonium (NH4*) is an essential nitrogen source for plants, but excessive exposure can
trigger stress responses that vary among and within different plant species. This study
investigated the phenotypic variations in response to ammonium nutrition in five oil palm
genotypes seedlings.

Nitrate nutrition was used as a reference for a non-stressful condition, and three different
nittogen concentrations (5, 10, and 15 mM) were examined. Control groups without external
nitrogen application were included for each genotype. Several parameters were analyzed,
including plant growth, root length, gas exchange, fluorescence, chlorophyll, reducing sugars,
amino acids, proteins, and nitrogen uptake. The results revealed a significant genotype effect,
particularly between the interspecific OxG hybrid (a cross between the American oil palm and
theAfrican oil palm) and the Elaeis guineensis genotypes. Ammonium nutrition increased
shoot growth in all genotypes compared to nitrate nutrition. Additionally, there was a trend
towards increased primary root length, amino acids, proteins, and nitrogen uptake under
ammonium supply. We observed that ammonium-fed plants exhibited a higher N uptake in
the shoot than the root, resulting in more significant biomass accumulation. Furthermore, as
the concentration of ammonium increased, there was a corresponding increase in N uptake
in the shoot. In contrast, when examining the root, the N uptake under ammonium nutrition
varied depending on the genotype, but on average, it was higher compared to nitrate-fed
plants.

Despite of the stressful effect of ammonium in plants we did not find differences of this with
the nitrate on the physiological parameters evaluated. These findings are promising,
particularly considering the recommendation to use ammonium with inhibitors for
environmental sustainability of the crop.
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Integration of UAV data and soil-crop modelling for Nitrogen Monitoring
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Abstract

Nitrogen budget monitoring is an important component of promaoting sustainable farming.
Minimization of N-losses is an important aspect in adjusting the fertilization and increasing the
Nitrogen use efficiency. Depending on the application, the frequency of sampling during
monitoring can vary from annual to weekly or daily. Remote sensing techniques offer a
solution, enabling the monitoring of vegetation over time and space. We utilize Unmanned
Aerial Vehicles (UAVs) for high-frequency data collection together with in-situ data, which is
crucial for transforming remote sensing data into crop characteristics and calibrating models.
This data can enhance soil process modelling and provide insights into crop characteristics
such as biomass and Nitrogen uptake. Process-based modelling and data assimilation can
subsequently link the above-ground component with soil functions.

In our research, we have monitored which cover crop (mixture) treatments will perform best in
promoting plant N uptake, contributing by nutrient retention during their growth and nutrient
return to the soil upon their incorporation. To achieve this, we have used the WOFOST-SWAP
model to simulate the varying influence of cover crop monocultures and mixtures on Nitrogen
cycling ina /-year crop rotation on sandy soil. The model estimates the vegetation input into
the soil and the nutrient uptake from both cover crops and main crops. Our findings suggest
that our integrated approach, combining the model with UAV data and field sensors, can
effectively monitor Nitrogen use efficiency. This research contributes to the promotion of
sustainable farming practices through effective nitrogen budget monitoring.
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New approaches to address the challenge of low nitrogen use efficiency in
agriculture
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Abstract

The efficiency of nitrogen use from fertilisers applied into agricultural systems remains low
despite the large volume of research conducted (Zhang et al. 2015). Concomitant with this
are high levels of nitrogen pollution in the atmosphere, land and waters with ecosystem,
animal and human health implications. Management (e.g. the Four Rs Nutrient Stewardship
framework) and technological approaches (e.g. urease and nitrification inhibitors, coated
fertilisers, organic fertilisers) have improved this to some degree but the improvements have
been minimal and variable. The lack of progress in this area relates to a number of aspects.

Large variations in the outcomes from using new technologies, such as inhibitors, exists due to
the impact of climate and edaphic factors, both of which influence the N loss pathway and
its magnitude, and the effectiveness of the technologies (Abalos et al, 2014). In addition,
limited commmercially viable novel technologies have been developed, and there is poor
adoption and uptake rates by the end user due to additional cost of the new technologies,
ease of their use, lack of evidence of a guaranteed impact, and the poor understanding by
the end user of the impact of low nitrogen use efficiency at the farm level. This paper reports
on approaches being taken within the ARC Hub for Innovative Nitrogen Fertilisers and
Inhibitors (IH200100023) to improve nitrogen use efficiency in agriculture through a multi-
disciplinary approach, and considers how the barriers to adoption can be overcome (Lam et
al. 2022).
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Increasing nitrogen use efficiency in cropping systems - an Australian
perspective

Susanne Schmidt!, Bronwyn Laycock?, Nicole Robinson!
'School of Agriculture and Food Sustainability, 2School of Chemical Engineering, The
University of Queensland, Brisbane 4072 QLD, Australia

Abstract

The global aim of halving N waste and achieving a circular nitrogen economy demands
attention. Considerable N losses from agricultural soil are a challenge including in Australia
where degraded soils and weather extremes often conspire against efficient nitrogen use.
Nitrogen losses contribute to the decline of Australia's Great Barrier Reef and the nation’s
considerable greenhouse gas footprint. We address this challenge by exploring avenues for
curbing nitrogen losses by supplementing mineral N fertiliser with organic N, increasing the
contribution of biologically fixed N, and exploring custom-made enhanced efficiency N fertiliser.
We present how (i) nutrient-rich organic recyclates can effectively supplement mineral N in
diverse cropping systems'?, (i) biological N fixation can supplement mineral N fertiliser in
sugarcane cropping and support sustainable grazing in Australia’s semi-arid rangelands, and
(i) enhanced efficiency fertilisers formulated as biodegradable biopolymer matrix supplies N
to pasture’. We find that considerable efficiency gains are possible, but that regulators must
support farmers to ease the transition towards N efficiency.
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1.3 Session 2 - Reducing nitrogen losses

1.3.1  Keynote: Laurent Philippot “Bridging microbial community ecology and N-
cycling”

Laurent Philippot is a soil microbial ecologist
working at the French Institute for Agriculture, Food,
and the Environment (INRAE). His main research
interest is in bridging microbial community ecology,
microbial processes and ecosystem functioning
using a trait-centered approach. He has developed
this line of research with a focus on microbial guilds
involved in nitrogen cycling and greenhouse gas
emissions. Laurent Philippot is director of research at
the INRAE and also vice head of the Agroecology
Department in Dijon.

Bridging microbial coommunity ecology and N-cycling
Philippot L'
1 INRAE, Agroecology Department

E-mail: Laurent.philippot@inrae.fr

Abstract

Microorganisms have a central role in ecosystem processes by driving the Earth’s nitrogen
cycling. This talk will illustrate how the analysis of microbial commmunities can help
understanding N-cycling in terrestrial environments. Since both denitrification and nitrification
are the main processes responsible for the emissions of nitrous oxide, one of the six
greenhouse gases considered by the Kyoto protocol, | will focus on the denitrifiers and nitrifiers
as model microbial communities. | will discuss the relationships between the composition and
abundance of these microbial guilds and N2O emissions. | will also show how drought
disturbances can affect these relationships and to what extent management practices in
agroecosystems could modulate the response of ammonia-oxidizing communities to drought.
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Exploring Different Typologies of Nitrogen Surplus in Europe towards Reducing Agricultural
Nitrogen Pollution
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Abstract

Intensive agriculture and high livestock density significantly contribute to nitrogen (N) pollution
in the European Union (EU), causing negative environmental impacts. Despite many Europe-
wide legislations, we still observe high N levels across many water bodies in the EU. The EU
recently launched the Farm to Fork strategy (F2F) under the "Green Deal" that aims, among
other targets, to halve nutrient losses by 2030 and requires a reduction in fertilizer use of at
least 20%'. This study focuses on characterizing the spatial-temporal patterns of N surplus and
assessing N losses in agriculture using agricultural N surplus as an indicator and using a long-
term (1850-2019) annual N soil surface budget across Europe with a 5 arc minutes
resolution?. Using machine learning algorithm, we identified four distinct N surplus typologies
across Furope and examined scenarios to reduce N surplus considering reducing mineral
fertilizers and animal manure inputs and adjusting N output considering no change and
improved technological and management practices.

Our analysis shows that reducing 20% mineral fertilizer use alone would not be sufficient to
halve the N surplus by 2030, and achieves at most a 10-16% reduction. However, specific,
redlistic scenarios, e.g., ~43% less mineral fertilizer and ~4% less animal manure application,
achieve up to 45% N surplus reduction with improved management practices. Overall, our
study emphasizes that achieving the F2F goals of reducing N losses will require a
comprehensive and region-specific targeted effort to reduce N application in agricultural
areas while increasing N use efficiency to maintain sufficient agricultural production.

References

1Europeon Commission, 2020b. Farm to Fork Strateqgy. For a Fair, Healthy and
Environmentally-friendly Food System, Brussels. pp. 1-23.

2Bgtool, M., Sarrazin, FJ., Attinger, S. et al. Long-term annual soil nitrogen surplus across Europe
(1850-2019). Sci Data 9, 612 (2022). https.//dol.org/10.1038/s41597-022-01693-9

42


mailto:masooma.batool@ufz.de
https://doi.org/10.1038/s41597-022-01693-9

Nutrient amendments dictate N20O production pathways: Role of organic residue, ureq,
and inhibitors
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Abstract

This study investigated the effects of a nitrification inhibitor (NI} on nitrous oxide (N20) emissions during
sugarcane growth in non-till system. Its primary objective was to pinpoint the key N2O producers under
organic and inorganic fertilizer applications. Conducted in a tropical region, the field experiments
explored the combined effects of liquid organic residue (vinasse), urea, and NI on the abundance of N-
cycling microbes. Results revealed that background N20O emissions were primarily generated by nirS-
type N20 producers, whereas the application of organic residue alone heightened the activity of
heterotrophic denitrifier microbes, encompassing both nirS and nirk genes. Conversely, urea addition
increased the presence of ammonia-oxidizing bacteria (AOB) and nirS-type N2O producers,
emphasizing the dominance of the nitrification pathway. The introduction of NI reduced AOB
abundance, subsequently lowering N20O production rates. When organic residue and urea were jointly
applied, N2O production primarily stermmed from AOB and nirk-type N20O producers, with significant
increase of N20O-consumers (nosZ). The addition of NI in this mix reduced N20O production rates by
nirk-type N20O producers during denitrification due to decreased nitrification rates. The study highlights
the influential role of environmental conditions and nutrient amendments on N20O production, with
urea favoring nitrification-driven emissions. Interestingly, denitrifiers primarily contribute to background
and N20O emissions from organic residue. These findings offer valuable insights for the development of
sustainable agriculture No-till production systems, aiming to reduced N20O emissions..
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Sensing Soil Processes - Chemical Imaging of Ammonia Dynamics and Soil
Microenvironments
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Abstract

Soils are complex biclogical systems in which biogeochemical processes and changes take place on a
small scale but impact the environment on @ large scale. The soil microenvironment is impacted by
anthropological activities such as agriculture, where nitrogen (N) fertilizers are applied to ensure high
crop yields. The extensive use of N fertilizers has led to an increased amount of N compounds lost to

the environment through ammonia (NH3) emissions, or leaching of nitrate (NO37) to waterbodies,
among others. To reduce such nitrogen losses, it is important to better understand the dynamics of N
species, chemical changes, and microbial activities in response to fertilizer applications on a small
scale. Such biogeochemical changes in the soil microenvironment take place with high
spatiotemporal heterogeneities, which are difficult to resolve with bulk measurement techniques.
Chemical imaging with optical chemical sensors (optodes) for pH, oxygen (O2) and NH3, however,
allows to resolve changes of analytes in situ, in real time, with high spatiotemporal resolution and without
sample pretreatment (Merl and Koren, 2020). These optodes were applied in laboratory-based studies in
non-waterlogged agricultural soils and upon addition of synthetic and organic N fertilizers. This allowed
to monitor subsurface NH3 dynamics and associated pH changes in 2D around fertilizer granules, which
were further used to conduct chemically informed soil sampling for molecular analyses and nitrification
product quantification (Merl et al, 2024). Also, different ways of fertilizer applications were tested while
chemical imaging, which showed the differences in NH3 concentrations above soil and influence of
soil conditions (Merl et al,, 2023). This aids in broadening our understanding of soil processes and NH3
volatilizations.
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Nitrate leaching from differently managed grass-clover leys in an organic cropping
sequence
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Abstract

After ploughing, the risk for nitrate leaching from grass-clover leys increases depending on
time of termination and N demand of the following crop (Hansen and Eriksen, 2016, Kayser et
al, 2008). A field trial was established in 2020 near Osnabrtick, Germany to investigate the
impact of differently managed grass-clover leys on nitrate leaching in an organic cropping
sequence of grass-clover - silage maize - winter barley - spring oat. In a randomized block
design with four replications, four different grass-clover treatments (mulching vs. harvesting
combined with ploughing grass-clover in fall vs. the following spring) were integrated. After fall
ploughing of grass-clover stands, winter rye was sown as a cover crop. In the following spring,
both - the overwintered grass-clover stand and the cover crop - were terminated and
followed by maize. For analysing nitrate concentrations in the leaching water, ceramic
suction cups were installed in 80 cm depth below the root zone in each plot and collected bi-
weekly during winter. In the three trial years, ploughing mulched grass-clover stands in fall
resulted in significantly higher nitrate-N loads (31.8 kg ha™') compared to harvested (25.3 kg
ha') and overwintered stands (10.0/5.4 kg ha™' for mulched/harvested), respectively. After
maize, nitrate-N loads were significantly higher when grass-clover was terminated in spring
(10.3 kg ha™'; mean of two years) compared to termination in the previous fall (6.3 kg ha™;
mean of two years) while after the third part of the cropping sequence (winter barley) no
effect of the different grass-clover treatments has been observed so far (one trial year).
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Abstract

Reactive nitrogen (Nr) emissions have become a significant concern due to excessive
nitrogen (N) application in greenhouse vegetable cultivation, it is imperative to explore
appropriate N management strategies that can effectively mitigate Nr pollution. Simultaneous
measurements of ammonia (NH3) volatilizations, nitrous oxide (N20), nitric oxide (NO) and
nitrogen dioxide (NO2) emissions are currently insufficient, resulting in ambiguous emissions of
Nr gases in greenhouse vegetable cultivation. To address this problem, we conducted a
comprehensive experiment in greenhouse vegetable cultivation to investigate the emission
characteristics of Nr gas emissions under different managements (increasing the proportion of
organic fertilizer, all-organic fertilizer and replacing with controlled-release fertilizer). The results
showed controlled-release N with organic fertilizer exhibited optimal reduction of Nr gas loss
while maintaining high yield. The emission characteristics showed the duration of NH3 and
N20O emission peaks were shorter than NO and NO2. The EFs of NH3, N2O, NO and NO2
were determined, and N2O accounted for the highest proportions among Nr gas emissions.
Boosted regression tree model analysis revealed that N application and soil temperature were
the main factors influencing NH3, NO and NO2 emissions; soil temperature and fertilizer type
were the primary factors influencing N20O emissions. Overall, controlled-release N with
organic fertilizer proved to be optimal solution for minimizing Nr gas losses while maintaining
high yield in greenhouse vegetable cultivation. This study offered a technical reference to
effectively mitigate pollution and carbon emissions in greenhouse vegetable cultivation.
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Abstract

High concentrations of N and/or P are a major impediment to meet good ecological status of
many European surface water bodies. Despite decades of efforts to curb nutrient losses,
numerous surface waters across Europe continue to grapple with excessive nutrient loads
stemming from agricultural practices, wastewater discharge, and various other sources, both
point and diffuse. The imperative for load reductions is clear: to stave off eutrophication and
restore ecological condition. However, the nature of these loads, the sources of pollution, the
hydrological characteristics and connections with upstream water bodies, and the efficacy of
mitigation strategies vary significantly from one water body to another.

To determine a set of mitigation measures that will result in good ecological status, policy
makers prefer a method in which each sector contributes according to the polluter pays
principle. To support this, we have devised a robust methodology for quantifying the nitrogen
and phosphorus balance at catchment level of the surface water bodies in a river basin. This
approach enables us to pinpoint specific load reduction targets and allocate responsibilities
among the sectors responsible for pollution, based on their respective contributions to the
overall load within the catchment. Our methodology also factors in the anthropogenic
component of diffuse pollution from agriculture, seasonal variations in load, and the intricate
routing of pollutants from upstream to downstream catchments within the river basin. To
ensure accountability and progress, we collaborate closely with regional water management
authorities, such as the Dutch Water Boards, exchanging modeled balances and validating
simulated discharge and load data against on-site monitoring within the river basin. By
employing this methodology, we can assess multiple modeling scenarios featuring various
load reduction measures and gauge their effectiveness in meeting reduction targets across
the river basin's catchments.
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Abstract

Nitrous oxide (N20) is an important greenhouse gas (GHG) and ozone-depleting substance.
The agricultural sector is the predominant N20O anthropogenic source, mainly due to nitrogen

(N) fertilizer use, thus policies address N reduction pathways across Europe. However,
predicting soil N2O emissions under field conditions is challenging due to high spatio-
temporal variability and limited availability of high-resolution measurements from field
experiments.

Thus, we used an eddy covariance measurement station for determining N20O fluxes at a
half- hourly resolution over an entire winter wheat cropping season and a subsequent cover
crop in Switzerland. In addition, we monitored meteorological conditions, soil variables, and
crop growth, and identified the origin of the emitted N20O using isotopic signatures.

Our findings emphasize the critical role of management practices (i.e, fertilization and tillage),
soil moisture, soil nitrate availability, and crop N uptake in determining peak N20O emissions.
The highest emissions were recorded after the first fertilization event, exceeding 20 nmol N20O
m?s”!. Our results are consistent with Maier et al. (2022) for maize and pea and Feigenwinter
et al. (2023) for intensively managed permanent grassland, indicating the importance of
plant-microbe N competition in N20O dynamics. Isotope data suggested denitrification as the
dominant N20O-producing process, with nitrification being important only during the first days
after fertilization.

These insights into N20O dynamics in croplands, their sources as well as environmental,
biological, and management drivers, provide essential information for informed management
decisions to reduce N20O losses and thus the GHG footprint of crop production.
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Abstract

Ammonia emissions pose significant environmental challenges, particularly due to their
contribution to fine particulate matter formation. A substantial portion of these emissions arise
from ammonia volatilization following field fertilization, resulting in both environmental
pollution and nitrogen loss for farmers.

Several models exist for predicting ammonia volatilization from field-applied manure,
encompassing process-based, empirical, and semi-empirical approaches. However, machine
learning models have not yet been applied to predict ammonia volatilization from
field-applied manure. In this study, we show that this new approach can outperform
traditional forecasting tools.

More specifically, we compared four machine learning models to a semi-empirical model
introduced by Hafner et al (2019) for forecasting ammonia volatilization using the dataset
ALFAM?2 including emissions collected in more than 1,000 plots in 12 countries (Hafner et al,
2018). From the ALFAM2 dataset, two independent subsets were extracted for training the
models and testing their performances. The different models were compared according to
standard metrics, commonly used to assess forecasting tools. Our findings reveal that the
machine learning models delivered significantly superior performance compared to the semi-
empirical model. For instance, the mean absolute error is 33% lower when using the random
forest model compared to the semi-empirical model for predicting volatilization dynamics
(flux), and 48% lower for predicting cumulative emissions 72 hours after manure application
(test dataset). Based on these results, we selected the most accurate machine learning
model to explore various scenarios of reduction of ammonia volatilization, relying on different
combinations of application methods and manure incorporation technigues. We showed that
the outputs of the selected model could be used to identify effective strategies for reducing
ammonia volatilization.
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Abstract

Reducing NO3™ leaching yields is a major challenge in the effort to reduce the environmentdl
and climate impact of agriculture. While there is broad scientific consensus that plant cover

during autumn and winter significantly reduces NO3™ leaching in temperate climates, there is

still some debate regarding the winter transport and uptake of NO3™ at different depths in the
subsoil, and whether existing field data captures a sufficiently complete picture of this. One

possible course of action is to take soil NO3™ measurements at greater depths; however, this is
not without its own complications. In this study, carried out in the CENTS long-term

experiment at Aarhus University, we compared suction cup measurements of soil NO3~
concentration taken at depths of -1 m and -2 m under different plant cover and tillage

treatments. We found considerable discrepancies in both the temporal variation of soil NO3~

and the derived yearly NO3™ leaching rates between the two depths, which we conclude
undermine the derivation of yearly leaching amounts at -2 m. We support this conclusion

with leaching simulations of both NO3™ and conservative tracer using the Daisy
agrohydrological model. Finally, we propose that primarily due to dispersion phenomena

during long solute transport times, leaching of NO3™ at -2 m must be assessed over several
years rather than yearly, and that experimental treatments (e.g., management) must be
planned accordingly.
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Abstract

Slurry storage can lead to large emissions of ammonia (NH3J. Potential of slurry additives to reduce
these losses has long been of interest. While slurry acidification is an established NH3 abatement
technique, questions remain over many alternative additives.

In this work, a series of incubation experiments was conducted simulating slurry storage under mild,
temperate climatic conditions. Treatments consisted of cattle slurry amended with either chemical
acidifiers (sulphuric acid, acetic acid, alum, and ferric chloride), waste products and by-products (apple
pulp, spent brewers' grain, sugarbeet molasses, dairy washings, grass or maize silage effluents, zeolite,
biochar, dairy processing waste, lactogypsum) or commmercially available additives. All incubations bar
one were carried out using 2 L-capacity experimental units, while one incubation used 20 L-capacity
vessels. Experiments used a randomized block design with a minimum of three replicates. Ammonia
was measured using a dynamic chamber technique with an INNOVA 1412 photoacoustic gas
analyser.

Results showed that slurry acidification proved a reliable method of reducing NH3 in storage under
mild winter conditions (5-10°C), with reductions reaching over 90% (Kavanagh et al, 2019). By
contrast, other additives showed variable efficacy of mitigation. Waste and by- products that are acidic
in nature or lead to acidification through lactic acid fermentation, such as apple pulp, sugarbeet
molasses and silage effluents, led to NH3 reductions of between 38% to 67% (Kavanagh et al, 2021).
Other by-products and commercial additives showed little or unpredictable and variable impact on
NH3 abatement. Potential pollution swapping with greenhouse gas emissions also needs to be
considered.
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Abstract

A growing body of research suggests that climate change will have an overall negative effect
on the challenges of nonpoint source pollution control. Much of this literature has focused on
linking projections of changing climate to process-based hydrological and biophysical
models, and some simultaneously considered stylized changes in management practices.
The role of markets and economic choices, as well as their interaction with the physical world
has been left out of the assessment. In this paper, we demonstrate how economic decisions
can relate to biophysical properties via the medium of transfer functions. Applying this
integrated modeling framework to a hypothetical N loss tax experiment, we find that
employing market-mediated instruments to reduce nonpoint source pollution will become
more costly due to the still profitable intensification and the increasing opportunity cost of
conservation associated with the warming climate. The original tax rate of 1 S$/kg of N loss will
increase to $1.3 and $1.7 under the RCP4.5 and RCP8.5 emission scenarios to achieve the
same amount of N loss reduction. The unit abatement cost will also increase respectively from
S10to S15 and $20 per kg of N loss removal under future climate.
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Abstract

Different technologies can be utilized to mitigate environmentally harmful ammonia (NH3)
emissions after field application of liquid animal manure (slurry). Air-plasma technology can be
used as an acidification treatment with the additional benefit of enriching the slurry nutrient
value by increasing the amount of inorganic nitrogen. Air is treated in a plasma unit,
wheredfter the treated air is added to the liquid fraction of slurry after a solid-liquid separation.

The present work investigates the NH3 emissions after field application of the following
fractions of pig slurry and slurry digestate: i) untreated slurry (UN), i) liquid fraction of slurry (LF),
iit) liquid fraction of slurry treated with air from the plasma treatment (LP). Emissions were
measured with a system of wind tunnels and a cavity ring-down spectrometer for NH3
measurements and a proton-transfer-rection mass-spectrometer for measurements of volatile
organic compounds (VOC). For both slurry types, the cumulative NH3 emissions were
significantly lower from both LF and LP compared to UN (P < 0.05). For pig slurry, there was no
significant difference in cumulative NH3 emissions between LF and LP. The slurry separation
decreased dry matter by 46-54% and resulted in a rapid decrease in slurry exposed surface
area after application, presumably due to high infiltration. Several VOCs were measured after
application of the slurry, but continuous emission was undetectable for all VOCs. The very low
VOC emission was presumably due to high infiltration of the low dry matter slurry treatments
and low concentration of VOC in the digestate.
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Abstract

N-fixing trees are widespread planted in forest and agroforestry ecosystems due to their use
for forage and advantages of amending soil quality and carbon sequestration in fragile
surroundings. However, it remains unclear if and how N-fixing trees influence N20O, CO?2, and
CH4 emissions relative to non-fixing trees, a knowledge which is key to mitigating greenhouse
gas emissions and slowing global warming. Using a meta-analysis of 276 observations from
55 publications, we showed symbiotic bacterial types of N-fixing trees to be the most important
factor influencing and differentiating the magnitude of soil N20O, CO2, and CH4 emissions of
N-fixing trees. The actinorhizal N-fixing trees substantially enhanced N2O emission by 105%.
Rhizobial N-fixing trees remarkably increased CO2 and CH4 emission by 11% and 24%,
respectively. The amount of N fixed by actinorhizal N-fixing trees seems to exceed their N
needs and accelerate N20O emissions. Higher N demands and N-rich litter of rhizobial N-fixing
trees are likely to stimulate microbial decomposition, rhizosphere respiration and inhibit CH4
oxidation by methanotrophs. Despite that these results need to be consolidated by more field
experiments to elucidate the mechanisms involved, they suggest that planting of actinorhizal
N-fixing trees needs to consider N20O while rhizobial N-fixing trees should be planted paying
attention to reducing CO?2 and CH4, emissions.
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