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PREFACE

Agriculture provides food, fibre, energy, and, last but not least, it provides a living for many
people around the world. The potential drawback of agricultural production is pollution of the
terrestrial and aquatic environment by nutrients, pesticides, trace elements, antibiotics, and
natural and synthetic hormones. Growth in agricultural production, as it has occurred in
Europe and North America since 1950s, and more recently in many other parts of the world,
threatens the quality of groundwater and surface waters or has already led to deterioration of
the quality of these waters.

Policies to abate deterioration of water quality have been developed and programs of
measures to improve water quality have been implemented over the last decades all over
the world. Nevertheless, it has become clear that achieving the objectives of these policies
gets more difficult, not only since the easier, low-cost measures already have been
implemented, but also because there is a tendency to increase agricultural production. In
addition, other policies, for example to abate climate change, may affect land use and
thereby water quality. Are we aware of potential conflicting policies? Countries use different
approaches to implement measures, which approach works best? What are the experiences
with measures enforced by law (top down) compared to implementation on a voluntary basis
(bottom up)? Experiences show that the latter depends on a long-term investment in building
relationships, gaining mutual trust and raising awareness. Do we have the resources and
enough time for such approaches? These are some of the issues that are addressed at
LuwQ2025.

This volume contains the selected abstracts as they were received. The Abstract Numbers in
the TABLE OF CONTENTS are identification numbers, that were assigned as part of the
submission process. These abstract identification numbers are referred to from the
Conference Programme, both for oral and poster presentations. For example, “(abstract
#241)” in the Conference Programme relates to “Abstract number—241 The rocky road
towards water quality ambitions: experiences from the Netherlands” in this Volume of
Abstracts. We wish you a fruitful and enjoyable stay in Aarhus.

LuWwQ2025 Page 3 of 207 14 May 2025



LuwQ2025, Land Use and Water Quality: Agriculture and the Environment
Aarhus, Denmark, 3—6 June 2025
VOLUME OF ABSTRACTS

TABLE OF CONTENTS
Abstract number—1 Multidisciplinary capacity development to improve water quality affected
by agricultural pollution: An introduction to the LUuWQ2025 conference .............cccccevveeen. 15

Abstract number—2 Understanding and Improving Institutional Arrangements for Nutrient
Governance: Insights from the New Harmonica Project............ccccvvvviiiiiiiiiiiiiiiiiienns 17

Abstract number-3 Effect of catch crops after maize and potato on nitrate concentrations in
groundwater: 3-4 years of measurements using various catch crops...........ccccceeeeiieen. 18

Abstract number—5 Modelling the impact of agricultural measures to protect the underground
habitat of black olm (Proteus anguinus parkelj) against nitrate pollution .................cccueeee. 19

Abstract number—6 Minimal tillage as a farming practice to improve soil water retention and
reduce soil erosion, an example from Slovenia ............c.ccoevvviiiiiiiiiiiiiieeeeeeeeeeeeeee 19

Abstract number—7 Impact of transfer time on trends in nitrate concentrations in mainland
BT AN .. ettt e e e e e e e e e e e e e et aaaearra———— 20

Abstract number—8 Untangling the relative importance of policy, soil moisture and land use

variables on stream water QUalILY ..........ooooiiiiiii 21
Abstract number—9 Locally Based River Basin Management Plans: Advancing Co-

Governance to Accelerate Nitrogen Reductions in Denmark ..............ccccvvvvvivviviiiiiiieninnnnnnn. 22
Abstract number—10 Mapping alkalinity in Danish streams ............cccccceeiii i, 23

Abstract number—11 Effects of the tightened German Fertiliser Ordinance in practice -
findings from MOAE! FEGIONS ... 24

Abstract number—12 Denitrifying bioreactor monitoring network in Illinois, USA: Field-scale
effeCtiveNESS @SSESSMENT......... e 24

Abstract number—14 Decreasing TN and TP concentrations and increasing TOC
concentrations iN FINNISN MVEIS ..........uu i 25

Abstract number—15 Nitrate challenge in vulnerable groundwater protection areas ............ 26

Abstract number—16 Mainstreaming Natural/Small Water Retention Measures in Europe —
evaluation of drivers and hindrances with a dedicated SWOT framework...............ccccuuueee. 27

Abstract number—17 Germany’s new impact monitoring on the effectiveness of the Nitrates
Directive ACHON PrOgram .........coiii ittt e e e e e e e e e nneeees 27

Abstract number—18 Towards a Good Ecological Status? The Prospects for the Third
Implementation Cycle of the EU Water Framework Directive in The Netherlands................ 28

Abstract number—19 Introduction of a river basin nutrient source apportionment modeling
tool, ECHO, and an example of its application ... 29

Abstract number—21 Predicting the effects of fertilizer policy on the nutrient leaching and
runoff in the Netherlands. ........ ..o 30

Abstract number—22 The use of high-frequency in-situ sensor measurements of nitrate
concentrations for exploring the uncertainty of monthly and annual load calculations in two
headwater Danish StreamS .........oooiiiiiiiiiiiie et ennenanee 30

LuwQ2025 Page 4 of 207 14 May 2025



LuwQ2025, Land Use and Water Quality: Agriculture and the Environment
Aarhus, Denmark, 3—6 June 2025
VOLUME OF ABSTRACTS

Abstract number—23 Soil water dynamics in the vadose (soil) zone under real environmental
o] o 111 1 31

Abstract number—24 Perspectives on available support motivating or demotivating adoption

of agro-enviroNMEN Al MEASUIES .........uuuuuuiiceece e e e e e e e e e e e e e e e e e eans 32
Abstract number—25 A decision workflow for best practice in high-frequency water quality

g 11 (o] o [P PEPTP 33
Abstract number—28 Tracing the factors controlling the climate-induced migration and role of
floating farming as adaptive measure in Southwest coastal region of Bangladesh............... 34
Abstract number-29 Identifying waterlogging on arable fields - combining high-resolution
distributed modelling and satellite IMages ..........oovviiiii i 35
Abstract number—31 Decreased aqueous exports of nitrogen, phosphorus and carbon after
rewetting of pump-drained feN ..o 36
Abstract number—33 How dynamic are flow contributions and mean water ages in a diverse
Group Of FEGIONAI FIVEIS? ... e e e e e e e a e e e e e e 37
Abstract number—34 How will rapidly rising atmospheric CO2 concentrations affect
freshwater SYStemMS? ... 38
Abstract number-35 First-year performance of a pumped, cold-climate woodchip bioreactor
.............................................................................................................................................. 39
Abstract number—37 How to proceed with impact monitoring for groundwater quality
protection in agricultural laNdSCAPES?.........oovviiiiiiiiiiiiieeeeeeeeeeeee et ———————— 40

Abstract number—38 Hydrological ecosystem services from constructed agricultural wetlands
—NOW aNd iN the TULUME .....coiiiii e e e e 41

Abstract number—39 Unlocking the secrets of soil: Harnessing machine learning to predict
autumn mineral nitrogen levels in Germany’s agricultural fields.............occcoiieiiine. 42

Abstract number—40 Current phophorus status of agricultural fields in Germany ................ 42

Abstract number—41 OPTAIN - Optimal strategies to retain and reuse water and nutrients in
small agricultural CatChmMENtS...... ..o 43

Abstract number—42 Locally Based River Basin Management Plan: An Integrated Modelling
Framework for RINGK@DING FJOrd ..........ooiiiiiiiii e 45

Abstract number—43 Stream restoration reduces nitrate loads in agricultural landscapes ... 46

Abstract number—45 The Effect of Nature-inspired Farming Systems on Soil Hydrological
Functioning and Nutrient LEaChing ..........cooooiiiiiiiiii e 47

Abstract number—46 Amending Water Quality through Nature-inspired Principles — an
OVEIVIBW ..ottt ettt e e oo e ettt et et e e e e e e s s s e et eeeeeeeeaannnsaeeeeeeeeeeeaannssenneeeaaeeeaanns 48

Abstract number—47 Evaluating nitrogen removal efficiency in a constructed wetland
dominated by diffuse agricultural groundwater inflows using an integrated catchment—
WEHANA MOEL ... e e e et e e e e e e e e e raaaaas 49

Abstract number—49 Using Land Use to Predict the Risk Posed by Mixtures of Pesticide
Active Ingredients in Waterways Entering the Great Barrier Reef Lagoon, Australia........... 50

LuWwQ2025 Page 5 of 207 14 May 2025



LuwQ2025, Land Use and Water Quality: Agriculture and the Environment
Aarhus, Denmark, 3—6 June 2025
VOLUME OF ABSTRACTS

Abstract number—50 Impact of Pesticide Mixtures on Aquatic Ecosystems: A Risk-Based

Y o] o o = T o T 50
Abstract number-51 The Temporal Response Surface: Assessing the delayed and

cumulative impacts of imidacloprid on aquatic eCoSySteEmMS.............uvvvviiiiiiiiiiiiiiiiiians 51
Abstract number—52 National nitrogen model for national regulation of nitrogen ................. 52

Abstract number-53 Literature review and meta-analysis of denitrification rates for
unconsolidated sedimentary aqUIEIS ..........oooiiiiiiiiiii e 53

Abstract number—54 Building value in environmental monitoring for more informed decision-
making about trade-offs between ecosystem services and disservices from nature-based
£ U1 () o 1 54

Abstract number—55 Nitrous oxide emissions in agricultural streams: The critical influence of

Abstract number—56 From Literature to Lab: Transformation and Sorption Behaviors of
Nitrification and Urease INNIDItOrs ............oooiiiii i 55

Abstract number-57 Managing the trade-off between agricultural productivity and
groundwater protection in Switzerland — a model-based approach..............cc.cceee. 56

Abstract number—58 Exploring intensified catalytic role of biochar in facilitating advanced

oxidation of tebuconazole in agriculture drainage.............ccccceiiiiiiiiiiii 57
Abstract number—59 Monitoring vegetated buffer strips by using remote sensing data:
Chances and Challenges in GEIMANY ...........uuuuiuuuiiimiiiii e e 58
Abstract number—60 Pesticide metabolites — a regulatory perspective on an emerging group
of contaminants for groundwater and drinking water................ccooei 58
Abstract number—61 Modelling of soil mineral nitrogen in leachate using APSIM................. 60

Abstract number—-62 Exploring the role of structural and financial factors to implement
Natural Small Water Retention Measures in agriculture: insights from a survey to
o1 e= Lo 1] ([0 1= <SP 61

Abstract number—63 Large scale implementation of groundwater protection in Aarhus
Y UL TT7 o= 114/ 61

Abstract number—64 Understanding and improving water quality on local catchment scale:
an example of cooperative monitoring and research by farmers and a regional water
2= 101 { T 4 28 PP PP PPPPPRRPRR 62

Abstract number—65 Impacts of annual weather conditions and available soil data on
modelling nitrate leaching from farmland at regional and national scale. ............................. 63

Abstract number—-66 Comparing soil hydraulic properties of an agricultural field to non-
invasive remote sensing and GPR data.............cociiiiiiiiiiiii 64

Abstract number—67 Soil rehabilitation and protection by fungi from polyaromatic
hydrocarbons contamination ... 65

Abstract number—68 The impact of crop rotations on fertiliser application rates in arable land-
dominated agricultural area: a case study from Latvia ... 66

LuWwQ2025 Page 6 of 207 14 May 2025



LuwQ2025, Land Use and Water Quality: Agriculture and the Environment
Aarhus, Denmark, 3—6 June 2025
VOLUME OF ABSTRACTS

Abstract number—69 Aligning policies and practice: Addressing governance and capacity
gaps in the implementation of ponds and wetlands in Swedish municipalities ..................... 67
Abstract number—70 Linking pesticide use data and water quality ..............ccceevviieiininnnneens 68

Abstract number—71 Optimising the spatial allocation of water and nutrient retention
measures in small agricultural catchments. ... 69

Abstract number—72 Eating the metaphorical elephant: Meeting nitrogen reduction goals in
Upper Mississippi River Basin states............ooouuiiiiiiiie e, 70

Abstract number—74 Does the exception prove the rule? How well are small surface waters
in Germany actually protected from agricultural pesticide inputs caused by erosion?.......... 71

Abstract number—75 Investigating seasonal Nitrate and Orthophosphate Losses in Surface
vs. Subsurface Drainage in Northwest Minnesota ..o 72

Abstract number—76 Towards climate-resilient intensive farming with minimal environmental
impact; preventing unnecessary losses of fresh water and nutrients at an arable farm in
Anna Paulowna, The Netherlands. ... 73

Abstract number—77 Modelling the effectiveness of Natural/Small Water Retention Measures
in Hungary and Lithuania: Similarities and differences............ccccccccciiiiiiiiiiiieeeeee 73

Abstract number—78 Policy entrepreneurs’ strategies leading to effective hydro
morphological measures, Lessons learned from good practices in the Netherlands............ 75

Abstract number—79 National flow-dependent and local through-time source apportionment
to help manage diffuse / point source pollution using the CSF-HYPE model for England.... 76

Abstract number—80 Evaluating Agricultural Strategies for Groundwater Protection: Impact of

Crop Rotations on Nitrate Leaching on Field Scale in Denmark.............ccccvvvvvviviniieniinnnnnnn. 76
Abstract number—81 Effect of uncertainties in manure and fertilizer application on modelled

N and P losses to surface and groundwater at different spatial scales ...............cccccceen. 77
Abstract number—82 Nitrate Mitigation in Drinking Water Supply Management Areas......... 78

Abstract number—84 Hydrochemical Processes and Groundwater Quality in the Basement-
Sediment Aquifer of Lapai, Central Nigeria.............uuuuuuuiiuuiiiii e 79

Abstract number—85 From Rain to Runoff: Understanding Nutrient Dynamics in Dutch
AGFICURUIAl WALEIS... ..o e e e e et e e e e e e e eaaaanes 79

Abstract number—87 Nitrogen and phosphorus food system flows in five European livestock
INtENSIVE CAtCMEBNTS ......ee e e 80

Abstract number—88 The necessity for and implementation of the right measures in the right
places to combat eutrophication from agriculture .............c.cccoiiiiiiie 81

Abstract number—90 Exploring Trends and Travel Times: 30 years of Groundwater Quality
Monitoring in the Netherlands ...........ccooo i e 82

Abstract number—-91 A hydrologically informed agricultural land use intensity index to assess
the agricultural impacts on streams and FMVErS ...........cccuuiiiiiiiiii e 83

Abstract number—92 Nutrient input changes in grassland-dominated agricultural lands:
effects of crop rotations and land transformations in Latvia...............cccccovieeiiieee 84

LuWwQ2025 Page 7 of 207 14 May 2025



LuwQ2025, Land Use and Water Quality: Agriculture and the Environment
Aarhus, Denmark, 3—6 June 2025
VOLUME OF ABSTRACTS

Abstract number—93 Using turbidity sensors to assess uncertainty in mean suspended
sediment and phosphorus concentrations from infrequent water sampling.............ccccvvvve. 85

Abstract number—95 Assessing the effects of conservation tillage practices on water,
nutrient, and sediment retention in six European case studies using SWAT+...................... 86

Abstract number—96 Impact of climate-change on nutrient dynamics in agricultural
catchments: An empirical modelling approach ................uueiveiiiiiiiiiiiiiiiaas 87

Abstract number—97 Implementation of a National Scale Water-AGRI European Innovation
L= T =T ] a1 o T L= =1 88

Abstract number—98 Modelling Annual Total Organic Nitrogen Concentrations in Streams
using Machine Learning at National Scale..............coooiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeee e 89

Abstract number—99 Evaluating Nature-Based Solutions for Nitrogen and Phosphorus
Reduction: A comprehensive modelling approach in agricultural catchment....................... 89

Abstract number—100 Change to more sustainable dairy and arable farming: an integrated
approach with attention for water QUAlILY ...............uueuiieiiii s 90

Abstract number—101 Nitrogen use in the Netherlands in relation to nitrogen use standards

Abstract number—102 Methods to quantify nutrient load reduction targets for surface water
bodies to meet Nitrogen and Phosphorus targets for good ecological status....................... 92

Abstract number—103 Sediment color as a predictor for subsurface redox conditions at large

Abstract number—104 Effect of mitigation measures on nitrate in the agricultural lands of
groundwater protection areas in the Netherlands: A modelling study..........c..coooiiriiiiennn. 94

Abstract number—105 Nitrogen Use Efficiency in Nitrate Polluted Areas in Germany: How
effective are regulatory MeasUreS?...........ouii i 95

Abstract number—106 Assessment of Rare Earth Element Accumulation by Willow (Salix
spp.) in Floating Treatment Wetlands. ........... . 96

Abstract number—107 Application of cell-based bioassays to assess toxicity in agriculture
catchments contaminated with mixtures of pestiCides .............ccccuvviiiiiiiiiiiiiias 97

Abstract number—109 Storage ponds as a multifunctional tool for irrigation and nutrient
(=] 00101 VZ= | O U PPTTRPOP PRSP 98

Abstract number—110 Can local data strengthen assessments of groundwater extraction
permits for field irmrigatioN?....... ..o e 99

Abstract number—111 Mitigation measures for phosphorus and nitrogen under changing
climate: conflicts aNd SYNEIGIES .........uuviiiiiiiiiiiiiiiiiieieii e a——e i aaaaaaaaa—_ 100

Abstract number—112 Using turbidity sensors to assess retention of particles and
phosphorus in a small Norwegian constructed wetland..............cccccoiiis 100

Abstract number—113 Can a sewage treatment plant expand even if it increases the
phosphorus load to a recipient where it needs to decrease? A case study from Uppsala,

LuWwQ2025 Page 8 of 207 14 May 2025



LuwQ2025, Land Use and Water Quality: Agriculture and the Environment
Aarhus, Denmark, 3—6 June 2025
VOLUME OF ABSTRACTS

Abstract number—114 Constructed wetlands intercepting mixed agricultural runoff across
diverse landscapes, part 1: Variations in catchment yields and hydraulic loading ............. 102

Abstract number—115 Constructed wetlands intercepting mixed agricultural runoff across
diverse landscapes, part 2: Performance estimates for nutrient and sediment attenuation 103

Abstract number—116 Spatial Data Preparation for SWAT+ Model: A Case Study of the
Berze RIVEI iN LatVia.......couuniiii e e e e e e e eeens 104

Abstract number—117 Options to achieve the good ecological state of the Wadden Sea:
Scenario analyses for the river basins of Elbe and Rhine ..o, 105

Abstract number—118 Long-term monitoring indicates that land use and soil drainage
interactions drive macroinvertebrates and diatoms composition but not diversity in Irish
agricultural CatCNMENTS ... 106

Abstract number—120 Willow Growth Potential and Nitrogen and Phosphorus Accumulation
Under Processed Municipal Wastewater..............ccccoo i, 107

Abstract number—121 Experiences with high resolution UV/Vis-spectrometric sensors to
detect peaks and hot spots in river nutrient inputs in the catchment of Fiisinger Au (Schlei
FJOrd, BaltiC S@a) ....cooiiiiieeeeie e 108

Abstract number—122 The evolution of the nitrate nitrogen residues measured in autumn in
Flemish grassland soils SiNCE 2004 ..........oooo i 109

Abstract number—123 Testing gypsum amendment for reducing the agricultural phosphorus
[0ad 10 the BaltiC S€a.........eueiiiiiiiie e 110

Abstract number—124 Agricultural land lacks resistance to water erosion during the wettest
winters of the pastdecade ... 111

Abstract number—125 Protection of drinking water resources from agricultural pressures:
embracing interdisciplinary cooperation to enhance governance approaches ................... 111

Abstract number—128 Hydrological and physico-chemical drivers of benthic diatom
community dynamics in agricultural stream ecosystems ...........cceeviiiiiiiiiiciii e 113

Abstract number—129 Enhancing Water Quality in the Great Barrier Reef Catchments
through Sustainable Agricultural Practices and Technological Innovation ......................... 113

Abstract number—130 Extreme weather effects on wetland nutrient retention and
A N ENANCE MBS . ..ottt 114

Abstract number—131 Loss of organic nitrogen from agricultural fields and catchments.... 115

Abstract number—132 Long-term evidence of nitrogen removal from four decades of wetland
restoration iN DeNMAIK............oiiiiiiiiiii e 116

Abstract number—134 Identifying the source of anthropic pressures on in-stream benthic
AlgAE COMMIUNITIES ....eeeeiiii et e e e e e e e e e e e e eeaeas 117

Abstract number—135 Examination of flow, sediment and phosphorus relationships using
monitored storm event data from a multiscale research platform ..........cccccevvviviiiiiiinnnnnn.e. 118

Abstract number—136 Assessing groundwater nitrate reduction on a national scale in
[T o 0= o PRSP 119

LuWwQ2025 Page 9 of 207 14 May 2025



LuwQ2025, Land Use and Water Quality: Agriculture and the Environment
Aarhus, Denmark, 3—6 June 2025
VOLUME OF ABSTRACTS

Abstract number—137 Nitrate in drinking water and health studies in Denmark ................. 120

Abstract number—139 In-stream sand traps as a measure to reduce transport of phosphorus

Abstract number—140 Novel high resolution monitoring program iFOODis of surface waters
in relation agricultural activities and environmental factors in Northern Germany (Baltic Sea)

Abstract number—141 Leaky dams as a mitigation option for nutrient losses via agricultural
o =TT aE=To T= o 11 (o] 0 1= T S 122

Abstract number—142 Assessment of the relationship between farm structure, farm
management, and environmental quality on Dutch dairy and arable farms, and their impact
0N the NItrogen SOIl SUMPIUS .........eeiii e 123

Abstract number—144 Water quality improvements for the Great Barrier Reef catchments:
Can we achieve change through Carrots and Sticks, or do we also need Golden Nuggets?

Abstract number—145 Are woodchip denitrifying bioreactors a viable edge-of-field N-
mitigation strategy for New Zealand farming?: Insights from field-trials and comparisons with
CONSITUCIEd WELIANAS ..o 125

Abstract number—148 Deficiencies and action perspectives for WFD objective achievement
INthe Netherlands........... i e e e e 126

Abstract number—149 Monitoring nitrate leaching under vegetable crops in the Netherlands

Abstract number—150 Setting safe ecological boundaries for nutrients for rivers and lakes in
the Nordic and Central-BaltiC regions .............uuiiiiiiiiiii e 128

Abstract number—152 Farmers measuring their own on-farm water quality: experiences and
Lo 1] (o] 41T P 129

Abstract number—153 Satellite imaging insights on autumn cover, catch crop establishment,
and nitrogen load in Danish catchments ..., 130

Abstract number—154 Field-level nitrogen leaching and crop yield under extreme climate
LY L= ] £ R 131

Abstract number—155 Model simulations for climate-robust manure spreading and sowing of
(o721 (o] o 0] o 1= 70 132

Abstract number—156 The challenges with reconciling field-based measurements into
balanced sediment budgets on a national scale...............cccoooiiiiiiiiii e, 133

Abstract number—157 Flexible timing of agricultural practices depending on weather
(o70] g Lo 111701 F- OO UPTPROPRRR 133

Abstract number—158 A Machine Learning approach for modeling Nitrate Leaching from
Agricultural Land in Denmark..........ooueeiiii i eanens 134

Abstract number—159 Pesticides in Dutch sources for drinking water supply .................... 135

LuWwQ2025 Page 10 of 207 14 May 2025



LuwQ2025, Land Use and Water Quality: Agriculture and the Environment
Aarhus, Denmark, 3—6 June 2025
VOLUME OF ABSTRACTS

Abstract number—160 Assessing nutrient hotspots in Denmark’s agricultural fields: A focus
ON the IVESTOCK SECION ... 136

Abstract number—161 A new approach for identifying catchment phosphorus impact risks
and quantifying the UNderlying PrOCESSES. ........uuuiiiiiiiiiiiiiiiiiiiiiiiieiirerererrarrarr e ———————— 137

Abstract number—162 Effects of different drainage systems on subsurface runoff and
a1 Te =T TN [=T=Ted o T] oo TR PP PPPRRR 138

Abstract number—164 Monitoring and Assessment of Nitrogen Leaching in an Irrigated
Orchard Farm under Semi-Arid ClMate ............ovviiiiiiiiiiiiiii s 139

Abstract number—165 Extreme Weather Impacts on Nitrate Leaching to Groundwater: A
Field Scale Assessmentin the Central Valley .................ccccc 139

Abstract number—166 Navigating Human Dimensions in Agricultural Practice Adoption: From
Individual Perceptions to Collective Water Quality Improvements in the Great Barrier Reef
catchment, AUSTIalia. .........oooiveeii e 140

Abstract number—167 The establishment and use of local coastal water boards is tested in
Denmark to find bottom-up solutions for RBMP 2027 ..........c.oovviiiiiiiiiiiiiieeieeeieeveieeieevvennnnnns 141

Abstract number—168 Nutrients state and trend for the Danish water bodies from 35 years
With National MONITOMING ......coiiiiiiii e 142

Abstract number—169 Looking into buffer zones with different vegetation cover — monitoring
subsurface runoff - results from TOTBUFFER project ..o 143

Abstract number—170 Looking into buffer zones with different vegetation cover — monitoring
of the surface runoff - results from TOTBUFFER project........ccccooeeeiiiiiiiiiiiiiiiiieeeeeeeeeeeen, 144

Abstract number—171 Watershed scenarios for implementation of the EU Water Framework
Directive and the Danish Tripartite Agreement targets for green transition in agricultural
F= g To £ or=1 o= PP PPPPRRPPRNt 145

Abstract number—172 Dynamic Water Quality Monitoring in the Kielstau Catchment:
Optimization of High-Frequency UV Sensor Performance and Nutrient Hysteresis Analysis

............................................................................................................................................ 145
Abstract number—173 A Source:Pathway Prioritisation Index for diffuse P mitigation in
agricultural CatCNMENTS. ... 146
Abstract number—174 Agro-environmental measures — a catalogue framework for
communication about efficiency and functionality ... 147

Abstract number—175 Installation of a woodchip bioreactor as an area specific approach to
reduce nitrate [0ads from agriCUIIUIE .............oooiiiiiiiiiiiiiiiieeeeeeeee e 148

Abstract number—176 Assessing PFAS Contamination in Dutch Groundwater: Insights from
Age-Dated Depth Profiles ... 149

Abstract number—177 Interaction of steady state flow and geochemical processes controlling
the phosphorus release in anaerobic SOl COIUMNS ..........cooveiiiiiiiii e 150

Abstract number—178 The impact of regulation for water quality in Ireland: perspectives from
Irish dairy StaKENOIAEIS .........oo i e e e e e e a e e e eeaeens 151

LuWwQ2025 Page 11 of 207 14 May 2025



LuwQ2025, Land Use and Water Quality: Agriculture and the Environment
Aarhus, Denmark, 3—6 June 2025
VOLUME OF ABSTRACTS

Abstract number—180 Impacts of Climate Change on Nitrogen Use Efficiency in Germany

Abstract number—181 Closing the Gap: Are the Measures Achieving Water Quality
ODbjJectives iN IFEIANAY ...........iiiiiiiiiiiiiei i aaeeaaaaaaaaaaassannsaaannnannnnnnnnn 153

Abstract number—182 Prioritising investment in nutrient management reform for farms in the
catchments of the Great Barrier Reef ...........ooo e 154

Abstract number—183 Identifying site-specific opportunities for implementing nutrient
reduction measures in CatChMENTS ........coooiiiiiiii e 155

Abstract number—184 Integrated Water and Nature Parks: A Nature-based Solutions
Strategy in Aarhus Municipality for Improving Water Quality and Climate Adaptation........ 156

Abstract number—185 Impact of various management measures on soil water regime in
three European biogeographiCal regiONS ...........ccoiiiiiiiiiiiiiieee e 157

Abstract number—186 Nitrogen retention in Danish surface waters — a new model ........... 158

Abstract number—187 Predicting nitrate leaching using Nmin soil measurements on farm
2= (o= S 159

Abstract number—188 Strategies for climate adaptation in water quality and quantity
management across Nordic countries: The Danish Cases.............ccvvvvvevvvievvreevveveieneienninnns 160

Abstract number—189 Towards an integrated view on Safe Ecological Limits from the
Wadden Sea catchments to the Wadden Sea ... 161

Abstract number—190 Effectiveness of Natural/Small Water Retention Measures in the
(STo]r=F=1 1 o]{oTe =ToTo | r=T o] g1 er=1 I =T (o] o 161

Abstract number—191 Linking Crop Rotations and Nitrate Leaching Potential: A Multiyear
Study of Agricultural Land Use Effects on Groundwater Nitrate Levels..............cccccuuunneee. 162

Abstract number—192 Best management practices to deliver load reduction targets in NW
Europe under a changing climate — findings from the New-Harmonica project. ................. 163

Abstract number—194 Mapping Nitrogen and Phosphorus Hotspots in Irish Agricultural
Lands Using Raster Data and Geostatistical Techniques: Implications for Water Quality.. 164

Abstract number—195 Cooperating in agricultural transition and emission reduction by
(g=To o) aF= 1Mo == O 165

Abstract number—197 Harmonized approaches for transboundary groundwater vulnerability
assessment in the Estonian-Latvian region ... 166

Abstract number—198 The Network for Monitoring Agricultural Loads and the Effects of
Mitigation Measures in FiNland ... e 167

Abstract number—199 Detection of nutrient input pathways along the shores of a shallow
[ake With OPLICAl SENSOIS ......ccceieeeee e e e e e e e e e e a s 168

Abstract number—201 Particulate and dissolved phosphorus removal in agricultural drainage
waters with a compact filter SYStem .........ooo i 169

Abstract number—202 Nitrogen-input into groundwater and surface waters in Germany ... 170

LuWwQ2025 Page 12 of 207 14 May 2025



LuwQ2025, Land Use and Water Quality: Agriculture and the Environment
Aarhus, Denmark, 3—6 June 2025
VOLUME OF ABSTRACTS

Abstract number—203 Addressing Phosphorus Pollution in Interconnected Danish Lakes: A
Spatial Environmental-Economic ANAlYSIS............uviiiiiiiiiiiiiiiiiiiiiiieiieee e 170

Abstract number—204 Spatially Differentiated Assessment of Denitrification Conditions in
Groundwater aCrOSS GEIMANY ..........uuuururiiiertieritreturreirerrrr i .—————————————————————————————————.———————————— 172

Abstract number—205 Impact of derogation from the Nitrates Directive on water quality:
comparison of five EUropean COUNTIIES............uuiiiiiiiiiiiiiiiiiiiiiiiiiiiieeee e 172

Abstract number—206 Monitoring and Evaluating Targeted Mitigation Approaches to Improve
Water Quality: Measures for Water...........oo e 173

Abstract number—207 Large-scale land use changes ahead: Reducing nitrogen loss to the
aquatic environment, greenhouse gas emissions from the agricultural sector and restoring
nature in “a green DenmMark” ... . ..o 174

Abstract number—208 Historical and Future Nitrogen Sources, Retention, and Exports in the
Hunze and Rhine River Basins ... 175

Abstract number—209 From 20 years of water quality and quantity monitoring at a river scale
towards modelling iN the fULUFE ... 175

Abstract number—210 Water levels and dissolved organic carbon in deep-drained peatlands

treated with subsurface irmigation ... 176
Abstract number—211 Long-term Salinization of Production Aquifers in Irrigated Agricultural
= gL KTor=T o 1= SRR PPPPRRPPPRt 177
Abstract number—212 Effects of regulations and other drivers on nitrogen use in Germany
............................................................................................................................................ 178
Abstract number—214 Approaches in climate adaptation for water quality and quantity
management: A Nordic comparison of farm level action towards water resilience.............. 179

Abstract number—216 Comparing of agricultural systems: sustainability vs. intensification in
mountain farming using the ARMOSA Model. .........oooiiiiiiiii e 180

Abstract number—217 Catchments as the first stage of treatment................cccoo. 181

Abstract number—218 Optimising Agronomic Practices for Nitrogen and Carbon
Management in Intensive Livestock Farming: A modelling analysis on the Lombardy Plain.

Abstract number—219 Climate change effect jeopardizes the effectiveness of the natural
small water retention measures in mitigating nitrate losses in an agricultural catchment in
o] = 1 o o S 183

Abstract number—221 Effect of microalgal biostimulants used in agriculture: An
eCcotoXicologiCal @SSESSMENT ........i i 184

Abstract number—222 Phosphorus pollution in Germany: actual state and developments. 185

Abstract number—225 Leaching of mineralized soil nitrogen is highly influenced by
VEGETATION Y Pt aaeeas 185

Abstract number—226 Assessing Pesticide Trends in Groundwater: A Comparative Study of
the Netherlands and DenmMark ... ... 186

LuWwQ2025 Page 13 of 207 14 May 2025



LuwQ2025, Land Use and Water Quality: Agriculture and the Environment
Aarhus, Denmark, 3—6 June 2025
VOLUME OF ABSTRACTS

Abstract number—232 Modelling nitrate transport at watershed outlets and identifying nitrate-
vulnerable zones in agricultural areas using redoxcline and nitrate leaching data............. 187

Abstract number—233 Leaching of unexpected cyazofamid degradation products into
groundwater demonstrates gaps in current pesticide risk assessment ...........cccccceeeeeee 188

Abstract number—234 Dissolved Organic Nitrogen Leaching from Cropland: Factors and
transformMations iN SOl ..... ... 189

Abstract number—235 Implementation of a climate-adapted water management in grasslands
in North-West Germany — first effects on nutrient discharge and water availability ............ 190

Abstract number—236 Impact of drought on nitrate concentrations in leaching water from
agricultural areas in the Netherlands ...........coooo o 191

Abstract number-237 Anthropogenic Groundwater Contamination: A Case Study from the
Nitra Region, SIOVAKIa .........coooiiiiiiiii e 192

Abstract number—239 Irish stakeholder collaboration in developing Ireland’s Nitrates Action
Programme and DEYONA .........ooouiiiiiiii e 193

Abstract number—240 High-frequency water quality monitoring to support a spatial targeting
approach for nutrients in two agricultural catchments................ovvvviiiiiiiiiiiiiiis 193

Abstract number—241 The rocky road towards water quality ambitions: experiences from the
NEINEHANAS...... e et e e e e e e e r e 194

Abstract number—242 Can we save our waterbodies from excessive dissolved phosphorus?

Abstract number-243 PROTECT — Groundwater Protection in a Changing Landscape.... 196

Abstract number—244 Finding solutions for a good ecological and chemical quality in
freshwater and marine water bodies in the Baltic Sea, North Sea and Irish Sea regions... 197

Abstract number—245 Special Session on the Water Framework Directive: challenges and
PAthWAYS tOWArAS 2027 . .......eeiiiiiiiiiiie et e e e e e e e e e e 199

LuWwQ2025 Page 14 of 207 14 May 2025



LuwQ2025, Land Use and Water Quality: Agriculture and the Environment
Aarhus, Denmark, 3—6 June 2025
VOLUME OF ABSTRACTS

Abstract number-1 Multidisciplinary capacity development to improve water
quality affected by agricultural pollution: An introduction to the LUuWQ2025
conference

Leerke Thorling?, Susanne Wauijts', Richard van Duijnen’, Frank Wendland?, Bjorn Tetzlaffé, Gitte
Blicher-Mathiesen*

'RIVM National Institute for Public Health and the Environment, P.O. Box 1, NL-3720 BA, Bilthoven,
the Netherlands

2Geological Survey of Denmark and Greenland (GEUS), Universitetsbyen 81, 8000 Aarhus C,
Denmark

3Research Center Jiilich, IBG-3: Agrosphere, D-52425 Jiilich, Germany

“Department of Ecoscience - Catchment Science and Environmental Management, Aarhus University,
C.F. Mgllers Allé 3, DK-8000 Aarhus C, Denmark

Agriculture provides food, fibre, energy and, last but not least, a livelihood for many people
around the world. However, agricultural production also pollutes the terrestrial and aquatic
environment with nutrients, pesticides and other substances applied in agriculture,
depending on the type and design of the agricultural system. Since the 1950s, agricultural
production growth in Europe and North America, and more recently in many other parts of
the world, has threatened the quality of groundwater and surface waters, leading to chemical
and ecological deterioration. Typical hotspot areas include Europe, e.g. Denmark, the
Netherlands, northern Italy, Germany and France, as well as China, USA, Australia and New
Zealand.

Over the last decades, policies to overcome deterioration of water quality have been
developed, and programmes of measures to improve water quality have been implemented
worldwide. For example, the European Union has adopted an extensive legal framework
aiming to achieve and preserve good water quality by 2027 (Nitrates Directive in 1991,
Water Framework Directive in 2000). Experiences from the last 15 to 25 years indicate that
achieving these objectives within the set timeframe will be a great challenge. Nevertheless,
the European Commission monitors compliance with these directives, and several Member
States have been forced through the European Court of Justice to amend their national
legislation, such as the Netherlands in 2003, France in 2013/2014 and, more recently,
Germany in 2018.

In other parts of the world, such as New Zealand, the government has initiated a national
science challenge to improve land and water quality. Recently, California and other US
states have also implemented laws to control water pollution, including pollution from
agriculture. However, achieving the objectives of these policies is becoming more difficult, as
the easier, low-cost measures have already been implemented, and measures based on
voluntary participation are often preferred. Additionally, there is a tendency to increase
agricultural production. Trends like population growth, economic development and climate
change may furthermore add to the challenges of abating water pollution, while
technological development and capacity building may support the development of effective
strategies.

Although decades of research have improved our understanding of the soil-water system
and the sources and effects of pollution, there is still a knowledge gap regarding the
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effectiveness of mitigation measures and the information needed to adequately support
policy-making. Recent advancements in data collection, sensor measurements and machine
learning methods seem promising in overcoming this knowledge gap. Still, long-term
monitoring programmes are essential to assess the effectiveness and proper implementation
of programmes of measures leading to improved water quality, as water quality changes
may have long time lags and unclear impacts. Monitoring and the acceptance of its results
by various stakeholders can also play an important role in agenda setting and fostering local
debates on the need for (further) measures. In this context, ‘citizen science’ projects should
also be mentioned, as they can increase support or acceptance of measures by farmers and
other practitioners.

The implementation of measures is a multifaceted challenge that will be addressed
specifically at the conference. Countries use different approaches to implement measures,
but which approach works best? What are the experiences with measures enforced by law
(top down) compared to implementation on a voluntary basis (bottom up)? Experiences
show that the latter depends on long-term investment in building relationships, gaining
mutual trust and raising awareness. Do we have the resources and enough time for such
approaches? It is also important to reflect on the polluter pays principle in agriculture.
Although this is a central principle in European law, the livelihoods of farmers play an
important role in the debate on agriculture and pollution. How do we handle the issue that
the measures may cost the farmers income possibilities, while society seems to accept
paying for environmental pollution by agriculture?

As an alternative to cost-intensive technical solutions, nature-based solutions (NbS) are
gaining increasing importance. This will be demonstrated by several contributions regarding
rural and urban case studies from different European countries.

In recent years, the effects of climate change have become more prominent and will
continue to develop and affect agricultural practices and their environmental impacts due to
changes in temperature, longer periods of excess water and droughts and weather
extremes. Research has shown that clean water scarcity increases significantly when the
impacts of climate and poor water quality are assessed jointly. Other policies, for example
regarding energy transition to mitigate climate change, may affect land use and thereby
water quality. Are we sufficiently aware of trade-offs or co-benefits of other related policies?
The impact of climate change and possible adaptation strategies will be addressed in
several contributions during thematic sessions.

The Land Use and Water Quality Conferences aim to address these issues through both
presentations of the latest research findings and science-policy debates, focusing on the
central theme of the conference — land use and water quality. Scientists from various fields
of expertise (soil/water, agriculture, hydrology, social sciences, ecology and economy) and
experts from policy and practice from 32 countries worldwide have provided numerous
valuable abstracts on a wide variety of relevant themes.

Denmark, as the hosting country of this LuWQ-conference, is set to implement a new
approach in the coming years through a joint plan developed between the State and two
NGOs: the largest farmer organisation in Denmark and The Danish society for Nature
Conservation. The plan is called Green Transition and aims to address challenges with both
nutrients and climate change (CO2-reductions) in the agricultural sector. Several
presentations at the conference will discuss this example of cooperation between partners
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with conflicting interest, seeking to find synergies and commonly accepted solutions.
LuwQ2025 is the sixth follow-up to the previous successful LUWQ conferences, LuWQ2022
(Maastricht, the Netherlands), LuWQ2019 (Aarhus, Denmark), LuWQ2017 (The Hague, the
Netherlands), LuWQ2015 (Vienna, Austria) and LuWQ2013 (The Hague, the Netherlands).

Abstract number-2 Understanding and Improving Institutional Arrangements
for Nutrient Governance: Insights from the New Harmonica Project

Nigel Watson', Paul Withers', Kirsty Ross', Shane Rothwell!, Peter Schipper?, Erwin van Boekel?,
Gerard Velthof?, Yanjiao Mi-Gegotek?, Pieter Van Gaelen®, Toon Saelens?, Joke Vandermaesen?,
Jan Coppens*, Rachel Cassidy®, Hywel Lloyd®, Russell Adams®, Suzanne Higgins®

'Lancaster Environment Centre, Lancaster University, UK
2Wageningen Research, Netherlands

SBUUR/SWECO, Flanders

4Flanders Environment Agency

SAgri-Food Biosciences Institute, Northern Ireland

The impact of nutrients from land use on water quality is as much an institutional problem as
it is a scientific and technical problem. Appropriate institutional arrangements are required
for the governance of nutrients and for policy development. Similarly, institutional
arrangements are important for the management of land and water, particularly regarding
the effective implementation of policies, plans and other agreed actions.

The New Harmonica project is focused on four catchment areas in North-West Europe (the
Dutch Meuse, Flemish Meuse, Neagh Bann, and Wye) where there are significant water
quality problems related to nutrients from a variety of sources, including agriculture and
waste water treatment. An institutional analysis was undertaken for each of the four
catchment areas in order to identify current arrangements for decision making and to make
an assessment of the effectiveness of nutrient governance and management. The overall
research objective was to identify needs and opportunities for institutional improvements,
and to generate policy recommendations for balanced use and protection of land, water and
related ecology.

Key research findings pertaining to six institutional dimensions are presented here: context,
legitimation, functions, structures, processes and mechanisms, and organisational cultures
and attitudes. While actions are being taken to reduce nutrient losses and inputs, current
efforts are often impeded by bureaucratic structures and weak coordination, lack of political
support and leadership, complex and overlapping planning processes, insufficient
implementation capacity and fundamental differences in values and priorities among
stakeholders. At the same time, the research has revealed some opportunities to enhance
institutional capacities. The presentation concludes by outlining some recommendations to
overcome current institutional obstacles and strengthen efforts to govern and manage the
use of nutrients effectively.
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Abstract number-3 Effect of catch crops after maize and potato on nitrate
concentrations in groundwater: 3-4 years of measurements using various
catch crops

René Rietra!, Willem van Geel?, John Verhoeven?

"Wageningen Environmental Research - WUR, Droevendaalse steeg 3, 6707 PB Wageningen, the
Netherlands
2Wageningen Plant Research -WUR, Edelhertweg 1 8200AK Lelystad

Nitrate concentrations in shallow groundwater with arable farming often exceed the
European threshold of 50 mg/l in the south sandy part of the Netherlands. While over winter
nitrogen catch crops can decrease the nitrate concentrations, the effect of different types of
catch crops and sowing time are less known. We have tested the effect of three winter-hardy
catch crops, sown at different times in autumn after the harvest of potato and silage maize.
Two different potato varieties, with a high and low nitrogen demand, were included and three
maize varieties differing for earliness of maturity. The catch crops were winter rye, winter
barley and black oats. After maize, also two sowing densities of the catch crops were
compared, and two others were under-sown in spring: Italian ryegrass and tall fescue (at one
sowing density). They were set up as a split-plot design with four replicates and plot sizes of
4.5 x 12 meters. The trials were repeated during three years (2018-2020) for potato and four
years (2018-2021) for maize in the southeast of the Netherlands on freely draining humous
sandy soils. We used a new field every year, and fertilised using cattle slurry and CAN. We
determined yield and N uptake by the catch crop, including roots, the soil mineral nitrogen in
autumn and in spring (0-0.9 m soil layer), and the nitrate concentration in the groundwater
using static PVC wells up to 2.5 meters below the soil surface. The groundwater level was
monitored and varied between 2.5 m below soil surface in the summer and 0.5 m in winter.
In the winter four groundwater samples were taken. The average sum of above and
belowground N uptake of the catch crops varied after maize and potato, 31-69 and 32-45 kg
N/ha respectively. The effect of sowing time or density, and the type of cover crop on N
uptake differed per year, but over the sum of years the differences were small after potato
but larger after maize. The study shows that cover crops after maize and potato are effective
in decreasing nitrate concentrations at the end of winter from 86 to 39-74 mg/l, from 98 to
63-76 mg/l respectively, averaged over the trial years. Even sowing in the third week of
October gave a significant decrease. Other factors affect the nitrate content as well. Nitrate
concentrations also showed a strong negative correlation with dissolved organic carbon
(DOC) in the groundwater.
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Abstract number-5 Modelling the impact of agricultural measures to protect
the underground habitat of black olm (Proteus anguinus parkelj) against
nitrate pollution

Matjaz Glavan', Rozalija Cveji¢?, Mitja Preloviek®

"University of Ljubljana, Biotechnical Faculty, Agronomy Department, Jamnikarjeva 101, 1000
Ljubljana, Slovenia, matjaz.glavan@bf.uni-lj.si

2University of Ljubljana, Biotechnical Faculty, Agronomy Department, Jamnikarjeva 101, 1000
Ljubljana, Slovenia, rozalija.cvejic@bf.uni-lj.si

3ZRC SAZU, Karst Research Institute, Titov trg 2, 6230 Postojna, Slovenia, mitja.prelovsek@zrc-
sazu.si

The black olm (Proteus anguinus parkelj) is an endemic species that lives only in a 2 km2
area of the underground karst water system of the Dobli€ica River in the area of the Dinaric
Karst in Bela Krajina, Slovenia. The upper limit of the concentration of nitrates, which are
dangerous for humans, is 9.2 mg NO3- /. The measured values in individual karst springs
were between 3 (natural background) and 20 mg NO3- /I, which exceeds the safe limit and
presents a severe risk to the health of black olm. The most effective scenario of changing
agricultural rotations (R3), which includes a combination of measures (winter greening of
fields, reduction of fertilization by 20% and expansion of the rotation with additional years of
grass-clover mixture), would impact the reduction of nitrates leaching under the soil profile
by more than 60 % compared to existing practice. The amount of biomass produced would
decrease by 3-5%. Considering the various hydrological, geological and pedological
characteristics, the implementation of the R3 scenario is expected to reduce the amount of
nitrate nitrogen in the waters of the surface streams, which drain from the karst sub-basins
and feed DobliCica River, by 2% to 32%. Measures in agriculture, as well as in the field of
wastewater management from individual households, must be implemented in a coordinated
and directed manner according to the hydrogeological and pedological characteristics of the
area in question. The results confirm the suitability of the SWAT model for assessing the
impacts of agricultural activities on karst soils, but at the same time, highlight the need for
further adaptation of farming practices to protect the vulnerable habitats of the black
manfish.

This research was carried out within the framework of the CRP V1-2139 HACLORI project,
which was funded by the Slovenian Research and Innovation Agency, the Ministry of
Environment, Climate and Energy, and the Ministry of Agriculture, Forestry and Food.

Abstract number—6 Minimal tillage as a farming practice to improve soil water
retention and reduce soil erosion, an example from Slovenia

Matjaz Glavan', Mario Le$nik?, Matic No&?, Marina Pintar*

"University of Ljubljana, Biotechnical Faculty, Agronomy Department, Jamnikarjeva 101, 1000
Ljubljana, Slovenia, matjaz.glavan@bf.uni-lj.si
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2University of Maribor, Faculty of Agriculture and Life Sciences, 2000 Maribor, Slovenia,
mario.lesnik@um.si

SUniversity of Ljubljana, Biotechnical Faculty, Agronomy Department, Jamnikarjeva 101, 1000
Ljubljana, Slovenia, matic.noc@bf.uni-lj.si

4University of Ljubljana, Biotechnical Faculty, Agronomy Department, Jamnikarjeva 101, 1000
Ljubljana, Slovenia, marina.pintar@bf.uni-lj.si

The objective of the research was to examine the environmental and economic sustainability
of agricultural soil water management (abundance, scarcity) and soil management (erosion),
using small measures to retain water and prevent soil erosion in fields under conventional
and conservational minimal tillage. When analysing the impact of soil water deficit in all
observed catchments, we did not observe significant differences in the monthly mean values
of matric soil water potential during the growing season. During the driest period of the
measurements, both conventionally and conservatively cultivated fields were in a dry state
since the soil does not provide plants with access to water for a large part of the growing
season. Erosion measurements on a corn field in 2021 showed the total annual amount of
eroded soil in arable land (39.13 t/ha), which is 39-48 times more than direct sowing (no-till)
(0.808 - 1.09 t/ha) and five times more than conservation minimum tillage (7.74 t/ha). In
terms of yield, the cultivation methods are comparable, with virtually identical yields achieved
by conservation minimal tillage (40.64 t/ha) and direct sowing (no-till) (39.89 t/ha). Modelling
with the SWAT model showed that by choosing effective measures, we can reduce erosion
and at least partially increase water retention so that farms can effectively deal with the
consequences of expected climate change. The optimisation results showed that the most
economically efficient measure in all cases is conservation tillage. When introducing
conservation tillage, it is necessary to be aware that the purchase of the machinery
represents a relatively high cost. The effects of alternative scenarios from the point of view of
the economy can be considerable (up to a few 10 %) and from the environmental efficiency
minimal (a few %) or vice versa. Based on the analyses carried out, the farmers' overall
highest rating for the probability of implementation was given to the measure "summer and
winter greening”, followed by "conservation tillage". The lowest ranked measure at the
overall level is "field buffer strips on steep slopes”, followed by the measure "change of
ploughing direction from vertical to transverse".

This research was carried out within the framework of the CRP L4-2625 CeVoTaK project,
funded by the Slovenian Research And Innovation Agency and the Ministry of Agriculture,
Forestry and Food, the OPTAIN project funded by the European Union's Horizon 2020
research and innovation program under grant agreement No. 862756.

Abstract number-7 Impact of transfer time on trends in nitrate concentrations
in mainland France.

Nicolas Surdyk', Laurence Gourcy'

'BRGM. 3, avenue C. Guillemin, BP 36009. Orléans - France
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The Water Framework Directive (WFD) and its daughter directive aim to reduce water
pollution and improve groundwater quality, especially concerning nitrate levels. Although
various measures have been put in place to address contamination, their effectiveness can
differ due to complex interactions among farming practices, climate, and geological features.
Nitrate in the unsaturated zone mainly come from the application of fertilizers and the
breakdown of organic matter. Predicting how long it takes for nitrate to move from the
surface to groundwater is challenging because of lag time.

This study examines how to estimate nitrate transfer times through the unsaturated zone,
using an analysis of dominant rock types and hydrogeological models at the level of
groundwater bodies. This method is particularly helpful for assessing contamination without
needing detailed data on agricultural practices. By simplifying the assessment process, this
approach improves our ability to manage contamination risks.

The study compares nitrate transfer times with trends in groundwater concentrations, as
these trends show changes over several years. The results indicate that shorter transfer
times are associated with a higher percentage of monitoring points showing downward
nitrate trends. In contrast, longer transfer times are linked to an increase in points with
upward nitrate trends.

In France, the findings reveal that areas with upward nitrate trends are often found in
northern and eastern France, while those with downward trends are mainly in the west. This
geographical difference is related to the unique properties of the various water bodies.

The results underscore that challenges in achieving Good Status for water bodies are partly
due to these transfer times, highlighting the importance of delays in the movement of
contaminants. Such delays make it harder to improve water quality and comply with
regulatory standards. Overall, understanding these dynamics is crucial for developing
effective strategies to manage water resources and reduce nitrate pollution.

Abstract number-8 Untangling the relative importance of policy, soil moisture
and land use variables on stream water quality

Maelle Fresne', Rachel Cassidy', Phil Jordan?

Agri-Food and Biosciences Institute
2Ulster University

There is concern that agri-environmental policies to mitigate diffuse pollution pressures to
receiving water bodies are being constrained by extremes in weather patterns. Untangling
these relative effects is therefore important to identify when reviewing the outcomes of
individual policy measures.

In terms of the closed soil fertilisation period, and impacts immediately after it ends, we
investigated the relative importance of soil moisture, land use, and policy variables for
stream water nutrient concentration in two intensively monitored agricultural river catchments
in Northern Ireland. In each catchment, fortnightly monitoring of stream water TP, SRP, and
TON concentrations in eleven to thirteen sub-catchments from 2009 to 2023 provided a
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range of soil moisture conditions, land use, and policies on which we based the analysis.
We performed Random Forest Regressions using Soil Moisture Deficit, 7-days mean Soil
Moisture Deficit, proportion of fertilised land, minimum application distances to watercourses
of chemical fertilizer and organic manure, and maximum application rate of organic manure
as predictor variables of TP, SRP, and TON concentrations at the outlet of the sub-
catchments.

We found that models explained 28% to 60% of the variability in P concentrations. In the
more intensive catchment, soil moisture and land use were the most important predictors of
P concentrations while land use was the most important predictor of P concentrations in the
more extensive catchment. In the former, soil moisture was the most important predictor of
TP concentrations while soil moisture and land use had a similar importance for explaining
the variability in SRP concentrations. The models explained 84% to 93% of the variability in
TON concentrations. For both catchments, land use was the most important predictor of
TON concentrations and it was at least ~45% more important than the soil moisture and
policy predictors.

The analysis shows that, over the 6 weeks following the closed period, soil moisture and
land use pressures override the effects of policies regarding fertilisation. It supports the need
for policy to better account for weather conditions and land use in designing future agri-
environmental regulations.

Abstract number-9 Locally Based River Basin Management Plans: Advancing
Co-Governance to Accelerate Nitrogen Reductions in Denmark

Flemming Gertz'

'"Department of Water, Environment & Climate Change Adaption, SEGES Innovation, Agro Food Park
15, Aarhus, Denmark

Only 5 out of 109 Danish coastal water bodies are in Good Ecological Status (GES). Since
the 1980s, the main focus for achieving GES has been reducing nitrogen. Since 1990,
nitrogen emissions to Danish coastal waters have decreased by approximately 50%. Most of
this reduction has been achieved through on-field measures, such as better utilization of
livestock manure, a 50% reduction in the use of mineral fertilizers, winter cover crops, and
catch crops.

Wetland restoration has also been part of the measures used since the 1990s, but it has not
been the primary cause of the observed decline in nitrogen emissions. Danish water
management has focused on regulating agriculture through general regulations, decrees,
and predominantly top-down approaches. Individual farmers have been involved to a limited
extent in finding solutions beyond compliance with existing legislation. This approach worked
until around 2010, when the decrease in nitrogen levels in the aquatic environment
stagnated.

Achieving GES in Danish coastal waters is not only a matter of reducing nitrogen, even
though nitrogen plays a key role. In 2021, the Danish government decided to allocate funds
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to test a more locally based water planning approach aimed at achieving GES in coastal
waters. In 2023, as part of an experiment, local River Basin Management Plans (RBMPs)
were created in four locations across the country. Local stakeholders came together in
advisory councils, and with the assistance of experts, they created local RBMPs. In all four
locations, wetland restoration was highlighted as a solution for improving water quality on an
even larger scale than the official RBMPs made by the national authorities. The four local
RBMPs also included significant additional measures besides nitrogen reduction, including
phosphorus reduction, addressing point sources, and marine measures like eelgrass
restoration and reestablishment of stone reefs.

The significant advantage of developing locally based RBMPs with local stakeholders is the
establishment of greater ownership and trust in the plans. This is crucial, especially when
wetland restoration relies primarily on voluntary participation.

Changing the Danish governance structure towards a more locally based approach is still in
the decision-making process. Currently, it is suggested by the Danish parliament to expand
from the four experimental local water councils to up to 18 permanent water councils to
achieve greater ownership and trust in the plans for accelerating nitrogen reductions and
achieving GES in Danish coastal waters.

Abstract number-10 Mapping alkalinity in Danish streams

Albert Rosenkrantz Conradsen’
"Catchment Science and Environmental Management, Aarhus University

In the realm of mass transport, scientific and public attention predominantly centers on
nitrate, phosphorus, and similar substances, often neglecting the significance of alkalinity.
Yet, alkalinity - a measure of water's capacity to neutralize acids - serves as a vital buffer
against acidification, thereby safeguarding aquatic life in Danish streams. Additionally,
higher alkalinity levels reduce the susceptibility of water systems to pipe corrosion, leading to
decreased metal leaching.

| will present detailed maps displaying the variation in alkalinity across Danish catchments,
emphasizing the crucial effect of the composition of the topsoil layers. Furthermore, | will
demonstrate how the amount of water flow functions as a predicter for alkalinity levels.
Groundwater moving through the soil takes up alkaline substances such as bicarbonates,
and the proportion of groundwater decreases as the water flow in streams increases due to
a heightened contribution of surface water runoff. Lastly, | will display how lakes in chains
mitigate the relationship.
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Abstract number-11 Effects of the tightened German Fertiliser Ordinance in
practice - findings from model regions

Burkhard Stever-Schoo’, Mona Dieser’, Annett Gummert', Henrike Mielenz', Steffen ZieseniR'

"Julius Kiihn Institute (JKI) — Federal Research Centre for Cultivated Plants, Institute for Crop and
Soil Science, Bundesallee 58, 38116 Braunschweig, Germany

With the background of regionally high nitrate concentrations in ground water bodies in
Germany, model regions with practical farms were set up starting in 2016 with the aim to
overcome the often missing link between nitrogen management and nitrate pollution of
groundwater bodies. By means of a comprehensive system of nitrate indicators the impact of
the measures to mitigate nitrate pollution should be assessed and deficits identified.
Furthermore, results contribute to nitrate reporting to the European Commission. The
investigations started with 48 farms and 576 test sites in five test regions in Germany and
were expanded to a total of 96 farms with 1.116 test sites in 12 regions in 2021. Among
other indicators, nitrogen balances as well as measurements of mineral nitrogen contents in
soil (SMN) were applied to elucidate the reasons for nitrate pollution. The measures of the
German Fertiliser Ordinance were tightened in the years 2017 and 2020 and have already
led to a significant improvement in N efficiency in arable farms. However, decreasing N
surpluses are not yet reflected in autumn SMN values. These were mainly influenced by
crop rotation, post-harvest management, location and weather factors. Compared to crop
rotation and post-harvest management (autumn fertilisation, tillage, catch crops), the current
average level of N inputs in spring probably offers comparatively little potential for further
reducing nitrate loads. Therefore, the correlation between nitrogen input and nitrateleaching
potentialis low, except for excessive amounts. The effectivity of political measures to date
and further potential to reduce nitrate loads are discussed.

This work was financially supported by the German Federal Ministry of Food and Agriculture
(BMEL) through the Federal Office for Agriculture and Food (BLE), grant number
2823KLI001.

Abstract number-12 Denitrifying bioreactor monitoring network in lllinois,
USA: Field-scale effectiveness assessment

Laura Christianson', Reid Christianson?, Christopher Hay?

"University of lllinois
2Pesticide and Fertilizer Management Division, Minnesota Department of Agriculture
3Christopher Hay Consulting, lowa, USA

The state-based “Nutrient Reduction Strategy” framework used in the US Mississippi River
basin centers on the voluntary adoption of agricultural conservation practices to reduce the
size of the Gulf of Mexico hypoxic zone. Denitrifying woodchip bioreactors are one of the
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promoted practices for nitrate-laden subsurface drainage in the Upper Mississippi River
basin, but there have been few comprehensive bioreactor performance assessments across
sites and over years. Ten full-size denitrifying bioreactors were built between 2016 and 2021
in lllinois, USA, and were monitored for a total of 36 site-years. Annual performance was
assessed in a variety of ways including: nitrate-nitrogen (N) load removal of 49 kg N/y;
annual removal rate of 4.6 g N/m3-d; and 51% N removal for treated water but an efficiency
of only 17% when untreated bypass flow was considered (all median values). Annual flow-
weighted hydraulic retention time (HRT) was strongly negatively correlated with the annual
percent of water captured by these bioreactors (Spearman correlation coefficient, p: -0.67)
but positively correlated with the N removal efficiency from that captured water (p: 0.60). The
annual mass of N removed (kg N/y) was correlated with the hydraulic loading and N loading
both from the drainage area and captured by the bioreactors. Although the most appropriate
performance metric depends upon the specific design criteria and assessment context,
these ten bioreactors provided N removal across all years which reiterated this practice’s
dependability.

Abstract number-14 Decreasing TN and TP concentrations and increasing
TOC concentrations in Finnish rivers

Katri Rankinen', Jukka Aroviita', Pasi Valkama', Riitta Lemola?, Eerika Albrecht', Anu Lahteenmaki-
Uutela’

1Finnish Environment Institute
2Natural Resources Institute Finland

The water quality of Finnish rivers needs to be improved to reach the target levels of the
Water Framework Directive. Soil management is an essential factor that affects nutrient
losses from agricultural and forestry areas. The main aim of the EU Horizon project Nordbalt
Ecosafe (Grant Agreement No. 101060020) is to find safe ecological boundaries of river
water quality for the Nordic-Baltic regions. In this study our main aim was to study 1) how the
total nitrogen (TN) and total phosphorus (TP) and total organic carbon (TOC) concentrations
in Finnish rivers has changes since 1985, and 2) how the stoichiometry of these rivers is
changing. We used regression-based model EGRETci (Exploration and Graphics for RivEr
Trends) and long-term national monitoring data from 20 large rivers discharging to the Baltic
Sea. The model is designed to describe the evolving behavior of the watershed and to
estimate the actual history but also the flow-normalized history of water quality trends. It
calculates how daily concentration varies as a function of time, discharge, and season. The
monitored rivers showed declining total nutrient concentrations but increasing TOC
concentrations. The stoichiometry is slowly changing from relationship in which TOC
resources balance N and P availability to C rich relationship. Increase in TOC concentration
is related to decrease in acidic deposition, increase in temperature and forestry practices.
Trends in total nutrients were attributed to agri-environmental measures of the Rural
programme in EU, point loads and forest management in the catchment areas. The main
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agri-environmental measures, upper limits for fertilization and soil surface cover in winter,
have proved to be effective. At the same time, it is also evident that the nutrient
concentrations are still above the safe ecological boundaries, and special efforts beyond the
present agri-environmental measures are needed.

Abstract number-15 Nitrate challenge in vulnerable groundwater protection
areas

Cors van den Brink'
1Province of Drenthe

Setting for a discussion

Since 2017, part of the 6th Action Program of the Nitrate Directive has been a governance
agreement to work with farmers, water companies, and provinces in designated vulnerable
groundwater protection areas (GWPA) to achieve the nitrate objectives in groundwater.
Although the voluntary approach has been assessed as successful in process terms, the
groundwater quality objectives have not been met. Necessary "supplementary measures" to
achieve the goals negatively impact farmers' business results, making them economically
unviable.

The provinces have received funding from the national government to continue the
approach, facilitating a soft landing in the National Program for Rural Areas. This program
had funds available to devalue land and develop agriculture into a less intensive farm
management. These funds have been scrapped by the new Dutch Cabinet. The water
companies—co-financers of the agreement—are increasingly pressuring the provinces to
fulfill their duty of care to adequately protect groundwater but lack the instruments to enforce
those measures or to compensate farmers. The farmers have voluntarily participated in the
project since 2018, among other reasons, to avoid additional generic measures. However,
since the derogation decision of 2022, the derogation in GWPA has been revoked, and
additional generic measures are looming. This creates uncertainty, which is translated by
farmers' financiers into devaluation of land and farm buildings. The necessity of
"supplementary measures" to meet the goals and the lack of funding for farmers have led to
a stalemate in the areas.

The years-long process still forms the basis for working together with farmers and water
companies towards a perspective. The process has led to an enhancement of mutual
understanding but not to additional financial resources. Political polarization does not help,
especially for farmers who primarily seek perspective and clarity. Therefore, the water
company and province—leveraging the knowledge and experience gathered—are returning
to the areas to collaboratively develop a new approach with the farmers.
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Abstract number-16 Mainstreaming Natural/Small Water Retention Measures
in Europe — evaluation of drivers and hindrances with a dedicated SWOT
framework

Julia Szulecka, Ingrid Nesheim?, Federica Monaco®

"Norwegian Institute for Water Research (NIVA), @kernveien 94, 0579 Oslo, Norway

2Norwegan Institute for Water Research (NIVA), @kernveien 94, 0579 Oslo, Norway

3Dept. Agricultural and Environmental Science, University of Milan, via G. Celoria 2, 20133 Milano,
Italy, Italy

There is strong evidence that Natural/Small Water Retention Measures can be an important
solution to problems associated with managing water quality and quantity, soil erosion, and
nutrient loss. Moreover, they deliver multiple co-benefits such as increased biodiversity,
climate change adaptation and mitigation, alongside aesthetic and recreational functions.
Although there is a growing recognition of the importance of NSWRMs and a growing body
of literature dedicated to this subject, the motivations behind their systematic implementation
remain quite underexplored. To answer this question, we developed a comprehensive
SWOT (Strengths, Weaknesses, Opportunities, Threats) analytical framework and applied it
to 14 case study locations in Europe with various soil and climatic conditions and agricultural
systems. The framework consists of six Topics (Attitudes, Knowledge, Institutions, Financing
schemes, Technology and Communication) with specific Factors that have been evaluated
by 26 local experts. Ranking results reveal current strengths and weaknesses and future
opportunities and threats for NSWRM implementation. A cluster analysis helps to better
understand the relationships between the Topics and points to specific intervention areas to
better utilize the strengths and opportunities and address weaknesses and threats.

Abstract number-17 Germany’s new impact monitoring on the effectiveness of
the Nitrates Directive Action Program

Maximilian Zinnbauer', Philipp Lé6w', Matthias Rothe?, Burkhard Stever-Schoo?®, Bjorn Tetzlaff*,
Michael Trepel®, Markus Venohr®, Frank Wendland*

'Johann Heinrich von Thiinen-Institut, Bundesallee 50, 38116 Braunschweig, Germany
2Umweltbundesamt, Wérlitzer PI. 1, 06844 Dessau-Roflau, Germany

SJulius-Kiihn-Institut, Bundesallee 58, 38116 Braunschweig, Germany

4Forschungszentrum Jillich GmbH, Wilhelm-Johnen-Stral3e, 52428 Jiilich, Germany

SMEKUN Schleswig-Holstein, Adolf-Westphal-Str. 4, 24143 Kiel, Germany

81 eibniz-Institut fiir Gewésserékologie und Binnenfischerei, Justus-von-Liebig-Str. 7, 12489 Berlin,
Germany

In 2018, Germany has been convicted in front of the European Court of Justice after the
European Commission has introduced infringement proceedings due to insufficient
implementation of the European Nitrates Directive (91/676/EEC) Action Program. As a
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result, Germany had to revise its Fertilizer Application Ordinance, one key instrument of the
Program, including the novel designation of “Nitrate Polluted Areas” with additional mitigation
measures. Also, Germany has to introduce a new monitoring program to evaluate the
program’s effectiveness. Against this background, a group of agricultural and environmental
research institutions and federal agencies has been tasked to implement the “impact
monitoring”. This contribution presents the structure, novel insights and first results of the
impact monitoring.

The impact monitoring is supposed to evaluate the Fertilizer Application Ordinance’s
effectiveness and to act as an early warning system to facilitate policy adjustments. While it
focuses primarily on developments in the recently designated Nitrate Vulnerable Zones, it is
designed as an area-wide monitoring considering both water quality as well as agricultural
emission data. The program operates on three pillars: i) monitoring of agricultural emissions,
ii) monitoring of immissions (water quality) and iii) nutrient flux modeling and long-term field
measurements in model regions. A national database is created where area-wide data on
water quality, land use and fertilization intensity are assembled, including novel farm-level
fertilization data in the medium to long term. However, German federalism makes data
acquisition challenging and comes with path-dependencies and lock-ins.

So far, main goals have been to extend the groundwater measurement network, to create a
sufficient database for site-specific evidence that is based on agricultural administration data
and field measurements, and to apply the modelling framework AGRUM-DE. First results
indicate a very strong decline of agricultural fertilization intensity — likely due to a
combination of economic, structural and policy factors, while ground- and surface water
quality has not yet improved considerably. The successful communication of time lags
between developments on the soil surface and in the water bodies remains challenging.
Through targeted improvement of the approach, access to additional reliable data sources,
and persistent continuance, a promising methodology is being established that provides
insights beyond routine reporting requirements

Abstract number-18 Towards a Good Ecological Status? The Prospects for the
Third Implementation Cycle of the EU Water Framework Directive in The
Netherlands

Carel Dieperink’
"Utrecht University/NIOO The Netherlands

The aim of the EU Water Framework Directive (WFD) is to achieve a “good” chemical and
ecological status for all waters by 2027. Currently, the Netherlands and other EU Member
States are implementing their plans for the third iteration of the WFD management cycle. In
this paper, we conducted an ex nunc evaluation of these plans by assessing the perceptions
of regional water authorities on goal attainment and the factors that account for it. In order to
gain these insights, we first reviewed literature and developed a framework of factors that
stimulate or hamper the implementation of the WFD. More detailed insights into the
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relevance and characteristics of these factors were found by applying the framework in two
in-depth case studies. A more generalizable pattern was found by translating the case study
results into a survey among the regional water authorities. We found that the majority of the
participating water authorities expect that 50% (or more) of their WFD objectives will be
achieved in 2027. Recent evaluation report however show that these expectations may be
too optimistic. Moreover, hampering factors such as a lack of political will or the impossibility
to address key causes of the problems that were identified during earlier management
cycles are still present. We therefore conclude that it will be highly unlikely that ecological
ambitions will be met by 2027 and following this provide some recommendations for future
policies.

Abstract number-19 Introduction of a river basin nutrient source
apportionment modeling tool, ECHO, and an example of its application

Yan Gegotek', Peter Schipper’, Piet Groenendijk!, Erwin van Boekel', Leo Renaud'
'Sustainable Soil Management Group, Environmental Research, Wageningen University & Research

Over recent decades, the deterioration of surface water quality, particularly due to
eutrophication, has become a critical global issue. To address these issues, it is crucial to
accurately quantify nutrient sources and their pathways. Unlike point sources, which are
localized and easier to regulate, diffuse sources from agriculture, atmospheric deposition,
and groundwater seepage enter water systems through complex, variable pathways.
Effective nutrient management thus requires a detailed understanding of both the sources
and the transport mechanisms, which include hydrological and biogeochemical interactions.
Additionally, the temporal lag between agricultural practices and observable changes in
water quality, often spanning decades, complicates efforts to achieve rapid improvements.

Recognizing the need for targeted, region-specific solutions, this study introduces ECHO, a
mass-balance modeling tool designed to analyze the movement of water and nutrients
across catchments. ECHO integrates data from routine stream monitoring and other models,
allowing for the calculation of water quality parameters at various scales and time steps. The
tool's application in Dutch catchments has provided critical insights for stakeholders,
facilitating the development of effective water management strategies aligned with WFD
goals.

This research addresses key questions, including the distinction between anthropogenic and
natural nutrient sources, the tracing of contaminants, and the analysis of nutrient transport
and loss. By examining diffuse pollution, particularly from agriculture, the study aims to
inform reduction targets for specific sectors. Additionally, scenario simulations offer
pathways for achieving nutrient load reductions, aiding policymakers in evaluating the
effectiveness of current measures and planning future interventions. The ECHO model’s
capacity to incorporate local data and validate outputs against field measurements makes it
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a valuable tool for enhancing decision-making and ensuring sustainable water quality
management.

Abstract number-21 Predicting the effects of fertilizer policy on the nutrient
leaching and runoff in the Netherlands.

Piet Groenendijk’, Leo Renaud'
'Sustainable Soil Management Group, Environmental Research, Wageningen University & Research

As a contribution to the Evaluation of the Fertiliser Act in 2024 and the interim Evaluation of
the Water Framework Directive, the effects of adopted policy measures on the runoff and
discharge of fertilisers to ground and surface water have been predicted with sub-models of
the Dutch National Water Quality Model. These include measures taken in the past and the
measures in the 7th Action Program Nitrates Directive and the Derogation Decision of
September 2022, stacked on the effects of other policy measures and trends in the size of
agricultural land, livestock and the manure excretion.

In addition, the effects of uncertainties with respect to dry and wet weather conditions, a
calculated excess of fertilisation rates above the fertiliser standards, and the measures
implemented voluntarily by farmers were assessed.

The results indicate that with the adopted policy, all sandy areas can meet the standard of
50 mg/L on average. A value higher than 50 mg/L is still calculated for the loess region. The
reduction of the nitrogen leaching as a result of the 7th Action Program and the Derogation
Decision are greatest in the so-called Nutrient Polluted Areas in the sand region (8-10%).
The reduction of phosphorus runoff to surface waters was estimated at a few percent.

Abstract number-22 The use of high-frequency in-situ sensor measurements
of nitrate concentrations for exploring the uncertainty of monthly and annual
load calculations in two headwater Danish streams

Sofie van't Veen'2, Sgren Erik Larsen?, Peter Mejlhede Andersen?, Niels Bering Ovesen?, Esben
Astrup Kristensen?, Jane Rosenstand Laugesen®, Brian Kronvang®

'"Department of Ecoscience, C.F. Mallers Allé 3, DK-8000, Aarhus C, Denmark, svw@ecos.au.dk
2Envidan A/S, Vejlsavej 23, DK-8600 Silkeborg, Denmark, smv@envidan.dk

3Department of Ecoscience, C.F. Mallers Allé 3, DK-8000, Aarhus C, Denmark

4Envidan A/S, Vejlsavej 23, DK-8600 Silkeborg, Denmark
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This study explores the use of NITRATAX plus sensor measurements from HACH to monitor
nitrate concentrations in two Danish headwater streams, Horndrup Stream and Lyby-
Grgnning Stream, over two hydrological years (June 1, 2021, to May 31, 2023). The aim was
to calculate the annual and monthly nitrate(N) loads based on such high-frequency sensor
and flow data and explore the uncertainty associated with normal use of grab sampling
strategies in national and regional monitoring programmes.

A Monte Carlo (MC) approach was applied for simulation of five grab sampling strategies:
daily, weekly, fortnightly, 18 samples annually, and monthly using one minute nitrate load
data. We simulated 1000 loads for each strategy and stream based on random grab sample
selection within each strategy. Main statistical assessment parameters were bias, standard
deviation, and total uncertainty being calculated for each MC run for each sampling strategy
and stream.

The annual nitrate load and loss for the two monitoring years was 5228 kg (9.5 kg N/ha) and
5482 kg in Horndrup Stream (10 kg N/ha), and 1171 kg (10.4 kg N/ha) and 11559 kg (10.2
kg N/ha) in Lyby-Grgnning Stream. In both years and streams, the average annual
percentage bias from the true nitrate load increased as the number of grab samples per year
decreased meaning that the monthly sampling strategy showed the highest deviations from
the true N-load amounting to -1.6% in year 1 and -7,7% in year 2 in the Horndrup Stream. In
case of Lyby-Grgnning Stream, the bias was below 1% for all sampling strategies each year.
Generally, we found that grab sampling strategies underestimated the annual N-load in
Horndrup stream and tended to overestimate the annual N-load in Lyby-Gregnning stream.
The MC assessment of the monthly N-load showed a much higher bias and standard
deviation for monthly N-loads as compared to annual results. An underestimation of true N-
load was found in December and January in both Horndrup stream (-2% to -13%) and Lyby-
Grgnning stream (-0.4 to -12%) except for the second monitoring year in Lyby-Grgnning
where an overestimation was found (0.1 and 0.3%). The highest total uncertainty was
observed in Lyby-Grgnning Stream amounting to 194% in August 2022 and in Horndrup
Stream amounting to 28% in September 2022.

We tried to link our MC results for monthly grab sampling strategy for each stream to a
calculated Richard Baker Flashiness index (RBI) and found a correlation for both years with
the standard deviation in Lyby-Grgnning Stream and with the bias in Horndrup Stream. In
addition, we found higher correlations for the fall months. Consequently, it appears that the
uncertainty may increase with the frequency of storm flow events in both streams.

Keywords: Nitrate sensor; NITRATAX plus; streams; nitrate load; uncertainty, Monte Carlo
Approach

Abstract number—23 Soil water dynamics in the vadose (soil) zone under real
environmental conditions
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Anja Korosa', Marjana Zajc', Helena Gréman?

'Geological Survey of Slovenia, Ljubljana, Slovenia
2University of Ljubljana, Biotechnical Faculty, Ljubljana, Slovenia

The transport and dynamics of pollutants are among the most important processes in the
aquifer, however they are often not so well known. The transport of water and pollution in
aquifers depends, among other factors, on the characteristics of the unsaturated zone. The
unsaturated zone of an aquifer serves as a water reservoir that discharges water and
potential pollution to the saturated zone for a relatively long time. Nitrate pollution in
groundwater, originating mainly from agricultural activities, remains a worldwide issue.
Determining the transport characteristics of pollutants, including nitrate in a gravel
unsaturated zone, is particularly difficult. Understanding the mechanisms and rates of
movement of nitrate in the unsaturated zone is an important issue in the process of
groundwater protection. One of the most valuable ways of investigating the characteristics,
groundwater flow, and solute transport in the unsaturated zone is by conducting
experimental research and tracing experiments.

Water and nitrate transport processes under different agricultural land uses have been
studied. To sample the infiltrated water that flows into the agricultural land and through the
unsaturated zone downward into the saturated aquifer zone, lysimeters were installed below
the agricultural field. These capture the infiltrated water that feeds the aquifer and also
transports pollutants from the surface to the groundwater. The 62H, §180 and NO3-N values
in the unsaturated zone water were measured monthly. The knowledge of the chemical
status of the infiltrated water helps us understand the impact of agricultural activity on
groundwater quality under real weather conditions.

As expected, preliminary results show that the leaching of nitrates from agricultural land is
much more significant in the case of agricultural use than in the case of grassland. The
isotopes of pore water were in a similar range to those of precipitation in all three profiles.
Variable isotope ratios in the upper 100 cm for the different sampling times indicate dynamic
water fluxes in this upper part of the vadose zone. The results show also different
evaporation levels in different soil types.

This research is funded by the Slovenian Research and Innovation Agency ARIS (project no.
J1-4412 and programs P1-0020 and P1-0011).

Abstract number-24 Perspectives on available support motivating or
demotivating adoption of agro-environmental measures

Ingrid Nesheim', Federica Monaco?, Caroline Enge', Julia Szulecka', Rozalija Cveji¢®

"Norwegian Institute for Water Research, Oslo Norway

2Department of Agricultural and Environmental Sciences - Production, Landscape, Agroenergy
Universita degli Studi di Milano, Italy

3Department of Agronomy, University of Ljubljana, Slovenia -
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Runoff of nutrients and sediments from agricultural areas are together with leakage of
wastewater among the main causes for why European waterbodies still struggle to achieve
good biological and chemical status (EEA report 07/2024). Further, soil loss and reduced
fertility negatively impact crop yields and jeopardize income for farmers. It is the mandate of
policy makers in agriculture to regulate on and incentivize farmers for sustainable
management practices by means of mandatory, cross compliance and voluntary agro-
ecological schemes. Considering the ecological status of water bodies, an increased
adoption of agricultural sustainable management practices is needed, which demands
efforts to better understand what promotes or demotivates them.

This presentation draws on work in the EU project OPTAIN (OPtimal strategies to retAIN and
re-use water and nutrients in small agricultural catchments across different soil-climatic
regions in Europe, 2021-2026). The project includes case studies in catchments dominated
by agricultural land use that are experiencing challenges related to water management
(floods and droughts) and quality (nutrient retention and runoff), soil health (erosion). We
present results from an online survey with land managers, including farmers and farmers’
associations, conducted in all the sites, namely in Belgium, Czech Republic, Germany,
Hungary, Italy, Latvia, Lithuania, Norway, Poland, Slovenia, Sweden, and Switzerland. The
survey focused on a site-specific set of already adopted/implemented measures:
afforestation, basins and ponds, buffer strips and hedges, conservation tillage, cover crops,
drainage infrastructures, floodplain restoration, grassed waterways, intercropping, wetlands
and traditional terracing. The practitioners’ perspectives for them about the sufficiency of
currently available financing schemes, the adequacy of administrative support for funds and
the assistance for reporting, as well as advice and training for technical and practical
implementation of measures are presented. We show that there is a need to further tailor
incentives to specific measures to address the needs of practitioners in different countries.

Abstract number—25 A decision workflow for best practice in high-frequency
water quality monitoring

Joachim Rozemeijer!, Phil Jordan?, Arno Hooijboer?, Brian Kronvang*, Miriam Glendell®, Robert
Hensley®, Karsten Rinke’, Marc Stutter®, Magdalena Bieroza®, Ryan Turner®'%, Per-Erik Mellander'",
Peter Thorburn'2, Rachel Cassidy'3, Joep Appels', Kevin Ouwerkerk', Michael Rode"®

"Deltares, P.O. Box 177, 2600 MH, Delft, the Netherlands

2Co-Centre for Climate + Biodiversity and Water, School of Geography and Environmental Sciences,
Ulster University, Coleraine, BT52 1SA, UK

3National Institute for Public Health and the Environment, RIVM, P.O. Box 1, 3720 BA Bilthoven, the
Netherlands

4Aarhus Univ., Institute of Ecoscience, C.F. Mallers Allé 3, DK8000 Aarhus, Denmark

SJames Hutton Institute, Craigiebuckler, Aberdeen AB15 8QH, UK

8National ecological Observatory Network, Battelle, Boulder CO USA

"Department Lake Research, Helmholtz Centre for Environmental Research - UFZ, Magdeburg,
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Germany

8Department of Soil and Environmnet, Swedish Univerisity of Agricultural Sciences, Box 7014, 75007
Uppsala, Sweden

°Reef Catchments Science Partnership, School of the Environment, The University of Queensland,
Brisbane, Queensland 4108, Australia

"Water Quality and Investigations, Queensland Department of Environment, Science and Innovation,
Brisbane, Queensland 4102, Australia

" Agricultural Catchments Programme, Department of Environment, Soils and Landuse, TEAGASC,
Johnstown Castle, Ireland

12CSIRO Agriculture and Food 306 Carmody Rd St Lucia, Queensland, 4067 Australia
8Environment and Marine Science Division, Agri-food and Biosciences Institute (AFBI), Belfast,
Northern Ireland

“microLAN BV, Biesbosweg 2, 5145PZ Waalwijk, the Netherland

SDepartment of Aquatic Ecosystem Analysis and Management, Helmholtz Centre for Environmental
Research - UFZ, Magdeburg, Germany

The use of high-frequency water quality monitoring has increased over several decades.
This has mostly been motivated by curiosity-driven research and has significantly improved
our understanding of hydrochemical processes. In addition, high-frequency water quality
datasets have been used to identify cases where low-frequency statutory data proved
insufficient for adequate policy reviews and decision making. Despite these scientific
successes and the growth in sensor technology, the large-scale uptake of high-frequency
water quality monitoring is hampered by a lack of comprehensive practical guidelines.
Therefore, the objective aim of this research was to provide a practical decision workflow for
sensor applications based on international experiences, including considerations of
monitoring data needs, equipment choice, maintenance and calibration, and structured data
processing. The presented workflow aims at filling the knowledge-exchange gap between
scientific research and practical water quality management and at promoting the effective
uptake of high-frequency water quality monitoring. This becomes more relevant as climate
change emphasizes the impact of short pollution load pulses during extreme events which
are missed in conventional low-frequency monitoring.

Abstract number—28 Tracing the factors controlling the climate-induced
migration and role of floating farming as adaptive measure in Southwest
coastal region of Bangladesh

Pankaj Kumar'
'Institute for Global Environmental Strategies

The probability of environmental migration depends on a range of environmental, social,
economic, political, and cultural issues. These critical factors must be accounted for
meaningfully evaluating households’ future mobility decisions. Considering Bangladesh as
one of the most climatic vulnerable countries, and the frequent climatic extreme events in
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Bangladesh’s southwest coastal region significantly affected the local agricultural system
and socio-economic well-being. Moreover, water plays as a focal point for these vulnerability
as it is facing various challenges such as salt-water intrusion, drinking water availability,
flooding etc. Many of the places in this region remained submerged around the year. With
above mentioned information, this study strives to address two objectives: a) to evaluate the
social, demographic, economic, environmental, and political drivers that affect the mobility
decision of the households at risk in southwest coastal Bangladesh; b) to evaluate the role of
floating farming as one of the climate change adaptive measures to optimize human well-
being. Integrated approach of quantitative (multi-stage sampling technique, and Endogenous
Switching Regression (ESR) model) and qualitative analysis was employed. Using a multi-
stage sampling technique, we selected more than households in rural and urban areas, who
had moved from their current locations due to climatic extremes. We applied relevant
regression models to analyze the complex interplay of socioeconomic, environmental, and
institutional factors shaping migration decisions. Empirical results suggest that, despite
having greater access to services in cities, migrants reported lower levels of well-being than
their rural counterparts, which could be attributed to reduced social cohesion and limited
opportunities for participation in decision-making. Disaster preparedness, early warning
access, and prolonged exposure to environmental hazards significantly influence migration
decisions and well-being. Prolonged disaster suffering increases the likelihood of migration
to urban slums, emphasizing the vulnerability of rural populations. Surprisingly, while slum
dwellers have better service access, their well-being scores are lower than rural residents.
To evaluate the effect of adopting floating farming as an adaptation strategy on farm
households’ profitability of floating farming, we used Endogenous Switching Regression
(ESR) model. Our findings suggest that 79% of sampled farm households used floating
farming to adapt to extreme climatic events like waterlogging, hazard effects, and erratic
rainfall. Adopting farm households had a 60% higher farm profit than non-adopters, and
cooperative membership, technical, credit, and training positively affected farm profits. This
research contributes to understanding environmental migration dynamics in Bangladesh and
informs policymakers about possible sustainable solutions.

Abstract number-29 Identifying waterlogging on arable fields - combining
high-resolution distributed modelling and satellite images

Faruk Djodjic', Hampus Markensten'
'Swedish University of Agricultural Sciences, SLU, P.O.Box 7050, SE-75007 Uppsala, Sweden

Waterlogging of arable soils worsen both quality and quantity of crop production. Water
saturated conditions caused by extreme precipitation or snowmelt in combination with poor
soil drainage lead to oxygen depletion affecting root and overall crop development. Climate
change with increased occurrence and severity of extreme events will result in higher
frequency of waterlogging events. Further, waterlogging may lead to increased loss of
Nitrogen (N) due to higher denitrification and leaching. Similarly, waterlogging may increase
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Phosphorus (P) losses due to enhanced P solubility under anoxic conditions, but also
through an increased mobilization of soil particles and attached P due to weakened soil
structure. Reliable identification of areas prone to waterlogging is therefore a precondition to
efficient management at catchment and field scale to lessen production failure, reduce
nutrient losses and avoid unnecessary management operations.

Topography controls spatial variations of hydrological conditions. Increased accessibility to
high-resolution data and modelling approaches have enabled accurate identification of
Critical Source Areas (CSAs) at catchment, field and sub-field scales. Here we have
developed and applied a simple distributed model based on high-resolution elevation data to
identify spreading of areas prone to waterlogging. In short, flow accumulation calculations
based on elevation data result in focusing of flows to a single cell. Using flow accumulation
cells as elevation reference cells, we modify original Digital Elevation Model (DEM) to
identify flow dispersion to neighboring cells revealing in that way areas prone for
waterlogging. The model was tested for a 164 square kilometers large, clay soil dominated,
catchment in central Sweden. The modelling results are compared to Sentinel 2 satellite
images and calculated Normalized Difference Water Index (NDWI). In total, 7.7% of
catchment area was identified as vulnerable to waterlogging. The proportion of waterlogging
prone arable land (45% of catchment area) was somewhat higher, amounting to 11.8%.
Modelling results, satellite images and NDWI are compared to discuss pros and cons of
different approaches.

Abstract number-31 Decreased aqueous exports of nitrogen, phosphorus and
carbon after rewetting of pump-drained fen

Rasmus Jes Petersen’, Carl Christian Hoffmann', Dominik Zak', Ida-Emilie Fredberg Nilsson',
Joachim Audet’, Hans Estrup Andersen’

'Aarhus University, Department of Ecoscience, C.F. Mgllers Allé 3, 8000 Aarhus C, Denmark

Draining organic soils over centuries has transformed them from carbon and nutrient sinks
into significant sources. Naturally, wetlands act as the “kidneys” of landscapes, providing
anaerobic conditions that enable redox processes like denitrification, supported by abundant
electron donors in the form of organic carbon. However, prolonged drainage and agricultural
use have degraded these soils, leading to phosphorus (P) accumulation, particularly in the
topsoil. A substantial amount of this P is often bound to iron (Fe) oxides, which are sensitive
to redox changes. Upon rewetting, these oxides can dissolve, releasing soluble reactive
phosphorus (SRP) into downstream recipients. Therefore, reintroducing anaerobic
conditions in rewetted soils poses a risk of substantial SRP release.

In Danish restoration projects, this risk is typically evaluated using a model that considers
the soil molar ratio of P to Fe (extracted by bicarbonate-dithionite) alongside hydraulic
loading rates (HLR). However, current assessments do not consider P release from drained
soils prior to rewetting, which may lead to an overestimation of P release in the overall risk
assessment.
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This study monitored water, nitrogen (N), phosphorus (P), and carbon (C) balances in a
pump-drained fen in northwestern Jutland, Denmark, comparing nutrient retention and
export before and after rewetting. Preliminary findings indicate that significant amounts of N
(>100 kg/halyr), P (>5 kg/halyr), and C (>1000 kg/ha/yr) were released before rewetting,
with N primarily in organic forms and P roughly split between particulate P (PP) and SRP.
After rewetting, which included hydrological reconnection to a nearby stream and a
substantial increase in HLR, the fen shifted from a nutrient source to a significant nutrient
sink, removing over 400 kg N/ha-/yr and more than 15 kg P/hal/yr. Aqueous C export also
decreased to about 200 kg ha/yr. Notably, SRP was the main form of retained P, while small
amounts of PP were still released.

These results have important implications for the rewetting of pump-drained soils. Given the
risk of SRP release, some restoration projects may be delayed to allow for P depletion
through plant harvesting, or face additional costs for removal of degraded top soils. In some
cases, restoration efforts may be abandoned entirely due to SRP risks. However, accounting
for P release before rewetting could reduce the perceived risk and enable more projects to
proceed, benefiting greenhouse gas reduction, nutrient management, and biodiversity.

Abstract number-33 How dynamic are flow contributions and mean water ages
in a diverse group of regional rivers?

Roland Stenger!, Jungho Park?, John Hadfield®, Uwe Morgenstern*

"Lincoln Agritech, Ruakura Research Centre, Hamilton 3214, Aotearoa - New Zealand,
roland.stenger@lincolnagritech.co.nz

2Lincoln Agritech, Ruakura Research Centre, Hamilton 3214, Aotearoa - New Zealand
3Waikato Regional Council, Hamilton, Aotearoa - New Zealand

4GNS Science, Lower Hutt, Aotearoa - New Zealand

Assuming that a hydrograph can be explained by temporally varying flow contributions by
different hydrological pathways, the mean age of the river water (or Mean Transit Time,
MTT) will also vary with flow. Three-component models differentiating between very young,
episodic, near-surface water (NS), young, seasonal, shallow groundwater (SGW), and old,
perennial, deep groundwater (DGW) have often been found adequate to describe
contributions. This study aimed to ascertain spatiotemporal flow contribution and MTT
patterns in a group of 19 rivers spread across the Waikato region of Aotearoa New Zealand.
The corresponding catchments differed widely in their environmental and land use
characteristics.

Bayesian chemistry-assisted hydrograph separation (BACH), which combines a recursive
digital filter with a chemical mixing model for two environmental tracers (e.g. Total Nitrogen,
Electrical Conductivity), was carried out to split the hydrographs into the three components
potentially feeding flow. MTTs were derived by applying an exponential-piston flow model
(EPM) with 70% mixing fraction to the tritium data from 4 — 9 samples analysed to capture
the observed annual flow range.
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The relationship between estimated MTTs and flow could in most cases be well described by
a power function (R2 2 0.90 in 12 cases). MTTs ranged most widely at low flows (5 — 58 yrs
at Q90), still widely at median flows (1 - 33 yrs at Q50), but only modestly at high flows (O -
14 yrs at Q10). Based on their MTT dynamics, the rivers could be clustered into three
distinct groups. Six rivers, mostly arising in volcanic upland catchments with big aquifers,
featured the highest variation (21 — 51 yrs between Q90 and Q10). MTTs in seven
(predominantly lowland) rivers distributed across the region varied modestly (6 — 17 yrs), and
very low MTT variation of <5 yrs was observed in six rivers, which originated from steep
catchments with particularly high rainfall.

The MTTs varied widely between catchments, but they were always highest when BACH
modelling suggested that the flow was dominated by DGW, and dropped when flow
contributions by SGW or NS pathways increased. This occurred episodically throughout the
year during storm events, and more prolonged during wet periods with high river flows in
winter/spring.

While these results demonstrate a broad agreement between MTT and pathway dynamics,
further analysis revealed a systematic discrepancy between the MTT distributions that can
be described using an EPM and the age assumptions inherent in BACH. Binary Mixing
Models (BMMs) that explicitly describe the combination of a younger and an older source of
water, would be required to describe the wide age distributions indicated by BACH. As
tritium time series of sufficient length and quality to fit BMMs are very rare, future work will
explore whether BACH modelling to constrain the young water fraction could potentially
enable alternative approaches to the fitting of binary models.

Abstract number-34 How will rapidly rising atmospheric CO2 concentrations
affect freshwater systems?

Roland Stenger', Adam Hartland?

Lincoln Agritech, Ruakura Research Centre, Hamilton 3214, Aotearoa - New Zealand,
roland.stenger@lincolnagritech.co.nz
2Lincoln Agritech, Ruakura Research Centre, Hamilton 3214, Aotearoa - New Zealand,
adam.hartland@lincolnagritech.co.nz

Gases in air and water continuously exchange. Amongst these, oxygen (02) and carbon
dioxide (CO2), linked by ecosystem metabolism, are central to both ecosystem health and
water chemistry. Our analysis of a limited amount of existing monitoring data shows that the
concentration of these gases in the Waikato River has steadily changed over the last three
decades. Exponentially rising atmospheric CO2 concentrations therefore have the potential
to add substantial pressure to Aotearoa-New Zealand's freshwater systems already suffering
degradation.

Our new five-year research programme 'Safeguarding Te Mana o Te Awa o Waikato from
emerging climatic pressures' seeks to understand the effects of rising CO2 pressures on the
iconic Waikato River, and freshwater more generally.
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Our programme sets the ambitious goal of developing a mechanistic understanding of the
relationship between pCO2 (the partial pressure of carbon dioxide) and phytoplankton
growth responses to dissolved inorganic carbon and nutrient bioavailability, thereby allowing
prediction of future riverine water quality.

From the first-order controls (i.e. the balance between heterotrophic metabolism and CO2
efflux), to second-order feedbacks (e.g., pH-dependant changes in nutrient bioavailability),
we aim to identify and predict the precursors of harmful algal blooms (HABs) in the Waikato
River under plausible climate emissions scenarios. If successful, the mechanistic
understanding developed will have broader relevance for freshwater habitats across
Aotearoa-New Zealand, and globally.

Our work includes fundamental research on:

» genomic studies of the tolerance (and potential adaptation) of freshwater mussels (kakahi,
Echyridella menziesi) to elevated pCO2 and associated carbonate undersaturation (which
dissolves shell material);

* how pCO2 affects the processes of inorganic carbon accumulation by phytoplankton and
influences algal phenology (e.g., diatoms vs cyanobacteria);

* how riverine pCO2 influences harmful algal bloom formation via feedbacks in nutrient
availability; and

* how flow and meteorological conditions on varying length scales influence CO2 exchange
across the river-atmosphere interface.

These studies will further inform the development of river ecosystem models also to be
developed within this programme for forecasting freshwater quality changes under projected
climate conditions (up to the year 2100). Kaupapa Maori researchers in our team will then
investigate the implications of the programmes’ technical findings for Te Ture Whaimana o
Te Awa o Waikato, the Vision & Strategy document guiding the restoration of Waikato River.

Abstract number-35 First-year performance of a pumped, cold-climate
woodchip bioreactor

Lindsay Pease’, Murad Ellafi'
"University of Minnesota

Information on bioreactor performance is limited in colder northern agricultural climates such
as the Red River Basin of the North. Although the primary environmental concern in this
watershed is phosphorus loss to Canada's Lake Winnipeg, nitrogen losses are a statewide
resource concern for the U.S. state of Minnesota. Additional information on strategies for
mitigating excess nitrogen loss is needed in northern climates. Northwest Minnesota's first
bioreactor was installed in November 2023 with an innovative design: water is pumped into
the bioreactor from the subsurface drainage lift station. The site location was a strong
candidate for a denitrifying bioreactor to remove excess nitrates in subsurface drainage
discharge based on its site characteristics. This site has a loamy-sand soil type on which
irrigated corn is grown. This presentation will provide an overview of the bioreactor’s design
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and its initial performance metrics (hydrologically and for water quality improvement) during
Summer and Fall 2024.

Abstract number-37 How to proceed with impact monitoring for groundwater
quality protection in agricultural landscapes?

Gunnar Lischeid"?, Jenny Krécher'2, Matthias Pfannerstill®

Leibniz Centre for Agricultural Landscape Research, Miincheberg, Germany
2University of Potsdam, Germany
3State Agency for Environment in Schleswig-Holstein, Kiel, Germany

Legal constraints and voluntary commitments have been established to reduce harmful
effects of intensive agriculture on groundwater quality. There is general agreement on
adequate measures in this regard. Providing proof of effectiveness of implemented
measures in real-world settings beyond experimental fields, though, faces serious problems.
Groundwater quality is affected by a variety of different effects, including, e.g., short-term
meteorological extreme events, long-term climate shifts, changes of management, etc. Last
but not least, there is increasing awareness about ubiquitous pronounced legacy effects
after more than half a century of intensive agriculture in many regions of the world. But
management without impact monitoring does not only run the risk of wasting resources but
of impairing the willingness of farmers, authorities and policy makers to implement adequate
measures. Thus development of impact monitoring approaches should be of high priority in
science.

We report on related activities in North Germany and derive some general
recommendations. We focus on the analysis of data from standard monitoring programs. We
do not include comprehensive modelling approaches due to the common lack of appropriate
data as well as of the required high time investment. Including as many observations as
possible in the analysis has proven to be decisive to differentiate between different effects.
This applies in the first place to the number of observables: Due to different sensitivities
toward different effects multivariate analyses can elucidate the interplay of various
synchronous effects and minimise the risk of drawing inferences from spurious bivariate
correlations analyses. E.g., joint analysis of the concentration of various solutes in
groundwater allows further conclusions to be drawn than, e.g., analysing nitrate
concentration only. Common analysis of different metabolites of the same pesticide can
reveal a lot of information about turnover and transport in the subsurface. Last but not least,
persistent and soluble metabolites can be used as tracers to elucidate subsurface
immobilisation, re-mobilisation and transport processes. In fact and contrary to common
expectations short-term dynamics of contaminant concentration often reflect in the first place
the role of subsurface processes rather than allowing direct inferences on agricultural
management. In general we found overwhelming evidence for the prevalence of long-term
legacy effects in the vadose zone. On the other hand, the potential of modern diagnostic
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tools to address the challenges of impact monitoring is still widely underrated and deserves
much more attention from scientists, consultants and authorities.

Abstract number-38 Hydrological ecosystem services from constructed
agricultural wetlands — now and in the future

Alina Kuehn', Maria Carlson’, Martyn Futter’, Pia Geranmayeh', Clara Laguna Marin?2, Emma
Lannergard’

"Department of Aquatic Sciences and Assessment, Swedish University of Agricultural Sciences
(SLU), P.O. Box 7070, 75007 Uppsala, Sweden
2Institute of Environmental Assessment and Water Research (IDAEA-CSIC), 08034 Barcelona, Spain

How efficiently constructed wetlands (CWs) support hydrological ecosystem services in
agricultural areas is still unclear due to a lack of knowledge and understanding of the
underlying processes and interactions of the different wetland components.

Here, we assess to what extent CWs designed for nutrient-retention and biodiversity in
Malardalen, Sweden, can contribute to mitigating hydrological extremes. We used hourly
water level measurements from CWs collected between 2023 and 2024 to calibrate the
PERSIST rainfall-runoff model. The calibrated models were then used to project future water
levels for a 30-year period (2041-2070) under different RCP (RCP4.5, RCP8.5) and extreme
precipitation scenarios. In a second step, the findings were used to investigate the water
storage capacity of the CWs and hence their potential flood and drought buffering capacity.
All climate scenarios projected an increase in temperature and precipitation. Furthermore,
simulated water level fluctuations indicate that there will be more water in the landscape
under all projected climate scenarios, especially the extreme precipitation ones. Factors that
crucially influence water storage capacity of CWs included purpose (i.e. biodiversity vs.
nutrient retention), management, relative area of the CW compared to the catchment,
location in the landscape and interaction with the surrounding environment.

Additionally, it became apparent that CWs are extremely complex and even CWs with
apparently similar characteristics display very different hydrologic responses. This rules out
the possibility of a “one-size-fits-all” concept but highlights the need for more in-depth and
site-specific assessment of CW performance.

This paper introduces an innovative and simple approach to modeling hourly water level
dynamics in individual CWs. The method supports inferences about the resilience of single
CWs in the landscape towards climate and especially extreme precipitation scenarios and
what role they can play as nature-based solution to mitigate consequences of climate
change. Nonetheless, further research should progress to a broader spatial scale and
holistic watershed-based perspective on CWs for more robust decision making.
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Abstract number-39 Unlocking the secrets of soil: Harnessing machine
learning to predict autumn mineral nitrogen levels in Germany’s agricultural
fields

Mona Dieser!, Steffen ZieseniR', Annett Gummert!, Henrike Mielenz', Burkhard Stever-Schoo’
"Julius Kiihn Institute (JKI), Institute for Crop and Soil Science, Braunschweig, Germany

In Germany, the implementation of the European Nitrates Directive (91/676/EEC) is
facilitated through the establishment of a monitoring programme as part of the broader
action programme. To overcome the mostly ambiguous relationship between nitrogen
management and nitrate concentrations observed in groundwater, potential nitrate loads
from agriculture need to be properly estimated. For this reason, data from farms in selected
model regions have recently been collected and analysed as part of a new approach to
nitrate monitoring in Germany.. The installation of the first model regions started in 2016. In
the ongoing project, “Monitoring nitrogen emissions in crop production (MoNi2)”, data are
collected on 96 farms with 1116 test fields in 12 model regions throughout Germany. A
substantial number of parameters is being gathered from these test fields. The data set
includes management, field and farm balance data, soil mineral nitrogen contents (0-90 cm
depth) in spring, at harvest, and in autumn, and nitrate concentrations in leachate in soil
depths down to 3 m. The soil mineral nitrogen content in autumn is of particular interest to
estimate the nitrate leaching potential. It serves as an indicator of the potential nitrate load
that can be lost during the subsequent leaching period. In a previous study, we identified the
primary factors influencing soil mineral nitrogen content in autumn through a machine
learning approach. Since then, the model has been improved through the inclusion of more
test areas and the availability of longer time series. The main crop grown on the field
remains the most significant influencing factor on soil mineral nitrogen content in autumn.
Other important factors are the soil type, the soil mineral nitrogen content in spring, and
precipitation in October. In this study, we used this enhanced model to predict the soil
mineral nitrogen contents in autumn for the entire model region “Wagrien” in Northern
Germany (1225 km2). The input data included information on the crops grown each year,
predicted using satellite data, publicly available soil type and soil texture and monthly
weather data on an 1 km x 1 km grid. We analysed the influence of the main crops grown
and of modified crop rotations on the total potential nitrate load for the model region. The
impact of changing weather conditions was also examined.

This work was financially supported by the German Federal Ministry of Food and Agriculture
(BMEL) through the Federal Office for Agriculture and Food (BLE), grant number
2823KLI001.

Abstract number—-40 Current phophorus status of agricultural fields in
Germany

Steffen ZieseniRk', Mona Dieser’, Henrike Mielenz', Annett Gummert', Burkhard Stever-Schoo!
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"Julius Kiihn Institute (JKI), Institute for Crop and Soil Science, Braunschweig, Germany

Phosphorus fertilisers play a decisive role in ensuring high productivity in agriculture.
However, the excessive use of organic and mineral phosphorus fertilisers in the past is one
of the main reasons why less than 50 % of Germany's surface water bodies meet the criteria
for good ecological status for total phosphorus under the Water Framework Directive (WFD).
In this study, we analyse the status and development of phosphorus balances in agriculture,
also taking into account the effectiveness of the measures specified in the national action
programme, i.e. the German Fertiliser Ordinance. According to the Federal Statistical Office,
sales of phosphate-based fertilisers are declining. This raises the question of how the use of
phosphate fertilisers has changed at the level of farms and their soils, and what the supply
status of the soils is now. For this, we analysed a data set from practical farms within the
demonstration project ,Monitoring of nitrogen emissions in crop production (MoNi2)“. Data of
phosphorus balances at field scale and soil phosphorus contents from 96 farms in 12 test
regions across Germany, comprising a total of 1116 fields and observations for two to ten
years were included. First results show overall negative balances with differences between
the various farm types (arable, livestock and vegetable farming), with less negative balances
and higher soil phosphorus contents for livestock farms.

Abstract number—41 OPTAIN - Optimal strategies to retain and reuse water and
nutrients in small agricultural catchments

Martin Volk', Natacha Amorsi2, Sabina Bokal®, Natalja Cerkasova*, Rozalija Cveji¢®, Csilla Farkas®,
Benoit Fribourg-Blanc?, Petr Fucik’, Matjaz Glavan®, Luka Honzak® Dominika Krzeminska®, Tatenda
Lemann'®, Federica Monaco'", Attila Nemes?®, Ingrid Nesheim'2, Mikotaj Piniewski'3, Christoph
Schiirz®, Michael Strauch’, Brigitta Szab6'4, Felix Witing", Cordula Wittekind'

"Helmholtz Centre for Environmental Research — UFZ, Department Computational Landscacpe
Ecology, Permoserstr. 15, 04318 Leipzig, Germany

20ffice International de I'Eau, 15 rue Edouard Chamberland, 87065 Limoges Cedex, France
3Global Water Partnership Central and Eastern Europe, Jeseniova 17, 833 15 Bratislava, Slovakia
“Klaipeda University, Marine Research Institute, H. Manto 84, 92294 Klaipeda, Lithuania
SUniversity of Ljubljana, Biotechnical Faculty, Department of Agronomy, Jamnikarjeva ulica 101, 1000
Ljubljana, Slovenia

8NIBIO, Division of Environment and Natural Resources, Hydrology and Water Environment, Oluf
Thesens vei 43, 1433 As

"Research Institute for Soil and Water Conservation, Zabovreské 250, 156 27 Prague, Czech
Republic, The Czech Republic

8BO-MO Ltd., Bratovseva ploscad 4, 1000 Ljubljana, Slovenia

®NIBIO, Division of Environment and Natural Resources, Hydrology and Water Environment, Oluf
Thesens vei 43, 1433 As , Norway

"OUniversity of Bern, Centre for Development and Environment (CDE), Mittelstr. 43, 3012 Bern,
Switzerland
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"University of Milan, Department of Agricultural and Environmental Sciences — Production,
Landscape, Agroenergy, Via Celoria 2, 20133 Milan, Italy

2NIVA, Section for Water and Society, @kernveien 94, 0579 Oslo Norway

SWarsaw University of Life Sciences, Department of Hydrologic Engineering, ul. Nowoursynowska
159, 02-776 Warszawa, Poland

"4Institute for Soil Sciences, Centre for Agricultural Research, Herman Otté ut 15, 1022 Budapest,
Hungary

The increasing frequency of droughts and heavy rainfall is intensifying conflicts between
agricultural water use and other human and environmental demands. Natural/Small Water
Retention Measures (NSWRMs) can help mitigate these conflicts by enhancing water
quality, improving agricultural resilience, and contributing to sustainable development goals.
However, there are knowledge gaps about the effectiveness of these measures across
different regions, scales, and climate conditions. The EU Horizon 2020 project OPTAIN aims
to address these challenges in 14 European case studies. The project involves local
stakeholders through Multi-Actor Reference Groups, which have identified and documented
235 potential NSWRMs, of which 66 from 29 categories have been selected for further
evaluation. These measures are catalogued in collaboration with the WOCAT and NWRM.eu
databases. To assess the impact of these NSWRMs at field and catchment scale, OPTAIN
applies the SWAT+ model with a fully distributed routing scheme, accompanied by further
field-scale simulations using SWAP in areas of high data availability. The project developed
protocols and R scripts to standardize data preparation, model calibration, and evaluation
across case studies, ensuring consistent analysis. Initial simulations in the German case
study demonstrate positive effects of NSWRMs, such as low tillage and grassed waterways,
in reducing peak water flows, increasing low flows, and enhancing nutrient and sediment
retention. Furthermore, the project linked SWAT+ with an economic model using the
CoMOLA platform to optimize NSWRM allocations based on environmental and economic
criteria. Policy analysis is another important component of OPTAIN, with local and regional
policies being reviewed to identify gaps and opportunities for harmonizing water and
agricultural policies across Europe. Interim findings, shared through policy briefs, emphasize
the need for better integration of agro-environmental policies, increased intersectoral
collaboration, and awareness-raising among stakeholders. OPTAIN's overarching goal is to
improve the acceptance and implementation of NSWRMs by harmonizing data, methods,
and policies across the 14 case studies. While there are significant differences between
countries, which pose challenges for comparative studies, the project is working to address
these through data standardization and model improvements. The R scripts developed by
the project will assist future SWAT+ users worldwide in setting up and calibrating models to
evaluate the effectiveness of NSWRMs in water and nutrient retention. Ultimately, OPTAIN
aims to optimize the spatial allocation and combination of NSWRMs, ensuring they are both
environmentally and economically sustainable, while also promoting policy alignment at
local, national, and EU levels.
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Abstract number—42 Locally Based River Basin Management Plan: An
Integrated Modelling Framework for Ringkabing Fjord

Flemming Gertz', Jodo Ferreira?, Alhambra Martinez Cubillo?, Jo&o Lencart e Silva?, Léonard
Bernard-Jannin?, Morten Holtegaard Nielsen®, Hans Estrup Andersen?, Helle Borum®, Lene Moth®,
Helle Mgller Holm'

"Department of Water, Environment & Climate Change Adaption, SEGES Innovation, Agro Food Park
15, Aarhus, Denmark

2Longline Environment, United Kingdom 63 St Mary Axe London, EC3A 8AA

3Marine Science & Consulting ApS, Peder Lykkes Vej 8, 4. th. DK-2300 Copenhagen S Denmark
4Inst. of Ecoscience, Aarhus University

SVestjysk, Herningvej 3 i Ringkabing

8Ringkabing-Skjern kommune, Smed Sgrensens Vej 1, 6950 Ringkabing

In 2023, an Integrated Model Approach with Stakeholder Involvement was used to develop a
Locally Based River Basin Management Plan (RBMP) for Ringkebing Fjord and its
catchment. This initiative was enabled by a 2021 decision in the Danish Parliament to test a
more localized approach for achieving Good Ecological Status (GES) in Danish coastal
waters, in line with the EU’s Water Framework Directive. The local RBMP for Ringkgbing
was one of four test sites across Denmark.

A local water council was established, comprising 13 interest organizations and four
municipalities. Stakeholders included green organizations, agriculture, fisheries, and water
companies. Ringkabing-Skjern Municipality held overall responsibility and coordinated with
experts (authors of this paper).

Ringkabing Fjord, a 300 square kilometer coastal lagoon system in western Jutland,
Denmark, averages just under 2 meters in depth. It connects to the North Sea via a sluice
and receives freshwater from the Skjern River and smaller streams. The fjord drains a basin
of about 3500 km?, with agriculture covering 65-70% of the catchment. The ecosystem
dynamics of Ringkgbing Fjord are complex. Under normal discharge conditions and sluice
operation, a significant population of soft-shell clams exists in the fjord. Salinity can fluctuate
due to natural events like high precipitation or management policies such as reduced water
exchange with the North Sea through the sluice. These events can lead to low salinity
conditions, resulting in high clam mortality. When clam biomass is high, their filter-feeding
reduces chlorophyll levels, improving water clarity and promoting the growth of benthic
vegetation.

The RBMP 2021-2027, created by national authorities, did not sufficiently account for sluice
management and top-down control by clams. Therefore, an integrated fjord and catchment
model system was established to address management-related questions concerning the
sluice, fjord, and catchment area. This system included: 1) Sluice model, 2) Hydrodynamic
and ecological model for the fjord, 3) SWAT catchment model, and 4) Phosphorus model -
risk mapping in the catchment area.

The modeling work demonstrated that operating the sluice in a specific way could sustain a
high population of clams, enabling them to filter the fjord for chlorophyll and help achieve
Good Environmental Status. However, nutrients reductions were still necessary to control
epiphytes in the lagoon and the local water council made ten recommendations related to
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the fjord and nutrient reductions, emphasizing the re-establishment of wetlands to reduce
nutrient loads to the fjord.

Abstract number—43 Stream restoration reduces nitrate loads in agricultural
landscapes

Michael Rode", Xianggian Zhou', Seifeddine Jomaa', Xiaogiang Yang?, Ralf Merz3, Yanping Wang*

"Department of Aquatic Ecosystem Analysis and Management, Helmholtz Centre for Environmental
Research - UFZ, Briickstrasse 3a, 39114 Magdeburg, Germany

2Yangtze Institute for Conservation and Development Information Building, Gulou Campus of Hohai
University, 1st Xikang Road, Gulou District, Nanjing, Jiangsu 210098, China

3Department of Catchment Hydrology, Helmholtz Centre for Environmental Research - UFZ, Halle
(Saale), Germany

4School of Geographical Science, Nantong University, Nantong, China

European Water Framework Directive (WFD) reported that stream/river morphological
alteration and diffuse pollution are two dominant pressures of European water bodies at the
catchment scale. Therefore, stream/river restoration has received increasing attention to
achieve the good ecological status targeted by WFD. However, less is known about the
spatial and temporal effects of stream morphologic change (i.e., re-meandering) on in-
stream NO3- retention at the stream network scale. This study investigated the effects of
seasonality and morphological variations on network-scale in-stream NO3- retention in the
well-monitored Bode catchment (3200 km2) in central Germany. First, we implemented a
fully distributed, process-based mHM-Nitrate model in the study area. Second, we
conducted a scenario analysis assuming more natural morphological stream conditions by
increasing the stream sinuosity according to its relationship to stream power. The
parametrization of the model is strongly based on further stream retention process studies in
several reaches of the Bode stream network. Results showed that the model well captured
the dynamics of daily discharge and NO3- concentration, with median Kling-Gupta Efficiency
of 0.78 and 0.74 for discharge and NO3- concentration during 2015-2018, respectively.
Gross in-stream retention (including gross assimilatory uptake and denitrification) by the
whole stream network accounted for 5.1% and 67.2% of total NO3- loadings in winter and
summer, respectively. The summer in-stream denitrification rate in the lowland arable-
dominated stream network was about two times higher than in the mountain forest-
dominated stream network (204.1 and 102.4 mg N m-2 d-1, respectively). Similarly, the
summer in-stream gross assimilatory uptake rate in typical lowland arable streams was
approximately five times higher than that in typical upland forest streams (200.1 and 39.1 mg
N m-2 d-1, respectively). Denitrification always peaked after gross assimilatory NO3- uptake
in the late summer. The scenario representing more natural stream network conditions by
restoring the stream sinuosity can increase in-stream net NO3- retention efficiency up to
25.4%, with increasing efficiency more pronounced for small streams. This study highlights
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to consider increasing stream sinuosity as an efficient mitigation measure to increase in-
stream retention and reduce NO3- export at the stream network scale.

Abstract number—45 The Effect of Nature-inspired Farming Systems on Soil
Hydrological Functioning and Nutrient Leaching

Cécile Alsbach’, Stefan Dekker', Stefanie Lutz', Joachim Rozemeijer?

"Copernicus Institute of Sustainable Development, Utrecht University, Princetonlaan 8a, 3584CB
Utrecht, The Netherlands
2Subsurface and Water Quality, Deltares, Daltonlaan 600, 3584 BK Utrecht, The Netherlands

Conventional farming systems have a strong impact on their environment. Continuous
manipulation of the soil negatively affects soil structure by compaction, soil carbon
degradation and enhancing soil surface crust formation, which in turn hampers the
hydrological functioning of soils and promotes soil erosion. Application of herbicides and
pesticides and leaching of excess nutrients negatively affect soil life, surface water and
groundwater quality, which in turn forms an issue for (aquatic) ecosystems and drinking
water and irrigation water provisioning services. Therefore, in order to protect the
environment, it is necessary to find alternative farming approaches that enhance soil health
and soil hydrological functioning . So far, research into the effect of alternative tillage
systems and organic amendment measures on soil health, hydrological functioning and
nutrient leaching has been inconclusive. Moreover, few studies have assessed the
combined effects of tillage, organic matter amendment and organic farming combined. In this
study, we present the results of a 23-year long experiment comparing the effects of tillage
(conventional tillage and non-inversion tillage (NIT)) and organic matter amendments
(artificial fertilizer, manure slurry, and compost addition) in both a conventional and organic
farming system. As a “natural” baseline, we also compared the agricultural soils to an
undisturbed forest soil nearby. We expect that the undisturbed, natural soil contain the best
soil physical parameters (such as a low bulk density and well-developed aggregates), which
has been facilitated by limited soil disturbance, high soil organic matter content and a
healthy community of soil organisms. This contributes to good hydrological functioning,
climate resilient crop production, and limited nutrient leaching. We measured various
compounds of nitrogen (N) and phosphorous (P) in the soil and groundwater, C:N ratios,
labile and resistant organic matter (LOM and ROM), soil physical parameters such as
aggregate stability, presence of soil life such as bioturbators and hydrological functions such
as infiltration rates. Moreover, undisturbed soil cores were taken and subject to column
experiments, to measure nutrient leaching under different climatic conditions. Based on
these results, we conclude to what extent NIT, organic matter amendments and organic
practices perform better in terms of soil health, hydrological functioning and soil nutrient
leaching, and as such lessen their impact on the environment by contributing to good water
quality.
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Abstract number—46 Amending Water Quality through Nature-inspired
Principles — an Overview

Cécile Alsbach', Stefan Dekker', Stefanie Lutz', Joachim Rozemeijer?

"Copernicus Institute of Sustainable Development, Utrecht University, Princetonlaan 8a, 3584CB
Utrecht, The Netherlands
2Subsurface and Water Quality, Deltares, Daltonlaan 600, 3584 BK Utrecht, The Netherlands

Globally, water quality is at risk due to pollution via urban and industrial wastewater,
agricultural intensification and human interference with natural hydrological processes that
control water quality. Moreover, climate change is expected to exacerbate the processes
associated with water quality decline. Good water quality is crucial to the functioning of our
ecosystems and the ecosystem services they provide, and as such, measures to ensure
good water quality now and in the future are necessary. Measures guided by nature-inspired
principles (NIPs), are a popular approach in combatting global issues like climate change
and biodiversity loss, but it is unknown whether they can contribute to water quality as well.
NIPs include any principles in land use and management that incorporate natural processes
to achieve their aims such as nature-based solutions, environmental and ecosystem
engineering, agroecological principles and better management practices. Part of their
popularity lies in their relatively low costs, easy maintenance and their capacity to address
multiple environmental issues, such as water retention, carbon capture, and biodiversity
loss. However an overview of water quality-amending NIPs is lacking. Therefore, the
objective of this research was to create an overview of existing NIPs, how they can be used
to improve water quality and what the main working principles behind their effectivity are. We
conducted a systematic literature review, focusing on NIPs that aim to mitigate nutrient
(nitrogen and phosphorous) pollution. We found that NIPs can indeed contribute to water
quality, while also offering benefits with regards to water quantity. NIPs contribute to water
quality by improving nutrient retention and water infiltration capacity of soils, and by
harnessing natural cleansing processes like phytoremediation. Furthermore, we provide a
categorization system according to their spatial distribution throughout catchments and the
scale at which they are applied. Lastly, we identify potential effects of climate change on the
effectivity of NIPs in improving and maintaining good water quality. Though NIPs are
promising with regards to improving water quality, we expect climate change to negatively
affect some of the natural processes that support NIPs’ effectiveness. However, small
decreases in effectivity do not detract from the overall effect NIPs have on water quality,
their easy and low-cost implementation, and multiple other benefits for the environment.

LuwQ2025 Page 48 of 207 14 May 2025



LuwQ2025, Land Use and Water Quality: Agriculture and the Environment
Aarhus, Denmark, 3—6 June 2025
VOLUME OF ABSTRACTS

Abstract number—47 Evaluating nitrogen removal efficiency in a constructed
wetland dominated by diffuse agricultural groundwater inflows using an
integrated catchment—-wetland model

Linh Hoang', James Sukias?, Valerio Montemezzani3, Chris Tanner*

"National Institute of Water and Atmospheric Research (NIWA), Hamilton 3216, New Zealand
[linh.hoang@niwa.co.nz]

2National Institute of Water and Atmospheric Research (NIWA), Hamilton 3216, New Zealand
[james.sukias@niwa.co.nz]

3National Institute of Water and Atmospheric Research (NIWA), Hamilton 3216, New Zealand
[valerio.montemezzani@niwa.co.nz]

“National Institute of Water and Atmospheric Research (NIWA), Hamilton 3216, New Zealand
[chris.tanner@niwa.co.nz]

Nitrogen loading from diffuse agricultural sources is a significant water-quality concern
globally. Constructed wetlands have become an increasingly common approach for treating
runoff and drainage from agricultural lands. However, due to the diffuse nature of nitrogen
loading from farmlands, tracing flow pathways and accurately measuring nitrogen inputs to
wetlands—as well as evaluating their nutrient reduction efficiency—remains challenging. At
the Owl Farm wetland in Cambridge, New Zealand, we encountered this difficulty, as direct
measurement of wetland inflows was not feasible due to the primary sources being diffuse
groundwater seepage and intermittent flows from a subsurface drain. We applied the Soil
and Water Assessment Tool (SWAT) to estimate and partition nitrogen inflow from both the
drain and seepage sources. A dynamic first-order tanks-in-series wetland model was linked
with SWAT to evaluate the wetland capacity for nitrogen removal over a four-year period.
The linked catchment-wetland model showed strong agreement between simulated and
observed flow and nitrate loads at the wetland outlet, achieving Nash—Sutcliffe efficiency
(NSE) values of 0.7 and 0.76, respectively, suggesting that it provides a good representation
of the hydrological and nitrogen processes in the upland catchment and the constructed
wetland. To estimate nitrogen removal efficiency, we employed two methods: a mixed
measurement and modelling approach and a process-based modelling approach. Both
methods showed that nitrate-N and total N load removal were exponentially related to
wetland outflow rates. Based on the process-based model estimates, the Owl Farm
constructed wetland is highly effective in removing nitrate-N, with annual removal rates
ranging from 55-80% (averaging 61%). However, this efficiency is highly dynamic,
influenced by inflow rates from the catchment; removal rates are highest during low flows
and decrease at higher flows, though still maintaining a removal rate of around 20—-40%
during high-flow periods. Notably, actual nitrogen-load removal in the wetland is greatest
during these high-flow periods when input loads peak. This study highlights how a linked
catchment—-wetland modelling approach can effectively quantify diffuse nitrogen inputs from
varied runoff sources and assess wetland nutrient reduction. This tool is particularly valuable
for cases where diffuse groundwater inflows, which area difficult to measure, are significant
nutrient sources.

LuwQ2025 Page 49 of 207 14 May 2025



LuwQ2025, Land Use and Water Quality: Agriculture and the Environment
Aarhus, Denmark, 3—6 June 2025
VOLUME OF ABSTRACTS

Abstract number—49 Using Land Use to Predict the Risk Posed by Mixtures of
Pesticide Active Ingredients in Waterways Entering the Great Barrier Reef
Lagoon, Australia

Cath Neelamraju'2, Michael Warne', Ryan Turner!, Reinier Mann?

'"Reef Catchments Science Partnership, School of the Environment, University of Queensland,
Australia
2Department of Environment, Science and Innovation, Queensland, Australia

Monitoring pesticides in waterways is challenging due to spatial and temporal variability,
logistical constraints, and high costs. In Australia, droughts and flood events can present
logistical and safety constraints, while adequate spatial coverage can be costly. To address
this issue, a method was developed to predict the combined toxicity and risk of 22 pesticide
active ingredients in waterways discharging to the Great Barrier Reef (GBR) lagoon using
land use, hydrological, and spatial variables. These relationships enable risk predictions for
sites and spatial scales lacking pesticide monitoring data. The relationships explain 60 to
80% of the variation in pesticide risk for four pesticide groups: all 22 pesticides, photosystem
Il (PSII) inhibiting herbicides, other herbicides, and insecticides. Our findings indicated that
71 to 100% of aquatic species were protected at the basin level. While at a larger spatial
scale, the entire GBR catchment area achieved 97% protection of aquatic species. Land
uses such as agriculture and urban development were key predictors in the model,
highlighting the impact of human activities on pesticide delivery to waterways in the GBR
catchment area. While significant spatial variability was observed across different regions,
PSII herbicides were generally the highest contributors to overall mixture toxicity, followed by
other herbicides and insecticides. This study provided a cost-effective method to assess
pesticide mixture risk at multiple spatial scales and provided data to guide actions to reduce
toxic impacts on aquatic ecosystems. While specific to the GBR catchment area, this method
can be applied internationally to predict pesticide mixture toxicity in unmonitored waterways.

Abstract number-50 Impact of Pesticide Mixtures on Aquatic Ecosystems: A
Risk-Based Approach

Cath Neelamraju’?, Michael Warne', Ryan Turner?, Jennifer Strauss?, Reinier Mann?

'Reef Catchments Science Partnership, School of the Environment, University of Queensland,
Australia
2Queensland Department of Environment, Science and Innovation, Queensland, Australia

Poor water quality associated with land-based runoff is one of the primary pressures
impacting the health and resilience of Australia’s Great Barrier Reef (GBR). Research shows

LuwQ2025 Page 50 of 207 14 May 2025



LuwQ2025, Land Use and Water Quality: Agriculture and the Environment
Aarhus, Denmark, 3—6 June 2025
VOLUME OF ABSTRACTS

that 81% of water samples taken in the GBR catchment area contain complex mixtures of
pesticides including herbicides, fungicides, and insecticides. The presence of multiple
pesticides, even at low concentrations, has been found to present a cumulative toxic risk to
aquatic ecosystems. The Pesticide Risk Metric (PRM) was developed to estimate the toxicity
of pesticide mixtures detected in water samples, using species sensitivity distributions
(SSDs) combined with the independent action model of joint toxicity to provide an estimate
of the cumulative biological effects on aquatic organisms. The SSDs were developed using
the same toxicity data and methodology as the Australian and New Zealand Guidelines for
Fresh and Marine Water Quality. This means the resulting mixture toxicity estimates can be
used to evaluate whether the desired level of ecosystem protection is being met under the
Australian Water Quality Management Framework. The PRM has been used to report
against the Reef 2050 Water Quality Improvement Plan in the Great Barrier Reef Water
Quality Report Card, and is a core reporting deliverable for the Great Barrier Reef
Catchment Loads Monitoring Program. The PRM has recently been expanded from 22 to 53
pesticide active ingredients across multiple modes of action, including fungicides for the first
time. This presentation will outline the functionality of the expanded PRM and present
mixture toxicity estimates from waterways in the GBR catchment area as a case study. In
some locations, up to 42% of aquatic species could be affected by pesticide mixtures, with
significant spatial and temporal variability observed across different the different
geographical regions.

Abstract number-51 The Temporal Response Surface: Assessing the delayed
and cumulative impacts of imidacloprid on aquatic ecosystems

Cath Neelamraju'2, Michael Warne?, Francicso Sanchez-Bayo*, Reinier Mann®, Ryan Turner®

'Reef Catchments Science Partnership, School of the Environment, University of Queensland,
Brisbane, Queensland, Australia.

2Department of Environment, Science and Innovation, Brisbane, Queensland, Australia.

3Reef Catchments Science Partnership, School of the Environment, University of Queensland,
Australia

4School of Life and Environmental Sciences, The University of Sydney, Eveleigh, NSW, Australia.
SDepartment of Environment, Science and Innovation, Brisbane, Queensland, Australia

Imidacloprid, a widely used neonicotinoid insecticide, is frequently detected in the waterways
of the Great Barrier Reef (GBR) catchment area, often exceeding water quality guidelines for
ecosystem protection. Imidacloprid is detected in an average of 54% of all samples collected
by the GBR Catchment Loads Monitoring Program, with concentrations remaining elevated
for up to five months in some locations. This is unsurprising as it is registered for, and highly
relied upon, in a diverse range of crops in Australia. However, a growing body of literature
highlights the potential for imidacloprid toxicity to increase over time due to irreversible
binding to target receptors within aquatic organisms. Toxic effects may accumulate within
these organisms if exposed to extended or repeated pulses of imidacloprid in the waterway,
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potentially resulting in greater impacts than previously estimated using relatively short-term
toxicity test data (typically four days of duration). To address this gap, we introduce the
Temporal Response Surface (TRS), which incorporates exposure duration into the species
sensitivity distribution (SSD) approach to estimate the cumulative and delayed toxic effects
of imidacloprid exposure. The TRS method reveals that imidacloprid concentrations
protective of 99%, 95%, 90%, and 80% of the aquatic ecosystem decrease significantly
within the first 30 days of continuous exposure and continue to decline over a 100-day
period. This novel, world-first approach provides a more comprehensive assessment of the
risks posed by chemicals with delayed and cumulative toxicity characteristics, enhancing
and better informing efforts to protect aquatic ecosystems.

Abstract number-52 National nitrogen model for national regulation of
nitrogen

Anker Lajer Hajberg', Hans Thodsen?, Christen Duus Bgrgesen?, Birgitte Hansen', Anne-Sophie
Hgyer', Lars Troldborg', Simon Stisen’

'Geological Survey of Denmark and Greenland - GEUS
2Aarhus University, Department of Ecoscience
8Aarhus University, Department of Agroecology

During transport of nitrogen from the field to sea, nitrogen, mainly in the form of nitrate, may
undergo natural denitrification in the subsurface or in surface waters, such as streams,
lakes, wetlands etc. For Denmark it is estimated that approximately 65% of nitrate leaching
from the root zone and 20% of nitrate reaching the surface water system is reduced during
transport. The reduction is caused by natural processes but shows large spatial variation at
various scales, due to the heterogeneity of the physical and chemical system. Spatial
variability means that the effectiveness of nitrogen mitigation measures will also vary
spatially, with highest effect in areas with the lowest degree of denitrification. Identifying
areas with high and low denitrification potentials is thus vital for optimal management of
nitrogen uses and development of cost-effective mitigation programmes.

A national nitrogen model has been developed for Denmark by coupling national models
describing the various parts in the terrestrial nitrogen cycle. Nitrate leaching from the root
zone is based on the statistical model NLES5 that combines physical data such as soil and
climate with management practices such as crop rotation and application of synthetic
fertiliser and animal manure. Simulation of groundwater transport, including drainage and
nitrogen reduction in the subsurface, is based on the national hydrological model combined
with a description of geochemical subsurface conditions important for denitrification.
Denitrification in surface water systems is described by individual statistical models for small
and large lakes, small and large watercourses, constructed wetlands, constructed mini
wetlands and temporarily flooded areas. The model complex is developed to calculate
nitrogen transport and reduction from the root zone to the sea, and to calculate denitrification

LuwQ2025 Page 52 of 207 14 May 2025



LuwQ2025, Land Use and Water Quality: Agriculture and the Environment
Aarhus, Denmark, 3—6 June 2025
VOLUME OF ABSTRACTS

between the root zone and the sea to produce the so-called national nitrogen retention
maps.

A new agricultural nitrogen regulation model is currently being developed in Denmark by the
authorities that will exploit the model results for the advancement of a spatially differentiated
regulation of nitrogen usages. Important for the new regulation is to explore the scale at
which nitrate reduction can be estimated with acceptable certainty. Central to the current
development of the national nitrogen model is thus an assessment of the uncertainties in the
estimated nitrate reduction by stochastic simulations and assessment of the relation
between scales and uncertainties.

Abstract number-53 Literature review and meta-analysis of denitrification
rates for unconsolidated sedimentary aquifers

Denitza Voutchkova', Hyojin Kim', Leerke Thorling’, Birgitte Hansen'

'De Nationale Geologiske Undersggelser for Danmark og Granland (GEUS), Universitetsbyen 81,
Bygning 1872, 6. etage 8000 Aarhus C, Denmark

Globally, nitrogen (N) losses from agriculture are critical as the safe planetary boundary for
N has been exceeded. In Denmark and in the European Union, nitrate (NO3) pollution is the
main cause of failure to achieve good chemical status for groundwater. A spatially targeted
agricultural N regulation model is being developed in Denmark to further reduce the impact
on the aquatic environment. Knowledge about NO3 reduction in groundwater is crucial for
that. The most important biogeochemical process, responsible for NO3-removal in
groundwater is denitrification (reducing NO3 to N20O or N2). Denitrification rates in
groundwater can vary few orders of magnitude, however a global overview is lacking.
Moreover, no systematic study has been carried out to assess the effect of different site- or
study-specific characteristics which could potentially explain this variation.

To fill this research gap, we did a literature review, based on a systematic approach to
identifying and screening sources for relevance and performing critical appraisal. A data
extraction protocol (denitrification rates and auxiliary potentially explanatory data) was
prepared a priori and followed through. Two different statistical methods were used for data-
synthesis: 1) meta-analysis based on random-effects model, stratified by study site location,
sediment type, method, depth interval, 2) Gaussian finite mixture modelling for a
homogeneous sub-set of the data from Denmark. The Danish sub-set allowed for more
detailed investigation on the distribution of denitrification rates by location, surface geology,
depositional environment, geomorphology, lithology, sediment texture, redox state, and
saturation state.

The review included data from 69 studies published in the period 1988—-2023, covering study
sites in 17 countries, mostly in the Northern hemisphere. Nearly half of the studies were on
aquifers in the USA (already reviewed elsewhere), while Denmark was at the second
position with 9 studies, thus selected as focus-country. The kinetic order of the denitrification
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rates was not reported or discussed in 33 of the studies, however the reporting units were
zero-rate-like. The non-first order rates (690 individual measurements or reported descriptive
statistics) were converted to mg N/L/y and transformed with a natural logarithm. The majority
of the data points were for porous sedimentary aquifers (non-consolidated) with In-
transformed rates in the range -10 to 12.1 with median 2.75 (back-transformed to 15.6 mg
N/L/y).

In this presentation we will show for first time results from both the meta-analysis and the
gaussian finite mixture modelling and will discuss gaps in knowledge and potential future
research directions.

Abstract number-54 Building value in environmental monitoring for more
informed decision-making about trade-offs between ecosystem services and
disservices from nature-based solutions

Martyn Futter!, Emma Lannergard?, Katrin Bieger®, Csilla Farkas®, Jens Folster?, Pia Geranmayeh?,
Anastasija Isidorova®, Brian Kronvang®, Dominika Krzeminska®, Katarina Kyllmar?, Ainis Lagzdins®,
Anu Lahteenmaéki-Uutela®, Hannu Marttila’, Michael Peacock®, Katri Rankinen®, Eva Skarbavik?,
Anne Solheim®, Pasi Valkama®, Joachim Audet®

'Swedish University of Agricultural Sciences. SE
2Swedish University of Agricultural Sciences, SE
3Aarhus University, DK

4Norwegian Institute of Bioeconomy Research, NO
SLatvia University of Life Sciences, LV

8Finnish Environment Institute, FI

"University of Oulu, FI

8University of Liverpool, UK

®Norwegian Institute for Water Research, NO

Society increasingly expects that food will be produced in a sustainable, climate-smart
manner. Nature based solutions (NBS), including ponds and constructed wetlands are
widely promoted by researchers as a class of measures promoting healthy agricultural
landscapes. However, a range of trade-offs associated with NBS influence practitioner’s
decisions about their implementation and use. Making the right decisions about NBS
requires, amongst other things, access to data from environmental monitoring programmes.
The value of monitoring programmes depends on how well the data they collect and curate
can be used to support decision-making. Here, we present a conceptual framework for
assessing the value of monitoring programmes based on the relevance of the data they
collect to decision maker needs, their overall running costs and their levels of uncertainty in
characterizing the state of the environment. We demonstrate how our proposed framework
can be used to assess the value of a range of monitoring programmes for quantifying trade-
offs between nutrient load reduction and climate impacts from artificial wetlands in
agricultural landscapes. We highlight the different information needs of individual
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landowners or managers who are responsible for single ponds or wetlands versus the needs
of different levels of government who may have national or international reporting
commitments. Finally, we discuss the potential for our approach to deliver more effective
local and national-scale assessments of trade-offs and potential management responses.

Abstract number-55 Nitrous oxide emissions in agricultural streams: The
critical influence of pH

Mette Carstensen', Annelies Veraart?, Ida Peterse?, Nicole Wrage-Mdnnig2, Joachim Audet’

'"Department of Ecoscience, Aarhus University, Aarhus C, Denmark.

2Department of Aquatic Ecology and Environmental Biology, Radboud Institute for Biological and
Environmental Sciences (RIBES), Radboud University, Nijmegen, the Netherlands

3Grassland and Fodder Sciences, University of Rostock, Rostock, Germany

Nitrous oxide (N20O) emissions from streams represent a significant yet often overlooked
source of greenhouse gas in Danish agricultural landscapes. We conducted a
comprehensive assessment across diverse agricultural catchments, measuring N20
concentrations in stream water under varying hydrological conditions and land management
strategies. In this study, we had a particular interest in how pH affects N20O emissions, which
we investigated by examining agricultural and natural streams in regions of Denmark
characterized by soils with low pH. For a subset of samples, 16S rRNA sequencing gene
data was analyzed to characterize the microbial communities associated with different pH
and N20 levels. Our initial findings reveal that streams in acidic catchments exhibit elevated
N20 levels, which was both the case for agricultural and natural streams. Thus, this study
suggests, that pH and water quality play a critical role for the N20O emissions from streams.
A better understanding of the complex relationship between pH, water quality and other
drivers is essential for developing effective strategies to quantify and mitigate N20O
emissions in agricultural landscapes.

Abstract number-56 From Literature to Lab: Transformation and Sorption
Behaviors of Nitrification and Urease Inhibitors

Eva Weidemann', Matthias Gassmann'
"University of Kassel, Germany

Nitrification inhibitors and urease inhibitors have been used in agriculture for decades to
delay nitrification, maintain plant-available ammonium in the soil for longer periods, reduce
nitrate leaching, and slow down the rapid conversion of urea to ammonialJactions that also
positively impact the climate protection. A previous study has detected the nitrification
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inhibitors H-1,2,4-triazole and Dicyandiamide (DCD) in surface waters and groundwater,
highlighting their potential negative impact on nitrification and denitrification processes
especially in wastewater treatment plants, among others.

There are also other inhibitors available, which are currently applied on agricultural fields.
The question arises whether the inhibitors and their potential transformation products can
occur in surface and groundwaters. To deal with this question, an intensive literature review
was performed, and the results were compared with those of a soil column study.

In 40 weeks of soil column study, 48 columns with a diameter of 7.1 cm were filled to a
height of 25 cm. The 48 columns consisted of 16 variants including two different soils, two
different temperatures, four different applications (three fertilizers, none) and each variant as
triplicate. Three fertilizers with four nitrification inhibitors and one urease inhibitor were
applied on the soil surface with a concentration of 15 g/m? ENTEC 26 (3,4-dimethylpyrazole
phosphate [DMPP]), ENSIN PLUS (Dicyandiamide [DCD] and 4-amino-1,2,4-triazole [ATC]),
Alzon Neo-N (reaction mass of N-((5-Methyl-1H-pyrazol-1-yl)methyl)acetamide and N-((3-
Methyl-1H-pyrazol-1-yl)methyl)acetamide [MPA], N-(2-nitrophenyl)phosphoric triamide [2-
NPT)).

Water was also applied on the surface with a double groundwater recharge rate to account
for two fall/winter cycles. Across all variants, each substance was detected at least once in
the percolate, with differences observed between the two soils. By the end of the soil study,
MPA and 2-NPT were not detected in either soil, indicating complete transformation. These
results align with literature values of DT50, indicating 50% biotransformation in soil within
less than 10 days for both substances. DMPP was identified as the most adsorptive
substances among the five inhibitors, predominantly found in the upper two of three soil
layers. Soil percolate analysis of soil columns without application indicates the prior
presence of DCD in both soils. This explains the presence of DCD in the first percolates and
even distribution in all soil layers at the end of study. ATC was only found in the percolate of
one soil type after 100 days of study until the end. This indicates either a stronger adsorption
in the soil and/or a slower biotransformation.

Abstract number-57 Managing the trade-off between agricultural productivity
and groundwater protection in Switzerland — a model-based approach

Annelie Holzkamper', Veronica Nooijen’

"Division Agroecology and Environment, Agroscope, Reckenholzstr. 191, CH-8046 Zurich,
Switzerland

Nitrate pollution of groundwater is still an issue of concern at many drinking water wells
located in the Swiss lowlands, where agricultural areas are the main pollution source.
Extensification measures (e.g. conversion of arable land to extensive grassland, reduction of
vegetable/potato areas in favor of cereals) are generally considered to be effective to reduce
nitrate leaching to groundwater. However, these measures are also associated with large
losses in agricultural productivity and can thus only be implemented on small focused areas
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within contribution zones of drinking water wells. It is hypothesized here that the trade-offs
between agricultural production and groundwater protection can better be managed if more
nuanced mitigation strategies are implemented at a broader scale. Such strategies would
target at an improved synchrony between plant nitrogen demands and soil nutrient
availabilities (e.g. by inclusion of cover crops and optimizing crop rotations, through reduced
soil management and demand-driven fertilization practices). Since evaluating the effects of
such strategies is anything but trivial given the high complexity of the process interactions
and the strong influence of climatic variability, it is the aim of this work to train a mechanistic
field scale model that simulates soil water and nutrient dynamics at a field scale in response
to soil, climate and management drivers (DAISY model). The calibration builds on an
extensive dataset from the lysimeter station Zurich Reckenholz including detailed data since
2009 on nitrate leaching, seepage water generation, soil moisture, water tension, soil
temperature, and crop yields for a series of different experiments including non-inversion
tillage, cover cropping as well as different fertilization types and amounts. In this
presentation, results from calibration and validation will be presented as well as preliminary
results of scenario simulations.

Abstract number-58 Exploring intensified catalytic role of biochar in
facilitating advanced oxidation of tebuconazole in agriculture drainage

Jingyu Wang', Trine Norgaard', Vaidotas Kisielius?, Pedro N. Carvalho?, Shubiao Wu'

'Department for Agroskologi Aarhus Universitet AU Foulum Blichers Allé 20 8830 Tjele

2Department of Environmental Science Aarhus University Frederiksborgvej 399 P.O. Box 358 DK-
4000 Roskilde

In agricultural settings, managing pesticide contamination is crucial for both environmental
protection and human health. Biochar has emerged as an economical and eco-friendly
material for soil remediation, recognized for its strong adsorption and catalytic properties that
effectively remove emerging organic pollutants like pesticides. However, in real-world
agricultural scenarios, fluctuating hydraulic conditions and the scalability of the application
must be considered. To address these challenges, we developed a modified biochar
material combined with calcium peroxide (Ca02), which is a stable source of H202 that
promotes advanced oxidation processes while minimizing potential harm to soil and crops.
This CaO2-coated biochar significantly enhances pesticide degradation by intensifying the
generation of hydroxyl radicals (OH-). Our study shows that the coated biochar increases
OH- production by over tenfold, achieving 99% removal of tebuconazole—a commonly used
fungicide—within 10 minutes. Additionally, the biochar can rapidly capture pesticides from
agricultural drainage, with over 80 % of tebuconazole being adsorbed in only 10 minutes.
Although the Ca02 coating reduces the biochar’s adsorption capacity by 40-50 %, the
overall pesticide removal efficiency is greatly improved due to the synergistic effect of
adsorption and catalytic degradation. This rapid adsorption capability makes the modified
biochar well-suited for fluctuating conditions commonly found in agricultural settings, offering
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a targeted approach to managing pesticide residues and demonstrating potential adaptability
for mitigating other environmental contaminants.

Abstract number-59 Monitoring vegetated buffer strips by using remote
sensing data: Chances and Challenges in Germany

Patrick Merita', Ronja Redlich', Eva Katz', Alexandra Mdiller?, Jeremias Becker?, Stephan
Marahrens?

"Federal Agency for Cartography and Geodesy (BKG), 60598 Frankfurt am Main, Germany
2German Environment Agency (UBA), 06844 Dessau-RoRlau, Germany

Biodiversity in the agricultural landscape has declined in recent decades. One of the main
reasons for the loss of biodiversity is the intensification of agriculture. In particular, the use of
pesticides is an essential part of intensive agriculture. Pesticides are not only effective
against harmful target organisms, but also against non-target organisms and affect the
untreated habitats adjacent to the treated areas. Therefore, the creation of vegetated buffer
strips is an effective measure to protect surface water bodies from pesticide and fertilizer
inputs.

A project between the Federal Agency for Cartography and Geodesy (BKG), Helmholtz
Centre for Environmental Research (UFZ) and the German Environment Agency (UBA) was
initiated in 2022 to develop methods for the identification, characterization and evaluation of
potentially relevant areas and their function in the agricultural landscape, as well as the
implementation of these methods in a user-friendly software application.

Using GIS and remote sensing methods, the BKG has recorded the agricultural landscape in
Germany with regard to the availability of refugial areas and vegetated buffer strips with a
protective effect against the entry of pesticides into surface waters.

The riparian zones were determined by using the software Feature Manipulation Engine
(FME). Normalized Difference Vegetation Index (NDVI) was derived from digital orthophotos
(spatial resolution: 20 cm) and satellite data (SPOT, 1.5m), which are available throughout
Germany, to identify the vegetated buffer strips. In addition to remote sensing data, the land
cover model (LBM-DE) and digital landscape model (Basis-DLM) for Germany were used to
identify relevant areas.

The application allows to analyze the distribution of vegetated buffer strips and to compare
with the corresponding legal requirements. With this application, it is possible to investigate
issues relating to the provision of refugial areas and vegetated buffer strips in the agricultural
landscape for regulatory purposes and to evaluate the effectiveness of related measures.

Abstract number-—60 Pesticide metabolites — a regulatory perspective on an
emerging group of contaminants for groundwater and drinking water
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Helena Banning', Alexander Eckhardt?, Falk Hilliges®

"UBA German Environment Agency, Plant Protection Products, Dessau-Rof3lau, Germany

2UBA German Environment Agency, Toxicology of Drinking Water and Swimming Pool Water, Bad
Elster, Germany

3UBA German Environment Agency, General Water and Soil Aspects, Dessau-RoBlau, Germany

Pesticide degradation products (metabolites) are an emerging group of contaminants for
groundwater and drinking water. When applied to agricultural land, pesticides degrade in the
soil and leach into groundwater, which is an important source of drinking water. Under EU
pesticide regulation, metabolites are divided into two groups — “relevant” and “non-relevant”
metabolites. Relevant metabolites have high residual pesticidal activity or toxic properties.
They are regulated in analogy to active substances with a harmonized threshold of 0.1 ug/L
in the EU Plant Protection Regulation, the Drinking Water Directive and the Groundwater
Directive. In contrast, non-relevant metabolites hardly underlie any legal or management
frameworks. However, the awareness for this group of contaminants is rising and the
regulatory gaps are increasingly being addressed.

Non-relevant metabolites are not harmless. They often have properties that are critical to the
environment. Many of them are highly mobile, leach into groundwater in large quantities,
remain in the environment for a long time and can hardly be removed from drinking water. In
general, there is a lack of knowledge about the long-term consequences when metabolites
accumulate in the natural environment, interact with other substances and are subject to
further degradation, e.g. by water treatment. There are examples of toxic properties that are
only becoming known long after a pesticide has been placed on the market. However, only a
non-binding guidance value of 10 pg/L for non-relevant metabolites is currently available for
pesticide authorisation.

The German public monitoring programme shows that non-relevant metabolites were
detected at 72 % of monitoring sites, and at 27 % at levels above 1 pg/L — with highest
detection rates for trifluoroacetate (TFA) and the metabolites of chlorothalonil, chloridazon,
nicosulfuron, metazachlor, S-metolachlor and dimethachlor. However, there is no legal
threshold value for groundwater in Germany or the EU. The EU Groundwater Directive
proposes 1 ug/L (under discussion), which would be a good starting point for managing this
group of substances.

The new EU Drinking Water Directive includes a mandate for Member States to set a
national guidance value for non-relevant metabolites. In Germany this is implemented in the
new Drinking Water Catchment Ordinance and limits their raw water concentrations to 1, 3
or 10 pg/L — depending on data availability and substance properties. This favours
catchment management measures such as pesticide reduction and mitigation over “end-of-
pipe” drinking water treatment.

Legally binding values provide a basis for adequate regulation of non-relevant metabolites in
the authorisation of pesticides. In addition, the long-term protection of our groundwater and
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drinking water requires an ambitious strategy to reduce the overall use of pesticides in line
with the EU Farm-to-Fork Strategy and respective national implementation strategies.

Abstract number—61 Modelling of soil mineral nitrogen in leachate using
APSIM

Michel Willgerodt', Mona Dieser!, Annett Gummert', Henrike Mielenz', Steffen ZieseniR', Burkhard
Stever-Schoo'

"Julius Kiihn Institute (JKI) — Federal Research Centre for Cultivated Plants, Institute for Crop and
Soil Science, Bundesallee 58, 38116 Braunschweig, Germany

Due to nitrogen (N) inputs from agriculture, some groundwater bodies in Germany show
higher nitrate concentrations than permitted under the European Nitrates Directive
(91/676/EEC). In order to evaluate the effectiveness of mitigation measures, it is necessary
to reliably quantify the nitrate loads. Potential nitrate loads can be measured precisely in the
topsoil as mineral nitrogen contents. However, it is difficult to determine how these nitrate
loads are transported to deeper soil layers beyond the root zone by the leachate. Nitrate
concentrations in leachate below the root zone often show only a slight correlation with
residual nitrogen quantities in the topsoil (SMN) in autumn. This is because of the multiple
and complex transformation and transport processes occuring on the way.

In order to obtain a better understanding of the interactions of the various processes in this
context, process-based modelling is a suitable method. In the present study, the Agricultural
Production Systems SIMulator (APSIM) model was used to simulate nitrate leaching from
the topsoil to deeper soil layers within a crop rotation frequently found on German arable
farms. We used detailed soil and weather data as well as yield-physiological parameters
from a crop rotation trial with winter wheat, winter barley, and winter oilseed rape, ongoing
since 2020 at our research site in Braunschweig to calibrate and validate the model. The
experiment included three nitrogen fertilization regimes (0 %, 75 % and 100 % of N
demand). The leaching risk of nitrate during winter is high from the sandy soil at the site.

A working protocol was used to parameterize plant and soil models that corresponded to the
conditions of the field trial. The model results allow an illustration of the site-specific nitrate
leaching with special consideration of the nitrogen supply and the influence of the preceding
and subsequent crop. They also allow us to observe the temporal course of leachate and
nitrate displacement and to interprete the autumnal SMN with respect to nitrate leaching
potential. Against this background, also effective measures to reduce nitrate pollution are
discussed.
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Abstract number—62 Exploring the role of structural and financial factors to
implement Natural Small Water Retention Measures in agriculture: insights
from a survey to practitioners

Federica Monaco', Divina Gracia Rodriguez?

"Department of Agricultural and Environmental Science, University of Milan
2Department of Economics and Society, Norwegian Institute of Bioeconomy Research

Diffuse pollution from agriculture remains a major threat to the quality of surface and
groundwater across Europe, continuing to significantly pressure water usability. Alongside
soil erosion, nutrient run-off and leaching, this condition deteriorates the production capacity
of agricultural areas and diminishes the potential income for farmers. In response, farmers
must adapt their practices to mitigate these impacts, while addressing environmental
challenges and complying with a sustainable resource management. Natural Small Water
Retention Measures (NSWRMs), which leverage natural processes for pollution mitigation,
offer valid alternatives in this direction. Promoted and supported by decision- and
policymakers at various levels, NSWRMs represent an opportunity for farmers to wider take-
up or adopt new practices to improve water quality and availability. Exploring whether and
how structural conditions, financial and technical support may influence NSWRM
implementation at farms is crucial for identifying current weaknesses and opportunities, and
refining policies to better support farmers. This presentation stems from the activities carried
out within the H2020 EU project OPTAIN (“OPtimal strategies to retAIN and re-use water
and nutrients in small agricultural catchments across different soil-climatic regions in
Europe”). As such, it aims to explore the current adoption status of different agricultural
NSWRMs that have already demonstrated or are expected to ameliorate either water
availability or quality at farm level. Through a targeted survey conducted in project case
study areas, the research collected qualitative and quantitative data and information on
farmers’ knowledge, attitudes and practices related to relevant NSWRMs. The results
provide a snapshot of farmers’ perspectives on NSWRMs attractiveness and reveal insights
into successful practices. In addition, the findings highlight potential bottlenecks, constraints
and limitations to wider implementation, offering valuable insights and inputs for policymaker
and strategic planners to direct future investments in NSWRMs effectively.

Abstract number-63 Large scale implementation of groundwater protection in
Aarhus Municipality

Ulla Lyngs Ladekarl’
"Department of Soil and Groundwater

Aarhus Municipality is the second largest municipality in Denmark with more than 360.000
inhabitants and a with a constantly growing population. The groundwater resource is under
pressure both concerning quality and quanti-ty. Pesticides but also pfas and biocides are
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found in many drinking water wells. Protection of the resource is therefore crucial.

The municipality has decided to protect the groundwater in two ways: by action plans with
both voluntary agreements and bans on not using pesti-cides and with water and nature
parks pointed out in the Municipal Devel-opment Master Plan. The goal is to protect about
9.000 ha of agricultural land, but with the water and nature parks also to fulfill the goal of
4.000 ha more nature and forest, and to increase recreational areas, enhance natural
hydrology to retain CO2, and surface water.

The designation of water and nature parks will be agreed upon in the munic-ipal
development master plan in 2025. The designation builds on knowledge of mapped
vulnerable areas, recharge areas to important abstraction wells, designated areas to
afforestation or new nature, areas close to villages to increase wellness of population,
carbon rich areas etc.

It is a joint effort by the water utilities and the municipality to finance the establishment of the
parks and in several cases companies or the govern-ment are external parties. The
politicians have found a substantial amount of money to buy land/swap land to enhance the
voluntary commitment and farmer willingness to participate.

The presentation will focus on the process to designate the parks, and also how we plan to
calculate the benéefits, ie. ha of protected areas, reduction of nitrate leachate, reduction of
use of pesticides, carbon sequestration, changes in hydrology, benefits to health etc.

Abstract number—64 Understanding and improving water quality on local
catchment scale: an example of cooperative monitoring and research by
farmers and a regional water authority.

Frank van Herpen', Anne wim Vonk', Luuk van Gerven', Bart Timmermans?, Marc Nijboer3, Arjon
Buijert3, Arjen Koomen?3, Jos Verstraten*, Carlo Rutjes'

"Waterschap Aa en Maas, Pettelaarpark 70, 5216 PP ’s-Hertogenbosch, the Netherlands
2L ouis Bolk Instituut, Kosterijland 3-5, 3981 AJ Bunnik, the Netherlands

SArcadis Nederland B.V., Piet Mondriaanlaan 26, 3812 GV Amersfoort , the Netherlands
4Verstraten Melkvee V.O.F., Westerbeek.

Achieving the environmental targets of the European Water Framework Directive and Nitrate
Directive is a major challenge in the south of the Netherlands. Agricultural land use is one of
the primary sources of nitrate in ground and surface waters. Agricultural nutrient leaching
has been reduced in the last 35 years since manure application was regulated by national
manure policy. However, the environmental targets for ground- and surface waters are still
not met.

In 2018 the regional water authority Aa en Maas initiated a joint research project together
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with 7 farmers in the small, freely draining catchment area in the south of the Netherlands.
The aim of this project is to help bridging the gap between catchment scale environmental
objectives and farm-scale environmental Key Performance Indicators for nutrients. We did
this by development and application of new and existing tools and sampling techniques -
including deployment of water quality sensors - in local catchment areas in order to
understand how agricultural practices affect water quality and what can be done on farm
level to reduce agricultural nutrient losses to water and achieve the water quality objectives
in the surface water.

In this presentation we will discuss the results of the water quality and soil nutrients
monitoring during a 5 year period, including dry, warm years (2020, 2022) and wet years
(2024). Both crop rotations and precipitation have a profound impact on the surface water
quality. The monitoring results were used in a modelling approach for both water and soil.
The study area was modelled with the NDICEA and Vatpy models which simulate the soil
water and nitrogen dynamics in relation to weather. With its focus on nitrogen en carbon
contents in the soil the NDICEA model has a direct relation with agricultural activities and
impact on harvest and crops. The Vatpy model focuses on leaching and soil water dynamics
which helps to identify spatial hotspots of leaching in the catchment area, which proofed to
be useful tool for understanding the local catchment area.

In the last few years we’ve seen a growing interest among stakeholders in joint water quality
monitoring within local catchment areas. Drawing on our research experience we can
provide insights into suitable methods and instruments for the farm-scale level, as well as
those that should be used with caution. In the near future the regional water authority uses
the lessons learned in other monitoring campaigns with farmers in other catchments and we
continue the monitoring in the local catchment in order to obtain a long term measurement
series for further research opportunities.

Abstract number-65 Impacts of annual weather conditions and available soil
data on modelling nitrate leaching from farmland at regional and national
scale.

Christen Duus Bgrgesen', Charles Pesch’, Seyyed Mohammed Mirsafi!, Alireza Motevali', bo
Vangsg Iversen’

AU, Department of Agroecology, Soil Physics and Hydropedology, Blichers Allé 20, 8830 Tjele
Denmark

Nitrate leaching from farmland varies because of numerous hydrological and biological
processes driven by farm management, soil characteristics, and weather conditions. These
processes affect both water and nutrient transport and chemical and biological
transformation processes. Climatic conditions significantly influence nitrate leaching
processes by affecting soil temperature and moisture, which in turn impact biological and
chemical transformation processes and play crucial roles in crop growth and nutrient uptake.
Soil water surplus creates percolations out of the root zone, which, combined with the nitrate
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content in the pore water, leads to nitrate leaching out of the root zone.

The variation in the physical properties of the soil affects both the natural drainage and
aeration and thereby also the availability of nutrients. An essential tool for understanding soil
variability is the existence of soil maps. These soil maps include important features such as
soil texture, soil organic matter, bulk density, pH, and soil hydraulic properties. Variations or
uncertainties in these parameters can have a high impact when modelling water transport
and availability, crop growth, and nitrate leaching.

This study compares the impacts of newly generated three-dimensional soil maps and
associated soil characteristics using previously used soil maps and soil data on modelling
water balance and nitrate leaching. We aimed to investigate the variability of the soil maps
and their resulting impact on model outputs of water transport predicted using the Daisy
water transport- and balance- model and NLES5-predicted nitrate leaching. National
datasets for fields and farm data were used to predict nitrate leaching using the empirical
Danish nitrate leaching model NLES5. The results of 32 years of modelling nitrate leaching
using daily weather data (1990 — 2021) on a ten km grid scale and data from Danish farmers
for five years (2017- 2021) were used as inputs in the analysis.

Modelling results showed some low regional impacts on both water balance and nitrate
leaching of the updated soil data description, but on a national scale, the impacts are minor.
On the other hand, the year-to-year weather variations had a significant impact on nitrate
leaching levels. Changes in agricultural policies over the five years with new targeted cover
crops have a low impact on nitrate leaching levels in the aquatic environment compared to
the year-to-year effects of weather, which means that the effects of new measures need to
be monitored for long periods to obtain the full effect.

Abstract number-66 Comparing soil hydraulic properties of an agricultural
field to non-invasive remote sensing and GPR data

Marjana Zajc', Anja Koro$a?, Ursa Peéan®, AndraZ Krivic*

'Geological Survey of Slovenia, Dimi¢eva 14, 1000 Ljubljana, Slovenia, marjana.zajc@geo-zs.si
2Geological Survey of Slovenia, Dimiéeva 14, 1000 Ljubljana, Slovenia

SUniversity of Ljubljana, Biotechnical Faculty, Agronomy Department, Jamnikarjeva 101, 1000
Ljubljana, Slovenia

4IGEA d.o.0., Podpeska cesta 1, 1351 Brezovica pri Ljubljani, Slovenia

Soil properties of agricultural fields are one of the main points of interest when investigating
the fields for implementing precision agriculture practices. Soil properties can be spatially
extremely heterogeneous, resulting in the need for a broader and more detailed study of
lateral soil changes. Relying only on data from points of pedological profiling could lead to an
overly generalized image of the area. Increasing the number of the investigative pedological
points across each field would be costly, overly time-consuming and not to mention,
immensely intrusive. In this regard, remote sensing techniques, such as unmanned aerial
vehicle (UAV), satellite imagery, and ground penetrating radar (GPR), can be extremely
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helpful.

We compared past satellite images of an agricultural field, where areas of poor crop growth
were clearly seen, with thermal UAV images, recorded on bare soil, i.e. at the time when
there was no vegetation on the field. The soil temperature variation gave information on the
varying soil water content across the field. We also recorded 22 parallel GPR profiles across
the field (500 MHz antenna) and found that areas of higher signal attenuation correspond
well with areas of poor crop growth and lower soil temperatures. In addition, 40 soil samples
(undisturbed and disturbed) were collected systematically across the field and were used to
determine the gravimetric soil water content, water content at pF 2.0 and dry soil bulk
density at pF 4.2. We found that the points where higher water content was measured
coincide with areas of higher GPR signal attenuation, poor crop growth and lower soil
temperatures. These results show that implementing non-invasive techniques for studying
changing soil conditions in agricultural fields can be very effective. By doing so, we can
precisely detect spatial variations without the need to increase the number of invasive points
of collecting pedological data.

The research was funded by the Slovenian Research and Innovation Agency (ARIS) project
no. J1-4412 and programs P1-0020 and P1-0011.

Abstract number—67 Soil rehabilitation and protection by fungi from
polyaromatic hydrocarbons contamination

Teresa Tavares'2, Ziva Vipotnik3, Antdnio Guerreiro de Brito*®

'CEB - Centre of Biological Engineering, University of Minho, Campus de Gualtar, 4710-057 Braga,
Portugal;

2LABBELS — Associate Laboratory, Braga, Guimaréaes, Portugal

3Laboratory for Food Chemistry, Department of Analytical Chemistry, National Institute of Chemistry,
Hajdrihova 19, SI-1000 Ljubljana, Slovenia

4School of Agriculture, University of Lisbon, 1349-017 Lisbon, Portugal

SLEAF (Linking Landscape, Environment, Agriculture and Food) & TERRA (Laboratory for
Sustainable Land Use and Ecosystem Services), 1349-017 Lisbon, Portugal

Soil contaminated with polyaromatic hydrocarbons (PAH) still remains one of the most
relevant environmental problems worldwide and a threat for agricultural soils. PAH bind to
clays as these have high surface area and in consequence PAH adsorb on finer soil
fractions. However, clay particles reduce in size as time goes by, diminishing porosity and
transferable species in soil, and with aging of PAH also lose bioavailability, becoming
persistent. Under this framework, this work focus on the biological degradation of PAH with
fungi and their enzymes, mainly laccase and laccase-mediator systems. Laccase
degradation was set up, produced by fungal co- cultivation, using kiwi waste peels as
substrate. The produced laccase was applied to PAH contaminated soils to evaluate its
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efficiency on enzymatic bioremediation. Therefore, this research opens the path to the
definition of biobarriers that may defend agricultural soils from contaminated leaching
aqueous streams.

PAH degradation by three fungal strains (Trichoderma viride, Penicillium chrysogenum and
Agrocybe aegerita) was evaluated with spiked soil. The effect of soil pH and of different soll
amendments was assessed, as well as the enzyme activities during the PAH degradation.
All fungi combinations were able to degrade fluorene, pyrene, chrysene and benzo[a]pyrene.
The degradation potential was affected by pH, cocultivation and substrate support.
Agricultural residues used as substrate supports for the fungi growth are known to induce or
enhance the activities of ligninolytic enzymes such as laccase, MnP and LiP, and to increase
the degradation rates of PAH. Results obtained suggest the involvement of ligninolytic
enzymes in PAH degradation. Biodegradation assays with a mixture of 200 ppm of PAH
were evaluated for 8 weeks. The maximum laccase activity by solid state fermentation SSF
(7.43 U/g) was obtained for A. aegerita on kiwi peels in 2 weeks’ time and the highest MnP
activity (7.21 U/g) was reached in 4 weeks, both assays at pH 7. Fluorene, pyrene, and
benzo[a]pyrene reached higher degradation rates in soil at pH 5, while chrysene was more
degradable at pH 7. About 85 % to 90 % of the soil pollutants were degraded by fungal
remediation. Regarding benzo[a]pyrene, 13 % remained in soil after treatment with A.
aegerita. Despite the increase in the degradation rate of some PAH with cocultivation, a
higher enzyme production during degradation was observed when fungi were cultivated
alone.

Abstract number-—68 The impact of crop rotations on fertiliser application rates
in arable land-dominated agricultural area: a case study from Latvia

Arturs Veinbergs', leva Siksnane?, Ainis Lagzdins?

'Institute of Landscape Architecture and Environmental Engineering, Latvia University of Life
Sciences and Technologies, 19 Akademijas str., Jelgava, LV-3001, arturs.veinbergs@Ibtu.lv
2Institute of Landscape Architecture and Environmental Engineering, Latvia University of Life
Sciences and Technologies, 19 Akademijas str., Jelgava, LV-3001

Nutrient concentrations and loads in river catchments vary considerably, influenced by
meteorological conditions and agricultural practices. Crop rotations, in particular, affect
nutrient dynamics through differences in land management practices, including fertilizer
application rates and timing. This study examines the impact of crop rotations on nutrient
loading in an arable land-dominated agricultural landscape, laying the groundwork for further
exploration of crop rotation effects on nutrient balance.

Our analysis draws on selected data from Berze River catchment (882 km2) in Latvia. We
identified eight primary crop types, including arable crops, permanent grasslands, and fallow
land, and refined the study area to 212 km2, focusing on land parcels with crop records from
2018 to 2022. We identified 191 unique crop rotation patterns and selected 35 dominant
rotations covering 89% of this area.
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Crop distribution among the selected agricultural lands was as follows: winter wheat (57%),
winter rapeseed (21%), spring wheat (4.5%), spring barley (4.5%), broad beans (4.4%), corn
(4.1%), grasslands (3.9%), and fallow land (0.4%). Crop areas showed fluctuations, with a
general trend toward increased winter crop coverage and decreased summer crop coverage.
Notably, corn cultivation declined, while broad bean coverage varied from 0% to 15%. Fallow
land was prominent in 2018, covering just under 2% of the selected area, while grassland
coverage remained stable at around 3.9%.

Based on typical fertiliser rates and crops grown in the area, annual application rates were
estimated to range from 83 to 177 kg/ha for nitrogen and from 36 to 90 kg/ha for phosphorus
across different land parcels. Due to the crop types and sequences within the rotations,
fertilizer application showed an upward trend over the study period, with nitrogen and
phosphorus inputs increasing by 10.9% and 6.8%, respectively. This trend corresponds with
an increase in nitrogen and phosphorus loads in runoff from the Berze River catchment.
Although crop rotations are not the sole factor, they appear to contribute to the observed
increase in nutrient leaching.

These findings underscore the influence of crop rotation practices on nutrient load dynamics
and provide insights for managing nutrient runoff in agricultural watersheds.

This work was supported by the project “Nitrogen and phosphorus load reduction approach
within safe ecological boundaries for the Nordic-Baltic region” (NORDBALT-ECOSAFE,
Grant Agreement No. 101060020) funded by European Union's Horizon Europe research
and innovation programme (https://projects.au.dk/nordbalt-ecosafe).

Abstract number—69 Aligning policies and practice: Addressing governance
and capacity gaps in the implementation of ponds and wetlands in Swedish
municipalities

Nairomi Eriksson', Pia Geranmayeh', Martyn Futter!, Simon Ryfisch?, Malgorzata Blicharska?

'"Department of Aquatic Sciences and Assessment, Swedish University of Agricultural Sciences,
Uppsala, Sweden

2Natural Resources and Sustainable Development, Department of Earth Sciences, Uppsala
University, Uppsala, Sweden

Constructed wetlands have the potential to play a significant role in water management by
contributing to flood and drought mitigation, nutrient retention, biodiversity enhancement,
and broader ecosystem services. Despite these benefits, their use remains limited in
municipal planning. Drawing on research from the PUDDLE JUMP project, this presentation
will focus on how national and local policies in Sweden impact the use of constructed
wetlands in a catchment-oriented landscape planning context. Special attention will be given
to the institutional challenges that municipalities face in bridging governance and policy
fragmentations.
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Interviews and workshops with regional and national stakeholders complemented by a
document analysis provided a detailed understanding of the regulatory landscape and
offered insights into the practical implementation and enforcement of relevant policies. The
presentation will give an overview of these policies at multiple governance levels,
highlighting the alignment and gaps between WFD/FD goals and the processes surrounding
implementation of constructed wetlands, as well as insights from interviews and workshops
with municipal and county level staff in the Malardalen region of Sweden on the practical
barriers to implementing ponds and wetlands.

Preliminary results suggest that while multiple policies promote the use of constructed
wetlands, challenges persist in their enforcement and application, with practices on the
ground often diverging from larger policy objectives due to irregular interpretations, conflicts
of aims, as well as administrative, capacity and coordination challenges. The findings will
contribute to a framework that identifies opportunities for improved policy coherence, multi-
level governance and institutional collaboration. The presentation will outline actionable
insights that can guide future policy reforms and encourage the more widespread use of
constructed wetlands to support sustainable water management and climate adaptation
strategies.

Abstract number-70 Linking pesticide use data and water quality

Jonas Gréning'2, Kristina Hitzfeld3, Matthias Liess', Alexandra Miiller3, Stephan Nordheim?, Jérn
Strassemeyer?, Oliver Weisner3

"Helmholtz Centre for Environmental Research (UFZ), Department of Ecotoxicology, 04318 Leipzig,
Germany

2Julius Kiihn-Institut (JKI), Institute for Strategies and Technology Assessment, 14532 Kleinmachnow,
Germany

3German Environment Agency (UBA), Section IV 1.3 Plant Protection Products, 06844 Dessau-
Roflau, Germany

Small surface waters in agricultural landscapes are particularly exposed to pesticide inputs.
Investigations from the German small stream monitoring ("Kleingewassermonitoring” (KgM))
project in 2018/2019 have shown that water contamination by pesticides dramatically
increases after rain events due to runoff and erosion of previously applied plant protection
products (PPPs), leading to exceedances of regulatory limits and impairment of aquatic
ecosystems. As these short-term pesticide pulses likely have their source in previous PPP
applications, there is great interest in linking actual agricultural PPP use data with water
quality data obtained via chemical and biological monitoring.

In collaboration with the German Nature and Biodiversity Conservation Union (NABU), we

have for the first time gained access to detailed records of PPP applications in the stream
corridors of more than 100 monitoring sites investigated in the KgM project. The data
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contains information on date, quantity, treated area and used PPP, which has to be
documented by farmers, but is usually not available to research and public. In combination
with the comprehensive water quality monitoring dataset, including measured concentrations
of 75 pesticides and 33 metabolites in grab and event-driven samples, we show which
insights into substance-specific risk drivers and recommendations for possible management
measures can be obtained. Linking pesticide use data and water quality monitoring allows to
investigate,

i) how risk drivers can be identified from the application data in order to prioritise single
substances or groups for regulation, research and monitoring,

ii) which catchment controls, precipitation characteristics or substance properties facilitate
pesticide inputs into streams, in order to derive possible mitigation measures, and

iii) whether application data can be used to identify sources and input pathways of PPP
residues leading to critical concentrations in individual streams.

This research is particularly relevant as the revision of the SAIO Regulation will require PPP
application data to be collected and made available across the EU from 2028. Our analyses
aim to provide information and recommendations for the collection of PPP application data,
examples of possible future use, and how knowledge about PPP application can contribute
to improve water quality.

Abstract number-71 Optimising the spatial allocation of water and nutrient
retention measures in small agricultural catchments.

Michael Strauch', Cordula Wittekind®, Christoph Schiirz'-2, Felix Witing", Martin Volk®

"Helmholtz Centre for Environmental Research GmbH - UFZ, Department of Computational
Landscape Ecology, Leipzig, 04318, Germany

2Department of Hydrology and Water Environment, Division of Environment and Natural Resources,
Norwegian Institute of Bioeconomy Research, As, 1431, Norway

Implementation of Natural/Small Water Retention Measures (NSWRM), such as
conservation tillage, constructed wetlands or riparian buffers, is known to be effective and to
provide easily measurable benefits at the local scale. However, there is less evidence of the
multiple benefits and win-win situations of NSWRM at the larger, river basin scale and
across sectors. This is especially true for combined implementation schemes.

The EU-H2020 research project OPTAIN evaluates scenarios for the implementation of
individual NSWRM using the agrohydrological model SWAT+. However, it also integrates
the SWAT+ model and key economic assumptions into a multi-objective optimisation
framework to explore the full potential of spatially targeted NSWRM combinations.
Specifically, the optimisation aims to identify spatial NSWRM plans that maximise a
catchment's water and nutrient retention capacity while minimising trade-offs with potential
implementation/maintenance costs and crop production losses, resulting in a large number
of Pareto optimal solutions from which stakeholders can choose those that best match their
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preferences. To facilitate the stakeholder dialogue, we developed ParetoPick-R, an open-
source R-Shiny application to visualise, analyse, navigate and cluster Pareto optimal
solutions, including options to plot hotspot maps of optimal NSWRM implementation. The
application can also be used to conduct the Analytical Hierarchy Process with stakeholders
to identify NSWRM plans that best match their preferred individual weighting of optimisation
objectives.

In our presentation, we will introduce OPTAIN's optimisation approach and the ParetoPick-R
application with examples from different case studies. First results from the German case
study catchment 'Schwarzer Schéps’ (135 sq km) indicate a strongly non-linear relationship
between the reduction of in-stream phosphorus (P) loads at the catchment outlet and the net
management costs, taking into account the NSWRM implementation and maintainance. The
Pareto results suggest that with the right measures (especially grassed waterways and
conservation tillage combined with cover crops) in the right place (fields at high risk of soil
erosion), it should be possible to reduce average P loads by more than 1 tonne/year and at
the same time save management costs if marginal losses in crop production (<2%) are
accepted in the overall catchment balance. Despite the high level of uncertainty in many
parts of the model-based optimisation experiment, we strongly believe that our approach can
facilitate decision making in the context of NSWRM implementation.

Abstract number-72 Eating the metaphorical elephant: Meeting nitrogen
reduction goals in Upper Mississippi River Basin states

Christopher Hay'?, Gary Feyereisen®, Reid Christianson®, Matthew Helmers?

'Christopher Hay Consulting, Ankeny, lowa, USA

2Department of Agricultural and Biosystems Engineering , lowa State University, Ames, lowa, USA
3USDA ARS Soil and Water Management Research Unit, St. Paul, Minnesota, USA

4Minnesota Department of Agriculture, St. Paul, Minnesota, USA

The nutrient reduction goals to shrink the size of the Gulf of Mexico hypoxic zone are an
enormous challenge, and progress toward the 45% reduction target for nitrogen (N) has
been limited. To better understand the scale of this challenge, we looked at potential nitrate-
N reductions at increasingly difficult levels of implementation for 1) individual in-field, land
use change, and edge-of-field conservation practices and 2) the combination, or stacking, of
practices. We used three Upper Mississippi River Basin (MRB) states (lllinois, lowa, and
Minnesota) that have science assessments as part of their nutrient reduction strategies
(NRS) and that deliver an estimated 36% of the MRB N load to the Gulf of Mexico for this
evaluation. Benchmark-, low-, medium-, and high-levels of implementation were established
based on the NRS documents, literature, and professional judgement. Nutrient reductions
for each implementation level were calculated for each state and across states on an area-
weighted basis using data from the NRS. Overlapping benefits from stacked practices were
accounted for by using the lowa State University N Load Estimate Calculator. Average
nitrate-N reductions across the three states ranged from 4% to 17% for individual practices
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at high-level implementation. With all practices combined and accounting for practice
stacking, combined nitrate-N reductions for the three states were 26%, 40%, and 55% for
the low-, medium-, and high-levels of implementation, respectively. This indicates that
implementation somewhere between our medium- and high-levels is needed to meet the
45% reduction goal. The results show that edge-of-field conservation drainage practices
become increasingly important for nitrate-N reduction as the implementation level increases.
Understanding the scale of the N reduction challenge is a necessary step toward meeting it,
and implications of the results and challenges to implementation will be discussed.

Abstract number-74 Does the exception prove the rule? How well are small
surface waters in Germany actually protected from agricultural pesticide
inputs caused by erosion?

Alexandra Miiller!, Patrick Merita2, Jeremias Becker', Stephan Marahrens'

'German Environment Agency (UBA), Dessau Rol3lau, Germany
2Federal Agency for Cartography and Geodesy (BKG), Frankfurt, German, Germany

Small surface waters in the agricultural landscape make up the majority of the surface water
network. After rain, they are particularly exposed to inputs of pesticides and nutrients.
Investigations from the German small stream monitoring ("Kleingewassermonitoring” (KgM))
project in 2018/2019 have shown that water contamination by pesticides dramatically
increases after rain events due to runoff and erosion of previously applied plant protection
products (PPPs).

The Sustainable Use Directive 2009/128/EC (SUD) requires member states to establish
national action plans for the sustainable use of PPPs. The action plans should contain
specific targets, target quotas and timetables, also for the protection of water bodies. With
the involvement of various stakeholders such as farming organisations, water management
associations and the federal states, the German action plan (2013) aims to reduce the risks
from PPP use by 30 % until 2030. One measure of the German action plan is to make sure
that 100% of surface waters are equipped with permanently vegetated buffer strips of at
least five meters width until 2023. In 2016 only about 47 % of the German water bodies are
enclosed by permanently vegetated buffer strips.

In 2021 the German insect protection action program “APIS” finally led to a binding national
regulation according to which PPPs may not be used within 10 m of water bodies. This
distance may be reduced to a 5 m buffer strip, if the buffer strip is permanently vegetated
(§4a, PfISchAnwV). Hence this is an ‘option model’ and the implementation lies within
federal states responsibilities. Furthermore, there are various other national legal provisions
for the protection of surface waters (Water Resources Act, Fertilizer Ordinance), as well as
programs of measures in the federal states in Germany determining the establishment of
permanently vegetated buffer strips. However, many of these provisions include opening
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clauses and exemptions. In addition, there are different definitions regarding surface waters
to be considered important for water management, i.e. which waters are intended to be
subject of respective requirements and measures. Unfortunately, often excluded are
precisely those small surface waters directly adjacent to agricultural land which may
periodically fall dry, but are proven to transport substances from agricultural area into
surface water networks after rainfall.

So what protection level against substance inputs do the various legal provisions from
different regulatory areas actually provide? To what extent do specific regulations and
exemptions influence the achieved protection of small water bodies? This poster classifies
the level of protection by the various legal provisions against the background of the German
target for buffer strips and shows analyses of the feasibility study at different scales. A GIS
tool developed for this purpose in a research project can be presented separately (P. Merita,
Theme C).

Abstract number-75 Investigating seasonal Nitrate and Orthophosphate
Losses in Surface vs. Subsurface Drainage in Northwest Minnesota

Murad Ellafi!, Lindsay Pease'

'Department of Soil, Water & Climate, Northwest Research & Outreach Center, University of
Minnesota Twin Cities (UMN), Crookston, MN, United States

Nitrogen and Phosphorus are essential yet limiting nutrients for crop production in the
Midwest, USA. However, losses of these nutrients from agricultural fields present
considerable environmental and economic concerns, mainly via subsurface drainage, which
has become a rapidly common practice to enhance productivity. This study investigates
nutrient loss dynamics in a 24-hectare field in Crookston, Minnesota, divided equally
between surface-only and combined surface-subsurface drainage systems. Under a three-
year rotation of soybean-wheat-sugarbeet, the field provided daily water samples from both
drainage types over three growing seasons (2022—-2024). The analysis focused on nitrate
and orthophosphate concentrations in relation to drainage type and rainfall intensity. Initial
results reveal nitrate concentrations in surface drainage systems were at least three times
higher during the spring, while in summer, higher nitrate levels were observed in combined
drainage systems. Orthophosphate levels, meanwhile, showed a slight increase (10-30%) in
surface drainage, except in July and August 2023. Peaks in orthophosphate concentration in
surface drainage, ranging from 0.18-—0.98 mg L-1, were consistently observed in April and
October. This study provides insights into nutrient management strategies to mitigate
nutrient losses and their impact on water quality.
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Abstract number-76 Towards climate-resilient intensive farming with minimal
environmental impact; preventing unnecessary losses of fresh water and
nutrients at an arable farm in Anna Paulowna, The Netherlands.

Kim Gommans', Joachim Rozemeijer?, Kevin Ouwerkerk’, Vince Kaandorp', Stefan Jansen, Niels
Mulder’

1Deltares, Daltonlaan 600, 3584 BK Utrecht, the Netherlands

The global climate is becoming increasingly extreme, characterized by intense (local)
downpours followed by prolonged periods of drought. This shift poses significant challenges
for agriculture, as it can reduce nutrient uptake efficiency and increase fresh water scarcity
during the growing season of crops. The agricultural sector plays a vital role in addressing
these challenges, as farmers have the potential to prevent flooding and mitigate water
shortages. Moreover, the sector plays a crucial role in reducing nutrient runoff to surface
waters and meeting Water Framework Directive targets. However, farmers face enormous
challenges staying economically healthy during their transition to more climate-resilient and
sustainable land management practices. Key to this transition is ensuring affordable access
to sufficient high-quality freshwater.

This raises an important question: How can farmers conserve water and nutrients in a
controlled way to create a buffer for dry periods while minimizing nutrient losses to surface
waters? To address this question, the ‘Freshwater Farmers’ (Zoetwaterboeren) project was
launched at an arable farm in Anna Paulowna, Netherlands. This four-year initiative seeks to
develop, study, and demonstrate an integrated water management system that tackles the
challenges of water availability, storage, demand, and quality in agricultural settings.
Innovative techniques are being tested on the farm, including the harvesting, purification,
and infiltration of drainage water, as well as using a woodchip bioreactor for excess water
purification. These efforts provide practical solutions for sustainable water resource
management, with a thorough study of the farm water to ensure that both quantity and
quality needs are met. These measures collectively aim to close the water and nutrient
cycles, creating a holistic, sustainable approach to resource management under a changing
climate.

This presentation will highlight the project’s innovative approaches, including its potentials
and barriers, monitoring outcomes, and the possibility to scale these practices to other
regions facing similar water management challenges. By sharing key insights and lessons
learned, this project aims to contribute to global efforts in sustainable agriculture, climate
resilience, and water quality improvement.

Abstract number-77 Modelling the effectiveness of Natural/Small Water
Retention Measures in Hungary and Lithuania: Similarities and differences

LuwQ2025 Page 73 of 207 14 May 2025



LuwQ2025, Land Use and Water Quality: Agriculture and the Environment
Aarhus, Denmark, 3—6 June 2025
VOLUME OF ABSTRACTS

Péter Braun'-?, Piroska Kassai®, Janos Mészaros?®, Kinga Farkas-lvanyi®, Mikolaj Piniewski*, Michael
Strauch?®, Svajiinas Plungé?, Christoph Schiirz®, Natalja Cerkasova’, Brigitta Szabé?

'Institute for Soil Sciences, HUN-REN Centre for Agricultural Research, Budapest, 1022, Hungary
2Marine Research Institute, Klaipeda University, Klaipeda, 92294, Lithuania

3Institute for Soil Sciences, HUN-REN Centre for Agricultural Research, National Laboratory for Water
Science and Water Security, Budapest, 1022, Hungary

4Department of Hydrology, Meteorology and Water Management, Warsaw University of Life Sciences
(SGGW), Warsaw, 02 787, Poland

SHelmholtz Centre for Environmental Research GmbH - UFZ, Department of Computational
Landscape Ecology, Leipzig, 04318, Germany

8Department of Hydrology and Water Environment, Division of Environment and Natural Resources,
Norwegian Institute of Bioeconomy Research, As, 1431, Norway

"Marine Research Institute, Klaipeda University, Klaipeda, 92294, Lithuania; Texas A&M Agril ife,
Blackland Research and Extension Center, Temple, TX 76502, USA

Natural/Small Water Retention Measures (NSWRM) are used in agricultural catchments to
improve water and nutrient management and increase the sustainability of agricultural
production. Such measures can help mitigate the conflicts between agricultural water uses
and other human and environmental demands for water, including drinking water or
maintaining environmental flow. Within the H2020 OPTAIN project, we analysed several
catchments across different biogeographical regions of Europe using environmental models.
The project aims to increase the understanding of multiple benefits that spatially targeted
combinations of NSWRMSs have on the management of small agricultural catchments across
Europe, and the conditions under which they perform most effectively.

In this presentation we will compare the results of case studies in Hungary and Lithuania,
two very different biogeographical regions (Pannonian vs. Boreal). Riparian forest buffers
and cover crops are investigated in both case studies. We hypothesise that the effectiveness
of these NSWRMs will vary due to differences in climatic conditions and soil properties. In
addition to these two measures, wetlands/ponds and reduced tillage are applied in the
Lithuanian case study due to its hydrological conditions and current management practices.
In the Hungarian case study, no-tillage, buffer strips, and afforestation are considered as
possible measures for implementation and were therefore included in the modelling.

To model the effects of NSWRMs, we used the SWAT+ modelling tool to evaluate the
current and projected effectiveness. We followed the OPTAIN modelling protocol and
applied a suite of scripted workflows in R for building the model setup, its verification, model
calibration, validation, and running scenarios.

We are investigating the effects of the NSWRMs on hydrology (water yields), nutrients
(nitrogen and phosphorus), transported sediments, and crop yields. We will present the
effectiveness of these measures, in each case study. A comparison of the effectiveness of
the same measures in both countries will be highlighted, investigating the main sources of
any observed differences in performance.

Keywords: SWAT+, NSWRM, water balance, water quality, crop yield.
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Abstract number-78 Policy entrepreneurs’ strategies leading to effective hydro
morphological measures, Lessons learned from good practices in the
Netherlands

Charlotte Offringa’, Carel Dieperink', Susanne Wuijts?, Hens Runhaar’

"Copernicus Institute of Sustainable Development, Faculty of Geosciences, Utrecht University,
Princetonlaan 8a, the Netherlands.

2RIVM National Institute for Public Health and the Environment, P.O. Box 1, NL-3720 BA, Bilthoven,
the Netherlands

Only 40% of Europe’s surface waters are of sufficient quality for aquatic ecosystem to thrive,
threatening biodiversity and human health. Improving the ecological and chemical status of
water bodies requires a combination of measures that target both pollution sources and
hydro morphological characteristics—the physical structure and hydrological flow of water
systems that support aquatic ecosystems. The European Commission has addressed this
issue with their most comprehensive water policy instrument yet: the Water Framework
Directive (WFD). This legislation aims to connect earlier sectoral regulations within this one
framework in order to restore all EU aquatic ecosystems by 2027. However, since the
adoption of the WFD in 2000, the Member States have not delivered the main environmental
objectives. Scientific studies have identified numerous barriers that help explain the
challenges Member States encounter in meeting the WFD objectives within the set timelines.
However, a knowledge gap remains concerning how to overcome these barriers.

Therefore, this research explores how successful cross-sectoral and regional approaches
can serve as valuable case studies for overcoming obstacles in ecological water quality
improvement. By analyzing already effectively implemented measures in regional
approaches, the study aims to identify the conditions and strategies that empower policy
entrepreneurs to implement hydro-morphological measures effectively.

Policy Entrepreneurs are change agents throughout the policy process. Drawing on the
theoretical framework of ‘policy entrepreneurship,’ the study empirically analyzes the
strategies employed by these actors and the enabling or constraining conditions that
influenced their effectiveness. The study examines the case of the Drentsche Aa, a water
system in northern Netherlands, where many hydro morphological interventions have been
implemented successfully. The research explores who the key initiators of these
interventions were, how they achieved success, and whether their effectiveness was more
reliant on their strategic approaches or the conditions under which they operated.

The analysis is based on a combination of literature reviews, policy documents, meeting
agendas, and interviews, which are used to identify the policy entrepreneurs, their
strategies, and the conditions shaping their approaches in the Drentsche Aa.

To explore the broader relevance of these findings for other regions in the Netherlands—
such as the river basins in Brabant, where intensive livestock farming poses significant water
quality challenges—the results are also discussed with other water authorities. These
insights contribute to the elaboration of some lessons learned of how policy entrepreneurs
can initiate action to break the impasse in water quality improvements, and the conditions
that facilitate successful intervention. At the conference, the results of this study will be
presented.
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Abstract number-79 National flow-dependent and local through-time source
apportionment to help manage diffuse / point source pollution using the CSF-
HYPE model for England

Barry Hankin', Sarah Warren', Nicola Wood", Elizabeth Wood", Johan Strémqvist?, Chris Burgess?®,
Tom Newton?3, Sharon May?, Phil Smith3

"JBA Consulting
2SMHI
3Environment Agency, England

The CSF-HYPE model was set up to help evaluate the effectiveness of Catchment Sensitive
Farming programme — the UK government’s advice-led diffuse pollution mitigation
programme, which started in 2006. The model covers England and has been updated and
used across a range of additional purposes to assess potential impacts of climate change,
the risk of failure of bathing water standards, and to help project future flow and water quality
conditions to help test or meet key drivers. Common to these studies is improving our
understanding of relative apportionment of pollution loads across spatial domains, for
different flow conditions, and how loads vary through time. We have developed an approach
for rapidly re-running the model at national scales with various contributions switch on or off
sequentially to understand their individual contribution to the load under different flow
conditions. This can be crucial for highlighting seasonality of load sharing, and the potential
need for flow-dependent consenting especially in the light of climate change impacts on
extremes of low and high flows. These are visualised using national-scale heat-maps
depicting the relative contributions from e.g. agricultural versus sewage discharges.
Furthermore, the through-time source apportionment for individual basins has been
assessed by plotting the instantaneous contributions to the concentrations in-river assuming
well mixed conditions and yielding a graphical understanding of temporal variability of source
attribution. A series of national and local case studies are described to develop a discussion
of how such information can be used at a policy level.

Abstract number-80 Evaluating Agricultural Strategies for Groundwater
Protection: Impact of Crop Rotations on Nitrate Leaching on Field Scale in
Denmark

Maryam Dastranj', Uffe Jergensen’, Christen Duus Bgrgesen'
"Department of Agroecology, Aarhus University (AU), Blichers Allé 20, 8830 Tjele, Denmark

Agriculture contributes nitrate to the aquatic environment, groundwater, lakes and streams,
and the marine environment. Surface and groundwater pollution by NO3-N is a major and
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enduring environmental issue on a worldwide scale since nitrate hardly establishes surface
complexes with soil particles and is highly water-soluble. This problem is particularly severe
in Denmark, where 62% of the land is covered by farmlands, intensifying nitrate pollution
risks. Crop rotations with a high share of grassland might mitigate nitrogen (N) leaching
more effectively than monocultures, significantly reducing N leaching. However, the
renovation phase in grass production is critical as high mineralization occurs and increases
the risk of nitrate leaching. In this study, we aim to analyze the effect of introducing a high
share of grass-clover pastures in the cropping systems and measure the effects on field
nitrate leaching. This is done in local farmers' fields and as a project involving local
stakeholders and state environmental authorities. Six fields (S1-S6) with different
management strategies were chosen including grass-clover, spring barley with undersown
grass, maize with undersown grass, and grain cropping systems over two years (2023-2024)
have been measured. In each site, suction cells were installed at a depth of 1 meter with
eight replications, and piezometers were installed at 2.5 meters with four replications. Soil
water and piezometer water samples were collected biweekly from autumn to spring and
monthly during the summer. The nitrate-N concentrations in S1 and S2, which consisted of
grass-clover mixtures for three years, were the lowest leaching levels among all treatments,
maintaining low concentration levels (less than 4 mg/L) throughout the study period. In
contrast, S4, with continuous maize, exhibited a high initial nitrate concentration (30 mg/L),
which later stabilized around 10-15 mg/L. Treatments S3, S5, and S6, involving crop
rotations with spring barley undersown with grass, winter wheat, and ryegrass, showed
moderate nitrate concentrations, indicating a balanced nitrogen retention capacity. In
conclusion, the results highlight the grass-clover mixture as an effective cropping system for
protecting groundwater from nitrate contamination. Moving forward, we plan to assess how
different timings of grass-clover renovation impact nitrate concentrations in the S1 and S2
fields.

Abstract number-81 Effect of uncertainties in manure and fertilizer application
on modelled N and P losses to surface and groundwater at different spatial
scales

Hans Kros', Malte Lessmann’, Piet Groenendijk', Leo Renaud’, Twan Cals’

"Wageningen Environmental Research - WUR, Droevendaalsesteeg 3, 6708 PB Wageningen, the
Netherlands

Agricultural practices result in substantial nitrogen (N) and phosphorus (P) inputs on
agricultural lands, primarily through fertilizers and manure. These inputs frequently result in
environmental surpluses, with most of the excess lost to the environment via gaseous
emissions of nitrogen compounds, nitrate leaching into groundwater, and N and P runoff to
surface waters. National and international environmental legislation mandates the monitoring
of agricultural impacts on water quality, requiring robust, spatially explicit modeling
approaches.
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In the Netherlands, two coupled key models are used annually to quantify nutrient losses to
surface and groundwater: the INITIATOR model, which simulates manure and fertilizer
distribution, and the LWKM model, which assesses N and P losses to surface water and the
nitrate concentration in groundwater. Both models generate spatially explicit information to
assess environmental impacts from nutrient losses across various spatial scales and to
inform effective control strategies. However, there is uncertainty regarding our knowledge of
certain model inputs, such as agricultural activity data and emission factors, which may
propagate through these models, leading to uncertainty in the estimated N and P losses.

The LWKM model relies on manure and fertilizer rates modeled at a 250m x 250m spatial
resolution, meaning that local uncertainties in application rates can directly impact the
accuracy of the modeled N and P losses. Currently, uncertainty is not explicitly accounted for
in the model calculations. In a previous study uncertainties in N and P manure and fertilizers
application rates were quantified by applying a Monte Carlo uncertainty propagation analysis
to the INITIATOR model. In this study, the propagation of these uncertainties into N and P
runoff to surface water and the nitrate concentration in groundwater are quantified using the
LWKM model based on the Monte Carlo-generated manure and fertilizer application results.

In this presentation we address the impact of spatial scale on uncertainty levels, the
contribution of different parameter groups to total uncertainty, and model sensitivity to
probability distributions and (spatial) correlation values. Our findings are discussed in the
context of strategies to reduce uncertainties in estimating nutrient losses, offering insights
into more reliable nutrient management practices for protecting groundwater and surface
water quality in the Netherlands.

Abstract number—82 Nitrate Mitigation in Drinking Water Supply Management
Areas

Reid Christianson', Margaret Wagner"
"Minnesota Department of Agriculture

To safeguard groundwater from nitrate contamination, the state of Minnesota in the USA has
implemented the Groundwater Protection Rule. This rule has two parts, one is a restriction of
fall applied nitrogen fertilizer in sensitive parts of the state and in supply areas for municipal
public wells (Drinking Water Supply Management Areas; DWSMAs). The second part of the
rule is surrounds formulating actions in these DWSMAs to mitigate nitrate levels before they
exceed health standards, thereby safeguarding public health and water quality. The
regulatory approach in DWSMAs employs a tiered system, ranging from voluntary best
management practices (BMPs) to mandatory regulatory measures. The level of the required
actions is determined by the nitrate contamination. Local advisory teams, composed of
farmers, agronomists, and community members, play a crucial role in developing and
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implementing tailored mitigation strategies. By combining voluntary and regulatory
measures, this framework aims to achieve sustainable nitrate reduction while fostering
collaboration between regulatory agencies, landowners, and other stakeholders. This
proactive approach demonstrates a commitment to protecting water resources and ensuring
public health.

Abstract number—84 Hydrochemical Processes and Groundwater Quality in the
Basement-Sediment Aquifer of Lapai, Central Nigeria

Kolawole Aweda', Umar Umar', Abraham Onugba', Aisha Musa'
'Ibrahim Badamasi Babangida University Lapai, Nigeria

Nigeria and many Sub-Saharan Africa countries depend largely on groundwater resource to
satisfy domestic, agricultural and industrial uses because of its sustainable nature and
growing demand arising from increasing population explosion. Understanding the evolution
of groundwater is important for preserving and effective use of water resources.
Geochemistry and hydrochemical processes of groundwater in the basement-sediment
aquifers of Lapai, Nigeria were investigated in this study. Total of 47 groundwater samples
from different location within the areas were collected and analyzed for this purpose. Ca2+,
Mg2+, Na+, K+, HCOS3-, Cl-, NO3 and SO4 concentrations were considered for the
investigation. The abundance of the major cations and anions is Ca>Mg>K>Na and
CI>HCO3>S04 respectively. Hydrochemical modelling, bivariate plots and scatter diagrams
were interpreted for the hydrochemical process understanding. The dominant hydrochemical
facies are mixed Ca-Na-HCO3 (n=24), Ca-HCO3 (n=16) and Ca-Cl (n=7). Silicate
weathering, simple dissolution and reverse ion exchange are the dominant hydrochemical
processes in the aquifer. Assessment of the water quality suggest that the groundwater is
generally suitable for consumption, although there is elevated nitrate in some of the samples
which signifies some anthropogenic influence.

Abstract number—-85 From Rain to Runoff: Understanding Nutrient Dynamics in
Dutch Agricultural Waters

Kevin Ouwerkerk', Joachim Rozemeijer', Kim Gommans'

'"Deltares, Department of Subsurface and Groundwater Quality, Utrecht, the NetherlandsDeltares,
Department of Subsurface and Groundwater Quality, Utrecht, the Netherlands

High nutrient loads from intensive agriculture are a critical challenge to the ecological and
recreational quality of Dutch surface waters. Despite regulations on manure and fertilizer
use, nutrient concentrations in headwaters dominated by agriculture still exceed water
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quality standards. In the period from 2020 to 2023, 41-61% of monitored sites failed to meet
nitrogen standards, while 49-53% did not meet phosphorus standards. Our monitoring data
underscore the significant influence of weather extremes, particularly on nitrogen levels,
suggesting that changing climate patterns play an increasingly central role in nutrient
dynamics.

In this presentation, we focus on the impact of extreme precipitation conditions in summer on
the nutrient concentrations in agricultural headwaters based on the STROMON approach,
revealing insights into both expected and unexplained trends. During drought, crops grow
less and take up a smaller fraction of the available nitrogen and phosphorus in the soil. Also,
less denitrification takes place, leaving more nitrate available for leaching to groundwater
and surface water within the next wet period. Our monitoring results show that during
extreme wet conditions, median phosphorus levels rise, and nitrogen concentrations can
reach up to twice those of typical conditions. These results suggest that frequent weather
shifts lead to nutrient spikes, complicating the achievement of water quality goals.

Additionally, our data reveal other concerning trends: since 2012, water temperatures have
increased at an accelerated rate of about 1°C per decade, and chloride levels are rising at
various sites, though clear explanations for these trends still lag at this moment. As extreme
weather and rising temperatures become more common, our findings point to increased
nutrient concentrations leading to higher risk of harmful algal blooms and further degradation
of downstream water quality.

Abstract number—87 Nitrogen and phosphorus food system flows in five
European livestock intensive catchments

Shane Rothwell, Kirsty Ross', Hywel Lloyd?, Erwin van Boekel®, Jan Coppens*, Paul Withers'

"Lancaster Environment Centre, Lancaster University, Lancaster, UK
2Agri-Food and Biosciences Institute, Belfast, Northern Ireland
3Wageningen Research, Wageningen, The Netherlands

4Flanders Environment Agency, Belguim

Nitrogen (N) and phosphorus (P) pose significant water quality issues in many catchments,
particularly where intensive livestock farming is the dominant agriculture. System level
changes are likely required to meet water quality targets, but those systems must first be
understood to allow targeted and effective system change. Here we employ Material Flow
Analysis (MFA) to model food system flows, stocks and losses of both N and P from five
livestock dominated transboundary catchments in North West Europe. The five catchments
are the Neagh Bann (Northern Ireland and Republic of Ireland), river Wye (England and
Wales), and three catchment areas of the river Meuse - one in the Netherlands and two in
Flanders, Belgium, all are study areas for the EU funded New Harmonica project. The
catchments cover varied physiographies but all have high N and P pressures on their
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waterways and subsequent widespread exceedance of water quality targets for good
ecological status. In all five catchments, MFA analysis revealed that livestock feed was the
biggest N and P import, and manure N and P flows (to field and/or exported) were the
largest internal derived flow, confirming the dominance of livestock in the catchments.
Harmonised MFA-derived system indicators allow for catchment comparisons of food system
sustainability including nutrient efficiency, surpluses and losses. Despite nutrient flows being
dominated by intensive livestock agriculture in all five catchments, the system indicators
reveal some significant differences. For example, overall catchment food system efficiency
(converting imported N and P into food products) varied from 35 to 51% for N and 41 to 81%
for P; agricultural soil balance surplus varied from 97 to 233 kg N/ha and -6.4 to 10.8 kg
P/ha; and overall removal efficiency of N and P from human effluent via the various waste
water routes varied from 56 to 84% for N and 51 to 87% for P. ldentifying these catchment
differences and food system hotspots for inefficiency and loss allow for more targeted policy
intervention to help improve water quality.

An example of the impacts of a system intervention (targeting zero agricultural P surplus) on
food system dynamics in one of the catchments using an MFA scenario suggests that
significant system change will be required in both the agriculture and wastewater sectors to
achieve the water quality goals required by the Water Framework Directive in Europe.

Abstract number—88 The necessity for and implementation of the right
measures in the right places to combat eutrophication from agriculture

Matilda Valman', Daniel Smith’
'South Baltic Water District Authority

In order to meet the required water quality standards by 2027, measures to reduce the
annual input of nutrients from agricultural sources must be implemented. This is estimated to
equate to 1,590,000 kg of nitrogen and 385,000 kg of phosphorus reductions annually. The
Swedish support systems for measures to abate nutrient runoff from agricultural lands are
financed by the Common Agricultural Policy (CAP) and national funds (LOVA).
Nevertheless, an assessment of the effectiveness of these financing and implementation
measures in the appropriate locations has yet to be conducted. This study demonstrates that
supplementary funding is required, and that current funding sources cover a significant
proportion of the required amount, yet fall short of fully addressing the need for reductions in
nitrogen and phosphorus. Additionally, the capacity of the funds to steer and direct
measures to the appropriate geographical areas is limited. Moreover, while measures to
reduce nitrogen are progressing as anticipated (84% of the target has been reached), those
aimed at phosphorus are significantly behind schedule, with only 23% of the projected
reductions achieved thus far. A significant proportion of the measures implemented (for
example, 20% of wetlands) have been carried out in areas where the environmental status is
already classified as good, thereby reducing their environmental impact and resulting in
inefficient use of funds. While nitrogen measures are on track, it can be concluded that the
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implementation of phosphorus measures must be intensified, with resources allocated to
priority areas in order to achieve the greatest efficacy. Potential enhancements to
effectiveness could be achieved through structural improvements, including the raising of
compensation rates and the expansion of support systems. In summary, the achievement of
water quality standards by 2027 will require strategic resource allocation and heightened
implementation, especially for phosphorus-focused measures.

Abstract number-90 Exploring Trends and Travel Times: 30 years of
Groundwater Quality Monitoring in the Netherlands

Hans Peter Broers', Tano Kivits', Mariélle van Vliet'
"TNO Geological Survey of the Netherlands

Evaluating temporal trends in groundwater quality benefits from incorporating groundwater
travel time data. The Netherlands recognized threats posed by intensive livestock farming to
its groundwater and legislation was enacted in 1985 to mitigate agricultural pollution, and
monitoring networks were established. With the EU Water Framework Directive (WFD) in
2000, these networks began monitoring a broader contaminant range. The WFD allowed EU
member states to choose monitoring setups themselves, resulting in diverse approaches—
from high-resolution networks with short-screened observation wells in some countries to
long-screened, pumped wells at significant depths in others. While all networks aimed for
trend detection, the varied monitoring systems hindered common trend analysis approaches.
A. Enhanced Trend Detection in Shallow Monitoring Networks: Overcoming Heterogeneity.
Initial challenges in detecting trends in shallow networks in Denmark and the Netherlands
were due to heterogeneity in both groundwater age and redox status within the studied
depth range. Effective trend evaluation and detection only materialized after successfully
applying 3H/3He and CFC groundwater age dating to identify recharge periods. This
presentation highlights advancements in trend quantification and trend reversal based on a
Netherlands network with 140 multi-level observation wells, examining trends in the last 15
years of groundwater renewal. We will showcase how trends in nitrate and sulfate in age-
dated groundwater have been employed to inform national policies aligned with the Water
Framework and Nitrates Directives. Findings show downward trends for nitrate and sulfate
from 1992 to 2005, with concentrations leveling off under farmlands, aligning with stabilized
leaching loads. The discussion will also cover expanding this work to include pesticides and
emerging contaminants like PFAS.

B. Tailoring Trend Detection for Pumped Wells and Natural Springs: Embracing Multi-Tracer
Approaches: Recognizing the challenges posed by monitoring networks comprising pumped
wells or natural springs, we advocate for approaches that inherently consider mixing
processes. Multi-tracer methodologies, such as those incorporating 3H and 39Ar, facilitate
the derivation of travel time distributions for mixtures. Drawing insights from a network
featuring 90 natural springs, we show that trend reversals manifest within years and
decades, with legacy effects primarily manifest in the prolonged tail of nitrate breakthrough
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rather than the height and timing of the nitrate peak in receiving waters. Moreover, we
demonstrate how multi-tracer techniques help identify proportions of modern water in
individual pumping wells, linking them to trends in specific well field sections. Finally, we
highlight the impact of using time series of mixed water from multiple pumping wells versus
individual wells, elucidating potential obscurities in trend identification with aggregated data.

Abstract number-91 A hydrologically informed agricultural land use intensity
index to assess the agricultural impacts on streams and rivers

Michael Kyei Agyekum*'-2, Devanshi Pathak®, Alina Kindinger', Dietrich Borchardt!, Markus Weitere",
Mechthild Schmitt-Jansen?, Olaf Biittner!, Mario Brauns', Karin Frank*, Patrick Fink', Ulrike
Scharfenberger

"Helmholtz Center for Environmental Research (UFZ), Briickstrasse 3A, 39114, Magdeburg,
Germany

2Faculty 2 Biology/Chemistry, University of Bremen, Leobener strasse 1, 28359, Bremen, Germany
3Deltares, P.O. Box 177, 2600 MH Delft, the Netherlands

4Helmholtz Center for Environmental Research (UFZ), Permoserstr. 15, 04318, Leipzig, Germany
SCenter of Advanced System Understanding, Helmholtz Center for Dresden-Rossendorf (HZDR),
Untermarkt 20, 02826 Gérlitz, Germany

The management of freshwaters is challenging due to the concurrent action of multiple
drivers, resulting stressors and their impacts that alter freshwater ecosystems' structural
state and functional integrity. Agricultural land use intensity exerts multiple stressors on
stream ecosystems, impacting water quality and biodiversity through, among other factors,
increased fertilizer and pesticide inputs. These diffuse source pollutants from agricultural
activities potentially degrade the ecological integrity of streams. To leverage agricultural land
use information to an agricultural land-use intensity with the ability to quantify these
compound impacts on stream and river ecosystems, we developed a hydrologically informed
Agricultural Land Use Intensity Index for Stream ecosystems (LUIS). LUIS is a spatially
explicit tool integrating high-resolution satellite-based land-use information with data on
crop-specific input for fertilizer (N, P) and pesticide application, hydrological transport
pathways and river network structure, capturing both the proximity and magnitude of
agricultural pressures on aquatic systems. The modular structure of LUIS allows the
assessment of its single components for phosphate, nitrogen, and pesticide pressure, as
well as its compound pressure. With its robust and adaptable conceptual framework, it has
the potential to be upscaled to larger geographical regions, such as Europe. In initial
applications, LUIS was validated for its ability to predict the ecological status of German
streams and rivers, accounting for variables such as stream order, network connectivity, soil
type, and crop characteristics. Additionally, LUIS demonstrated the relative importance of its
three components (phosphorus, nitrogen, and pesticide) in predicting the status of key
biological quality elements (BQEs), including benthic invertebrates, fish, and aquatic flora,
which are widely used indicators of ecological status. These capabilities make LUIS a
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potentially valuable tool for future use by environmental managers and policymakers,
supporting targeted interventions to help mitigate agricultural impacts on stream and river
ecosystems. By developing transfer functions that link LUIS with stream and ecosystem
structure and function, it holds promise as a guide for sustainable land management
practices and a resource for informing freshwater restoration efforts.

Abstract number-92 Nutrient input changes in grassland-dominated
agricultural lands: effects of crop rotations and land transformations in Latvia

Arturs Veinbergs', leva Siksnane?, Arturs Skute®, Davis Gruberts®, Juris Soms3

'Institute of Landscape Architecture and Environmental Engineering, Latvia University of Life
Sciences and Technologies, 19 Akademijas str., Jelgava, LV-3001, arturs.veinbergs@Ibtu.lv
2Institute of Landscape Architecture and Environmental Engineering, Latvia University of Life
Sciences and Technologies, 19 Akademijas str., Jelgava, LV-3001

3Ecology department of Life Science and Technology Institute of Daugavpils University, 1A Parades
Str., Daugavpils LV-5401

Nutrient concentrations and loads in river catchments vary significantly, driven by
meteorological conditions and agricultural practices. Crop rotations influence nutrient
dynamics through variations in fertilization practices and the uptake and removal of nutrients
by harvested crops. This study investigates the impact of crop rotations on nutrient loading,
focusing on fertilizer use and nutrient uptake in a grassland-dominated agricultural
landscape, providing a foundation for future research on sustainable nutrient management.
We analyzed data from the Dviete River catchment (243 km?) in Latvia, narrowing the study
area to 100 km? with crop records from 2018 to 2022. Eight primary crop types were
identified, including permanent grasslands, arable lands, and fallow areas. We documented
371 unique crop rotation patterns, selecting 43 dominant rotations covering 86% of the area.
Crop distribution included permanent grasslands (69.0%), temporary grasslands on arable
land (15.6%), winter wheat (7.2%), spring wheat (3.6%), oats (2.0%), fallow land (1.1%),
spring rapeseed (0.8%), and spring barley (0.8%).

Overall, a trend toward decreasing arable land and increasing permanent grassland
indicated a shift to less intensive agriculture, affecting around 10% of agricultural land. The
decline in arable land was driven by reduced temporary grasslands and a slight decrease in
spring crop coverage, while winter wheat and fallow land shares increased by 3% and 0.7%,
respectively, with fallow land nearly doubling in share. Nevertheless, the expansion of winter
wheat, combined with a reduction in spring crops, resulted in a 26.7% increase in nitrogen
use and a 17.2% increase in phosphorus use on arable lands when considering the
combined areas of spring crops, winter crops, and fallow land.

Using typical nitrogen content in seeds and SWAT+ simulated crop yields (4.15 t/ha for
spring crops and 6.24 t/ha for winter wheat), we estimated that approximately 17.1 kg/ha of
nitrogen remained in the system after spring crop harvests and 64.1 kg/ha after winter wheat
harvests, theoretically resulting in a 38% increase in nitrogen inputs that were not removed
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by seed yield.

These findings highlight the complex interplay between crop rotations, land transformations,
and nutrient management in grassland-dominated agricultural areas. They underscore the
need for targeted strategies to optimize nutrient use and mitigate environmental impacts,
setting the stage for further research on sustainable agricultural practices and nutrient
balance optimization.

This research was part of the EU-funded research and innovation project OPTAIN
(https://www.optain.eu/)

Abstract number-93 Using turbidity sensors to assess uncertainty in mean
suspended sediment and phosphorus concentrations from infrequent water
sampling

Eva Skarbovik', Jens Folster?, Anastasija Isidorova', Maria Kamari®, Brian Kronvang?*, Emma
Lannergard?, Pasi Valkama?, Sofie van't Veen®

"Norwegian Institute of Bioeconomy Research (NIBIO), Division of Environment and Natural
Resources. P.O. Box 115, 1431 As, Norway

2Swedish University of Agricultural Sciences, Department of Aquatic Sciences and Assessment, PO
Box 7050, 750 07 Uppsala, Sweden

3Finnish Environment Institute (SYKE), Fresh Water Centre, Latokartanonkaari 11, FI-00790 Helsinki,
Finland

4Aarhus University, Department of Ecoscience, C.F. Mallers Allé, DK-8000 Aarhus C, Denmark
SAarhus University, Department of Ecoscience, C.F. Mallers Allé, DK-8000 Aarhus C, Denmark; and
EnviDan A/S, Vejlsavej 23, DK-8600 Silkeborg, Denmark

When implementing the Water Framework Directive (WFD), average concentrations of
nutrients are used as a support to assess the environmental state. These average
concentrations are often based on infrequent water sampling, typically monthly, fortnightly or
weekly. We used hourly data from turbidity sensors in eight agricultural streams, of which
two each in Denmark, Finland, Norway and Sweden. We correlated turbidity by sensor with
analyses of total phosphorus (TP) and suspended solids (SS) from water samples, and then
used these correlations to create hourly data series of TP and SS. We then employed Monte
Carlo analyses (1000 runs) to calculate average concentrations of TP and SS from six
different annual water sampling strategies: Monthly, fortnightly and weekly sampling using all
data; and the same frequencies using only data from working hours (9-15) Monday-
Thursday. The latter strategy is based on the practical constraint that laboratories should not
receive water samples later than Friday morning, to ensure that the analyses are done within
24 hours after sampling. We did the calculations for the driest and wettest years of the
turbidity data series, and where possible, also a year of average water discharge. Our
preliminary results* indicate that the largest span in average concentration was found for
monthly sampling, and the smallest span was found for weekly sampling. The dry years had
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generally less uncertainty in average concentrations than the wet years. The uncertainty
varied between the individual streams. As an example, monthly sampling gave an
uncertainty of annual average turbidity of about 40-55% in the two Norwegian streams, but
only 20-40 % in the two Finnish streams. Similarly, weekly samples resulted in an
uncertainty of annual average turbidity of about 20% in the Norwegian streams but was
down to 5-15% in the two Finnish streams. There were only minor variations in uncertainty
between the same sampling frequencies, using either all available data or only data from
Mon-Thursday during the working hours. Our results should guide managers to choose
sensible sampling frequencies when following up the requirements of the WFD.

* This study is still on-going, but will be finalized by February 2025, and therefore all results
will be ready before LUWQ.

Abstract number-95 Assessing the effects of conservation tillage practices on
water, nutrient, and sediment retention in six European case studies using
SWAT+

Piroska Kassai'

'Institute for Soil Sciences, HUN-REN Centre for Agricultural Research, National Laboratory for Water
Science and Water Security, Budapest, Herman Otté ut. 15., 1022, Hungary

An integrated model-based evaluation of the effectiveness of conservation tillage practices
was carried out in six small catchment areas across Europe using the Soil Water
Assessment Tool (SWAT+). Different reduced-till and no-till farming practices were analysed
and compared by biogeographical region. The case studies included Schwarzer Schops in
eastern Germany (136 km?2), Petite Glane on the western Swiss plateau (100 km?), and
Upper Zgtowigczka in central Poland (150 km?), representing the Continental region, Felsé-
Valicka (124 km?) and Tetves (68 km?) in western Hungary, which represent the Pannonian
region, and Krakstad (51 km?) in Norway, representing the Boreal region.

We applied the R scripted workflow developed in the OPTAIN project (Optimal strategies to
retain and re-use water and nutrients in small agricultural catchments across different soil-
climatic regions in Europe) for preparing input data, model setup, calibration, and scenario
simulation. The effectiveness of conservation tillage practices was evaluated based on
predicted changes in water quality and quantity in the watercourses, soil hydrology,
sediment and nutrient retention on agricultural fields, and crop yields.

According to our modelling results, conservation tillage practices are most effective in
reducing sediment losses from agricultural fields (ranging from 24-92%), with greatest
reductions in the Pannonian case studies. Significant reductions were also predicted for the
losses of nutrients, with greater variation for total phosphorus — TP (0.5-42%) than for total
nitrogen — TN (13-29%). The retention effect resulted in lower river loads of sediments (0.1
to-38%), TP (1 to 14%) and TN (2 to -5%) at the catchment outlets. With conservation
practices implemented, our models tend to predict an increase in the average soil water
content (up to 10%) and a slight decrease in mean streamflow, although these results varied
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largely among the study sites. Simulated crop yields were less affected, with small increases
and decreases depending on crop type and case study.

Our presentation will compare the results across biogeographical regions and discuss critical
model assumptions and limitations.

This work was supported by the European Union’s Horizon 2020 research and innovation
programme under grant agreement No. 862756, project OPTAIN, and the Széchenyi Plan
Plus program, supported by the RRF-2.3.1-21-2022-00008 project.

Abstract number—-96 Impact of climate-change on nutrient dynamics in
agricultural catchments: An empirical modelling approach

Golnaz Ezzati', Michele McCormack', Rebeca Hall', Demi Ryan', Per-Erik Mellander’
" Agricultural Catchment Programme, Teagasc Johnstown Castle, Wexford, Ireland

The shifts in the weather patterns and occurrence of extreme hydrological events have
resulted in further degradation of water quality. Heavy precipitations and prolonged droughts
are exacerbating nutrient transfer processes to surface water bodies within the agricultural
landscape. In view of more frequent occurrence of extreme hydrological events, climate-
smart robust adaptation/mitigation strategies are needed. However, development of any
efficient measure requires better understanding of both the conditions and timing of the
intensified hydro-meteorological drivers of nutrient-loss events.

The water quality indicators and climatic data in six hydrologically-diverse agricultural
catchments (ca 3-30 km2) in Ireland have been monitored on a high temporal resolution
basis (10 min) since 2010. An empirical modelling approach was carried out to associate any
hydrological event-based pulses of Nitrogen (N) and Phosphorus (P) into surface waters
over a 14-year period Then the probability of occurrence and likelihood of such triggering
events were modelled for near, mid, and far future climate change scenarios for moderate
(RCP 4.5) and severe (RCP 8.5) emission pathways.

The modelling revealed various combinations of criteria (contributing to N and P losses), in
terms of air temperature and effective rainfall at different temporal scales, explaining more
than 50% of all nutrient loss events across all the catchments. Comparison between RCP4.5
and 8.5 across three time periods of 2010-2039 (near-future), 2040-2069 (mid-future), and
2070-2100 (far-future), suggested that while the upward trends of nutrient-loss triggering
events would continue to increase stepwise in each time period, the percentage increase of
events causing nutrient losses would almost double in RCP8.5. The sum of different
empirically-driven criteria indicated over 60% increase in the number of triggering events
from near-future to far-future in some of the catchments. However, the response of each
catchment was unique and influenced by its characteristics, i.e., soil texture and chemistry,
drainage status, hydro-geology, farming practices, and weather. Prolonged warm periods
and increased hydrological connectivity would result in increasing number of nutrient losses
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events as we move toward end of the century. The temporal aspects of weather-related
flushes of nutrients also indicated that certain months require specific attention in terms of
adaptation, management, and re-evaluation of nutrient transfer pathways. The differences in
catchments’ responses to weather events and in the frequency of triggering events across
climate scenarios also implied that climate smart management practices are needed that are
resilient and tailored to catchment specific characteristics and different environments.

This research has been conducted as part of the WaterFutures project (EPA-funded) and in
collaboration with Agricultural Catchments Programme (ACP) in Ireland.

Abstract number-97 Implementation of a National Scale Water-AGRI European
Innovation Partnership in Ireland

Mairead Shore', Noel Meehan?, Conor Mulvihill3

"Water EIP-AGRI, Local Authority Waters Programme, Heffernan House, Rossmore Village,
Tipperary Town, E34 DK74

2Teagasc Advisory, Deerpark, Ballinasloe, Co. Galway, H53 HX21

3Dairy Industry Ireland, Ibec, 84/86 Lower Baggot St, Dublin 2, D02 H720

In Ireland, 54% of surface waters are in good or high ecological status while the remaining
46% are in unsatisfactory ecological status. Agriculture is the main pressure impacting on
water quality in Ireland. Despite increased regulations on nutrient management in the
agricultural sector in recent years via the Nitrates Directives regulations, water quality is not
improving and nitrate levels are increasing in Irelands estuaries and coastal waters. In an
effort to support farmers to reduce the loss of nutrients to water, the European Commission,
along with the Department of Agriculture Food and the Marine have provided €50M in direct
funding to farmers via the Water-AGRI European Innovation Partnership (EIP) programme,
to fund supplementary water quality measures in priority catchments. The Department of
Housing, Local Government and Heritage are contributing €10M towards the operational
costs of the project which was launched in March 2024 and runs until the end of 2027,
termed the ‘Farming for Water EIP’.

The Local Authority Waters Programme (LAWPRO) are leading the Farming For Water EIP
in partnership with Teagasc and Dairy Industry Ireland. A team of LAWPRO scientists are
collecting detailed local scale information on water quality issues and pressures in priority
catchments. Where pressures from agriculture are identified, they refer the issues and
associated data, to a team of dedicated water-quality agricultural advisors from Teagasc and
the Dairy Industry, termed the Agricultural Sustainability Support and Advisory Programe
(ASSAP). The ASSAP team then visit the farmers in the referral areas and offer them the
opportunity to implement a range of 43 supplementary water-quality measures on their farms
which are funded under the Farming For Water EIP. The 43 measures cover a range of
issues including nitrates, phosphates, sediment, pesticides and sheep-dip.
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Every EIP application starts with a bespoke rain water management which the ASSAP
advisor designs with the farmer to identify runoff pathways for nutrient loss. A bespoke set of
measures is then agreed between the farmer and the advisor based on the nutrient loss
risks and runoff pathways identified on that particular farm. Nearly 500 applications for EIP
funding have been submitted to date covering over 3,000 measures. The locations of all
measures is being collated and mapped in order to link these actions to water quality
improvements. A dedicated Research Hub is collecting data on the efficacy of these
supplementary measures across a range of landuses, soil permeabilities and scales.

Abstract number-98 Modelling Annual Total Organic Nitrogen Concentrations
in Streams using Machine Learning at National Scale

Rasmus Rumph Frederiksen', Sgren Erik Larsen’, Brian Kronvang'

'"Department of Ecoscience, Aarhus University, C.F. Mgllers vej 3, DK-8000 Aarhus C, Denmark,
rrif@ecos.au.dk

Total organic nitrogen (TON) constitutes almost 20% of the total nitrogen (TN) riverine
loadings to Danish coastal waters. Thus, knowledge about the TON concentration in streams
and its spatial variation is essential to accurately assess the importance of TON for TN
loadings to coastal waters and eventual sources of TON in the landscape. We used
environmental monitoring data from 390 stations across Denmark to calculate indirectly
measured annual average TON concentrations along with a wide range of predictor
variables. Thereafter, we trained a machine learning model to predict spatially distributed
average annual TON concentrations in Danish streams. The annual TON concentration is
modelled with a mean error of 0 mgL-1 and a root-mean-squared error of 0.20 mg L-1.
Results indicate a mean annual TON concentration in Danish streams amounting to 0.70 mg
L-1 with a standard deviation of 0.31 mg L-1. The new national TON concentration model is
largely driven by the mean elevation, the percentage of agricultural land, the percentage of
tile drained areas, the percentage of lakes, and the percentage of carbon enriched soils. The
developed model and national TON maps contribute to our understanding of annual TON
concentrations in streams supporting national-scale land-use and water management.

Abstract number-99 Evaluating Nature-Based Solutions for Nitrogen and
Phosphorus Reduction: A comprehensive modelling approach in agricultural
catchment

Joy Bhattacharjee’, Pasi Valkama?, Jukka Aroviita?, Katri Rankinen3, Hannu Marttila’
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"Water, Energy and Environmental Engineering Research Unit, University of Oulu, Finland
2Marine and Freshwater Solutions, Finnish Environment Institute, Helsinki, Finland
SNature Solutions, Finnish Environment Institute, Helsinki, Finland

Despite recent efforts to reduce nutrient loading, eutrophication continues to degrade
freshwater and marine ecosystems throughout the Nordic region, particularly in the Baltic
Sea. Climate change is expected to intensify its impacts, highlighting the need for adaptive,
effective nutrient management strategies. Within the EU NORDBALT-ECOSAFE project, we
address multiple approaches to maintain nitrogen (N) and phosphorus (P) load within safe
ecological limits, focusing on the agriculturally intensive Temmesjoki river catchment in
northern Finland (1181 Sq. km). High nutrient concentrations (especially phosphorus) and
poor water quality, particularly in tributaries such as river Tyrnavanjoki, cause significant
environmental concerns. We explore peatland restoration, winter cover crops, permanent
grass cover, and wetland establishment as potential nature-based solutions (NBS) to
mitigate nutrient runoff and support ecosystem resilience. Using SWAT+, we (i) calibrate and
validate the hydrological model and (ii) compare SWAT+ outputs with Finland’s national
nutrient-loading model VEMALA. Further, we (iii) examine how simulated nutrient results
align with or exceed the "good" or "moderate" ecological status class thresholds for nutrient
levels established for lowland river types in Finland and finally (iv) evaluate NBS scenarios to
identify plausible settings for N and P reduction under current and projected climate
scenarios. The results show that SWAT+ achieves greater accuracy in simulating river
discharge and nutrient concentrations than VEMALA, highlighting its potential as a key tool
for water management. The initial assessment of multiple NBS scenarios also indicates
reduced nutrient levels. These findings offer a strategic basis for effectively implementing
NBS in agricultural landscapes, informing adaptive water management practices to meet EU
environmental targets in a changing climate.

Abstract number-100 Change to more sustainable dairy and arable farming: an
integrated approach with attention for water quality

Co Daatselaar', Roel Jongeneel', John Helming', Auke Greijdanus', Luuk Vissers', Marcel van
Asseldonk’

"Wageningen Economic Research, P.O. Box 29703, 2502LS The Hague, the Netherlands

In this research a number of standard farm types for the dairy and arable farming sectors
have been developed. Based on the objectives of the National Rural Area Program (NPLG)
with respect to the themes ammonia emission, biodiversity, water quality and climate
(greenhouse gas emissions), packages of measures have been determined and applied at
farm level, which should help to achieve ambitious emission reductions. This integrated
approach combines the aforementioned themes and shows where objectives on themes
strengthen each other or where they work against each other.

Several measures concerning the themes have been investigated but for water quality the
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measures loss of derogation, introduction of buffer strips and decrease of the nitrogen
application standards are important in the case of dairy farms. For arable farms these are
buffer strips, catch crops, decrease of the nitrogen application standards and more grains
with less potatoes and sugar beets. In this research the decrease of the nitrogen application
standards was only in effect on sandy soils because these soils are more vulnerable to
nitrate leaching to groundwater than clay and peat soils.

The environmental and economic impacts at farm level were calculated using the FARMDYN
optimisation model. The model was applied to eight dairy farm types (differing in soil type,
size and intensity) and to five arable farm types (differing in soil type and cropping plan).

It turned out that the applied measures would have strong negative impacts on dairy farm
income and would negatively affect dairy farm continuity. An important reason were higher
prices to dispose of animal manure, combined with a larger amount to be disposed.
Ammonia emissions went down with 5-10% when applying all three measures. Greenhouse
gas emissions decreased with 0-4% and the nitrogen surpluses, seen as an important
indicator for nitrate leaching, decreased with 20-40 kg N per ha. On arable farms the impacts
on farm income and farm continuity were small and mixed: because of more money for
accepting animal manure the financial effects of buffer strips etc. could be compensated.
Ammonia emissions increased slightly on arable farms (0-2%) and nitrogen soil surpluses
increased with 0-10 kg N/ha.

Abstract number-101 Nitrogen use in the Netherlands in relation to nitrogen
use standards

Marga Hoogeveen', Co Daatselaar’, Pieter Willem Blokland’
"Wageningen Economic Research, Den Haag, the Netherlands

In the Netherlands the question arises to what extent dairy and arable farmers use all space
that is offered to them within the nitrogen application standards. If farmers fertilise with
nitrogen below these standards, then a, maybe necessary but limited, decrease of nitrogen
application standards would not affect crop yields. A decrease in the standards is foreseen
in so called ‘nutrient contaminated areas’: these areas are mainly located on drier sandy soil
in the East and the South of the Netherlands.

Arable farmers on clay soils used nitrogen at 0-5% below the nitrogen application standards
in the years 2019-2021 but in 2022 the difference was 10%. Arable farmers on sandy soils
remained 8-12% below the standards in the years 2019-2021 whereas the difference was
16% in 2022. Farmers applied less inorganic nitrogen in 2022, most likely due to the high
prices for organic fertiliser in that year. Arable farmers on sandy soils took about 65% of the
applied nitrogen from animal manure, about 25% from inorganic fertiliser and about 10%
from other organic manure (e.g. compost).

Dairy farmers used nitrogen at about 15% below the nitrogen application standards in the
years 2019-2021 whereas it was a difference of 20% in 2022. Also dairy farmers differed
between soil types. On sandy soils the difference was about 10%, on peat soils about 20%
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and on clay soils about 30%. It has to be noted that the nitrogen application standard for
grassland on clay soils is rather high with 345 kg N/ha in case of grazing and 385 kg N/ha in
case of no grazing. Between the soil types there is little difference in the amount of applied
nitrogen from animal manure and the highest use of nitrogen from inorganic fertiliser takes
place on dairy farms on clay soils.

It can be concluded that, on average, arable and dairy farmers do not fill up completely their
nitrogen application standards. Less application of nitrogen will mean some reduction in the
amount of nitrogen, vulnerable to leaching. If prices of fertiliser increase strongly, as was the
case in 2022, farmers react by less use of fertiliser. Use of less fertiliser can be invoked by
lower application standards but pricing, e.g. with a tax, can have comparable effects.

Abstract number-102 Methods to quantify nutrient load reduction targets for
surface water bodies to meet Nitrogen and Phosphorus targets for good
ecological status

Peter Schipper!, Rachel Cassidy?, Stijn Quidé?3, Paul Withers*

"Wageningen Environmental Research - WUR, Droevendaalse steeg 4, 6707 PB Wageningen, the
Netherlands

2Agrifood en Biosciences institute (AFBI), BT9 5PX Belfast, United Kingdom

3Viaamse Milieumaatschappij (Flanders Environment Agency) 9300, Aalst Belgium

4Lancaster Environment Centre, Lancaster University, LA1 4YQ Lancaster, United Kingdom

High concentrations of nitrogen (N) and/or phosphorus (P) hinder good ecological status in
many European surface water bodies. Despite decades of environmental policies, numerous
surface waters across Europe still receive excessive nutrient loads from agricultural
practices, wastewater discharges, and various other point and diffuse sources. The
imperative for load reductions is clear. A good understanding of the water system, nutrient
loads and corresponding sources is necessary to determine by how much the nutrient load
needs to be reduced in order to meet the Water Framework Directive (WFD) targets set for
N and P.

We will present current operating methods to quantify the required load reduction targets
(LRT) using an inventory of methods that are applied across the four New-Harmonica case-
study nations in North-Western Europe. The basis for the methodology is a detailed source
apportionment that quantifies the sources of the N and P loads to the surface water bodies
in a catchment or river basin and the retention of N and P in the surface waters. The LRT are
based on the exceedances of the target concentrations at the WFD monitoring sites at the
catchment outlet and the results of the source-apportionment modelling. The WFD Common
Implementation Strategy (CIS) guidance on eutrophication stressed that it may be necessary
to undertake measures in upstream surface water bodies to reduce nutrient inputs and
transport downstream. At this stage, a balanced division of costs between upstream and
downstream areas and between the various sectors has to be decided on, taking into
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account the Polluter-Pays principle and Fair Share Proportionality.

The methods we have examined mainly differ in how the total LRT can be distributed among
the sectors according to the Polluter-Pays principle and how loads from upstream surface
water bodies are incorporated. A distribution of the LRT among sectors provides
policymakers with the necessary information to assign targets to each sector for the
measures needed to achieve the WFD-targets.

Our analysis shows, among other things, that a detailed and well-validated source analysis
is required to distribute LRT in a transparent and properly justified way. The required source
analysis should also factor 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.

Abstract number-103 Sediment color as a predictor for subsurface redox
conditions at large scale

Hyojin Kim', Ingelise Mgller’, Leerke Thorling’, Birgitte Hansen'
'Geological Survey of Denmark and Greenland

Denitrification is strongly governed by redox conditions, as it occur only under oxygen-
depleted N-reducing or reduced conditions. Detailed spatial knowledge of subsurface redox
architecture is therefore essential for modelling of nitrate transport and fate in groundwater
and then recharge to surface waters, particularly under new agricultural nitrogen regulations.
These regulations aim to implement spatially differentiated mitigation measures and fertilizer
limits, based on the characteristics of the sites, highlighting the importance of identifying the
redox interface—the bottom of the N-reducing zone. Groundwater chemistry is commonly
used to identify subsurface redox conditions; however, it provides only point-scale
information and is time and labor intensive to obtain a large set of data. In soil sciences, soil
colors are used to infer soil profile development including redox conditions. This study
assessed to what extent sediment colors can serve as a proxy for subsurface redox
conditions in the context of national-scale nitrogen budget modelling.

Data on sediment color and groundwater chemistry were extracted from Denmark’s National
Borehole Database (JUPITER). After data cleaning and pre-processing, sediment colors and
groundwater chemistry were linked at the screen level, resulting in 43 sediment colors from
8,672 screens nationwide. For each color, the oxic water fraction i.e., the proportion of oxic
water screens (nitrate concentrations >1mg/L) was calculated. Red, orange, and yellow,
typical oxic colors, had sparse groundwater data, likely because they are prevalent in the
unsaturated zone or shallow depths. Black, blue and green colors, typical reduced colors,
also had limited groundwater information as they are often found in clay, where groundwater
sampling is challenging. Gray, one of the predominant colors of the subsurface, exhibited a
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low oxic water fraction (<0.1), while brown, another major color, and gray colors with oxic
color nuance (i.e., brownish gray or yellowish gray) showed oxic water fractions that
decreased exponentially with depth. These trends were hypothesized that due to low nitrate-
reducing capacity of the sediment, their oxic water fractions may be more strongly governed
by hydrogeological controls such as travel times.

Our findings indicate that typical oxic and reduced colors are reliable indicators of
corresponding redox conditions whereas colors with opposite nuances (i.e., yellowish gray or
grayish yellow) display depth-dependent oxic probabilities. The sediment color at each
borehole can be translated to 1-D profile of oxic probability, allowing more precise
delineation of redox interface at the national scale. Sediment color is relatively easy and
quick to collect a large set of data, implying a great potential as input data of large-scale
modelling of redox-sensitive processes.

Abstract number-104 Effect of mitigation measures on nitrate in the
agricultural lands of groundwater protection areas in the Netherlands: A
modelling study

Kevin Duan', Piet Groenendijk!, Leo Renaud’, René Rietra’

"Wageningen Environmental Research, Droevendaalsesteeg 3, 6707 PB Wageningen, the
Netherlands

In the sandy and loess soil regions of the Netherlands, N leaching from agricultural soils has
led to groundwater nitrate concentrations in exceedance of the 50 mg/L limit of the EU
Nitrates Directive in the past years. Mitigation strategies to achieve the reduction target have
been investigated in 34 groundwater protection areas vulnerable to N leaching. In this study,
we adopted a modelling approach to evaluate the effect of various mitigation measures on
218 agricultural lands with diverse soil, groundwater, and farming conditions selected from
the 34 areas.

SWAP and ANIMO are process-based, mechanistic models that simulate water flows and
the transport and transformation of N across the soil-water-atmosphere-plant interfaces.
Four types of mitigation measures were modelled: (1) Reduction of fertilisation by 20% or
33%; (2) Adaptation of crop rotation, replacing crops prone to leaching by plants with higher
N use efficiency (e.g., continuous silage maize to grassland or rotation of grassland and
maize, additional fibre crops following potatoes, etc.); (3) Additional management measures
(e.g., reduced grazing, introducing catch crops, recycling of crop residues, etc.); and (4) Shift
of farming system from conventional to organic production.

In agricultural lands of the groundwater protection areas, the mitigation effect varied among

regions and farming types, with an average reduction between 3 and 35 mg/L in nitrate
concentration. By implementing the measure with the greatest effect, the target of 50 mg/L
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nitrate can be met in half of the groundwater protection areas. However, any single measure
is not sufficient to achieve the reduction target in all areas, suggesting that more drastic or
combined measures must be considered.

If the area-weighted average concentration of the entire groundwater protection area,
including non-agricultural lands, is considered, then more groundwater protection areas can
meet the target by implementing the mitigation measures. However, whether the 50 mg/L
target should be viewed as a regional average, or as a threshold for point measurements
everywhere, will raise a point of discussion from the policymaking perspective, especially
considering that some areas have difficulty in closing the reduction gap.

The modelling process was iterated based on feedback from stakeholders and policymakers
to reflect realistic farming practices. The outcome will be used to facilitate policymaking, and
for selecting potential measures for further investigation.

Abstract number-105 Nitrogen Use Efficiency in Nitrate Polluted Areas in
Germany: How effective are regulatory measures?

Philipp Léw', Frank Offermann?, Mareike Séder®, Maximilian Zinnbauer', Bernhard Osterburg®

'Institute of Rural Studies, Johann Heinrich von Thiinen Institute, Bundesallee 64, 38116
Braunschweig, Germany

2Institute of Farm Economics, Johann Heinrich von Thiinen Institute, Bundesallee 63, 38116
Braunschweig, Germany

3Coordination Unit Climate, Soil, Biodiversity, Johann Heinrich von Thiinen Institute, Bundesallee 49,
38116 Braunschweig, Germany

Since 2017, nitrogen policy in Germany underwent major changes in order to implement the
European Nitrates Directive adequately, as nitrate groundwater quality is still insufficient. In
response to the ruling of the European Court of Justice against Germany, nutrient budgeting
approaches were overruled, and countrywide mandatory measures were tightened instead,
particularly for farms in so called nitrate polluted areas. These areas were designated by
means of a new administrative specification in 2022 and have been valid since then. We aim
at better understanding the effectiveness of these measures by analysing the impact of
respective designation on nitrogen management of affected farms compared to unaffected
farms. Our analysis is based on the nitrogen use efficiency (NUE) on the farm level as an
agri-environmental indicator for assessing farm-individual nitrogen performance. We
calculate annual NUE values by considering nitrogen input and output parameters at the
“farm-gate” as system boundary, based on farm level data of the German Farm Accountancy
Data Network. Farms are classified according to the share of the designated (non-)polluted
areas of their municipality. Covering around 27,000 observations between the years 2016
and 2023, we aim to investigate the development of NUE in farms in polluted areas before
and after their designation, and in comparison to unpolluted regions, as well as potential
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adaptations related to nitrogen management. For statistical analysis, we control for average
annual NUE change using a robust regression model for panel data. First results indicate an
increasing trend in NUE for all farm types, from 58 % to 77 % at the sectoral level. Farms
located in municipalities with a high share of nitrate polluted areas show higher NUE both at
the beginning and at the end of the observation period compared to control group, with a
substantial higher annual NUE growth rate. Further, we investigate effects of the size of
designated areas and effect of farm types. The analysis contributes to better understand
multi-dimensional linkages between nitrogen management and water quality and supports
policymakers in designing effective policy measures in the sense of “polluter pays” principle.

Abstract number-106 Assessment of Rare Earth Element Accumulation by
Willow (Salix spp.) in Floating Treatment Wetlands.

Muhammad Ramzan', Muhammad Mohsin', Ari Pappinen', Suvi Kuittinen'

'School of Forest Sciences, University of Eastern Finland, Yliopistokatu 7, P.O. Box 111, 80100,
Joensuu, Finland

Rare earth elements (REEs) are increasingly essential in modern technologies, yet their
environmental accumulation and impacts on plant growth, particularly in willow (Salix spp.),
remain understudied. Lanthanum and neodymium are critical rare earth elements widely
used in advanced technologies, including electronics, renewable energy, and aerospace
applications. Different wastewater has been reported to have considerable REEs due to
urbanization, mining, and industrial activities. Floating treatment wetlands (FTWs) could be a
viable solution to purify the wastewater. Willows (Salix Schwerinii (SW) and Klara (KL))
growth and their potential to accumulate REEs from artificial wastewater amended with
different combined doses of La + Nd (10+20+40 uM) was investigated for two months. The
tap water without REEs was assigned to the control.

Willow growth height, tolerance indices, dry biomass production, and REEs accumulation in
leaves, stems, and roots were examined. Results indicated that plant heights varied
between 152 and 192 cm across treatments, with SW and KL exhibiting distinct tolerance
levels. Dry biomass for SW peaked at 25 g in low-dose treatments, while KL reached a
maximum dry weight of 32 g under control conditions. Tolerance indices ranged from 0.95—
1.14 for SW and 0.55-0.96 for KL, underscoring the differing responses of the willows to
REEs exposure. Concentrations of La and Nd were found to be highest in leaves and stems
at 10 uM and 20 uM but showed marked increases in roots under high concentrations (40
MM). Accumulation patterns revealed that both willows retained significant La and Nd in
roots, particularly in 40 uM, suggesting that willow roots serve as primary REE storage sites.
The bioconcentration factors for La (6.04—13.81) and Nd (3.82-8.95) across both willow
show their tolerance to moderate REEs levels. These findings suggest that willow can be
utilized to reduce the concentration of REEs from wastewater sites and, the processed water
after proper management could be reused in agriculture. This study also aligns with
Sustainable Development Goal 6, which advocates for “clean water and sanitation”. This
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research provides insights into the phytoremediation capacity of willow species, suggesting
further exploration of their applications for mitigating REEs pollution in impacted ecosystems
for longer periods.

Abstract number-107 Application of cell-based bioassays to assess toxicity in
agriculture catchments contaminated with mixtures of pesticides

Reinier Mann', Hayley Kaminski!, Matt Johnson?, Kimberly Finlayson?, Jason van de Merwe?, Fred
Leusch?

"Department of Environment, Tourism, Science and Innovation, Queensland 4102, Australia
2Australian Rivers Institute, School of Environment and Science, Griffith University, Southport, Qld
4222, Australia

The potential risk to aquatic ecosystems in agricultural systems in the coastal catchments of
Queensland, Australia, has for many years been implied by regular exceedances of
published guidelines for the protection of aquatic ecosystems. However, relatively few
empirical data are available to validate the toxicity even in some of the more heavily
contaminated systems. Traditional in vivo direct toxicity assessment (DTA) bioassays are
expensive, low-throughput, and limited to apical endpoints, which has limited their
application to these waters. In vitro bioassays offer a cheaper, faster, and more ethical
alternative that can provide increased sensitivity for some environmentally relevant
endpoints. We have adapted several in vitro cell-based bioassays for use with whole water
samples. A batch of cell-based bioassays were used to assess the toxicity of water collected
from waterways that are regularly contaminated with mixtures of pesticides.

Eleven waterways were sampled, ranging over 1400 km of the Queensland Coastline from
the Atherton Tablelands in the North to the Pumicestone Passage in the South. Ten of the
waterways discharge into the Great Barrier Reef World Heritage Area and one discharges
into a Ramsar listed wetland. With the exception of one waterway that drains conservation
land use, all waterways drain either sugarcane cropping lands or horticultural agriculture.
Water samples used for toxicity testing were analysed for a broad variety of pesticides.

The tests applied to these waters included a Pulse Amplitude Modulation fluorometry (IPAM)
assay for photosynthesis inhibition, a Bacterial Luminescence Toxicity (BLT) screen for
acute toxicity to bacteria, a rainbow trout gill cell (Rtgill-W1) viability assay for acute toxicity
to fish, a high-throughput micronucleus assay for genotoxicity and an AhR receptor-
responsive chemically-activated fluorescent gene expression (AhR CAFLUX) assay for
dioxin-like compounds. These tests were applied to whole water sample with minimal pre-
cleanup treatment (sterile filtration).

Results from water collected from ten catchments receiving agricultural runoff from
sugarcane and/or mixed horticultural crops showed a strong toxicity signal in four of the five
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tests. The IPAM test produced toxicity responses with four of the five waters known to be
contaminated with multiple PSII herbicides and in one water in which no PSII herbicides
were identified. Three other tests also produced toxicity responses in one to three of the 11
waters tested, although a direct link to analysed chemicals could not be determined. The
results suggests that whole water screening using high throughput in vitro tests may have
utility of verifying toxicity risk in agriculture landscapes.

Abstract number-109 Storage ponds as a multifunctional tool for irrigation and
nutrient removal.

Lone Juul', Sgren Kolind Hvid', Ditte Olsen’
'Seges Innovation

In regions where the groundwater resources are limited due to water extraction for drinking
purposes, alternative water resources must be found if field irrigation is to be implemented.
One possibility is to store drainage water from arable fields in storage ponds during wet
periods and use the stored water for field irrigation during dry periods in spring and summer.
A method that has been used on the Danish Island Samsg since the 1970’s. Due to major
requirements for reducing the nitrogen discharge from cultivated areas, reservoirs can now
serve an additional purpose, namely, to reduce the discharge of nitrogen into the marine
water environment.

Storage ponds can support the process of denitrification, where nitrogen compounds are
converted into nitrogen gas by microbial activity. Remaining nitrogen in the stored water will,
when the water is used for irrigation, be returned to the field. This makes storage ponds a
potentially effective solution that addresses two core issues: the lack of water for irrigation
and the excess of nitrogen in the aquatic environment. The study aims to obtain indications
of the potential for nitrogen removal in storage ponds and will form the basis for future in-
depth studies to understand the biological processes.

A monitoring experiment will be conducted at a storage pond on Samsg. Data collection is
initiated when the pumping of the drainage water into the storage pond begins in December
2024 and will continue until field irrigation for the 2025 harvest season is completed. The
pond has a storage capacity of 113,000 m3 water and supplies irrigation water to 200 ha of
cultivated land. Inflow and outflow will be monitored regularly and contribute to simple
storage pond water balances throughout the experiment. Water samples will be collected
from incoming drainage water every 14 days until no more water is pumped into the storage
pond. When the pumping of water for irrigation begins, collection of water samples for
outgoing pond water will commence. All water samples will be analyzed for nutrient content
and results will ultimately indicate the level of nitrogen and phosphorus removal during the
storage period as well as the amount of nutrients recirculated to the cultivated fields with the
irrigation water. The results of the experiments will be disseminated to share knowledge
about the environmental effects of storage ponds.
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The experiment will commence at the beginning of December 2024. Therefore, there are no
results available currently. By the time of the conference, preliminary results will be
presented.

Abstract number-110 Can local data strengthen assessments of groundwater
extraction permits for field irrigation?

Lone Juul', Rikke Krogshave Laursen', Sgren Kolind Hvid'
'Seges Innovation

More than 75% of Danish municipalities use the decision support tool BEST when assessing
ground water extraction permits for irrigation. The BEST model is based on hydrogeological
models able to predict the consequences of groundwater extraction on groundwater-
dependent ecosystems and streams. Models are good tools to handle complex processes,
but they rely on assumptions and the quality of input data, which may not accurately reflect
local conditions. Understanding the local variability in hydrogeological conditions is important
to determine the feasibility of groundwater extraction and its impact on streamflow and local
ecosystems. This project examines if monitoring and incorporation of local data can enhance
the professional assessment of these applications, potentially leading to more informed and
sustainable groundwater management decisions. The specific local data required to obtain
the most accurate and comprehensive knowledge to support the professional assessment of
a permit will vary depending on the hydrogeological conditions. The purpose of the project is
to develop a framework for farmers and advisors that can assist in determining whether it is
worthwhile to collect local data and, if so, which types of local data would be advantageous
to invest in.

The project involves selecting two case areas where farmers have been denied a new
irrigation permit or have obtained a permit but with a significant reduction in extraction
volume. In each case area a preliminary assessment has been conducted based on
available hydrological and geological data, and a test pumping was completed in
collaboration with landowners, agricultural advisors, the municipality, well drillers, and
consulting engineers. Test pumpings provide data on aquifer performance and the
environmental impact of groundwater extraction through continuous monitoring. Monitoring
included measuring drawdowns in the pumped and nearby wells. Near-surface geophysical
data was collected to provide an overview of subsurface geological structures and assess
their connectivity. The data is evaluated using the BEST model to determine if locally
measured data can provide a more accurate assessment and a different result compared to
the preceding evaluation in the BEST model. This will establish whether there is a basis for
updating the model in the specific area.

The results of preliminary investigations, test pumpings and geophysical measurements
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should collectively enhance our understanding of which methods are appropriate in various
situations, thereby contributing to the development of the framework. Preliminary results
indicate that local data can provide a more accurate assessment of groundwater extraction
impacts, potentially leading to more precise and reliable permit decisions.

Abstract number-111 Mitigation measures for phosphorus and nitrogen under
changing climate: conflicts and synergies

Jian Liu', Marianne Bechmann', Franziska Katharina Fischer’, Sigrun Hjalmarsdottir Kveerng', Anne
Falk @gaard’, Isabell Eischeid?

"Norwegian Institute of Bioeconomy Research (NIBIO), P.O. Box 115, NO-1431 As, Norway
2Norwegian Institute of Bioeconomy Research (NIBIO), Nylinna 226, 2849 Kapp, Norway

Nutrient runoff from agricultural areas is a big concern in Norway, because nutrient
concentrations and loads significantly affect water quality status in the lakes, rivers, fjords
and the coasts. There is a pressing need to reduce both phosphorus (P) and nitrogen (N)
losses from agricultural areas through effective mitigation measures. However, whether
mitigation measures work simultaneously for N and P remained unclear, hindering the
recommendation of the measures for a wider adoption. Also, the influences of the measures
on the N:P stoichiometry was unclear, despite it has been suggested by studies as a driver
of eutrophication in surface waters. In a new project funded by the Norwegian Directorate of
Agriculture, we are analyzing the effects of various mitigation measures (e.g., tillage, nutrient
management) on P and N losses, as well as the N:P stoichiometry in surface runoff and
subsurface drainage. This project is built upon a large land use and water quality data set
collected from all over Norway, consisting of about 20 sites for plot and field studies and 10
sites for catchment monitoring. At the plot/field scale, we found that spring tillage instead of
autumn tillage reduced both total P and total N losses in many cases, but the trend was not
always the same. Also, the ratio of N:P varied greatly at different field sites and under
different management systems. This highlights the potential role of critical meteorological
and hydrological events and possibly their interaction with farming operations in affecting the
nutrient losses. At the catchment scale, both the levels of total P and total N and the ratio of
N:P varied widely by site. This is presumably due to combined effects of climate, landscape,
cropping systems and nutrient balances in the catchments. While we are working on the
data analyses, we will have more interesting results to present at the conference.

Abstract number-112 Using turbidity sensors to assess retention of particles
and phosphorus in a small Norwegian constructed wetland

Anastasija Isidorova’, Eva Skarbgvik', Anne-Grete Buseth Blankenberg'
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"Norwegian Institute of Bioeconomy Research (NIBIO), Division of Environment and Natural
Resources. P.O. Box 115, 1431 As, Norway

Constructed wetlands (CW) are important environmental measures to reduce nutrient and
sediment losses from agricultural creeks to downstream water bodies. We installed turbidity
sensors in the inlet and outlet of a 275 m long CW in an agricultural creek in May 2024 with
surface area of 2500 m2 and the catchment area of 4.5 km2. The CW consists of a
sedimentation pond at the inlet and macrophyte filters in the lower parts. At the outlet of the
CW, a turbidity sensor has been in operation since 2018, and we have used data from grab
samples to calibrate turbidity with total phosphorus (TP) (R2 of 0.66, n=210) and suspended
sediments (SS) (R2 of 0.73, n =333). At both the inlet and the outlet, automatic samplers
collected flow weighed composite samples, analyzed for TP and SS. Water discharge is
monitored continuously at the outlet. At the outlet, we compared loads of TP and SS based
on turbidity data and data from composite sampling over 48 months and found that the total
load of SS calculated from the turbidity data was 120% of that calculated from the composite
samples, whereas for TP the load calculated from turbidity was 98% of that from the
composite samples. We also scrutinized 31 episodes of increased turbidity from May-
October 2024. The average retention in the CW during these episodes was calculated to
25% of SS, corresponding to 163 kg of SS, and 10% or 293 g of TP. There was a significant
correlation (R2 of 0.35 for SS and R2 of 0.27 for TP) between the retention of SS and TP
and the time of year the episodes occurred: the later in the autumn the episodes happened,
the lower was the retention. Negative retention, i.e., higher SS and TP out that in, only
occurred in 3 episodes, all of them in October (retention between -8% and -2%). According
to our calculations the episodes contributed a large share of the total loads (90% of SS and
74% of TP) in the whole period of measurement while accounting for only 17% of the
datapoints. Those episodes were responsible for 77% of the SS and TP retention in the CW.
The work is on-going, and more data will be analyzed by the time of the LUWQ.

Abstract number-113 Can a sewage treatment plant expand even if it
increases the phosphorus load to a recipient where it needs to decrease? A
case study from Uppsala, Sweden

Martin Erlandsson Lampa’
"Water Authority of the North Baltic River Basin

The need of expanding the capacity of sewage treatment plants (STP) often conflicts with
the regulations of the Water Framwork Directive (WFD). In Uppsala, Sweden, the STP has
applied for a permit to expand its capacity by 50 %, from 200 000 to 300 000 PE, thereby
increasing the load on the recipient. The STP already today has an advanced treatment,
with phosphorus concentrations in effluent water of 0.1 mg-P/L. Still, an increase of the load
may compromise the environmental quality objects of the recipient, which is classified to
moderate status with respect to phosphorus.
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The recipient, River Fyris, is an average-sized river (catchment area approx. 2000 km2), with
a mixed land-use of forestry, agriculture and some urban areas. Most of the anthropogenic
phosphorus load comes from agricultural land (70%). The required load reduction to achieve
good status was estimated to c:a 7 Tn-P/year, whereas the increase load from the STW was
estimated to c:a 1 Tn-P/year (although an increase of up to 2.4 Tn-P/year would be allowed
according to the permit).

In Sweden, the intended legal way to allow operations which conflicts with the WFD is to set
a less stringent environmental objective for the recipient in question. However, in practice
the prerequisites to apply less stringent objectives for eutrophication are seldom fulfilled, as
the potential effects to reduce nutrient leaching from arable land is notoriously difficult to
quantify.

The application from the STP was submitted to the Land and Environmental Court in May
2020, and the matter is yet to be settled. Here, we present and discuss the different
assessments and analyses that has been made by the Court, by the Regional Water
Authority and the Swedish Government during the course of this case.

Abstract number-114 Constructed wetlands intercepting mixed agricultural
runoff across diverse landscapes, part 1: Variations in catchment yields and
hydraulic loading

Brandon Goeller, Chris Tanner?, Lucy McKergow?, Alex Vincent?, James Sukias?

"NIWA National Institute of Water and Atmospheric Research Ltd, 217 Akersten Street, Nelson 7010,
New Zealand

2NIWA National Institute of Water and Atmospheric Research Ltd, Gate 10 Silverdale Road Hillcrest,
Hamilton 3216, New Zealand

Constructed wetlands (CWs) are a versatile and robust mitigation tool that can effectively
reduce multiple contaminants from farm run-off, reducing impacts on freshwater quality and
ecosystem health. Provisional design guidelines and performance estimates for New
Zealand have been developed based on international data and local data from subsurface
drainage treatment CW. However, field-scale information to quantify CW efficacy across
different landscapes, flow pathways, and climatic zones is still limited. To better quantify
field-scale performance of CWs intercepting mixed surface and groundwater inflows, and
demonstrate their applicability, we worked in partnership with councils, industry, and
farmers, co-funded by the NZ Ministry for Primary Industries. Comprehensive monitoring
was undertaken from 2021-2024 of the flow and water quality at inflows and outflows of six
CWs in contrasting landscape settings. Here we describe and report on differences in CW
hydrology for four CW at diverse sites around the country where 1-3 site-years of
telemetered, near-continuous flow and rainfall data are available for evaluation. The CWs

LuwQ2025 Page 102 of 207 14 May 2025



LuwQ2025, Land Use and Water Quality: Agriculture and the Environment
Aarhus, Denmark, 3—6 June 2025
VOLUME OF ABSTRACTS

evaluated spanned a range of scales (e.g., CW sized between 1 — 3 % of their
corresponding catchment areas) and landscape types, with annual rainfall totals varying
from 1200 to >3000 mm across wetlands and years. This resulted in markedly different
proportions of surface run-off (e.g., <6% to >95% of annual outflow volume across different
wetlands and years), subsurface drainage, and groundwater hydraulic loading. Seasonal
catchment runoff yields and hence CW inflows and outflows were greatest from May to
October (austral winter and spring) each year, with surface inflow hydraulic loading rates
varying from <1 to > 130 m across CW and years. Inflows showed high year-to-year
variability, with wetter conditions during a La Nifia year providing elevated hydraulic loading,
followed by reduced hydraulic loading under drier conditions in an El Nifio year. Combining
this high-resolution flow data with contaminant concentrations will enable us to quantify CW
load reductions, providing performance data across a much broader range of sites, regions,
and farming systems over a range of annually and seasonally varying flows. This will be
used to refine performance estimates and update practical guidelines, and be incorporated
into modelling tools to better assess the cumulative impacts of mitigation systems at
catchment and regional scales.

Abstract number-115 Constructed wetlands intercepting mixed agricultural
runoff across diverse landscapes, part 2: Performance estimates for nutrient
and sediment attenuation

Chris Tanner', Brandon Goeller?, Lucy McKergow', Alex Vincent'!, James Sukias’

"NIWA National Institute of Water and Atmospheric Research Ltd, Gate 10 Silverdale Road Hillcrest,
Hamilton 3216, New Zealand

2NIWA National Institute of Water and Atmospheric Research Ltd, 217 Akersten Street, Nelson 7010,
New Zealand

Growing and improving the scientific evidence base is crucial to provide farmers with reliable
measures of constructed wetland (CW) efficacy so they can assess their cost:benefit as
mitigation tools, apply and size them appropriately, and account for their contaminant load
reductions in farm nutrient budgets and environment plans. Provisional estimates for New
Zealand suggest that, as their relative size increases from 1-5% of their contributing
catchment, median annual removal efficacies will increase from ~50-90% for Total
Suspended Solids (TSS), ~26-48% for Total Phosphorus (TP), and ~25-53% for Total
Nitrogen (TN) in warm regions and ~17-38% for TN in cool regions. However, performance
data for CWs receiving mixed surface run-off, surface and subsurface drainage, and
groundwater inflows is very limited, particularly in situations relevant to pastoral farming
systems and humid oceanic climates, such as New Zealand’'s (Woodward et al. 2020). To
better quantify field-scale performance of CWs intercepting mixed surface and groundwater
inflows, and demonstrate their applicability, we worked in partnership with councils, industry,
and farmers, co-funded by the NZ Ministry for Primary Industries. We report the results of
comprehensive monitoring of flow and water quality at inflows and outflows to quantify
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reductions in sediment, nitrogen, and phosphorus over 1-3 year periods at 4 newly
established CWs. We used a range of modelling tools to estimate high frequency timeseries
for TN, TP, and SS for CW surface inflows and outflows to quantify annual mass loading,
export, and treatment performance for each wetland. The annualised load reductions
(percent removal) for TN, TP, and SS are reported here and compared against predictions
based on the existing CW Practitioner Guidelines performance models. Performance
estimates for TN were consistently at or above predictions based on the provisional
guideline values in Tanner et al. (2022), whereas performance estimates of SS and TP
varied substantially across the CW and year-year. SS performance was lower than
anticipated, primarily due to relatively low loads intercepted by the wetlands. Overall, the
annual CW performance (annual % load reductions) found in the present study for TN, TP,
and SS are well in-line with, and help to verify, the previous provisional estimates for
contaminant removal performance intercepting diffuse runoff from pastoral land-use in New
Zealand. Outcomes from this work will help provide assurance for regulators to allow farmers
to claim CW nutrient reductions to achieve required contaminant loss limits, and for industry
and rural professionals to confidently promote their use.

Abstract number-116 Spatial Data Preparation for SWAT+ Model: A Case
Study of the Berze River in Latvia

leva Siksnane', Ainis Lagzdins?, Arturs Veinbergs®

'Scientific Laboratory of Forest and Water Resources, Latvia University of Life Sciences and
Technologies, 19 Akademijas str., Jelgava, LV-3001, ieva.siksnane@lbtu.lv

2Institute of Landscape Architecture and Environmental Engineering, Latvia University of Life
Sciences and Technologies, 19 Akademijas str., Jelgava, LV-3001

3Scientific Laboratory of Forest and Water Resources, Latvia University of Life Sciences and
Technologies, 19 Akademijas str., Jelgava, LV-3001

A hydrologic model can simulate nutrient sources, pathways and transport considering the
specific characteristics of water body’s catchment area. Hydrological modeling has a cruicial
role in predicting changes in patterns and volumes of total nitrogen (TN) and total
phospshorus (TP) leaching from the catchment leaching from catchments, aligning with the
goals of Council Directive No. 91/676/EEC, which aims to protect water resources from
agricultural nitrate contamination. The aim of the Nordbalt-Ecosafe project is to ensure that
N and P concentrations and loadings in water bodies in the Nordic-Baltic region are reduced
and will remain within safe ecological boundaries. SWAT+ model in the project is used to
quantify daily concentrations and loads of N and P and nutrient sources, pathways, and
sinks.

The model preparation in SWAT+ involves a sequence of steps, with the initial stage
focused on spatial data preparation. This phase includes delineating the catchment area of
the water sampling site and analyzing catchment characteristics data.

The case study is based on the catchment of the Berze River. Berze River is located in the
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central part of Latvia, covering an area of 882 km2. This area is divided into 15 sub-
catchments, where water quality monitoring has been ongoing since 2005.

The spatial data integrated into the SWAT+ model includes: river networks; locations of 15
water sampling points and one hydrological gauging station; boundaries of 15 sub-
catchments; digital evaluation model (DEM) with a resolution of 5 x 5 meters; Corine Land
Cover 2018 data on land use; soil types within the catchment (categorized into five classes
based on their texture); information about crop spanning from 2017 to 2022; digitalized
information about lakes and drained areas within the catchment and allocations of
wastewater treatment plants. The study outlines the guidelines for preparing these spatial
data inputs for SWAT+ modeling in the sub-basins of the Berze River. Spatial information is
processed using GIS software, including ArcGIS Pro and QGIS (open-source).

This study was funded by a grant from the EU Horizon project NORDBALT-ECOSAFE
(Grant Agreement No. 101060020).

Abstract number-117 Options to achieve the good ecological state of the
Wadden Sea: Scenario analyses for the river basins of Elbe and Rhine

Andreas Gericke', Wera Leujak!, Andreas Musolff?

'German Environment Agency, Protection of the Seas and Polar Regions, Wérlitzer Platz 1, 06844
Dessau-Rof3lau, Germany

2Helmholtz-Centre for Environmental Research, Department of Hydrogeology, Permoserstr. 15,
04318 Leipzig, Germany

High riverine and atmospheric nitrogen inputs hamper the good ecological state of coastal
waters including the Wadden Sea (EEA 2024). The German target of 2.8 mg N/I at the
limnic-marine border to the North Sea is currently only achieved in river Rhine, the major
riverine source of nitrogen in the Wadden Sea. However, for re-establishing seagrass in the
still eutrophic southern Wadden Sea load reductions of about 40% have been proposed (van
Katwijk et al. 2024). We use the calibrated and validated mQM model (Nguyen et al. 2022)
and a set of scenarios on the implementation of the revised Urban Wastewater Treatment
Directive, the Nitrates Directive, the National Emission reduction Commitments (NEC)
Directive, and nature-based solutions to quantify possible impacts of current policies on the
Elbe and Rhine basins under climate change (cf. Samaniego et al. 2018). The mQM model
features a travel time distribution to account for the time lag between N input to soils and
surface waters (Ehrhardt et al. 2021). Calibrated and validated for the years 1950-2020, the
model is applied until 2050. The results are complemented by the scenario impacts on the
atmospheric deposition on the coastal areas. We discuss how policy goals contribute to the
ecological state of Wadden Sea and how more ambitious ecological goals could be reached.

References

EEA 2024. Water Framework Directive map viewer, https://discomap.eea.europa.eu/wise-
freshwaterviewer/

LuwQ2025 Page 105 of 207 14 May 2025



LuwQ2025, Land Use and Water Quality: Agriculture and the Environment
Aarhus, Denmark, 3—6 June 2025
VOLUME OF ABSTRACTS

Ehrhardt, S., Ebeling, P., Dupas, R., Kumar, R., Fleckenstein, J. H., Musolff, A. 2021. Nitrate
Transport and Retention in Western European Catchments Are Shaped by Hydroclimate and
Subsurface Properties. Water Resources Research, 57(10). DOI: 10.1029/2020WR029469
Nguyen, T. V., Sarrazin, F. J., Ebeling, P., Musolff, A., Fleckenstein, J. H., Kumar, R. 2022.
Toward Understanding of Long-Term Nitrogen Transport and Retention Dynamics Across
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Soil Moisture Droughts. Nature Climate Change 8 (5), 421-426. DOI: 10.1038/s41558-018-
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van Katwijk, M. M., van Beusekom, J. E. E., Folmer, E. O., Kolbe, K., de Jong, D. J., Dolch,
T. 2024. Seagrass recovery trajectories and recovery potential in relation to nutrient
reduction. Journal of Applied Ecology, 61, 1784-1804. DOI: 10.1111/1365-2664.14704

Abstract number-118 Long-term monitoring indicates that land use and soil
drainage interactions drive macroinvertebrates and diatoms composition but
not diversity in Irish agricultural catchments

Jean Carlo Gongalves Ortega’, Rebecca Hall', Per-Erik Mellander’

Agricultural Catchments Programme, Department of Environment, Soils and Land-use, Teagasc,
Johnstown Castle, Wexford, Ireland

Attaining and keeping good water quality is key for water consumption standards and may
allow agriculture to expand production while lessening environmental impacts. Biological
indicators respond to potential stressors from diffuse pollution associated with agricultural
production by changes in their diversity and distribution of species abundances
(composition). These changes may also occur because of demographic processes related
with seasonal and inter-annual effects. We assessed the role of main land use and soil
drainage on macroinvertebrates, diatoms diversity and species composition while controlling
for inter-annual and seasonal effects. We used a spatially replicated and long-term dataset
of macroinvertebrates, diatoms diversity and composition in six Irish catchments intensively
used for agriculture. Sampling was conducted in small-order streams in the spring and
autumn from 2009 to 2023. Diversity and species composition of both groups were assessed
in relation to land use type, soil drainage capacity, time of sampling, and season with
hierarchical models and multivariate techniques. Macroinvertebrates taxa diversity
decreased through time and was higher in the spring than in autumn, and more so in
catchments dominated by well-drained soils. The assessed variable did not explain the
diatoms species diversity. Both macroinvertebrates and diatoms species composition varied
in function of an interaction between the main land use and soil drainage, and main-effects
of season and time. While streams in grasslands with poorly drained soils tended to present
lower abundances of macroinvertebrates species tolerant to organic pollution, they also
presented higher abundances of diatoms species favoured in high to very high nutrients
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concentrations. Streams in catchments dominated by well-drained soils presented variable
composition with high abundances of macroinvertebrate species both tolerant and sensitive
to organic pollution. Similarly, those streams also presented a variable diatom composition
with higher abundances of species favoured in low nutrient conditions to a predominance of
species favoured from very low to very high nutrient conditions. Macroinvertebrates
composition presented a similar distribution concerning season and time, with higher
abundances of sensitive species to organic pollution in spring and first samplings, and the
opposed in autumn and last samplings. Temporal patterns were less clear for diatoms
composition, but spring samplings presented higher abundances of species favoured in low
quantity by nutrients concentrations. The assessed catchments may be negatively
influenced by diffuse organic pollution as the macroinvertebrates fauna are becoming less
diverse and with a predominance of tolerant species. Furthermore, streams from poorly
drained grassland are particularly risky to nutrient input given the prevalence of diatoms
typical of high nutrient concentrations.

Abstract number-120 Willow Growth Potential and Nitrogen and Phosphorus
Accumulation Under Processed Municipal Wastewater

Muhammad Mohsin', Erik Kaipiainen®!, Mir Md Abdus Salam’, Nikolai Evstishenkov', Nicole Nawrot?,
Aki Villa', Ewa Wojciechowska?, Suvi Kuittinen', Ari Pappinen’

'School of Forest Sciences, University of Eastern Finland, Yliopistokatu 7, P.O. Box 111, 80100
Joensuu, Finland

2Faculty of Civil and Environmental Engineering, Gdansk University of Technology, 80-233 Gdansk,
Poland

Short-rotation willow (Salix spp.) is increasingly utilized in the Baltic regions for wastewater
treatment, nutrient recycling, and bioeconomy development. A four-year field trial (2016—
2019) near a wastewater treatment plant in Outokumpu, eastern Finland, evaluated the
effects of processed wastewater (WW) on biomass production and nutrient uptake by Salix
schwerinii. The study aimed to assess the potential of willow for mitigating nutrient pollution,
particularly eutrophication, and its contribution to sustainable agriculture and water
management.

The findings revealed that WW irrigation significantly enhanced willow growth, resulting in
increased stem diameter by 256% and biomass yield by 6510% compared to the control (no
WW). The nutrient-rich wastewater promoted rapid growth, with willows accumulating 41—
60% of nitrogen (N) and 32-50% of phosphorus (P) during 2018-2019. These results
demonstrate the willow’s effectiveness in absorbing N and P from wastewater, contributing
to nutrient pollution reduction and improved water quality.

Willow survival rates under WW irrigation were high at 80%, substantially better than the
control group’s 61% survival rate, highlighting the suitability of willow for wastewater
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irrigation in cold climates. These findings underscore willow’s potential as an ideal species
for wastewater treatment in colder regions, offering environmental and economic
advantages.

This research supports sustainable development goals by improving water quality, reducing
nutrient pollution, supplying renewable bioenergy, promoting water reuse in agriculture, and
addressing eutrophication to protect aquatic ecosystems. It highlights the viability of reusing
wastewater in agriculture, helping to alleviate water scarcity while promoting sustainable
agricultural and forestry practices.

Abstract number-121 Experiences with high resolution UV/Vis-spectrometric
sensors to detect peaks and hot spots in river nutrient inputs in the catchment
of Fusinger Au (Schlei Fjord, Baltic Sea)

Kirsten Riicker!, Si Thu Khant Min', Katja Westphal?, Inga Kostelnik?, Michael Trepel®

'Institute for Ecosystem Research, Christian-Albrechts-University of Kiel, Olshausenstr. 75, 24118
Kiel, Germany

2State Administration for the Environment of Schleswig-Holstein, Hamburger Chaussee 25, 24220
Flintbek, Germany

SMinistry for Energy Transition, Climate Protection, Environment and Nature of Schleswig-Holstein,
Mercatorstralle 3, 24106 Kiel, Germany

The Fusinger Au is a primary tributary to the heavily nutrient-loaded Schilei fjord in Germany.
Due to minimal mixing with the Baltic Sea, external nutrient inputs via river nitrogen and
phosphorus loads, as well as internal eutrophication driven by phosphorus, have to be
decreased to achieve the targets of the EU Water Framework Directive.

Data collection in high temporal and spatial resolution is needed (1) to validate the loads
conventionally estimated on the basis of monthly grab samples of water quality (2) as well as
to gain insight into processes, input sources, and pathways of nutrients within the
catchment. Therefore, stationed optical UV/Vis-sensors have been deployed at the Flising
Station. At the same time, mobile spectrometers have been utilized in the Fusinger Au with a
sensor-equipped mini-boat. The UV/Vis-Sensors have been tested to detect total nitrogen,
ammonium nitrogen, nitrate nitrogen, total phosphorus, soluble reactive phosphorus, SAC
254, and turbidity. Physico-chemical parameters such as pH, electrical conductivity, oxygen
levels, and temperature have been measured with multi-parameter sensors. Incremental
grab sampling has been conducted alongside spectral monitoring to support sensor
calibration, thereby improving data reliability.

The sensors offer good quality, high-resolution data for nitrate nitrogen and total nitrogen
concentrations (validation with grab sampling R2 > 0.9). However, total phosphorus
measurements are limited in accuracy at concentrations below 0.1 mg/L, and ammonium
nitrogen and soluble reactive phosphorus exhibit suboptimal calibration.

For well-calibrated parameters, the data show distinct patterns allowing detection of peaks
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and hot spots of nutrient exports. These data are currently being analyzed to understand
nutrient mobilization pathways under different hydrological conditions and to examine
hysteresis effects in concentration-discharge dynamics.

The findings will support farm advisory programs to demonstrate agricultural nutrient inputs
into river systems during peak periods and to develop process-based mitigation measures to
combat further eutrophication of the Schlei fjord.

Abstract number-122 The evolution of the nitrate nitrogen residues measured
in autumn in Flemish grassland soils since 2004

Karoline D'Haene’, Thijs Vanden Nest'!, Georges Hofman?

"Plant Sciences - ILVO
2Faculty of Bioscience Engineering - UGent

Since 1991 the European Nitrates Directive has imposed a maximum nitrate concentration
level of 50 mg nitrate per litre to protect ground and surface waters against pollution caused
by nitrate leaching from agriculture. To comply with this Directive, the Manure Action Plan
(MAP) was introduced in the same year in Flanders (Belgium). The MAP legislation
regulates maximum nitrogen (N) fertilisation rates and maximum nitrate nitrogen residues
allowed in the autumn (0-90 cm). The nitrate nitrogen residues are measured before the
onset of winter as an indicator of the applied N fertilisation rate, but also of the potential N
pressure from agriculture as nitrate leaching occurs mainly during the winter period. The
nitrate concentrations are monitored in all areas dominated by agricultural land use, by a
network of 754 surface water sampling points.

Since its introduction, several successive MAPs were implemented. Legislation became
more differentiated and increasingly stringent. Gradually, the crop, the regional nitrate
concentration in surface water and the soil texture were taken into account in the maximum
N fertilisation rates and maximum nitrate nitrogen residues allowed in the autumn.

The average nitrate nitrogen residue measured in autumn in grassland is low compared to
other crops due to the long growing period and high N uptake. Furthermore, split N
fertilisation throughout the year makes it easier to take the weather conditions into account.
The average nitrate nitrogen residues in both grassland and all fields decreased significantly
between 2004 and 2012. In this period, maximum N fertilisation rates were reduced for all
crops, except for grassland and gradually the agricultural area became nitrate vulnerable.
Since about 2012, the further divergence and tightening of the legislation did not result in a
clear positive effect on the average nitrate nitrogen residues. The average nitrate nitrogen
residues have been at a stable level, or did even increase. Dry weather conditions had a
negative effect on the average nitrate nitrogen residues and account for the average higher
nitrate nitrogen residues in 2018 and 2020. The rain amount in spring (April-June) has been
shown to mainly affect the autumn nitrate nitrogen residues. The average nitrate
concentrations in surface water followed over the years the same trend as the average
autumn nitrate nitrogen residues.
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Reference:

D'Haene, K., Vanden Nest, T., Hofman, G., 2024. Nitrate nitrogen residues measured in
autumn in Flemish grassland soils. In: C.W. Klootwijk et al. (Eds.), Why grasslands?
Proceedings of the 30th General Meeting of the European Grassland Federation,
Leeuwarden, 9-13 June 2024, p. 539-542.

Abstract number-123 Testing gypsum amendment for reducing the
agricultural phosphorus load to the Baltic Sea

Petri Ekholm', Goswin Heckrath?, Khaleda Begum'

'Finnish Environment Institute Syke
2Aarhus University

Eutrophication impacts the ecological state and ecosystem services provided by the Baltic
Sea. So far there have been limited measures for reducing phosphorus losses from
agriculture, which has contributed to the poor state of the coastal waters. According to field-
and catchment-scale studies in Finland, gypsum amendment of fine-textured soils can
reduce phosphorus losses by up to 50%. The loss of particulate phosphorus is thought to be
reduced by the micro-aggregation of soil particles due to increased ionic strength and by
calcium bridging. While stronger phosphorus sorption onto soil particles can explain lower
losses of dissolved phosphorus, its availability to plants is not negatively affected.

There is little knowledge whether gypsum amendment works in other Baltic Sea countries.
The aim of the Baltic Sea Interreg project GYPREG (2023-2026) and the Finnish
NordGypsum project (2023—-2025) is to test gypsum amendment in Denmark, Latvia,
Lithuania, Norway, Poland, Sweden and Aland (Finland). In the GYPREG project, the
performance of gypsum will be tested in e.g. laboratory pot experiments with methodological
details adapted for local soils and agri-environmental conditions. In addition, gypsum
amendment will be piloted at the field scale. The NordGypsum project involves soils from
Finland, Denmark and Norway and investigates the effect of gypsum on soil structural
properties under standardized conditions. The projects also make an estimate of the
agricultural area potentially suitable for gypsum application in each country and develops a
simple decision support tool for facilitating the practical implementation of the measure at
regional scale.

Here, we present results from lab tests for identifying soil characteristics that indicate the
sensitivity to gypsum treatment, such as aggregate stability and clay dispersion. For
example, we have found a lower clay dispersion and a higher moisture content in gypsum
amended Finnish clay and loam soil than in corresponding unamended soils. On the other
hand, gypsum had little effect on soil aggregate stability. The relation of such soil properties
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will be linked to evidence obtained in leaching experiments with soils in re-packed soil
columns.

Abstract number-124 Agricultural land lacks resistance to water erosion
during the wettest winters of the past decade

Adrian Collins', Hari Upadhayay', Yusheng Zhang', Louise Olde’, Hadewij Sint’
'Rothamsted Research

With changing climate and increased frequency of wet weather extremes, increased
attention is being directed towards understanding the resilience of agroecosystems and the
goods and services they deliver. Within this context, the world's most instrumented and
monitored farm (the North Wyke Fam Platform - a UK National Bioscience Research
Infrastructure) has been used to explore the resilience of water quality regulation for
sediment loss delivered by lowland grazing livestock and arable systems under conventional
best management. The robustness of the systems for water quality regulation was explored
using exceedance of modern background (i.e. pre-World War Il) net soil loss rates during
both typical and more extreme winters (December - February, inclusive) over the past
decade (2012-2013, 2013-2014, 2015-2016, 2019-2020 and 2023-2024). Exceedances of
modern background rates in the pasture system were as high as 2.4X when scheduled
ploughing and reseeding for sward management occurred. Exceedances of modern
background rates in the arable system were as high as 21.7X. Over the five monitored
winters, the environmental damage costs associated with total sediment loss from the
pasture system ranged between £1109-1794 / ha, compared with £6051- 9032 / ha for the
arable system.

Abstract number-125 Protection of drinking water resources from agricultural
pressures: embracing interdisciplinary cooperation to enhance governance
approaches

Susanne Wuijts"-2, Morten Graversgaard?, Cors Van Den Brink*, Sandra Boekhold®, Frode Sundnes?®,
Luke Farrow’, Nicolas Surdyk®, Rozalija Cvejic®, Helle Tegner Anker'?, Antti Belinskij'!, Marleen Van
Rijswick?

"National Institute for Public Health and the Environment (RIVM), Bilthoven, The Netherlands
2Centre for Water, Oceans and Sustainability Law, Utrecht University, Utrecht, Netherlands
3Department of Agroecology, Aarhus University, Tjele, Denmark

4Province of Drenthe, Assen, the Netherlands

SNational Institute for Public Health and the Environment (RIVM), Bilthoven, the Netherlands
8Norwegian Institute for Water Research (NIVA), Oslo, Norway
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" Agri-Food and Bioscience Institute, Belfast, UK

8BRGM, Orléans, France

SBiotechnical Faculty, Department of Agronomy, University of Ljubljana, Ljubljana, Slovenia
"0pepartment of Food and Resource Economics, University of Copenhagen, Denmark

" Centre for Climate Change, Energy and Environmental Law (CCEEL), Law School, University of
Eastern Finland, Finland

The remediation of nitrate and pesticide pollution from agriculture in drinking water resources
can be characterized as a complex and multifaceted challenge. Despite extensive legislation
it appears to be difficult to structurally improve and protect water resources as addressing
agricultural pollution requires cross-sectoral approaches. The EU Water Framework
Directive aims to build bridges among different relevant sectors, but the often sectoral
implementation by Member States prevents its potential from being fully explored. This study
aimed to contribute to the body of interdisciplinary knowledge on the driving forces towards
water quality improvement from agricultural pollution. Case study research has been
conducted in five European countries (Denmark, Northern-Ireland, France, Slovenia and The
Netherlands) and builds further on the H2020 FAIRWAY project. The results from the cases
were evaluated and discussed in a wider interdisciplinary setting, including experts with a
legal, hydrogeological, social-economic or agronomic background.

The cases show a tendency by authorities towards the use of voluntary practices to improve
water quality and to meet legally binding objectives. Although the added value of voluntary
practices, often introduced in projects, is considerable for creating shared ambitions, their
contribution to actual water quality improvement is limited. Implementation of these voluntary
practices should be supported by long-term arrangements regarding capacity and means to
embed lessons learned in daily practice, and not just for the duration of the project.
Furthermore, implementation should include practical guidance and monitoring of outcomes
that enables compliance testing. Such information also serves as input for the evaluation of
effectiveness of governance approaches and the formulation of follow-up actions, eventually
laid down in binding regulations in case governance approaches are not sufficiently
effective. The use of such types of evaluation mechanisms in the policy cycle is not yet
common practice.

Processes that enable dynamic interactions among the knowledge domains, e.g., social-
economic context, the legal framework, the state of the water system and developments in
agricultural practices, also support the identification of necessary actions at the different
stages of the policy cycle. Especially in the stages of implementation, monitoring &
evaluation, and adaptation, there is a need for further in-depth studies in order to improve
effectiveness of governance approaches, e.g. on the role of monitoring & evaluation,
licensing and the balance between voluntary and legally binding measures, and the issue of
scale in cross-sectoral approaches. During the conference, the results from the case studies
will be presented and pathways for future improvement will be discussed.
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Abstract number-128 Hydrological and physico-chemical drivers of benthic
diatom community dynamics in agricultural stream ecosystems

Maria Snell'-2, Maelle Fresne', Rachel Cassidy’

'Agri-Food and Biosciences Institute, 18a Newforge Lane, Belfast BT9 5PX, UK
2Macra na Feirme, Irish Farm Centre, Bluebell, Dublin 12. Ireland. Email: msnell@macra.ie

Understanding the factors influencing benthic diatom community dynamics in catchments is
essential to ensure robust monitoring of stream ecological status, and in assessing how
ecological status may evolve with climate change. It is critical as catchment management
and monitoring programmes under the Water Framework Directive (WFD) have tended to
focus on ‘improving’ ecological status often neglecting the equal importance of the
‘protection’ function of catchment assessment. This study examines hydrological and
physico-chemical influences on key ecological functions of benthic diatom communities in
Northern Ireland (NI) rivers where agriculture is the dominant land use. Diatoms, a key
biological element in WFD assessment of ecological status, are highly sensitive indicators of
water quality and have been shown for stream systems outside NI to respond within a 21-
day period to nutrient fluctuations driven by agricultural runoff and discharge variability. We
use discharge and physico-chemical data collected in three intensively monitored agricultural
catchments (<10 km2) in the Upper Bann River system, which inflows to Lough Neagh, to
establish physio-chemical and ecologically sensitive baselines that allow for the
safeguarding of ecosystem resilience and protection-focused management. To minimise the
influence of potentially confounding relationships between water quality, hydrology and
weather factors, a high-resolution temporal sampling programme was conducted within each
catchment to identify key drivers of benthic diatom communities, incorporating climate
(seasonality, weather patterns), catchment characteristics (agricultural land use) and reach-
scale variability in agricultural stream ecosystems. Over a three-years period, diatoms were
sampled monthly at defined sites in each river by scraping the upper surface of five
representative cobbles following standard protocols. Over the same period, stream water
nutrient concentrations, water temperature and turbidity were measured on a sub-daily basis
at outlet bankside monitoring stations. By analysing high-frequency hydro-physico-chemical
data alongside diatom assemblages, we reveal how changes in stream water quality and
nutrient pulses following discharge events influence the benthic diatom communities. Our
findings demonstrate the importance of managing nutrient inputs in agricultural landscapes,
not only to protect aquatic ecosystem integrity and benthic biodiversity, but also to support
long-term water quality and ecological resilience in freshwater ecosystems.

Abstract number-129 Enhancing Water Quality in the Great Barrier Reef
Catchments through Sustainable Agricultural Practices and Technological
Innovation

Mika Rowston', Ryan Turner!, Hannah Mitchell', Cath Neelamraju’, Reinier Mann?
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'Reef Catchments Science Partnership, The University of Queensland, Brisbane, QLD, 4072,
Australia

2Water Quality and Investigations, Queensland Government Department of Environment, Science,
Tourism and Innovation. Ecosciences Precinct, 41 Boggo Rd, Dutton Park, Brisbane, QLD, 4102

Water quality catchment issues within the Great Barrier Reef region are critically influenced
by runoff from agricultural land, which is primarily dominated by sugarcane. This
presentation examines the intersection of agriculture and catchment water quality in
Queensland, Australia. With a specific focus on the innovative measures being developed
and implemented by the Reef Catchments Science Partnership to mitigate adverse water
quality impacts, particularly the use of pesticides.

A central feature of this partnership is the development of the pesticide decision support tool,
designed to assist sugarcane growers in reducing pesticide application and maintaining
productivity. By leveraging ground-breaking ecotoxicological research and tailored
agronomic extension programs, this tool promotes more efficient pesticide use, thereby
improving water quality outcomes.

Furthermore, this presentation underscores the significance of on-ground extension services
and agronomic advice in delivering effective water quality programs. It also highlights the
importance of a functioning conduit between academic research and agricultural industries
to ensure successful knowledge transfer and practical application. These efforts are vital for
fostering improved agricultural practices among landholders, ultimately contributing to better
environmental stewardship.

Integrating a whole-of-system approach, this presentation emphasizes the dual focus on
enhancing agricultural productivity while achieving positive environmental outcomes.
Through collaborative efforts and interdisciplinary insights, this presentation aims to
demonstrate that sustainable agricultural practices can successfully coexist with the
imperative to protect and preserve the Great Barrier Reef’s delicate ecosystem.

Abstract number-130 Extreme weather effects on wetland nutrient retention
and maintenance needs

Pia Geranmayeh'

'Swedish University of Agricultural Sciences, Department of Aquatic Sciences and Assessment, P.O.
Box 7050, 750 07 Uppsala, Sweden. pia.geranmayeh@slu.se

Since the 1990s, landowners in Sweden have been able to receive subsidies for wetland
creation to mitigate nutrient losses from agricultural areas and to conserve biodiversity.
Despite large investments in wetland creation, very little money has been set aside to follow
up long-term performance. Furthermore, evaluations show that many constructed wetlands
are not effective in retaining nutrients and thus not cost-efficient, due to sub-optimal siting
and sizing. As wetland nutrient retention varies with annual fluctuations in nutrient loading
and age, time-series measurements made over a wetland life-time is needed to allow
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evaluations of nutrient retention performance, maintenance need and design
recommendations.

A change in hydrological regime occurred in summer 2023, when June was extremely dry
and was followed by flooding in late August. Extreme years such as 2023 and a changing
climate have increased societal interest in wetlands for water-related ecosystem services
including flood prevention, irrigation, providing drinking water for livestock and carbon
storage. Increasing frequency of hydrological extremes will also likely affect wetland nutrient
retention. How nitrogen and phosphorus retention are affected by these hydrological
extremes that will increase in the future can only be answered by the only two Swedish
constructed wetlands with intense water quality monitoring during 2023 and since
construction (in 2010 and 2011). Besides flow-proportional water samples collected at the
inlet and outlet, one of the wetlands has additional sampling between the initial deep area
and the following shallow section with emergent vegetation, allowing for evaluation of
wetland design.

Here, we present estimates of long-term nutrient retention under a changing climate, we
evaluate maintenance needs and provide design recommendations that are resilient to
increasingly frequent hydrological extremes. Furthermore, the tools and guidelines we have
developed to optimise wetland siting and sizing to increase cost-efficiency can help wetland
advisors, catchment officers and different levels of government to increase implementation
of long-term sustainable wetlands in an increasingly uncertain future.

Abstract number-131 Loss of organic nitrogen from agricultural fields and
catchments

Brian Kronvang', Rasmus Jes Petersen', Jonas Rolighed', Rasmus Rumph Frederiksen', Sgren Erik
Larsen', Mette Thorsen', Anne H. Andersen’, Jim Rasmussen?, Kirsten Engrob?, Kirsten Karup?,
Nora Badawi®, Birgitte Hansen3, Hyojin Kim3, Tobias Goldhammer*, Daniel Graeber®, Dominik Zak'

'Institute of Ecoscience, Aarhus University, C.F. Mallers Allé 3, 8000 Aarhus C
2Institute of Agroecology, Aarhus University

3Geological Survey of Greenland and Denmark

4IGB, Berlin, Germany

SUFZ, Magdeburg, Germany

Worldwide, farming activities exert strong impacts on the amount and molecular composition
of dissolved organic matter (DOM), which constitutes an important vector of organic nitrogen
(ON) transport from soils to the aquatic environment (Graeber et al., 2015). In Denmark,
stream data from the national monitoring programmed NOVANA shows that total ON today
amounts to nearly 20 % of the annual N loading to Danish coastal waters. In a newly started
research project ‘'orgANiIC’ we will investigate the loss and fate of ON forms in five smaller
agricultural so-called LOOP catchments in Denmark (Petersen et al., 2021), in fields within
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the national pesticide monitoring programme, and longer-term experimental plots at three
Danish agricultural research stations. In our project we will measure dissolved ON (DON)
and dissolved organic matter (DOM) in soil water, groundwater, tile drainage water, surface
runoff and streams by means of utilizing both indirect (total N minus inorganic N) and direct
analysis of DON (size exclusion chromatography: SEC). Moreover, we will characterize
DOM composition utilizing SEC as well as fluorescence spectroscopy and conduct controlled
laboratory experiments to unravel the bioavailability and fate of DON in freshwater (Graeber
et al., 2018). The loss of particulate ON (PON) will also be monitored in tile drainage water,
surface runoff and streams as these hydrological paths are believed to be of increasing
importance with the observed increase in extreme weather conditions. In the presentation
we will share our current insights into existing indirect DON measurements from the different
hydrological pathways as well as our first direct measurements of DON and PON.

References

Graeber, D., I. G. Boéchat, F. Encina-Montoya, and others. 2015. Global effects of
agriculture on fluvial dissolved organic matter. Scientific Reports 5: 16328.
doi:10.1038/srep16328.

Graeber, D, Poulsen, JR, Heniz, M, Rasmussen, J, Zak, DH, Gucker, B, Kronvang, B &
Kamjunke, N 2018, 'Going with the flow: Planktonic processing of dissolved organic carbon
in streams', Science of the Total Environment 625: 519-530
https://doi.org/10.1016/j.scitotenv.2017.12.285

Petersen, RJ, Blicher-Mathiesen, G, Rolighed, J, Andersen, HE & Kronvang, B 2021, 'Three
decades of regulation of agricultural nitrogen losses: Experiences from the Danish
Agricultural Monitoring Program’, Science of the total Environment 787: 147619.
https://doi.org/10.1016/j.scitotenv.2021.147619

Abstract number-132 Long-term evidence of nitrogen removal from four
decades of wetland restoration in Denmark

Nichlas Hermansen', Joachim Audet', Carl Christian Hoffmann', Ane Kjeldgaard', Hans Thodsen’,
Dominik Zak', Brian Kronvang', Sgren Erik Larsen', Rasmus Jes Petersen’

"Aarhus University, Department of Ecoscience, Catchment science and Environmental Management
C.F., Mgllers Alle 3, 8000 Aarhus C.

Wetland restoration plays a crucial role in mitigating nitrogen losses from agricultural fields
(Hoffmann et al., 2020; Nilsson et al., 2023). Here we conducted a comprehensive study on
nitrogen (N) removal in 35 Danish rewetted wetlands, each monitored for at least one year.
Our aim was to develop general empirical models for yearly N-removal in rewetted wetlands.
Using beta regression models, we characterized yearly nitrate (NO3-) and total N (TN)
removal efficiency (%). The model was found to perform best with N load as the only
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explaining variable explaining 41% and 46% of the variance for TN and NO3-, respectively.
On average, yearly TN and NO3- removal amounted to 110 and 130 kg N ha-1 year-1,
respectively. Despite confirming the effectiveness of rewetted wetlands in mitigating N, our
results demonstrate that a decrease in N removal has appeared during the last three
decades for wetland restoration projects in Denmark. This trend may be a result of lowered
governmental N mitigation criteria for wetland restoration projects to increase the area of
land eligible for N restoration schemes. Furthermore, we speculate that future wetland
restoration projects emphasizing a more climate mitigation-oriented perspective, will further
decrease the average N removal from Danish wetlands. This highlights the need for
additional measures to address N losses from agriculture, as current efforts seem insufficient
to meet the regulatory requirements of reaching good ecological status in most Danish
coastal waters (Thodsen et al., 2023).

Hoffmann, C. C., Zak, D., Kronvang, B., Kjaergaard, C., Carstensen, M. V., & Audet, J.
(2020). An overview of nutrient transport mitigation measures for improvement of water
quality in Denmark. Ecological Engineering, 155, 105863.
https://doi.org/https://doi.org/10.1016/j.ecoleng.2020.105863

Nilsson, J. E., Weisner, S. E., & Liess, A. (2023). Wetland nitrogen removal from agricultural
runoff in a changing climate. Science of the Total Environment, 892, 164336.

Thodsen, H., Tornbjerg, H., Rolighed, J., Kjaer, C., Larsen, S., Ovesen, N. B., & Blicher-
Mathiesen, G. (2023). Vandlgb 2021 - Kemisk vandkvalitet, stoftransport og miljafarlige
forurenende stoffer (NOVANA, Issue. D.-M. c. f. M. o. E. Aarhus Universitet.
https://dce2.au.dk/pub/SR527 .pdf

Abstract number-134 Identifying the source of anthropic pressures on in-
stream benthic algae communities

Sim Reaney'2, Maria Snell®, Philip Barker?

"Department of Geography, Durham University
2Institute of Hazard, Risk and Resilience, Durham University
3Lancaster Environment Centre, Lancaster University

Research and policy on riverine biodiversity decline often emphasise instream structures in
terms of ecological status and hydromorphology, overlooking the importance of the broader
role of catchment connectivity to the river network for biodiversity. Effective conservation and
restoration of riverine ecosystems require addressing the hydrological, sediment and nutrient
connectivity of stream networks to their catchments, with particular focus on vulnerable low-
order streams which exhibit high sensitivity to land-use pressures and nutrient loading.
These streams show pronounced responses to nutrient pollutants (Nitrogen and
Phosphorus), which vary in impact depending on the catchment area's topography,
connectivity, hydrology, and agricultural intensity. This nutrient export from catchments to the
stream network can directly impact the composition and seasonal persistence of
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phytobenthos (benthic diatoms) communities, a key biological indicator under the Water
Framework Directive (WFD).

This study utilises the Sensitive Catchment Integrated Mapping Analysis Platform (SCIMAP)
to evaluate the spatial risk of nutrient pollution across the River Eden catchment, NW
England. SCIMAP makes detailed maps of the potential sources of nutrients, their physical
mobilisation and their connectivity to the stream network. This analysis is undertaken within
a reduced complexity framework to enable landscape-scale results with metre-scale detail.
The analysis identifies specific pollutant source areas and their ecological impacts by
assessing hydrological connectivity, land cover, and nutrient delivery within an uncertainty
framework. It uses diatom communities and biomass (chlorophyll-a) as ecological indicators.
Results indicate that effective management and mitigation strategies under the WFD should
incorporate ecological data across spatial scales, allowing for targeted, evidence-based
interventions. Critically, this study demonstrates that the most effective locations for
management measures will differ for different pollutant or ecological endpoints. This result
means that any action under the WFD Programme of Measures requires the integration of
multiple lines of ecological evidence at the appropriate spatiotemporal scales. This approach
offers a more transparent and accurate framework for assessing catchment risk and
supporting ecosystem function-focused water management.

Abstract number-135 Examination of flow, sediment and phosphorus
relationships using monitored storm event data from a multiscale research
platform

Yusheng Zhang', Steve Granger', Tegan Darch', Louise Olde', Adrian Collins'

"Net zero and resilient farming, Rothamsted Research, North Wyke, Okehampton, Devon EX20 2SB,
UK

Elevated sediment and phosphorus delivery from agricultural landscapes via storm runoff is
a global environmental issue that still requires quality data for its appropriate
characterisation, assessment and management. A multiscale (6 ha to 47 km2) research
platform with controlled plots under different land use (North Wyke Farm Platform) and
nested catchments (Upper River Taw Observatory) have been intensively instrumented in
Southwest England to monitor hydrological responses and nutrient emissions from a
livestock grazing dominated landscape. Flow rates were continuously monitored at 15-
minute intervals. Water samples from a selection of storm events were collected and
analysed in the laboratory to determine sediment and phosphorus concentrations. Surface
soil samples (top 10 cm) were also analysed to determine the soil P content. The
synchronised flow rates, sediment concentrations and phosphorus concentrations were
employed to estimate phosphorus concentrations in sediment, establish regression
relationships and examine the sediment and phosphorus peak timing related to flows.
Preliminary analysis has shown that land conversion from grassland to arable land can
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change phosphorus concentrations in sediment significantly. The transition from transport-
limited to detachment-limited processes were detected from small field catchments to the
larger complex catchment downstream. The enrichment of phosphorus concentrations in
sediment, relative to soil P content, was also observed. Event size negatively affects
phosphorus contents and is a good predictor of event-based sediment loads. The monitored
high temporal resolution data across hierarchical catchments could further improve our
understanding about the dynamic nature of sediment and phosphorus relationships,
contribute to model development and ultimately achieve better management outcomes in
agricultural catchments which are under stress from extreme weather and land use change
associated with changing climate.

Abstract number-136 Assessing groundwater nitrate reduction on a national
scale in Denmark

Birgitte Hansen', Jens Aamand?, Rasmus Jakobsen?, Hyojin Kim3, Leerke Thorling*, Denitza D.
Voutchkova?®

'Senior Scientist, Geological Survey of Denmark and Greenland (GEUS), University City 81, building
1872 (6th Floor), DK-8000 Aarhus C, Denmark

2Professor, Geological Survey of Denmark and Greenland (GEUS)

3Senior scientist, Geological Survey of Denmark and Greenland (GEUS)

4Chief consultant, Geological Survey of Denmark and Greenland (GEUS)

In Denmark, substantial amounts of nitrogen (N) originating from losses in intensive
agriculture is leached to groundwater where a significant amount is being removed by
denitrification processes. These natural processes occur in the anoxic nitrate reducing
environment in groundwater. The extent and the N reduction rates of this anoxic nitrate
reducing zone in groundwater have recently been intensively studied in Denmark and are
the focus of our presentation.

In Denmark, successful one-size-fits-all national general nitrogen regulation has been
implemented since the mid 1980’s resulting in a trend reversal of nitrate in oxic Danish
groundwater. A clear reduction response on nitrate concentrations in groundwater to the
agricultural N regulation has been documented based on monitoring data. However, the
environmental positive effect of regulation has been minor and insignificant after 2000.
Furthermore, since 2016 focus has been on developing cost-efficient geographically
targeted mitigation measures as a supplement to the national wide regulation to further
decrease the reactive nitrogen losses to the aquatic environment.

Targeted N mitigation measures require detailed hydrogeological and geochemical
knowledge about the redox conditions and the denitrification rates in the subsurface. This
knowledge is crucial for modelling the nitrate transport from agricultural fields to streams and
coastal areas with the Danish national N model. At a Danish national level, this presentation
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will compare the evolution of nitrate in anoxic nitrate reducing groundwater to that in oxic
groundwater. The geographical extent of anoxic nitrate reducing groundwater, and factors
controlling the reduction of nitrate in the anoxic nitrate reducing zone will be addressed. A
new approach for assessing the extent and the denitrification rates in the anoxic nitrate
reducing groundwater will be presented. This approach relies on assessment of nitrate
trends in oxic and anoxic nitrate reducing groundwater using monitoring wells with multilevel
screens with more than 35 years of data on the nitrate evolution and ages of the
groundwater dated with CFC or the 3H/3He method.

Abstract number—137 Nitrate in drinking water and health studies in Denmark

Birgitte Hansen', Jorg Schullehner?

'Senior Scientist, Geological Survey of Denmark and Greenland (GEUS) University City 81, building
1872 (6th Floor) DK-8000 Aarhus C, Denmark
2Institute of Environmental and Occupational Medicine, Aarhus University, Denmark

In this presentation an overview will be given of the considerable number of studies on
drinking water and health perform on Danish data during the last approximately 7 years
related to agricultural losses of nitrate to groundwater. The interdisciplinary approach to
examining the links between drinking water quality and health will be presented, and
emphasis will be on presenting some of the most significant results such as the health effect
of nitrate in drinking water.

Denmark stands out as an ideal country for performing epidemiological studies on the entire
population on the link between drinking water quality and human health. This is due to the
extensive tradition for collecting and storing 1) comprehensive individual health data linked
to our personal identity number, and 2) drinking water chemical analyses in the public
accessible geodatabase called Jupiter. In addition, possibilities for significant contrasts in the
drinking water quality across the country make the epidemiological Danish studies even
more relevant and interesting.

The geographical contrast in drinking water nitrate exposure originates from 1) the variation
in nitrate leaching due to different farming practices and fertilization, 2) the varying
geological and geochemical conditions in the groundwater aquifers supplying drinking water,
for protection and national removal by denitrification, 3) a very decentralized drinking water
supply structure with nowadays more than 2600 public water supplies and approximately
50.000 private wells, 4) normally only simple treatment of the drinking water with aeration
and filtration at the water works, and 5) low consumption of bottled water.

These conditions are well-suited for addressing the chronic health effects of long-term low-

dose exposures to chemicals in Danish drinking water, and new evidence has initiated a re-
assessment of the drinking water standards for nitrate.
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Abstract number-139 In-stream sand traps as a measure to reduce transport
of phosphorus

Hans Estrup Andersen', Ida-Emilie Fredberg Nilsson'
'"Department for Ecoscience, Aarhus University, C.F. Mgallers Alle 3, DK-8000 Aarhus C

Despite huge reductions in phosphorus (P) losses from point sources over the last decades,
most Danish lakes suffer from excess loading of external P. A recent national inventory
indicated that two thirds of overall P losses originate from non-point sources. Several
measures to mitigate non-point losses of P have been developed and documented including
field scale measures (e.g. P mining and no-till cultivation) and edge of field measures (e.g.
constructed wetlands and various types of buffer strips). However, in Denmark, the most
quantitatively important source of non-point P loss is erosion of stream banks. Consequently,
in-stream mitigation measures are needed. Already today, hundreds of sand traps are
installed in Danish streams to improve ecological conditions since high levels of sediment
smother the stream bed, reducing the habitat of aquatic plants, fish and insects that live in
these waterways. To investigate the possible effect of sand traps on in-stream P transport,
we carried out a survey of all municipalities in Denmark, with 76 out of 98 municipalities
responding. We found that the average size of a sand trap is approx. 75 m2 (range: < 50 m2
to > 2000 m2) and that sand traps are emptied on average 1.2 times a year, removing app.
52 m3 of sediment per year, however with statistically significant regional differences. We
further sampled 24 sand traps and found an average dry bulk density of 1.41 kg I-1 and a P
content of 221 mg total-P kg-1 of the sediment. Taking the 76 municipalities as
representative of the whole country, it can be calculated that a total of about 97000 m3 of
sediment and 30 tons of P is removed annually from Danish watercourses by means of sand
traps. We describe sand traps as a P mitigation measure including regionalized effect (kg P
removed per m2 sand trap) and cost-effectiveness.

Abstract number-140 Novel high resolution monitoring program iFOODis of
surface waters in relation agricultural activities and environmental factors in
Northern Germany (Baltic Sea)

Loky Stein', Sascha Flégel', Stefan Sommer’, Kirsten Riicker?

'GEOMAR, Helmholtz Centre for Ocean Research Kiel, Wischhofstr. 1-3, 24148 Kiel, Germany
2Ecology-Centre, Christian-Albrechts-University of Kiel, Olshausenstr. 40, 24098 Kiel, Germany

To contribute to the improvement of sustainable food production the ongoing 5-year
research program iFOODis funded by the German Helmholtz Society aims to establish a
monitoring network for the continuous assessment of ecosystem health on land and surface
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waters in relation to agricultural activities. The synoptic observation of food crop state,
agricultural activity and environmental parameters in the atmosphere, on land and in surface
waters shall enable the development of management options based on a scientifically sound
data base.

The Schlei region was selected as investigation area. The Schlei fjord itself represents a
brackish almost landlocked water body with a surface area of 52 sq km and length of ca. 43
km (SW Baltic Sea region). Its catchment area, a hilly countryside with altitudes of max. 30
m, of about 667 sq km was formed by glacio-fluvial erosion processes. In the 1960s and 70s
land consolidation and intensification in agriculture changed the landform and -use. Due to
the discharge of municipal waste waters as well as inputs of nutrients from agriculture the
Schlei is hypertrophic and represents the most eutrophied German Baltic water body. Its
ecological status has been classified as bad within the evaluation scheme of the EU Water
Framework Directive.

The measurement-network will be established in 2024/25 including 14 automated suction
cup and soil hydrology sites on agricultural fields within the Fising river catchment, which
drains about 55 % of the entire Schlei Region, 3 in-situ water quality measurement stations
in the Fusing River and 2 water quality stations in the Schlei itself. It is primarily focusing on
the local hydrological cycle, soil moisture, soil erosion, nutrient leaching, the efficient
management of carbon, phosphorus and nitrogen flows in agricultural ecosystems and
export into the coastal zone.

This presentation will highlight technical details of the measurement network and give
insights into biogeochemical processes and first results. The network will be set in operation
in spring 2025, jointly facilitated by the German research institutions, GEOMAR (Kiel),
University of Kiel, AWI (Bremerhaven) and the German Aerospace Center (DLR) involving
strong relationships to farmers, environmental authorities and non-governmental
organizations.

Abstract number-141 Leaky dams as a mitigation option for nutrient losses via
agricultural drainage ditches

Demi Ryan', Russell Adams?, Bridget Lynch', Karen Daly?

1Agricultural Catchments Programme, Teagasc Environmental Research Centre, Johnstown Castle,
Co. Wexford, Ireland

2Environment, Soils and Land Use, Teagasc Environmental Research Centre, Johnstown Castle, Co.
Wexford, Ireland

Agricultural open drainage ditches are a common feature of Irish agriculture which transport
excess water discharges, particularly on land with heavy soils, to quickly alleviate flooding
and enhance land productivity. These drainage ditches are typically located at field
boundaries and form a ‘network’ of ditches connected to a nearby outlet or stream. Thus,
there is a high risk of agriculturally-sourced pollutants such as phosphorus (P) and nitrogen
(N) entering freshwater systems via these connected ditch networks. This risk is greatest
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where there is a direct connection between a farmyard and a ditch, which then connects
downstream directly into a river.

This study is investigating leaky dams in open drainage ditches as a mitigation measure to
attenuate agricultural pollutants. Two farms in a Priority Area for Action (PAA) with farmyards
directly connected to a ditch network were selected for case-study in the Agricultural
Catchments Programme (ACP) Ballycanew catchment, Wexford (South-East Ireland). The
dams were constructed as a “H-Section” from planks of rough timber with a V-notch weir cut
into the cross-beam, screwed into pointed posts to stabilise, and were installed in two
ditches (one on each farm) in January 2024. Grab water samples are collected weekly
upstream and downstream of a series of three leaky dams per ditch for analysis of total
phosphorus (P) (TP), total dissolved P (TDP), soluble reactive P (SRP) particulate P (PP),
nitrate-N, and ammonium-N.

The SHETRAN hydrological model is used to calculate flows in the ditch network using an
hourly time step and meteorological data from the ACP weather station in Ballycanew. The
instantaneous nutrient loads of N and P are calculated by extracting the modelled flows at
the location nearest to the sampling point in the model’s domain. The total loads over the
monitoring period are then calculated using a simple load estimation method used for
discrete samples. These are converted into loads per unit area using the estimated areas
upstream of the monitoring points. Flow-weighted mean concentrations are also calculated
using the modelled flows. Analysis is ongoing, with one wet (winter — spring 2024) season of
data collected to date. It is envisaged that data gathered over the next time period will
provide valuable insight into the efficacy of leaky dams as a cost, time and resource-efficient
option for mitigating agricultural nutrient pollution from drainage ditches by reducing nutrient
loads discharged into receiving watercourses.

Abstract number-142 Assessment of the relationship between farm structure,
farm management, and environmental quality on Dutch dairy and arable farms,
and their impact on the nitrogen soil surplus

Jamal Roskam’, Carlijn de Bruijn?

"Wageningen Economic Research, Droevendaalsesteeg 4, 6708 PB Wageningen, The Netherlands
[iamal.roskam@wur.nl]

2Wageningen Economic Research, Droevendaalsesteeqg 4, 6708 PB Wageningen, The Netherlands
[carlijn.debruijin@wur.nl]

Within the Dutch Minerals Policy Monitoring Programme, nitrogen soil surplus is one of the
main indicators. The nitrogen soil surplus indicates the amount of nitrogen surplus in the soil,
expressed in kilograms of nitrogen per hectare. The nitrogen soil surplus is calculated as the
surplus at farm level (sum of all input minus the sum of all output including stock changes)
plus the input of nitrogen via deposition, net mineralisation and fixation minus the loss of
nitrogen via emission during application (organic manure and fertiliser), resulting from
grazing, and stabling and storage. A high nitrogen soil surplus is harmful to the environment
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as it can cause, among other effects, eutrophication and acidification. Hence, it is important
to know what the course of the nitrogen soil surplus is, and to know the relationship between
nitrogen soil surplus and its explanatory factors. We are currently conducting a study on that
examines the influence of mineral management on the surplus of nitrogen in the soil on dairy
and arable farms. This study will take an integrated look at the relationship between farm
structure, farm management, and environmental quality on dairy and arable farms. This
study relates to observations from Dutch dairy and arable farms contained in the Minerals
Policy Monitoring Programme for the years 1991-2023. Since not all farms appear in the
dataset for all the years concerned, this study has an unbalanced panel data structure.
Random Effects models and Fixed Effects models are used. The outcomes of the
regressions will quantify the influence of farm structure and farm management. The
outcomes of the study will help dairy and arable farmers, policymakers and researchers in
how mineral use can best be modified to achieve better results, both from economic and
environmental point of view.

Abstract number-144 Water quality improvements for the Great Barrier Reef
catchments: Can we achieve change through Carrots and Sticks, or do we also
need Golden Nuggets?

Ryan Turner'2, Cath Neelamraju'-2, Melanie Shaw', Rochelle Wessels?, David Orr?, Reinier Mann?

'Reef Catchments Science Partnership, School of the Environment, University of Queensland,
Brisbane, Queensland, Australia
2Department of Environment, Tourism, Science and Innovation, Brisbane, Queensland, Australia

Like many receiving waters worldwide, the Great Barrier Reef (GBR) lagoon faces multiple
stressors, including climate change, extreme weather events, direct and indirect use, and
degraded water quality. Nutrients, sediment and pesticides have been identified as key
stressors that can negatively impact the overall health and resilience of the GBR
ecosystems. Since 2003, the Australian and Queensland governments have been
addressing the decline in water quality through several iterations of The Reef 2050 Water
Quality Improvement Plan (Reef Plan), employing both incentives (carrots) and regulations
(sticks) to drive change.

The Great Barrier Reef Catchment Loads Monitoring Program (GBRCLMP) has operated
since 2005 and tracks water quality across the GBR catchment area. Nutrient, sediment, and
pesticide risk data from the GBRCLMP inform the 5-yearly Reef Scientific Consensus
Statement and underpin the setting of water quality targets in the Reef Plan. These data also
inform the funding prioritisation that supports management practice changes (carrots) and
regulations (sticks). The long-term and dense water quality dataset produced by the
GBRCLMP also supports the tracking and reporting of progress toward the pollution
reduction targets. Therefore, The GBRCLMP is uniquely positioned to inform policy and
assess the success (or otherwise) of the carrot-and-stick approach.

Over its 19 years of operation, GBRCLMP data have been used directly in education
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programs to encourage best practices and to determine if changes in land management
practices are having measurable effects. The GBRCLMP works directly with landholders,
traditional owners, extension officers, catchment management groups, and researchers,
using a ‘bottom-up’ approach that allows for data-driven catchment improvements. An
international review of the GBRCLMP highlighted its ability to generate real water quality
improvements through dynamic engagement and the translation of science into action. The
GBRCLMP has, therefore, illustrated a third, effective approach in the fight to improve water
quality, affectionately termed ‘golden nuggets’ of information that can drive meaningful
change.

This presentation will display long-term monitoring data demonstrating both water quality
improvements and the lack thereof. It will discuss the achievements and limitations of the
Reef Plan, highlighting where GBRCLMP datasets have influenced policy and legislation
(sticks), informed the subsidising of management practice changes (carrots), and driven the
more successful ‘bottom-up’ approach of data-driven agronomic and scientific extension
(golden nuggets). It will discuss elements of the GBRCLMP that make it a success story and
highlight the adaptability of this approach to environmental assessment frameworks globally.

Abstract number-145 Are woodchip denitrifying bioreactors a viable edge-of-
field N-mitigation strategy for New Zealand farming?: Insights from field-trials
and comparisons with constructed wetlands

Lee Burbery', Phillip Abraham?, Aldrin Rivas®#, Greg Barkle®, Roland Stenger?, Richard Sutton?, Erin
McGill2, Louise Weaver?, Andrew Pearson?, Theo Sarris?

'"DairyNZ, Lincoln, New Zealand

2Institute of Environmental Science Ltd., Christchurch, New Zealand
SLincoln Agritech Ltd., Hamilton, New Zealand

4WSP, Hamilton, New Zealand

SLand and Water Research Ltd., Hamilton, New Zealand

Woodchip denitrifying bioreactors (WDBs) are promulgated in the international scientific
literature as an established edge-of-field mitigation practice, to reduce nitrogen (N) loads in
farm drainage water. Interest in WDBs in New Zealand (NZ) piqued in 2014 when reforms in
freshwater resource management introduced nutrient limits. Accordingly, WDB field-trials
were conducted in NZ to assess their viability - both practically and economically. We
summarise the findings from trials made of a woodchip denitrification wall and two woodchip
denitrification beds (one configured within an open drain and one fitted to a tile drain). In
addition to N-removal, co-benefits such as phosphorus and pathogen-removal, and
greenhouse gas emission as a pollution-swapping phenomenon, were examined. The cost-
effectiveness of N-removal achieved with WDBs was compared with costs of constructed
wetlands.

The long-term cost-effectiveness of different N-mitigation practices ranked in order were:
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wetlands (~€18 kg/N-removed) < woodchip denitrification beds (>€21 kg/N-removed) <
woodchip denitrification walls (~€69 kg/N-removed). Between 13 and 26% of the cost is from
regulatory compliance (consent application, monitoring and reporting). Increasing market
demands for woodchip as biofuel (a decarbonization strategy of the heating industry) and for
calf-bedding are driving up the costs of constructing WDBs, making them a less
economically attractive/viable on-farm solution. Given the cost of edge-of-field N-mitigation
devices like WDBs, and spatial scale and magnitude of proposed N reductions, we consider
they are unlikely to provide a scalable solution for making cost-effective N-reductions in NZ
catchments of the magnitude currently sought by regulatory authorities.

Abstract number-148 Deficiencies and action perspectives for WFD objective
achievement in the Netherlands

Tessa Rotscheid?, Marleen Van Rijswick?, Herman Kasper Gilissen®, Frank Groothuijse*

'"Department of Law, Utrecht University, Achter Sint Pieter 200, 3512 HT, Utrecht, the Netherlands
(t.rotscheid@uu.nl)

2Department of Law, Utrecht University, Achter Sint Pieter 200, 3512 HT, Utrecht, the Netherlands
(h.vanrijswick@uu.nl)

3Department of Law, Utrecht University, Achter Sint Pieter 200, 3512 HT, Utrecht, the Netherlands
(h.k.gilissen@uu.nl)

4Department of Law, Utrecht University, Achter Sint Pieter 200, 3512 HT, Utrecht, the Netherlands
(f.a.g.groothuijse@uu.nl)

It is unlikely that the Netherlands will meet all the Water Framework (WFD) objectives by the
end of 2027. Study shows that agriculture is a main source of pollution and the current
instruments that are used to tackle this pollution are mostly of a non-binding nature (Wuijts,
S., Van Rijswick, H. F., Driessen, P. P., & Runhaar, H. A. (2023). Moving forward to achieve
the ambitions of the European Water Framework Directive: Lessons learned from the
Netherlands. Journal of Environmental Management, 333, Article 117424). To reach the
WEFD objectives member states are required to develop programs of measures (POMs).
These programs must entail the basic measures as mentioned in article 11 (3) WFD and, if
necessary, supplementary measures as referred to in article 11 (4) WFD. In the Netherlands,
the responsibility of achieving the WFD objectives is a shared responsibility between several
authorities. The POMs are formally adopted by the Minister of Infrastructure and Water
Management. However, the actual drawing up and implementation of the POMs for the
regional waterbodies is largely carried out by the regional water authorities. This study
focuses on the question whether the regional water authorities have implemented the
necessary and most effective measures in the POMs. The study researches what is working
well, where risks exist and, which solutions are available. Desk study research has been
conducted regarding regional waters in two different regions — part of the Meuse river basin
and part of the Rhine river basin - in the Netherlands, that differ in terms of water issues,
covering in total 10 different regional water authorities. Furthermore, semi-structed
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interviews have been conducted with officials of the regional water authorities. The research
shows that most of the regional water authorities focus mainly on the implementation of
measures related to altering the hydromorphology, rather than the obligatory basic measures
of article 11 (3) WFD, as well as the obligation to review authorizations and permits (article
11 (5) WFD). In general, the use of legal instruments available to the regional water
authorities, such as (non-binding) advisory rights, updating permits for discharge activities,
regulating activities that have implications for the WFD objectives, or the use of expropriation
measures, are not yet fully utilized. Where voluntary measures are part of the POMs,
especially in relation to agriculture, there is no to little insight in the effectiveness of those
measures, making it unclear to what extend these measures contribute to reaching the WFD
objectives. During the conference, the results of the research will be presented and action
perspectives will be discussed.

Abstract number-149 Monitoring nitrate leaching under vegetable crops in the
Netherlands

Richard van Duijnen', Marieke Oosterwoud", Koen van Helvoort'

1National Institute for Public Health and the Environment, P.O. Box 1, NL-3720 BA, Bilthoven, the
Netherlands

At Dutch farms the nitrate concentration of water leaching from the root zone regularly
exceeds the standard of 50 mg/l of the Nitrates Directive (91/676/EC). This is being
monitored in the Dutch Minerals Policy Monitoring Programme (MPMP). This network is
representative for the major agricultural land use (i.e. dairy farms, arable farms and other
livestock farms) of four prevailing soil regions (Sand, Clay, Peat and Loess). However, farm
types with a small share of total land use, such as vegetable farms (1-5%, depending on the
definition of a vegetable crop), are not specifically monitored in MPMP. Previous studies
show that nitrate leaching under vegetable crops such as spinach, cabbage, lettuce etc. in
temperate climates can be substantial, because of 1) harvest during vegetative growth
period, 2) shallow rooting of certain crops, 3) nitrogen rich crop residues and 4) inability to
sow a catch crop due to late harvest.

In order to monitor nitrate leaching under vegetable crops, we started a 3-year pilot in two
soil regions (Sand and Clay), with 10 farms in each soil region and six vegetable crop
parcels on each farm on average. We selected arable farms from the MPMP with vegetable
crops in their rotation, if possible. Of the ten farms in the Sand region, seven are arable
farms and three are specialised in vegetables. In the Clay region, the monitored farms are all
specialised in growing vegetables. To gain insights into the effects of vegetable crops in a
crop rotation for the Sand region, the upper metre groundwater was sampled one time
during vegetable crop growth, and two consequent years after vegetable crop growth. As all
parcels in the Clay region have tile drainage, 3 rounds of up to 8 tile drain water grab
samples were taken in fall/winter of parcels where a vegetable crop was grown in the
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previous growing season.

Results of the first monitoring year (2023/2024) show that nitrate concentrations under
vegetable crops in the Sand region are, on average, double compared to arable crops
represented in the MPMP (170 versus 81 mg/l NO3). Nitrate concentrations in tile drain
water in the Clay region are also higher for vegetable crops compared to arable crops (35
mg/l versus 23 mg/l). Data from the next monitoring years will be used to further increase the
understanding of the effects of weather variability and crop rotation.

Abstract number-150 Setting safe ecological boundaries for nutrients for
rivers and lakes in the Nordic and Central-Baltic regions

Jan-Erik Thrane', Anne Lyche Solheim', Areti Balkoni', Kirstine Thiemer?"

"Norwegian Institute for Water Research (NIVA), @kernveien 94, Oslo, Norway
2Aarhus University, Institute for Ecoscience, Frederiksborgvej 399, Roskilde, Denmark

The current nutrient boundaries for nitrogen and phosphorus used by European countries
vary by one to two orders of magnitude across different EU countries for similar river and
lake types. In many cases, total phosphorus boundaries exceed 100 ug P/L, raising
concerns about whether these limits can support good ecological status for freshwater
ecosystems. The main aim of the NordBalt Ecosafe project is to harmonize nutrient
boundaries to be compatible with good status for sensitive biota within common types of
rivers and lakes in the Nordic region and in the Central-Baltic region, and to explore whether
the boundaries should be adjusted due to climate impacts on the nutrients and on the
biology. To achieve this, we compiled monitoring data on normalized EQR (nEQR) values for
biological quality elements (phytoplankton, macrophytes, benthic invertebrates and
phytobenthos) and nutrient concentrations (total phosphorus and nitrogen) from a large set
of rivers and lakes. Using a novel statistical technique based on logistic regression, we
estimated “safe” nutrient boundaries that give a high likelihood of good status for the biology
(=nEQR > 0.6) within various water types. The results showed that the estimated nutrient
boundaries were mostly in line with the current boundaries for Norway and Sweden but were
stricter (lower) than the existing Finnish boundaries for total phosphorus. Among the Central-
Baltic countries, the estimated boundaries were considerably stricter than the current
boundaries for high alkalinity, large lowland rivers in Poland. Overall, the estimated (and
current) boundaries for the Nordic region were generally more stringent than those in the
Central-Baltic region. Additionally, the estimated boundaries were consistently lower for
lakes than rivers for most types in both regions. Climate change is expected to affect nutrient
inputs to aquatic systems, as well as affecting biology through increased temperature and
changes in hydrology. Using climate data for each water body, we explored how total
phosphorus concentrations and nEQR values were related to temperature and precipitation,
and assessed if and how nutrient standards might need to be adjusted to ensure safe
ecological boundaries in a future with changing climate. Preliminary results indicate that
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increasing temperature and precipitation can negatively affect ecological status for
phytoplankton in lakes. However, the climate impacts are small compared to the nutrient
impacts on ecological status.

Abstract number-152 Farmers measuring their own on-farm water quality:
experiences and outcomes

Arno Hooijboer!, Richard van Duijnen', Elma Tenner', Marieke Oosterwoud’

1RIVM National Institute for Public Health and the Environment, P.O. Box 1, NL-3720 BA, Bilthoven,
the Netherlands

The quality of both surface water and swallow groundwater in the Netherlands does not
meet the standards of the EU Water Framework Directive and the Nitrates Directive on many
locations. Concentrations of nutrients have declined in the last thirty years, but have
stabilized in the last decennium. Recent dry years tend to increase the concentration of
nutrients.

Policy makers are looking for strategies to decrease the emission of nutrients to surface
water and groundwater. One possible strategy is to give the farmers the opportunity to
measure the water quality on their own farm. This increases farmers’ knowledge on the
relationship between agricultural practice and emissions of nutrients. Potentially this will lead
to more efficient practice on farms and thus resulting in both better water quality and (as
fertilizer is costly), a better financial result. Taking this idea further, it might be possible to
give farmers water quality objectives to achieve, instead of manure application standards.
This object orientated approach is seriously examined in the Netherlands for future policy
development. Central in this idea is that farmers measure their own water quality.

To examine the potential of water quality measured by farmers themselves, RIVM started a
pilot project in which two groups of farmers were involved. All farmers are participants of the
Dutch Minerals Policy Monitoring Programme in which the water quality on farmlands is
already monitored at a national scale. The two groups contributed to the monitoring plan
through interviews and workshops. The resulting monitoring plan was a coproduction of the
farmers, citizen science experts and water researchers.

The first group has farms in the lower (wetter) parts of the Netherlands with clay and peat
soils. These soils are drained with ditches and therefore monitoring of ditchwater can be
performed quite easily with a toolkit for nitrate and phosphate. They monitored surface water
once every month at four locations.

The second group has farms in the higher (drier) sandy region. This area is not drained by
ditches and nitrate is leaching to groundwater. On these farms, two monitoring wells were
installed and farmers measured nitrate concentration in the wells once every month.

We found out that the possibilities for the farmers for measuring the water quality at their
farms are limited. Field tests are less accurate than laboratory measurements and the
variety of parameters that can be measured is higher in the laboratory. On the other hand,
the water quality measurements and the discussions between farmers and researchers lead
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to a better understanding of the water quality problem and insights into the natural variations
of the soil-water system. Also, it leads to a better understanding of farming processes by the
researchers. The measurements by farmers cannot replace the common monitoring of water
quality but the additional value is high

Abstract number-153 Satellite imaging insights on autumn cover, catch crop
establishment, and nitrogen load in Danish catchments

Anastasia Kratschmer', Gitte Blicher-Mathiesen!, Rasmus Rumph Frederiksen', Mette Thorsen', Luc
Janss?, Franca Giannini-Kurina®

Aarhus University, Catchment Science and Environmental Management, C. F Mallers Allé 3, 8000
Aarhus, Denmark

2Aarhus University, Center for Quantitative Genetics and Genomics, C. F Mgllers Allé 3, 8000 Aarhus,
Denmark

3Aarhus University, Department of Agroecology - Soil Fertility, Blichers Allé 20, 8830 Tjele, Denmark

Since 2008 farmers have been asked to establish mandatory catch crops on app. 11 and 15
pct. of the potential area without crop cover in the autumn. Catch crops are established in
the autumn to take up excess nitrogen from the soil, preventing nitrate from leaching out of
the root zone in the period with percolation and ending up in coastal waters, ground water,
streams etc.

In February 2016, the Danish parliament adopted the Food and Agricultural Agreement
(FAA) in which farmers were allowed to increase their fertilization levels. This meant a risk
of increasing the nitrogen load to streams and coastal areas. To counteract this anticipated
increase in the nitrogen loads, farmers were asked to adopt catch crops that were targeted
to catchments having too high nitrogen loads. The implementation of targeted catch crops is
an important mitigation measure to reach good ecological status in Danish coastal waters.

In 2024, targeted catch crops were planned to reduce the total nitrogen load to Danish
coastal waters by 3,500-ton nitrogen, equal to around 350,000 hectares of cover crops.
However, limited research has examined whether the regulatory requirements for more
catch crops have resulted in the expected cut in the nitrogen load. Therefore, the purpose of
this study is to investigate the relationship between nitrogen losses to streams and the
coverage and growth of catch crops in six small agricultural headwater catchments
monitored by the Danish Agricultural Monitoring Program (LOOP). Using high-resolution
satellite data (Sentinel-2 and PlanetScope) together with detailed field operation data from
the LOOP areas, including crop types, catch crop types, and dates of tillage, sowing and
harvesting, this study aims to determine (i) whether there is a correlation between catch crop
coverage, growth and the measured nitrogen load to the streams and (ii) whether soil type
and climate affect this correlation.
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Abstract number-154 Field-level nitrogen leaching and crop yield under
extreme climate events

Emilie Lissner', Luc Janss', Franca Giannini-Kurina2, Gitte Blicher-Mathiesen?3, Mette Thorsen?

'Center for Quantitative Genetics and Genomics, Aarhus University, C.F. Mgllers Allé 3, DK-8000
Aarhus C, Denmark

2Department of Agroecology - Soil Fertility, Aarhus University, Blichers Allé 20, DK-8830 Tjele,
Denmark

3Department of Ecoscience - Catchment Science and Environmental Management, Aarhus University,
C.F. Magllers Allé 3, DK-8000 Aarhus C, Denmark

Despite multiple action plans, further reductions in nitrogen runoff from agriculture into water
bodies are still needed in Denmark to meet the Water Framework Directive’s quality goals.
Hydrological processes strongly impact nitrate dynamics in soil, positioning climate as a
critical influencing factor. Extreme events, such as droughts that lead to low nitrogen uptake
by crops, and intense precipitation that accelerates runoff and percolation, impact both crop
yields and nitrogen leaching. High nitrate levels are often registered during or after drought
periods, as nitrogen accumulates in the soil when crops experience reduced biomass growth
and then leaches following heavy rainfall. As climate change is expected to increase the
frequency and intensity of these events, understanding their impact on nitrate leaching is
essential.

Since 1989, Denmark’s National Monitoring Program for Water and Nature has tracked daily
nitrate measurements from soil water, sampled weekly, from 32 fields with common farming
practices in five catchment areas across Denmark. This dataset combines measured nitrate
concentrations with detailed information on field activities, crop types, climate conditions,
and soil characteristics, enabling an in-depth examination of nitrate dynamics over time
across various environmental and agricultural management conditions.

This study aims to explore the impact of extreme weather events on nitrogen leaching and
crop yield through spatiotemporal exploratory analysis and its potential interaction with
agricultural management practices. Indicators for extreme wet and dry periods will be
defined to support multidimensional visual analyses to describe temporal dynamics and
interactions among key variables during these periods. Finally, time-varying models will be
fitted to reveal shifts in nitrate leaching patterns responsive to extreme climatic conditions.

Our understanding of how extreme weather events might increase nitrogen loading to water
bodies remains limited. Intensifying extreme weather could further raise the demand for
mitigation measures to reduce nitrogen loads to coastal waters, as the effects of these
events on nitrate leaching from agriculture are still not fully understood.
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Abstract number-155 Model simulations for climate-robust manure spreading
and sowing of catch crops

Mia Tits!, Tom Coussement!, Sophie Nawara’, Vincent Wolfs?, Sofie Rombouts3, Sébastien
Janssens?®

'Soil Service of Belgium
2Sumaqua
3Flemish Land Agency

Simulations with the Nutrient Emission Model in Flanders (NEMO-model) were used to
investigate the impact of (extreme) weather conditions on soil N processes (crop uptake,
mineralisation, leaching) and to explore how the timing of cropping activities such as
spreading manure or sowing catch crops can be adapted to this. For this purpose, an
adapted version of the NEMO-model was created allowing field-scale simulations. This
model was then used to simulate 12.000 scenarios with varying main and catch crops, soil
types, sowing dates, manure application dates and weather conditions. The results show:

. an important effect of the sowing date of the catch crop on its N uptake in autumn (as
expected);

. an important effect of the sowing date of white mustard on nitrate leaching in autumn;
this effect is less pronounced for Italian ryegrass;

. an important interaction effect of the sowing/planting date of the main crop (maize or
potatoes) with the effect of the catch crop on nitrate leaching in autumn; with a late start of
the main crop, the catch crop (Italian ryegrass) should be sown later so as not to jeopardise
the N uptake by the main crop;

. significant amounts of nitrate leaching in the spring in some years, mainly depending
on weather conditions and soil type; the influence of the manure spreading date seemed
less important;

. in some years also significant nitrate leaching in summer, mainly depending on
weather conditions and soil, but also on the sowing or planting date of the main crop (maize
or potatoes): the later the main crop can start, the more leaching.

The results of the scenario calculations also allowed to determine a theoretical Best Practice
for each combination of main crop, year and soil type, consisting of a combination of the
optimal times for spreading manure and sowing (main and catch) crops and taking into
account both environmental (nitrate leaching, soil compaction) and economic (potential yield
loss) effects. This analysis showed that the optimal times for sowing and manuring can vary
greatly, depending on the weather conditions and the soil type on the one hand and on the
importance attached to the various assessment criteria (emissions to the environment, soil
quality, economic return) on the other hand. Throughout the process, the uncertainty of the
model and weather data was investigated and key bottlenecks for the translation of this
research into a general tool for policy makers and farmers were identified.
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Abstract number-156 The challenges with reconciling field-based
measurements into balanced sediment budgets on a national scale

Simon Pulley’, Claire Reigate', Adrian Collins’

"Net Zero and Resilient Farming Rothamsted Research North Wyke Okehampton Devon EX20 2SB
UK

To minimise the unintended impacts of agriculture on surface waters it is necessary to
quantify inputs of sediment and associated nutrients from different catchment sources. The
UK has an extensive history of investigations into sediment sources, soil erosion rates,
connectivity and sediment yields. However, these have, to-date, been poorly reconciled with
each other to assess the consistency between measurements and form a generalised
sediment budget to guide catchment management.

A review of published soil erosion rates and catchment sediment yields suggests that they
are typically comparable. However, measurements of connectivity suggest that most eroded
topsoil is stored within the catchment rather than transported to a watercourse. These
findings are challenging to reconcile given that most early sediment source tracing work
suggested that inputs from agricultural topsoils typically dominate the sediment load of most
rivers. The limited measurements of channel bank erosion rates available suggest that they
are high in relation to catchment sediment yield and could plausibly reconcile the other
measurements, on the assumption that previous sediment source tracing data is largely
inaccurate or that sediment sources have changed due to targeted management. However,
high uncertainties remain with this reconciliation given the highly limited measurements of
catchment connectivity and channel bank erosion available.

Against the above background, lake sediments can be used to reconstruct historical
changes in sediment delivery to watercourses. Existing reconstructions show some
significant increases in sediment yield after agricultural intensification in the 1950s. However,
such increases are not found in many lakes. At present, lake investigations are mostly
limited to upland areas with few studies focused upon lowland agricultural catchments where
intensification has been most concentrated. Accordingly, ongoing strategic research is
carrying out a national survey of lake sediments to improve existing quantification of
background pre-intensification sediment yields as well as to identify the extent to which
intensification has increased them allowing for further reconciliation of national sediment
budgets.

Abstract number-157 Flexible timing of agricultural practices depending on
weather conditions
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Sophie Nawara', Mia Tits', Tom Coussement', Vincent Wolfs?, Sofie Rombouts®, Sébastien
Janssens?®

Soil Service of Belgium
2Sumaqua
3Flemish Land Agency

This study aimed to estimate the optimal timing of manure spreading and catch crop sowing
depending on weather conditions, to enable adaptable agricultural practices with minimal
environmental impact under changing weather conditions. To do so, establishing
relationships between weather conditions and key sustainability indicators regarding
nitrogen losses, soil compaction and yield is essential. The key sustainability indicators
considered are nitrogen uptake by catch crops, residual nitrate in the soil, nitrate leaching,
soil moisture content (to estimate soil compaction risks) and potential yield loss.

First, an extensive field trial dataset was used to calibrate the Flemish Nutrient Emission
Model (NEMO) for surface water on parcel scale. Second, a large number of scenarios was
simulated by this model, with a wide range of sowing dates and dates of manure application
for different combinations of main crop, catch crop and soil, using weather data from 2004 to
2023 as inputs. These simulations resulted in a dataset with a large variety in the
sustainability indicators as well as in a series of weather indicators (precipitation deficit,
cumulative temperature and SPI index over different time periods). Finally, the relationships
between the calculated sustainability indicators and the weather indicators were established
for each combination of main and catch crop, soil type and sowing or manuring date by
stepwise regression analysis.

Among others, the results show that weather conditions around the sowing date of catch
crops are very important for their nitrogen uptake. Further, nitrogen uptake of the catch crops
generally declines with delayed sowing, but the rate of this decline varies significantly
between catch crop types as well as between years, depending on actual weather
conditions. Another result is that the calculated soil moisture content, used as an indicator
for estimating the risk of soil compaction during manure spreading, showed greater
variability across years (due to weather fluctuations) than across different manuring dates
within the same year. More results of other sustainability indicators will be presented on the
conference.

With the established relationships between the investigated sustainability indicators and
weather conditions, this study aimed to form a base for a decision-support tool helping
farmers to determine optimal timings for catch crop sowing and manure spreading in order to
minimize environmental impacts. However, despite the clear trends, the model uncertainty is
still an issue and more simulations are required to incorporate additional factors.

Abstract number-158 A Machine Learning approach for modeling Nitrate
Leaching from Agricultural Land in Denmark

Jian Wienke', Gitte Blicher-Mathiesen?
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"Aarhus University, Department of Ecoscience, C.F. Mallers Allé 3, Aarhus, DK-8000 C, Denmark,
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2Aarhus University, Department of Ecoscience, C.F. Mallers Allé 3, Aarhus, DK-8000 C, Denmark,
gbm@ecos.au.dk

Nitrate leaching from agriculture land can lead to degradation of aquatic and terrestrial
ecosystems, and has immense negative impact for human, biodiversity and nature. It also
causes farmer extra expense due to the nitrogen nutrient loss. To identify efficient mitigation
strategies and methods for nitrate leaching, we need an efficient model tool to precisely
estimate the nitrate leaching. However, nitrate leaching involves complex biogeochemical
processes, posing big challenges in modeling, as not all involved processes are fully
understood. Here a Machine Learning (ML) approach is useful to give better knowledge and
predictions. ML models are data driven, enabling us to build models for detailed and
complex nitrate leaching processes.

In this presentation we conduct a comparative study of six ML models, to identify the best
model for predicting annual nitrate leaching based on information as nitrogen fertilizer and
manure application, biological nitrogen fixation, crop and crop rotation, soil type and
drainage under Danish climate conditions.

Extra-trees model and multiple linear regression model are identified as the best models
among the six models. The extra-trees model has achieved the best prediction accuracy with
a coefficient of determination (R2) 0.63 and a Root Mean Squared Error (RMSE) 23.3 kg N
ha-1. The multiple linear regression model has achieved the second-best prediction
accuracy with a coefficient of determination (R2) 0.48 and a Root Mean Squared Error
(RMSE) 27.6 kg N ha-1. Both models have achieved a much better prediction accuracy than
the existing NLES5 model. It is concluded that both models can be used to provide
estimates for annual nitrate leaching for the most important agricultural crops and N
applications under Danish farming condition.

Abstract number-159 Pesticides in Dutch sources for drinking water supply

Arnaut van Loon', Sharon Clevers', Tessa Pronk', Inge Van Driezum’
"KWR Water B.V., Groningenhaven 7, Nieuwegein

For decades, pesticides are widely considered as a major threat for the quality of
groundwater and surface water sources of drinking water. We present the results of a
comprehensive inventory of observed pesticides and metabolites throughout the sources of
drinking water in the Netherlands (2018-2022). For surface water we distinguish between
observations in intake water and pre-treated dune filtrate, which are two major sources for
drinking water production. For groundwater, we distinguish between observations in
observation wells, individual abstraction wells and the abstracted groundwater as a whole.
We also present the Removal Requirement Index to monitor the level of required purification
treatment.
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According to the data, pesticides have been observed at all intake points of surface water
and temporarily exceed the quality standards at more than half of the intake points. The
Removal Requirement Index shows how the mixture of pesticides develops over time and
indicates a gradual improvement of surface water quality over the period 2015-2022. High
temporal variability makes conclusions on trends highly uncertain, however.

Regarding groundwater, the data confirm the diffuse presence of a number of pesticides and
metabolites in phreatic, limestone and confined aquifers. The number and identity of
observed pesticides differ between observation wells, abstraction wells and mixed water,
however. The data suggest an increasing number of polluted well fields compared to a
comparable inventory for the period 2010-2014. We speculate on the consequences for
early warning monitoring and how to protect drinking water sources more effectively.

Abstract number-160 Assessing nutrient hotspots in Denmark’s agricultural
fields: A focus on the livestock sector

Raffaele Grieco'?, Mette Vestergaard Odgaard?®, Elena Cervelli?, Marco Bovo', Stefania Pindozzi?,
Ester Scotto di Perta?, Patrizia Tassinari!, Daniele Torreggiani', Tommy Dalgaard?

'"Department of Agricultural and Food Sciences University of Bologna. Viale Giuseppe Fanin 40,
40127 Bologna, Italy

2Department of Agricultural Sciences University of Naples Federico Il. Piazza Carlo di Borbone 1,
80055 Portici (NA), Italy

3Department of Agroecology Aarhus University. Blichers Allé 20, DK-8830 Tjele, Denmark

Livestock production is a major contributor to reactive nitrogen (N) and phosphorus (P)
losses which, without effective management and mitigation, result in nutrient pollution with
serious environmental impacts. Livestock manure is particularly rich in these nutrients and
excessive application can cause eutrophication of water bodies and impair soil health.
Accurate spatial analysis of N and P distribution across agricultural fields is essential to
identify areas at higher risk of pollution and to implement targeted mitigation strategies.
However, high-resolution data on livestock nutrient loads are often limited, making it difficult
to carry out detailed field-scale assessments. This study addresses this challenge by
applying spatial autocorrelation analysis to identify pollution risk areas at the highest
possible spatial resolution. Focusing on Danish agricultural fields, we assessed the nitrogen
load contributed to each plot by the livestock sector. Two geospatial statistical methods,
HotSpot analysis (Getis-Ord Gi*) and Cluster and Outlier analysis (Anselin Local Moran's 1),
were used to reveal areas of nutrient accumulation and to identify spatial patterns of
pollution risk. The HotSpot analysis was effective in highlighting priority areas requiring
immediate attention for nutrient reduction, thus assisting decision makers in pollution
mitigation. Subsequently, the Cluster and Outlier analysis allowed us to identify areas where
nutrient loads were similarly concentrated, creating clusters of high or low values. The
results provide a valuable geospatial tool for policy makers and environmental managers,
offering a detailed understanding of spatial nutrient dynamics at the field level. This
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approach, which combines high-resolution spatial data with advanced geospatial analysis,
supports more sophisticated implementation of environmental measures aimed at minimising
nutrient losses from the livestock sector and promoting sustainable agricultural practices.

Abstract number-161 A new approach for identifying catchment phosphorus
impact risks and quantifying the underlying processes

Per-Erik Mellander?, Phil Jordan?, Rachel Cassidy®, Golnaz Ezzati', Jean Ortega’, Marc Stutter?,
Magdalena Bieroza®, Rémi Dupas®, Adrian Collins?, Russell Adams®, Kevin Hiscock®, Richard
Cooper?, Phil Haygarth°

'Agricultural Catchments Programme, Department of Environment, Soils and Landuse, TEAGASC,
Johnstown Castle, Ireland

2School of Geography and Environmental Sciences, Ulster University, Coleraine, UK

3Environment and Marine Sciences Division, Agri-Food and Biosciences Institute (AFBI), Belfast, UK
4Environmental and Biochemical Sciences Department, The James Hutton Institute, Aberdeen, UK
SDepartment of Soil and Environment, Swedish University of Agricultural Sciences, Uppsala, Sweden
8INRA, Agrocampus-Ouest, Rennes, France

"Net Zero and Resilient Farming, Rothamsted Research, North Wyke, UK

8Department of Environment, Soils and Landuse, TEAGASC, Johnstown Castle, Ireland

9School of Environmental Sciences, University of East Anglia, Norwich Research Park, UK

0L ancaster Environment Centre, Lancaster University, Lancaster, UK

Acknowledging the biophysical and anthropogenic complexity of diffuse phosphorus (P)
pollution, catchment management would benefit from a standardized, systematic and
objective method to evaluate P transfer and impact risks at the catchment scale. For that
reason, P transfer indices (Mobilisation index and Delivery index) were recently introduced.
The method uses ratios of high and low percentiles of P concentrations and mass loads.
Using a large dataset of high-frequency hydro-chemo-metric data from 23 catchments in
North-western Europe, we present a pooled catchment approach to establish a relationship
between the Mobilisation and Delivery indices with the catchments’ baseflow and flashiness
indices. While hydrology largely controls P transfer, the deviation from this hydrological
relationship highlighted the presence of other influences, such as intrinsic P retention, and
point source or legacy P controls. The method distinguishes the type of dominating
mobilisation and delivery risk (runoff, point source and/or legacy P) and of intrinsic retention
(poor solubility and/or poor hydrological connectivity). The P mobilisation of 12 catchments
was dominated by hydrological controls. Five of the catchments, with large flat areas, high
storage capacity and/or with a high P sorption capacity, had a potential to retain 39% - 68%
of reactive P (RP) corresponding to an annual retention of 0.02 - 0.32 kgRP/ha. The
relatively highest intrinsic P retention was in a karstic limestone spring contribution zone rich
in calcium. Six of the catchments manifested point source influences to a varying degree,
which elevated the RP mobilisation by 16% -77% and corresponded to an equivalent of 0.02
— 0.12 kgRP/ha per year. While hydrological controls dominated P delivery in all catchments,
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two catchments manifested 72% - 76% reduced delivery due to poor hydrological
connectivity (0.02 — 0.13 kgRP/ha). Finally, eight catchments had a higher Delivery index in
relation to the Mobilisation index, and these catchments were those with above average
hydrological flashiness. We propose that these catchments are, to a varying degree,
influenced by legacy P (river scouring and/or resuspension). This also highlights that
mobilisation risk could be independent from delivery risk owing to landscape hydrological
connectivity.

The proposed approach can guide pollution management by identifying and quantifying the
underlying dominant P impact risks of a catchment. The approach can further be useful to
identify catchment typologies based on P risk classes for upscaling and for understanding
the stresses imposed by climate and land use changes.

Abstract number-162 Effects of different drainage systems on subsurface
runoff and nitrogen leaching

Franziska Katharina Fischer', Jannes Stolte’

"Department of Soil and Land Use, Norwegian Institute of Bioeconomy Research, Fredrik A. Dahls vei
20, 1430 As, Norway

Most of agriculturally used soils in Norway are drained to enhance trafficability and crop
growth conditions. An increase in precipitation, especially in winter and spring, as predicted
by climate model simulations may require improved drainage systems. While improved
drainage can be beneficial for crop growth and thereby for N uptake, it can also increase the
risk for nitrogen leaching. To test the drain performance and concomitant nitrogen leaching
of different drainage systems, a monitoring field site with three different systems was
established in 2019. In the field, an area of about 1280 m2 is drained by four drainpipes at
intervals of 8 m in a depth of about 80 cm. This drainage system is widely established in
Norway and, therefore, here called ‘traditional system’. The second system (here called
‘torpedo system’) consists of six traditional drainpipes supplemented by mole channels at
intervals of 4 m in about 50 cm depth perpendicular to the drainpipes draining an area of
1920 m2. The third system (here called ‘slit system’) consists of traditional drainpipes
supplemented by gravel-filled channels at 4 m intervals between the plough layer and 50 cm
depth perpendicular to the drainpipes, also draining an area of 1920 m2. Discharge was
measured separately for all 16 drainpipes by tipping-buckets from spring until the frost
periods each year, from 2019 to today. Monitoring of nitrogen losses started in 2023 by the
installation of two nitrate-nitrogen sensors. Preliminary results show high variability of annual
sums of drainage discharge between the different drainage systems as well as between the
drainpipes of the same system and between the years. Results indicate that certain drainage
systems perform better than the others under certain circumstances. For example, discharge
measurements of the years 2020 and 2021 showed that the torpedo drainage system
worked slightly better than the slit system when the soil was already wet, or when a heavy
rainfall event occurred. However, the slit system drained slightly stronger than the torpedo
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system when soil's water content was increasing slowly. Detailed analysis of discharge and
nitrogen concentration measurements of the years 2022, 2023, and 2024 are pending, and
results will be presented at the conference.

Abstract number-164 Monitoring and Assessment of Nitrogen Leaching in an
Irrigated Orchard Farm under Semi-Arid Climate

Thomas Harter!, Spencer Jordan', Dillon McMenomey’, Felix Ogunmokun', Isaya Kisekka', Patrick
Brown'

"University of California, Davis

Nitrate contamination in groundwater, driven by inefficient fertilizer application and low
nitrogen use efficiency (NUE), poses a significant risk to water quality in. This study presents
the calibration of a vadose zone crop model to simulate nitrate (NO3-N) leaching in response
to a best management practice (BMP) aimed at improving NUE in a 57-ha commercial,
irrigated almond orchard farm in California. Using a comprehensive dataset from landscape
monitoring and vadose zone observations, a novel approach is taken to optimize soil
hydraulic parameters, root solute uptake parameters, and atmospheric boundary conditions.
The water balance is calibrated separately from model parameters by comparing ensemble
estimates of precipitation and evapotranspiration (ET) from multiple sources with measured
changes in soil moisture storage. Simulations are validated using groundwater nitrate
concentrations measured from a dense network of 20 monitoring wells installed in the
orchard. Results indicate that simulated leaching concentrations and travel times are most
sensitive to changes in the water balance driven by uncertainties in the measurement of ET
and precipitation. Observed heterogeneity of nitrate in groundwater was explained by sub-
orchard scale spatial variability in NUE and cycles of orchard-block tree replantings. Soil-
type heterogeneity affected modeled solute travel times but did not significantly affect
measured groundwater concentrations. Simulations indicated the BMP can reduce nitrate
leaching concentrations by up to 40%, with observable benefits in groundwater expected
over a 10-year period due to slow solute movement in the vadose zone and mixing in
groundwater.

Abstract number-165 Extreme Weather Impacts on Nitrate Leaching to
Groundwater: A Field Scale Assessment in the Central Valley

Isaya Kisekka'?, lael Raij-Hoffman?, Felix Ogunmokun’, William Lennon*, Ofer Dahan®, Thomas
Harter!

"Department of Land, Air, and Water Resources, University of California, Davis
2Department of Biological and Agricultural Engineering, University of California, Davis
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Nitrate groundwater contamination is a major problem worldwide, including in the United
States. Innovative monitoring techniques are needed to assess the effectiveness of
conservation practices e.g., 4R nitrogen management, irrigation scheduling, irrigation
nitrogen credit, etc. The goal of the Central Valley field scale assessment CEAP project is to
assess the effectiveness of conservation practices using three approaches of nitrate
leaching monitoring, including i) deep vadose-zone monitoring system (VMS), ii)
groundwater monitoring, and iii) field-scale nitrogen balance assessments. Three sites with a
VMS have been established in the Central Valley for three major crops, including processing
tomatoes, citrus, and almonds. | will present results from the field crop site on processing
tomatoes and cumber growing seasons in this presentation. We showed that the deep VMS
technology could detect deep percolation and nitrate leaching to groundwater when heavy
rainfall from atmospheric rivers in the winter followed drought and summer growing seasons.
Measurements from the VMS and groundwater observation wells showed that nitrates
reached shallow groundwater in 10 days and caused the groundwater nitrate concentration
to exceed the drinking water limit (10 mg/L NO3-N). The field mass balance approach
provided results comparable to those of the VMS but with larger uncertainty. Similar
monitoring protocols are being implemented in citrus and almonds. Additional years of
monitoring are needed to confirm if conservation practices adopted at these field sites
reduce nitrate leaching to groundwater.

Abstract number-166 Navigating Human Dimensions in Agricultural Practice
Adoption: From Individual Perceptions to Collective Water Quality
Improvements in the Great Barrier Reef catchment, Australia.

Katerina Kanakis', Megan Bickle', Jean Erbacher’

'"Department of the Environment, Tourism, Science and Innovation, Queensland Government,
Australia

The human dimensions of environmental management need to be accounted for in policy
and programs seeking to improve water quality that flows from the catchments to the Great
Barrier Reef (GBR). The GBR is one of the world’s largest coral reef, wetland and estuarine
systems located off the coast of Queensland, Australia. Farming and other land-based
industries play an important role, working hard to reduce soil, nutrient and pesticide run-off
and improve the quality of water flowing to the GBR.

Significant investment programs through Australian and Queensland governments, as well
as other private investors have been in place since early 2000s. Shaping these policy and
programs to better respond to the human aspect requires understanding of how motivations,
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barriers, and perceived group norms and ability among farmers influence their engagement
with innovative and sustainable farm management strategies.

This presentation will draw upon insights from the Human Dimensions monitoring program, a
core component of the Paddock to Reef Integrated Monitoring and Modelling (Paddock to
Reef) Program. Significant data has been captured that tells the story of the nuanced
drivers to the adoption of land management practices to improve GBR water quality through
successive rounds of social monitoring.

There is a suite of methods employed to engage the agricultural community, and the
Behavioural Insights team in the Office of the GBR and World Heritage, responsible for the
Paddock to Reef Human Dimensions program, is tasked with distilling the data into
actionable insights that resonate with land managers and program investors. Examples of
how these insights have been applied to program and project design to enhance practice
adoption and water quality outcomes will be highlighted.

The Human Dimensions program’s approach underscores the relationship between
behavioural science approaches using insights from robust social monitoring, and
policymaking and on-ground changes. The inclusive and collaborative strategies employed
by the Behavioural Insights team elevate the role of human factors in achieving water quality
outcomes for the GBR.

Abstract number-167 The establishment and use of local coastal water boards
is tested in Denmark to find bottom-up solutions for RBMP 2027

Krisfoffer Piil', Jargen Windolf?, Torben B. Jargensen', Hans Estrup Andersen?, Brian Kronvang?

'Limfjords Council, Stigsholm Brygge 5, 9400 Narresundby, Denmark
2Institute of Ecoscience, Aarhus University, C.F. Mallers Allé 3, 8000 Aarhus C

The Danish EPA has in the 3rd River Basin Management Plan (RBMP) under the Water
Framework Directive set target nitrogen loads for each coastal water for how to reach the
reduction needed from coastal catchments to be implemented in 2027. In this context four
locally based pilotprojects have been initiated to engages stakeholders to find local solutions
for the RBMP. One of these new pilots are focusing on the Hjarbaek estuary situated in
Limfjorden being one of the coastal water bodies in Denmark that needs the highest
reductions in nitrogen loadings to be achieved before 2027 (ca. 65 %). This new project
involving a coastal water board with all main stakeholders in the region being represented
was initiated in February 2023 and has delivered proposals for 2 scenarios by the end of
2023 that can assure that the Hjarbaek estuary reach the target of achieving good ecological
conditions.

Because of the high reductions in nitrogen loadings needed it is necessary to reduce all
sources and both nitrogen and phosphorus to reach the goal. Focus in the RBMP has so far
been to reduce the total nitrogen (TN) loadings. In the locally based scenarios phosphorus
has gained greater focus. Our calculations show that every ton of phosphorus that is
removed corresponds to removing 22 tons of nitrogen in Hjarbaek Fjord. To be most cost-
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effective the effort will be carried out based on the principle of achieving the greatest
possible effect per area unit. For that a detailed mapping of nitrogen (N) attenuation in the
catchment have been conducted at a scale of ca. 15 km2 (ID15 sub-catchments) including
mapping of both N-retention in groundwater and surface waters as well as N-delays in
groundwater in Karst sub-catchments. The mapping shows huge differences in N-retention
in both groundwater and surface waters within the ID15 sub-catchment (<20 % to >80 %).
The local engagement of stakeholders representing all sectors in the catchment and estuary
have worked together to set up two scenarios that includes: i) marine mitigation measures
such as mussel farming and eelgrass planting; ii) reductions in point source loadings; iii) use
of a new portfolio of N mitigation measures to be adopted at source (e.g. catch crops, early
seeding, set a side, afforestation, etc.); iv) use of transport mitigation measures from field to
surface water (several types of constructed wetlands, riparian buffers and restored
wetlands); v) the possible use of different phosphorus mitigation strategies in the catchment
(lowering bank erosional P-losses, buffer strips, afforestation, etc.).

Abstract number—-168 Nutrients state and trend for the Danish water bodies
from 35 years with national monitoring

Mette Thorsen', Laerke Thorling?, Gitte Blicher-Mathiesen’, Hans Estrup Andersen'’

'Institute for Ecosciense, Aarhus University, C.F. Mgllers Allé 3, DK-8000 Aarhus

2Department of Geochemistry, Geological Survey of Denmark and Greenland (GEUS),
Universitetsbyen 81, DK-8000, Aarhus

The national monitoring program for water and nature, NOVANA has over the last 35 years
produced data on water quality and quantity. NOVANA includes groundwater, surface water
in streams and lakes and marine coastal waters, but also wastewater, species, nature etc.
NOVANA was launched in 1989 before the implementation of the Nitrates Directive and the
Water Frame Directive (WFD) and has continuously adapted to align with EU-monitoring
obligations.

Nitrate in groundwater together with the deteriorated ecological conditions in many lakes and
marine areas caused by excessive inputs of Nitrogen and Phosphorous are major issues of
concern in Denmark. On a national scale, the Nitrates directive, the WFD and other national
political objectives have played important roles for consecutive national action plans aiming
to reduce leaching and transport of Nitrogen and Phosphorous to the aquatic environment.
In the first part of the monitoring period, a clear response from the action plans was seen in
Nitrate concentration in groundwater and in the transport of Nitrogen and Phosphorous to
lakes and marine areas.

The positive development has, however, levelled out during the recent 15-20 years in both

groundwater and surface waters. And in addition to this, temperature increases have
counteracted expected improvements in the marine environment from obtained nutrient
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reductions.

The objectives in the WFD are therefore still not met in most of the Danish water bodies and
further political initiatives need to include excess nutrient transport associated with climatic
changes as increase in temperature and precipitation and the occurrence of more extreme
climatic events such as drought and heavy rainfall.

We will present the nutrient state and trend for the Danish water bodies, demonstrate the
effects of implemented mitigation measures and briefly address the future challenge to
incorporate effects of climate change.

Abstract number-169 Looking into buffer zones with different vegetation cover
— monitoring subsurface runoff - results from TOTBUFFER project

Dominika Krzeminska', Anne-Grete Buseth Blankenberg?, Attila Nemes®#, Roger Holten®

"Norwegian Institute of Bioeconomy Research, Division of Environment and Natural Resources,
Department of Soil and Land Use, Oluf Thesens vei 43, N-1433 Aas, Norway.

2Norwegian Institute of Bioeconomy Research, Division of Environment and Natural Resources,
Department of Hydrology and Water Environment, Oluf Thesens vei 43, N-1433 Aas, Norway.
3Norwegian Institute of Bioeconomy Research, Division of Environment and Natural Resources,
Department of Hydrology and Water Environment, Oluf Thesens vei 43, N-1433 As, Norway.
4Norwegain universtiy of Life Science, Faculty of Environmental Sciences and Natural Resource
Management, Elizabeth Stephansens vei 31, 1433 As, Norway

SNorwegian Institute of Bioeconomy Research, Division of Biotechnology and Plant Health,
Hagskoleveien 7, N-1433 As, Norway.

Fertilizers and pesticides contribute to the pollution of water resources. The areas along
streams are affected by climate change as stream bank failures often occur following floods
or during prolonged rainfalls. In addition to BMP (best management practices) on the fields,
grassed cover buffer zones are one of the most common measures for improving water
quality in Norway’s agricultural catchments. Increased focus on buffer zones is important in a
future climate perspective, both for food production, natural diversity and water quality.

The efficiency of vegetation cover is composed of a variety of factors; therefore, effectives of
these measures are to a large degree site specific. Recently, increased attention is given to
the buffer zones efficiency, depending on both conditions in the catchments and the design
of the buffer zones itself. However, most research is focusing in investigating the effect of
buffer zones looking mostly at the surface runoff.

According to our knowledge there is no previous research investigating the efficiency of the

buffer zones with flower mixture. We focus on these types of vegetation as they also
stimulate increased biodiversity. Moreover, previous investigations show that more than 50%
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of simulated runoff infiltrates into buffer zones with grass and bushes, while within buffer
zones with trees there all the water infiltrates into the soil.

Herein we show the results of the 3-year investigation of the differences (and similarities)
between subsurface runoff patterns within the buffer zones with different vegetation cover,
and consequently, with different root system. We used the runoff simulation setup combined
with electric resistivity monitoring (ERT). The results show significant differences in
hydrological response between experimental plots cover with grass, trees and bushes,
confirming the importance for considering the subsurface processes when looking at the
buffer zones efficiency.

Abstract number-170 Looking into buffer zones with different vegetation cover
— monitoring of the surface runoff - results from TOTBUFFER project

Anne-Grete Buseth Blankenberg', Dominika Krzeminska?, Erik Berger®

"Norwegian Institute of Bioeconomy Research, Division of Environment and Natural Resources,
Department of Hydrology and Water Environment, Oluf Thesens vei 43, N-1433 Aas, Norway
2Norwegian Institute of Bioeconomy Research, Division of Environment and Natural Resources,
Department of Soil and Land Use, Oluf Thesens vei 43, N-1433 Aas, Norway.

3Det Kongelige Selskap for Norges Vel Bréteveien, 200 N-2013 Skjetten, Norway

Fertilizers and pesticides contribute to the pollution of water resources. The areas along
streams are affected by climate change as stream bank failures often occur following floods
or during prolonged rainfalls. In addition to BMP (best management practices) on the fields,
grassed cover buffer zones are one of the most common measures for improving water
quality in Norway’s agricultural catchments. Increased focus on buffer zones is important in a
future climate perspective, both for food production, natural diversity and water quality.

The efficiency of vegetation cover is composed of a variety of factors; therefore, effectives of
these measures are to a large degree site specific. Recently, increased attention is given to
the buffer zones efficiency, depending on both conditions in the catchments and the design
of the buffer zones itself. However, most research is focusing in investigating the effect of
buffer zones looking mostly at the surface runoff.

According to our knowledge there is no previous research investigating the efficiency of the
buffer zones with flower mixture. We focus on these types of vegetation as they also
stimulate increased biodiversity. Moreover, previous investigations show that more than 50%
of simulated runoff infiltrates into buffer zones with grass and bushes, while within buffer
zones with trees there all the water infiltrates into the soil.

Herein we show the results of 3 years monitoring surface runoff from buffer zones with
different types of plant cover (grass and flower mixture). The idea was to monitor real live
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surface runoff from the field with autumn tillage (as “worst case scenario”). The results show
significant differences, especially in the runoff quality. The visual differences are confirmed
by water quality analysis.

Abstract number-171 Watershed scenarios for implementation of the EU Water
Framework Directive and the Danish Tripartite Agreement targets for green
transition in agricultural landscapes

Tommy Dalgaard!?3

Aarhus University, Department of Agroecology. Blichers Alle 20, 8830 Tjele, Denmark.
2UN-ECE Task Force on Reactive Nitrogen
3Land-CRAFT.dk and Sustainscapes.org Landscape Research Centers

This paper reviews selected examples on scenarios for a green transition of agriculture to
reach watershed Nitrogen pollution reduction targets, in combination with other defined
goals in Danish landscapes. This include results from research behind the Danish coastal
councils, in particular on solutions for the critical Inner Limfjorden watershed, in perspective
of the new Danish Tripartite Agreement between the Government of Denmark and leading
agricultural, industrial and environmental organizations, to pave the way for an historic new
approach to how land is used in Denmark. Landscape scale solutions are key to reach these
targets, and state of the art research and modelling approaches within the Land-CRAFT.dk
Pioneer Center for Landscape Research in Sustainable Agricultural Futures, and the
Sustainscapes.org Novo Nordic Challenge Center for Sustainable Landscapes under Global
Change will be presented, together with recent landscape scale measure guidance
synthesized within the UN-ECE Task Force on Reactive Nitrogen.

Abstract number-172 Dynamic Water Quality Monitoring in the Kielstau
Catchment: Optimization of High-Frequency UV Sensor Performance and
Nutrient Hysteresis Analysis

Xiaoyun Wang', Kirsten Riicker?, Nicola Fohrer?

'"Department of Hydrology and Water Resources Management, Kiel University, Christian-Albrechts-
Platz 4, 24118 Kiel, Germany

2Institute for Ecosystem Research, Kiel University, Olshausenstral3e 40, 24118 Kiel, Germany
3Institute for Natural Resource Conservation, Department of Hydrology and Water Resources
Management, Kiel University, Christian-Albrechts-Platz 4, 24118 Kiel, Germany

Water quality pollution in lowland areas with agriculture-based economies urgently needs to
be addressed, particularly in the context of increasing nutrient losses from intensive farming
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activities. The European Union Water Framework Directive (WFD) aims to achieve a "good"
ecological status for water bodies by 2027. However, in agricultural lowlands dominated by
arable land and grasslands, nitrogen and phosphorus are transported into surface waters
through surface runoff and subsurface drainage systems, leading to eutrophication,
disrupting aquatic ecological balance, and reducing biodiversity. Additionally, nutrient
migration and transport in soil and water bodies in these agricultural lowlands are often
complex and exhibit hysteresis effects. Therefore, high-resolution, long-term data monitoring
and dynamic management are essential in these areas.

In response, this study aims to (1) optimize the calibration of high-frequency sensors to
improve monitoring accuracy and data reliability, (2) conduct source apportionment of
pollutants through daily sampling and analyze their seasonal variations and transport
pathways, and (3) perform nutrient hysteresis analysis using high-frequency data. The
Kielstau catchment, located in northern Germany, serves as a typical agricultural lowland
site with nutrient rich input pathways and relatively flat terrain. The catchment spans
approximately 50 km?, with ample annual precipitation, and its land use is primarily arable
and grassland. About 38% of the area is covered by subsurface drainage, with six
wastewater treatment plants and two biogas facilities contributing significantly to nutrient
inputs.

In this study, a BlueScan UV/Vis spectrometer was installed in the Kielstau river, recording
water quality data every ten minutes, supplemented by three daily laboratory samples taken
at fixed times: midnight (00:00), 8:00 a.m., and 4:00 p.m.. The system mainly detects total
phosphorus, soluble reactive phosphorus, total nitrogen, ammonium, nitrate, total organic
carbon, as well as physicochemical parameters like pH, electrical conductivity, dissolved
oxygen, and temperature. Additional grab samples are used to calibrate sensor
performance. By analyzing both high-frequency and periodic sampling data, this study aims
to reveal pollutant migration pathways, dynamic seasonal variations in nutrient transport, and
verify hysteresis characteristics. The findings will provide scientific support for catchment
management, assisting in the formulation of targeted nutrient reduction measures.

Abstract number-173 A Source:Pathway Prioritisation Index for diffuse P
mitigation in agricultural catchments.

Rachel Cassidy', Thomas Service', Paddy Jack', Taylor Harrison', Luke Farrow', Kevin Acheson?,
Phil Jordan’

'Agri-Food and Biosciences Institute (AFBI), Belfast, Northern Ireland
2School of Geography and Environmental Sciences , Ulster University

In agricultural landscapes where diffuse losses of phosphorus (P) are an issue for water
quality, policy makers, advisors and agri-environmental scheme managers need a robust
process to target support and interventions on farms.
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In Northern Ireland over 75% of the area is agricultural land use, 96% of which is grass-
based livestock production across ~26,000 farms. High levels of P are returned to land as
slurry/manure and the excess accumulating in soil is a source for loss to water. Strong
relationships exist between this soil P excess and low flow soluble reactive P concentrations
in rivers. Furthermore, the combination of topography, soil P and high rainfall in the region
means that storm-event losses via runoff pathways account for the majority of P loads to
rivers each year. Critical source areas (CSA) where P source pressures and pathways for
delivery co-occur must therefore be addressed as a priority if reductions in river P
concentrations and loads are to be achieved in the region’s rivers, of which only 31% are at
good status.

The national Soil Nutrient Health Scheme has transformed the level of data available and
which can be applied to this challenge through field-level soil sampling of all farms
(~700,000 fields) and 1m LiDAR-based modelling of hydrologically sensitive areas (runoff
pathways) for all agricultural land (>10,000 km2). These data sets have enabled a whole-
landscape risk ranking method for diffuse pollution management to be developed based on
CSA principles and that can be directed centrally and rolled out locally as part of catchment
level agri-environmental schemes and in targeting advisory and advisory services to farmers.
The approach starts at the macro-catchment or river basic scale using available land use,
agricultural metrics and water quality monitoring data to identify sub-catchments (meso-
scale) with diffuse source pressures. This then shifts to a small-scale CSA assessment,
where the upslope contributing areas draining to each delivery point are delineated where
runoff enters a watercourse. Within these micro-catchments the source pressure is
summarised as an area-weighted average of soil test P from field level data and combined
with a pathway metric of runoff risk into a dimensionless source:pathway prioritisation index
(SPPI) ranging between 0-1. This is then mapped for the catchment and used to target
interventions in a tiered treatment approach, where highest SPPI areas are addressed first,
generally accounting for ~1% of identified CSAs, followed by monitoring of change, and
further tiers until targets are achieved.

Abstract number-174 Agro-environmental measures — a catalogue framework
for communication about efficiency and functionality

Katarina Kyllmar!
'Swedish University of Agricultural Sciences, Department of Soil and Environment, Uppsala, Sweden

In many research and collaboration projects, catalogues are produced that describe agri-
environmental measures and their efficiency and functionality. The catalogues gather
knowledge among partners and contribute to the sharing of experiences. The catalogues are
published as reports or in web-based interfaces, or in a combination of both. When the
project ends the information in the catalogue is seldom updated.

In water management planning information about environmental measures is essential in the

LuwQ2025 Page 147 of 207 14 May 2025



LuwQ2025, Land Use and Water Quality: Agriculture and the Environment
Aarhus, Denmark, 3—6 June 2025
VOLUME OF ABSTRACTS

whole scale from farm to EU-level. The farmer and agricultural advisor want to know about
applicability on the farm, the national authority need information about environmental
efficiency for the planning of policy measures as regulations and subsidies but also for the
evaluation of already implemented measures. In parallel, the business sector requires
information about measures for environmental accounting on their products.

Here, the potential to combine various needs and information into an active and continuously
updated catalogue is explored. Measures from field to stream are included, for example in
soil and crop management, in drainage systems, and in streams as wetlands and buffer
zones. Main focus is water and nutrient retention but aspects as soil carbon balance, climate
gas emissions, increased landscape diversity and biodiversity are included. The information
is evidence based combined with experiences from landowners and users. A matrix
systemize the aspects and show existing gaps.

The catalogue framework is developed with partners in national and international projects,
and in collaboration with Swedish stakeholders at local and national level. The outcome is a
prototype showing a selection of measures that are linked to the Swedish national water
management system.

Abstract number-175 Installation of a woodchip bioreactor as an area specific
approach to reduce nitrate loads from agriculture

Inge van Driezum, Arnaut van Loon', Stefan Jansen?, Joachim Rozemeijer?, Frank van Herpen?,
Janna Vogels*, Harry Verstegen®

'KWR Water Research Institute, P.O. Box 1072, 3430 BB, Nieuwegein, the Netherlands
2Deltares, P.O. Box 177, 2600 MH, Delft, The Netherlands

SWaterschap Aa en Maas, Pettelaarpark 70, 5216 PP ’s-Hertogenbosch, the Netherlands

4Aquon, Brede Hoon 16, 3991 CW, Houten, the Netherlands

SWageningen University and Research - WUR, Droevendaalse steeg 4, 6707 PB Wageningen, the
Netherlands

According to the Water Framework Directive, water bodies should be in good ecological and
chemical status by 2027. One of the main pollutants in agricultural areas is nitrate. In the
South-eastern part of the Netherlands, nitrate concentrations often exceed the limit values in
surface water. Area-specific measures need to be taken to protect the water quality. A way
to reduce nitrate emissions from agricultural fields is the installation of woodchip bioreactors
which are connected to tile drainage systems. Internationally, for example in Denmark,
Belgium and the USA, this method has proven to be very effective in reducing nitrate
concentrations in drainage water. However, when residence times are too high, negative
side effects may prevail. This includes the production of nitrous oxides, sulfide and
ammonia, and leaching of heavy metals.
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In 2023, a woodchip bioreactor has been installed in an agricultural, drained field, situated in
a lowland river catchment in the southern part of the Netherlands. The purpose was to
demonstrate the effectiveness of this measure in low-lying and flat agricultural areas and to
optimize the control of side effects. The reactor is connected to 4ha arable land on sandy
soil and is located in Westerbeek, Noord-Brabant. The influent of the bioreactor is connected
to the tile drainage system and is fed during drainage season. The effluent is connected to a
small stream. Online nitrate sensors and discharge measurements are installed at the in-
and effluent of the bioreactor to measure the loads and determine the removal efficiency.
Inside the reactor, several piezometers were installed to monitor the biogeochemical
processes taking place. This was done to determine potential side effects of the bioreactor
during operation and the effects of extended residence times due to temporarily limited flow
rate. During the start-up in autumn, extra measuring wells with online nitrate, pH and
temperature sensors were situated instream (both up- and downstream) to measure the
potential side effects of the inflow of standing bioreactor water in the stream.

An extensive sampling campaign was carried out in 2023/2024 which showed considerable
removal of nitrate (between 40% and 80%). At specific moments, some leaching of sulfide,
ammonia, phosphorus and iron was observed. These leaching events appear to be related
to start-up of the reactor and flow rate. The formation of nitrous oxide will be determined
during operation in 2024/2025.

During operation, the bioreactor faced difficulties of clogging and a reduced flow rate. Side
effects during start-up were monitored and were minimized as much as possible . The
woodchip bioreactor proved to be a good area-specific measure to reduce nitrate loads in
small streams, but care has to be taken on possible side-effects of the bioreactor on the
stream.

Abstract number-176 Assessing PFAS Contamination in Dutch Groundwater:
Insights from Age-Dated Depth Profiles

Tano Kivits', Mariélle van Vliet!, Jacco Koekkoek?, Jirgen SiiltenfuR®, Hans Peter Broers'

'TNO Geological Survey of the Netherlands, Princetonlaan 6, 3584 CB Utrecht, the Netherlands
2Amsterdam Institute for Life and Environment, Vrije Universiteit Amsterdam, De Boelelaan 1105,
1081 HV Amsterdam, the Netherlands

3Institute of Environmental Physics, University of Bremen, Otto-Hahn-Allee 1, D-28359 Bremen,
Germany

Groundwater is an important resource in the Netherlands, supplying two-thirds of the
country’s drinking water. However, these resources are under pressure from the high
population density, industry activities, and intensive agriculture, leading to pollution by
emerging contaminants such as per- and polyfluoroalkyl substances (PFAS). PFAS are a
group of synthetic chemicals that have been used since the 1950s in various industrial and
consumer products. These substances have recently become a major concern because of
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the possible adverse health effects and their persistence in the environment. This study
investigates the presence of PFAS in age-dated groundwater from two multi-level wells in
the province of Noord-Brabant, the Netherlands.

Groundwater samples were collected from two multi-level wells: one located in an
agricultural area and the other in a forest. These wells consist of 17 filters at depths up to 25
meters below the surface, which allowed for the creation of detailed depth profiles. Several
filters of these wells were previously age-dated with tritium/helium, which allows to link the
PFAS concentrations to specific infiltration years which helps to get a better understanding
of the leaching behaviour of these substances.

The results indicate that PFAS are present at all sampled depths, with groundwater ages
reaching up to 40 years. The highest concentrations were found for the short-chain PFBA,
which was detected in all samples and had a maximum concentration of 59 ng/l. Other short-
chained PFAS, such as PFBS, were also frequently detected. Longer-chain PFAS such as
PFOA and PFOS were also detected, but these were mainly present in the shallow samples
within the most recent infiltration periods. The presence of PFAS in the well in the forested
area shows the likely influence of atmospheric deposition. The concentrations in the
agricultural area were generally higher, pointing to possible other sources such the leaching
of PFAS-containing pesticides. Pesticides were also sampled for this well, showing the long-
term influence of agriculture on groundwater quality.

This study underscores the widespread presence of PFAS in groundwater. The sources for
the PFAS contamination point towards atmospheric deposition and the usage of PFAS-
containing pesticides in agriculture. Linking PFAS concentrations to detailed age-depth
profiles offers valuable insights into both historical and current contamination levels, as well
as the leaching behaviour of these substances in groundwater.

Abstract number-177 Interaction of steady state flow and geochemical
processes controlling the phosphorus release in anaerobic soil columns

Nimisha Krishnankutty!, Bo Vangsg Iversen', Hans Estrup Andersen?, Hans Christian B. Hansen?,
Dominik Henrik Zak2, Goswin Johann Heckrath’

'Department of Agroecology, Aarhus University, Denmark
2Department of Ecoscience, Aarhus University, Denmark
3Department of Plant and Environmental Science, University of Copenhagen, Denmark

Rewetting of organic lowland soils may result in a large and prolonged phosphorus (P) load
to the downstream systems as legacy of iron (Fe) associated P is reductively dissolved. We
hypothesize that the remaining P sorption capacity in anaerobic soils determines P
mobilization. To study P mobilization and transport under steady-state flow, a convective
discharge experiment was conducted. Sixty undisturbed soil columns were taken from to
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different soil depths (5-25 cm, 25-50 cm) in 6 Danish lowlands characterized by wide
variability in P, Fe, and Al oxide contents. The column experiment used oxygen-free
deionized water flowing at a rate of 1 mm per hour over a period of 28 days. The cumulated
effluent was analyzed for different P forms, Fe, dissolved organic carbon, ammonium,
nitrate, and other solutes on day 5, 14 and 28 during the experiment. The active flow volume
and non-equilibrium flow conditions were determined with the help of a tritium tracer. Upon
completing the leaching experiments, the soil columns were dismantled for determination of
relevant soil properties. The carbon (C) content of the soil varied from 1.2 - 43.9% in topsoils
and 1.3 - 49.1% in subsoils. Anoxic conditions in the peat soil, causing reductive Fe(lll)
dissolution with great range of Fe(ll) effluent concentrations, 0.01-0.50 mmol L-1 in topsoil,
0.01-0.11 mmol L-1 in subsoil. Total P (TP) concentrations in the effluent were 0.01 — 0.12
mmol L-1 and 0.01-0.03 mmol L-1 in topsoil and subsoil, respectively. The most bioavailable
form of P, molybdenum reactive P (MRP) contributed to 34 — 97 % in topsoils. Less P
release was observed from the C-poor, mineral dominated soils. The saturated hydraulic
conductivity (Ksat) varied greatly across various sites and within the sites ranging from 0.04 -
156 cm d-1. Hydrology turned out to be a major factor controlling TP release, as the soils
with low values of Ksat turned out to be the higher P releasing columns. Moreover, the
results showed low P release to the aqueous phase, if the residual sorption capacity (RSC)
of the soil was above 100 mmol kg—1. The results of this study will be used to improve the
models predicting the P export from organic lowland soils.

Abstract number-178 The impact of regulation for water quality in Ireland:
perspectives from Irish dairy stakeholders

Michele McCormack', Bridget Lynch?, Edel Kelly3, Brian Leonard?

"1Teagasc Agricultural Catchments Programme, Athenry Co Galway, Ireland

2Teagasc Environment, Soils and Land Use Department, Johnstown Castle, Co. Wexford, Ireland
SUniversity College Dublin, School of Agriculture and Food Science, Agriculture and Food Science
Belfield Dublin 4

To achieve good ecological status in our waterbodies by 2027 all sectors including
agriculture will have to play a role. Currently member states rely on a Nitrates Action
Programme to introduce legislation with the aim of water quality protection and improvement.
However, after many revisions and additions to these statutory instruments, we have not
seen any significant improvement in water quality. This paper argues that regulation alone is
not sufficient to improve the status of our waterbodies, and a more comprehensive and
inclusive approach needs to be considered. While stakeholders recognize the goal of
improving water quality and generally accept the need for regulation, a purely regulatory
approach does not fully account for the complexity of water quality issues and agricultural
practices. Local conditions and the value of farmers' practical, on-the-ground knowledge are
difficult to integrate within a standardized regulatory framework. For agriculture, the
challenge rests in designing an approach that meets with farmer’s needs, incorporates farm-
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level complexity, enhances existing support approaches and complements the existing
regulatory framework. On-farm behavioural change, which is meaningful and long lasting, is
key to achieving our regulatory commitments and a positive impact on water quality
improvements. This study used a mixed methods approach to examine farmers' responses
and preferences regarding various farming options needed to stay compliant with the latest
policy updates in Ireland's 5th Nitrates Action Programme. Key informant interviews (n=16)
were used to rank the regulatory changes in terms of those which they considered most
important in delivering water quality improvements. The impact of the top three measures at
farm level was then assessed through farmer interviews (n=42). Findings indicate the
regulatory approach does not provide sufficient support to assist farmers. The main themes,
which emerge from this analysis, were collective responsibility, control and ownership,
environmental necessity, legal compliance and resource complexity.

Abstract number-180 Impacts of Climate Change on Nitrogen Use Efficiency in
Germany

Mareike Sdder!, Philipp L6w?, Frank Offermann3, Faranak Omidi Saravani*, Bernhard Osterburg®

"Johann Heinrich von Thiinen Institute, Coordination Unit Climate, Soil, Biodiversity, Bundesallee 49,
38116, Braunschweig, Germany, mareike.soeder@thuenen.de

2Johann Heinrich von Thiinen Institute, Institute of Rural Studies, Bundesallee 64, 38116,
Braunschweig, Germany, philipp.loew@thuenen.de

SJohann Heinrich von Thiinen Institute, Institute of Farm Economics, Bundesallee 63, 38116,
Braunschweig, Germany, frank.offermann@thuenen.de

4Johann Heinrich von Thiinen Institute, Coordination Unit Climate, Soil, Biodiversity, Bundesallee 49,
38116, Braunschweig, Germany, faranak.omidi@thuenen.de

SJohann Heinrich von Thiinen Institute, Coordination Unit Climate, Soil, Biodiversity, Bundesallee 49,
38116, Braunschweig, Germany, bernhard.osterburg@thuenen.de

Efficient use of nitrogen in agriculture is key to achieving goals in nitrate groundwater quality
and climate mitigation. Despite substantial decreases in nitrogen use in Germany in recent
years and the tightening of mandatory measures for farms located in regions with high
nitrate concentration in groundwater, increasing impacts of climate change might counteract
progress in nitrogen use efficiency. The few existing studies that directly investigate the
relationship between climate change and nitrogen use efficiency suggest, that particularly in
years with drought periods in spring and summer, nitrogen use efficiency is low because of
the difficulties to adapt nitrogen application rates to unpredicted extreme events. In our
analysis, we investigate how much nitrogen use efficiency varies yearly on German farms by
calculating trends in nitrogen use efficiency and annual deviations. In a regression analysis,
we test how much of this deviation can be attributed to the weather conditions and different
extreme weather events. We also identify differences between farm types and farm
management systems as well as regional differences in the contribution of various factors to
nitrogen use efficiency and regional hot spots to identify farms and regions with the greatest
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need to adapt fertilization practices to climate change. In addition, we investigate whether
we can observe adaptive behaviour on farms in years with extreme weather conditions. We
built upon the literature that investigates the impact of extreme weather events on yields and
test the transferability of methods to the case of nitrogen use efficiency. We use calculated
annual farm-level nitrogen use efficiency based on farm-level data from the German Farm
Accountancy Data Network, covering around 27,000 observations between 2016 and 2023,
and weather and soil moisture information from the German Weather Service. The analysis
contributes to a better understanding of the impact of climate change on efforts to increase
groundwater quality and climate mitigation via increases in nitrogen use efficiency and to
identify entry points for adaptation on the farm level.

Abstract number-181 Closing the Gap: Are the Measures Achieving Water
Quality Objectives in Ireland?

Eva Mockler!, Jenny Deakin'
'Environmental Protection Agency, Dublin, Ireland.

Ireland’s recent Water Action Plan is focused on getting “the right measure, in the right
place”. For this to work, implementing bodies need to identify if the water quality measures
are working, and if not, why not?

The Irish EPA has forecast the water quality outcomes based on measures planned for the
WEFD 3rd Cycle including the number of waterbodies that are likely to achieve their 2027
status objectives, and those that are likely to show improvements, so that an assessment
can be made of the gap to achieving Water Framework Directive (WFD) environmental
objectives. Out of 4,842 water bodies assessed, 54% are currently meeting their quality
objectives. This leaves a significant number (over 2,200) requiring improvement. This
analysis forecasts that between 150 and 300 "At Risk" waterbodies are likely to meet their
targets due to planned measures. In previous years, improvements made in some areas
were also offset by declines in water quality elsewhere, so there may be no net improvement
once again.

This analysis identifies three key gaps hindering progress: the measures gap, the
effectiveness gap, and the evidence gap. These gaps highlight the need for more targeted
actions, a better understanding of measure effectiveness, and further investigation into
waterbodies where data is lacking.

There is limited scientific evidence demonstrating the effectiveness of the proposed
measures in stabilizing, restoring, and maintaining water quality to the levels required for
favorable conservation status. Uncertainty exists regarding the technical effectiveness of the
measures, both individually and collectively, in halting the decline in water quality. Policy
changes are being implemented, for example, the reduction in the maximum stocking rate
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and allowable chemical application rates, without a scientific quantification of the expected
outcomes. The challenge ahead is to develop the evidence to evaluate the effectiveness and
sufficiency of measures to achieve the desired water quality improvements.

Abstract number-182 Prioritising investment in nutrient management reform
for farms in the catchments of the Great Barrier Reef

Melanie Shaw'-?, Maria Vilas?, Ken Rohde3, Stephen Donaldson?, Ryan Turner’

'Reef Catchments Science Partnership, School of the Environment, University of Queensland,
Brisbane, Queensland, Australia

2Department of Environment, Tourism, Science and Innovation, Brisbane, Queensland, Australia
3Department of Environment, Tourism, Science and Innovation, Mackay, Queensland, Australia

Agricultural practices in the catchments adjacent to the World Heritage listed Great Barrier
Reef (GBR) have contributed to degraded water quality, which has detrimental effects on
GBR ecosystems. Catchments that are dominated by sugarcane, the largest single cropping
land use in the GBR catchments, contribute over forty percent of the dissolved inorganic
nitrogen (DIN) load to the GBR. Government responses to address water quality from
agriculture have included incentive schemes that invest in grower practice change,
introduction of voluntary industry best management practice programs as well as regulation
of practices such as fertiliser application rates. Expert opinion states that these efforts have
reduced the likelihood of excessively high rates of inorganic fertiliser being applied, resulting
in an improvement in nitrogen use efficiency (NUE). However, monitoring and modelling
shows that further reductions are needed to achieve water quality targets set in the Reef
2050 Water Quality Improvement Plan.

As growers may be reluctant to further reduce fertiliser application rates, there has been an
increasing focus on alternative approaches to improving NUE. In the Australian sugarcane
industry NUE is commonly calculated as kg of nitrogen (N) applied as inorganic fertiliser
divided by yield (tonnes harvested). The contribution of organic sources of N, such as
legume break crops or the mill by-product ‘mill mud’, applied as a soil ameliorant, has been
less certain and therefore less routinely accounted for. Industry has reported a preference to
improve NUE by addressing yield constraints such as micronutrient deficiencies or disease
management.

The objective of this study was to compare the relative water quality benefit of NUE
improvements achieved by reducing inorganic fertiliser inputs versus by increasing yields.
The benefits of reducing inorganic fertiliser rates to account for the mineralisation of organic
N sources were also evaluated. The study used APSIM, the Agricultural Production Systems
sIMulator, validated using ten years of field monitoring data from sugarcane in a GBR
catchment and laboratory measurements of mineralisation. The results confirm that NUE is
not a good predictor of losses of DIN from a farm, and while increasing yields will reduce
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DIN losses the benefits are not equivalent to the same NUE achieved by reducing fertiliser
inputs. Water quality improvements can be achieved through improved accounting of N from
organic sources in NUE calculations. Results were considered within the context of
prioritising investment to achieve targets for water quality improvements while maintaining
agricultural productivity.

Abstract number-183 Identifying site-specific opportunities for implementing
nutrient reduction measures in catchments

Katrin Bieger', Brian Kronvang?

'"Department of Ecoscience, Aarhus University, C.F. Mallers Allé 3, 8000 Aarhus, Denmark,
katrin.bieger@ecos.au.dk

2Department of Ecoscience, Aarhus University, C.F. Mallers Allé 3, 8000 Aarhus, Denmark,
bkr@ecos.au.dk

EU member states are struggling to reach the targets of the EU Water Framework Directive,
which demands most surface waters to be in good ecological status by 2027. One of the
main pressures on European streams, rivers, lakes and coastal waters comes from excess
inputs of nutrients from diffuse, agricultural sources. In most catchments, combinations of
different nutrient reduction measures will be necessary to achieve nutrient reduction targets
that are estimated based on current nutrient loads and thresholds for good chemical and/or
ecological status of streams, lakes, and receiving coastal waters. In many countries, national
guidelines for the use and dimensioning of nutrient reduction measures exist but guidance
on their placement within a catchment is often lacking and implementation of measures is
not planned at relevant spatial scales (e.g. catchment scale).

Therefore, the Horizon Europe project NORDBALT-ECOSAFE is developing a new tool for
identifying site-specific opportunities for implementation of nutrient reduction measures. Main
inputs are geo-spatial data, nutrient source areas and transport pathways simulated by the
Soil and Water Assessment Tool (SWAT+), and potentially information about local land use
planning. Using GIS-based analyses of the main inputs, placement opportunities can be
identified for different nutrient reduction measures. The resulting maps are used to estimate
the effect of individual measures on nutrient loads using SWAT+ and to develop possible
catchment management scenarios with various combinations of measures, which are
subsequently simulated in SWAT+. Catchment-specific nutrient reduction targets defined by
comparing the safe ecological boundaries quantified in NORDBALT-ECOSAFE for different
types of water bodies to the baseline nutrient loads simulated by SWAT+ are used to
estimate the performance of the different catchment management scenarios in achieving a
sufficient reduction in nutrient loads. Finally, the most effective scenarios can be discussed
with stakeholders to identify those that are viable regarding both their effectiveness and
stakeholder preferences.

In this presentation, the Odense Fjord Catchment in Denmark is used as a pilot case to
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demonstrate the application of the new tool. It will also be tested in the remaining five
NORDBALT-ECOSAFE case study areas in Norway, Sweden, Finland, Latvia, and Poland.

Abstract number-184 Integrated Water and Nature Parks: A Nature-based
Solutions Strategy in Aarhus Municipality for Improving Water Quality and
Climate Adaptation

Bo Veegter Vaegter', Morten Revsbaek?

'"Public Service Provider Aarhus Vand, Hasselager Allé 29, 8260 Viby J, Denmark
2Scalgo, Aabogade 40D, 8200 Aarhus N, Denmark

The Aarhus Municipal Plan 2025 designates 8,000 hectares for Water and Nature Parks,
half on current agricultural land. The climate agreement 'A Climate Neutral Aarhus 2030’
adds 4,000 hectares, totaling 16,000 hectares or 34% of the municipality's area. These
parks aim to protect drinking water, establish peri-urban nature, enhance biodiversity, and
retain nutrients and water. Analyses by CONCITO indicate significant socio-economic
benefits from converting agricultural land to nature and forest areas, demonstrating
advantages of integrated nature-based solutions (NbS) in municipal strategies.

A key synergy effect is reduced nutrient leaching to groundwater and surface water,
addressing the need to improve Aarhus Bay and freshwater environments, while supporting
UN Sustainable Development Goals. To evaluate and optimize NbS measures, Aarhus
Municipality uses Naturelnsight, developed by Scalgo and Arup. Its hydrological model
simulates NbS effects on water flow in catchments, capturing potential synergies in water
and nutrient management.

Naturelnsight represents NbS measures as storage volumes interacting with hydrographs
based on parameters like inflow limits, transport velocity, and outlet dimensions. This
evaluates interventions that reduce nutrient loading and manage downstream climate
impacts in Aarhus' water systems.

The tool supports optimization and planning, comparing NbS measures and informing early-
phase evaluation of strategies and policy decisions. This approach aligns with conference
themes on hydro(geo)logical processes, drinking water and nature protection, and eco-
technological measures for water quality (themes B, F, and H). It offers a holistic approach to
agriculture and water quality, focusing on policy-making and multi-stakeholder collaboration.

Aarhus' integration of Water and Nature Parks into municipal planning demonstrates a
progressive approach to environmental challenges, improving water quality, climate
resilience, biodiversity, and public well-being. Naturelnsight showcases data-driven decision-
making in environmental management, providing a model for municipalities implementing
NbS strategies in peri-urban areas.
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Abstract number-185 Impact of various management measures on soil water
regime in three European biogeographical regions

Csilla Farkas', Moritz Shore2, Christoph Schiirz!, Agota Horel®, Gékhan Ciiceléglu*®, Dorota
Mirostaw-Swigtek®, Maria Eliza Turek’, Annelie Holzkaemper’, Joana Eichenberger®, Piroska Kassai®,
Brigitta Szabo®, Tibor Zsigmond?, Natalja Cerkasova®®, Peter Fugik'®, Antonin Zajitek'®, Stépan
Marval'®, Mojtaba Shafiei’

"Norwegian Institute of Bioeconomy Research (NIBIO), P.O. Box 115, NO-1431 As, Norway
2Wageningen University & Research, Wageningen, the Netherlands

3Institute for Soil Sciences, HUN-REN Centre for Agricultural Research, Herman O. 15, H-1022,
Budapest, Hungary,

4Gebze Technical University, P.K:141 41400, Gebze/Kocaeli, Turkey

SKlaipeda University, 84 Herkus Mantas Street, LT-92294, Klaipeda, Lithuania

8Warsaw University of Life Sciences, Nowoursynowska 166, PL-02797 Warsaw, Poland

"WBF Agroscope, Reckenholzstrasse 191, CH-8046 Ziirich, Switzerland

8University of Bern, Centre for Development and Environment, Mittelstrasse 43, CH-3012 Bern,
Switzerland

9Texas A&M Agrilife Research, Blackland Research and Extension Center, Temple, Texas, USA
0Research Institute for Soil and Water Conservation, Zabovieska 250 Zbraslav CZ-15600 Praha,
Czech Republic

Within the EU Horizon project OPTAIN (OPtimal strategies to reTAIN and re-use water and
nutrients in small agricultural catchments across different soil-climatic regions in Europe,
optain.eu) project, the effects of Natural/Small Water Retention Measures (NSWRMs) on
water regime, soil erosion, and nutrient transport are evaluated at both catchment- and field-
scales for present and future climate conditions. The goal of this study was to assess the
effectiveness of selected management-based NSWRMs on soil water retention using the
field-scale SWAP soil hydrological model and to compare the results with those simulated by
the catchment-scale SWAT+ model. Improved water retention and reduced surface and
subsurface runoff are indicators of reduced nutrient and soil particle losses towards the
surface and subsurface water bodies. The field-scale assessment was based on the
adaptation of the two models to seven pilot sites across three European biogeographical
regions and on combined NSWRM - projected climate scenario analyses. The SWAP model
was calibrated for all the pilot fields with good or satisfactory results. The impact of four in-
field NSWRMs - reduced tillage, shifting to grassland, afforestation and drought tolerant
crops - on the water balance elements was evaluated. The scenario results indicate that the
effects of measures on soil water retention and other water balance elements have some
regional pattern, but can be strongly dependent on local conditions (e.g. soil, crop, slope).
According to the scenario results, for most of the cases the studied NSWRMs contributed to
reducing evaporation, surface and subsurface runoff and percolation to deeper layers, which
resulted in increased soil water retention or plant water uptake within the fields. The cross-
validation of the field-scale SWAP and catchment-scale SWAT+ models was a challenging
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task and could only be performed for selected water balance elements (evaporation,
transpiration and drainage outflow). Comparable results were obtained in most of the cases
for the baseline scenario, but the differences between the soil water balance elements
simulated by the two models increased when implementing the different measures.

Abstract number-186 Nitrogen retention in Danish surface waters — a new
model

Hans Thodsen', Joachim Audet!, Rasmus Jes Petersen’, Peter Borgen Sgrensen’, Brian Kronvang®,
Rasmus Rumph Frederiksen', Nichlas Hermansen', Anne Hasselholt Andersen', Sgren Erik Larsen’,
Ane Kjeldgaard', Henrik Tornbjerg’

'"Department of Ecoscience, Aarhus University

In the ongoing effort to reduce river nitrogen (N) loads to the coastal waters there is a focus
on the cost effectiveness of mitigation measures, which is largely involving source or
transport control measures. The cost effectiveness of agricultural mitigation measures to a
large degree is dependent on nitrogen retention (Nret) between agricultural fields and
coastal waters. The percentage of the nitrogen lost from fields that reaches Danish coastal
water varies significantly between catchments (from <20% to >80%, (Hgjberg et al., 2021).
In Denmark, the largest Nret is found in ground water, with a national average of
approximately 65% for Nret calculated using the National Nitrogen Model v2020
(NNMv2020) (Hajberg et al., 2021). The nitrogen retention in surface waters is much lower
and modelled to be about 21% of the incoming load to freshwater (Hgjberg et al., 2021).
Nevertheless, the surface water Nret varies substantially in the landscape depending on
which Nret environments such as rivers, wetlands, lakes the water and N will pass through
on the way through the surface water system. For example, N passing through a wetland or
a large lake result in high Nret percentages, while retention is lower when nitrogen only
passes through the river network.

The new version of the NNMv2024 includes a range of new models for a suite of surface
water environments that have been developed: for rivers & streams, reestablished wetlands,
lakes (large & small respectively), flooded areas, and constructed wetlands. The models are
based on in-situ measurements of denitrification and monitoring data used for establishing
mass balances for each compartment (e.g. lake, wetland). Along with the new and updated
models in NNMv2024 the Nret in both groundwater and surface water will be calculated on a
local scale (< 1500 ha previously used, however, the final scale has as yet not been decided
upon). This new Danish NNM model will enable managers and decision makers to target
mitigation areas on a geographical scale much finer than the catchment scale previously
used (ca. 1500 ha), thereby enabling more environmentally and economically efficient
interventions.

Hgjberg, A.L., Thodsen, H., Bargesen, C.D., Tornbjerg, H., Nordstrgm, B.O., Troldborg, L.,
Hoffmann, C.C., Kjeldgaard, A., Holm, H., Audet, j., Ellermann, T., Christensen, J.H., Bach,
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E.O. & Pedersen, B.F. 2021. National kvaelstofmodel — version 2020, Metode rapport. De
Nationale Geologiske Undersggelser for Danmark og Gregnland. GEUS Specialrapport. S
104.
https://www.geus.dk/Media/637576521860083405/NKM2020_Rapport_18maj2021_web.pdf

Abstract number-187 Predicting nitrate leaching using Nmin soil
measurements on farm parcels.

Job Spijker’, Sanne Ypenburg', Richard van Duijnen’, Louise van Mourik’
TRIVM, PO Box 1, 3720 BA Bilthoven, The Netherlands

Excessive use of animal manure and fertilizer threatens the quality of ground and surface
waters in agricultural areas in Europe and other parts of the world. A proportional balance
between agricultural production and environmental protection is a prerequisite to achieve
and sustain the quality of soil and, groundwater and surface water. Therefore, the Dutch
Ministry of Agriculture , Fisheries, Food Security and Nature aims for the development of a
policy that sets environmental goals for farmers. Setting environmental goals rather than
fertilizer application limits safeguardss the autonomy of farmers in their farm management,
while simultaneously aiming to reduce nitrogen emissions to the environment.

A promising research development is the use of N-mineral soil measurements as a proxy for
the leaching of nitrate to groundwater. By taking a simple composite soil sample, N-mineral
soil measurements are relatively easy to obtain compared to current sampling methods of
phreatic groundwater to monitor nitrate concentrations, which is performed by sampling
groundwater from temporary boreholes.

In a preliminary study, data of N-mineral measurements in soil and nitrate concentrations in
groundwater were used to create models that describe the N-mineral variability and predict
the nitrate concentrations. The models use field measurements combined with spatial
information like soil type, hydrological data, crop type, land use, elevation, among others.

Using Machine Learning (Random Forest and XGBoost) we compared these models among
eachother. The final model could explain 64% of the variance, with an RMSE of 62 mg/L.
This model performs better compared to other known models based on (multiple) linear
regression methods. Interestingly, preliminary results indicate that spatial co-variates related
to soil type could be more relevant than the actual soil measurements of N-mineral in
predicting the nitrate concentration in groundwater. This is probably due to the high
variability in soil measurement results.

In this presentation we present the latest results of this ongoing research, and we will

discuss how N-mineral measurements can be used for policy development in order to
achieve aforementioned goals.
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Abstract number-188 Strategies for climate adaptation in water quality and
quantity management across Nordic countries: The Danish Cases

Lone Juul', Rikke Krogshave Laursen’
1Seges Innovation

Climate risks in agriculture are primarily associated with water, with extremes such as
drought and flooding presenting significant challenges. Effective water management,
addressing both availability and quality, is crucial. The PRECILIENCE project aims to test
and demonstrate improved water retention, storage, irrigation, and drainage practices with
farmers across diverse Nordic agroecological zones. Strategies should be addressed by a
multi-actor approach to ensure a broad variety of perspectives, engagement and ready-to-
implement solutions through a collaborative effort between scientific and practical
stakeholders.

Our work in Denmark will be based on two case areas that differ in terms of geography and
challenges related to water management during wet and dry seasons:

Lemvig is in the northwestern Jutland. The region faces significant challenges, including
elevated groundwater levels and increasing competition for water resources. This
competition spans various needs such as irrigation, industrial purposes, and water supply. In
Lemvig, proposed solutions involve developing synergies and symbiotic relationships where
pumping associations provide water to Power-to-X (PtX) plants. The reject water from these
plants can potentially be reused for irrigation, which necessitates the storage of large
volumes of water. Additionally, technical solutions such as the use of Leca nuts are
suggested to facilitate water infiltration and retention. Challenges with water management
during both dry and wet periods will be examined from a farmer’s perspective and based on
a selection of farms. The study aims to identify possible water management solutions,
including the feasibility of symbiotic relationships with PtX, while considering the advantages,
disadvantages, and barriers.

Samsg is an island situated in the Kattegat Sea. Pressured groundwater resources and
absence of available groundwater for irrigation purposes have since the 1970’s motivated
farmers to establish storage ponds for collected drainage water. The study will focus on
examining the existing water reservoirs on Samsg to understand what can be learned from
current practices. Additionally, the potential for these reservoirs to act as measures for
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nutrient removal will be investigated, possibly including monitoring activities. The research
will also identify challenges and explore potential water management solutions on selected
farms, considering multifunctional approaches where feasible.

This presentation outlines how a multi-actor approach in the PRECILIENCE project is
addressed in a Danish context.

Abstract number-189 Towards an integrated view on Safe Ecological Limits
from the Wadden Sea catchments to the Wadden Sea

Justus van Beusekom', Anouk Blauw?, Andreas Gericke®, Andreas Musollf*, Johannes Pein’,
Joachim Rozemeijer?, Tineke Troost?, Luuk van der Heijden?

"Helmholtz-Zentrum Hereon, Geesthacht, Germany

2Deltares, Delft, The Netherlands

SUmweltbundesamt, Dessau-Rof3lau, Germany

4Helmholtz-Zentrum fiir Umweltforschung GmbH - UFZ, Leipzig, Germany

The Wadden Sea is the largest coherent intertidal area in the temperate world and a World
Heritage Site since 2009. The Wadden Sea is strongly influence by major European rivers
like the Rhine and Elbe. Eutrophication started during the early 1950s reached a maximum
during the 1980s. Political decisions and improved management lead to decreasing
eutrophication and an improved environmental conditions like decreasing phytoplankton
bloom and a partial return of seagrass in the northern. We suggest safe ecological limits for
the Wadden Sea based on N limited spring blooms and seagrass reecovery in the southern
part of the Wadden Sea. To reach this, reductions in N loads of at least 30% (compared to
levels during the 2010s) are needed. We compare these reduction needs to reductions
needed in three case studies in the catchment each with its own environmental issues: The
Rhine catchment with eutrophication problems especially in the catchment, the Elbe with
eutrophication problems especially in the main stem and in the upper estuary (O2 depletion)
and the Hunze catchment (a small river and lake close to the Wadden Sea) with issues
concerning algae blooms and submersed vegetation. A short summary of the environmental
problems and suggested reduction needs will be given. These three case studies show that
each has its own local environmental challenges hampering a unified approach on reduction
goals. In particular, the question whether N or P is limiting is case-dependent. Some
suggestions towards an integrated view on terrestrial, aquatic and marine eutrophication will
be discussed.

Abstract number-190 Effectiveness of Natural/Small Water Retention
Measures in the Boreal biogeographical region
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Csilla Farkas', Moritz Shore'-2, Christoph Schiirz!, Robert Barneveld'

"Norwegian Institute of Bioeconomy Research (NIBIO), P.O. Box 115, NO-1431 As, Norway
2Wageningen University & Research, Wageningen, the Netherlands

Reducing diffuse nutrient losses to water bodies remains a major problem in the agricultural
areas of the Nordic countries. The transition towards a bioeconomy and ongoing climate
change raise questions on the future of water quality and freshwater ecosystems and what
kind of adaptation strategies could be implemented to maintain both food and environmental
safety.

The objective of our study was to evaluate the effectiveness of Natural Soil Water Retention
Measures (NSWRMs) under current and future climate conditions in retaining water, soil
particles and nutrients within the landscape. The hydro-biochemical model SWAT+ was
implemented in the Krakstad catchment in southern Norway using the novel approach
developed within the EU H2020 project OPTAIN. This approach enables an improved spatial
representation of NSWRMs in the landscape. Available discharge and water quality
monitoring data were used as reference data for model calibration. The effectiveness of
reduced tillage, grassed waterways, sedimentation ponds established in the forested areas
and buffers on water retention and nutrient loads was evaluated.

Our simulation results indicate that conservation tillage, which maintains stubble on the soil
surface during winter, has the strongest impact on reducing soil and nutrient losses towards
surface water bodies. Grassed waterways, established in existing erosion prone gullies,
could also significantly contribute to water and nutrient retention within the landscape. The
implemented NSWRMs did not appear to increase the soil moisture content in early spring
even under future climate conditions, which is an important aspect for ensuring soil
trafficability and the timing of sowing spring cereals.

Abstract number-191 Linking Crop Rotations and Nitrate Leaching Potential: A
Multiyear Study of Agricultural Land Use Effects on Groundwater Nitrate
Levels

Max Eysholdt', Maximilian Zinnbauer', Tim Wolters?

"Thiinen Institute of Rural Studies, Bundesallee 64 38116 Braunschweig, Germany
2Forschungszentrum Jiilich, Agrosphere Institute (IBG-3), 52425 Jiilich, Germany

Diffuse nitrogen losses from agriculture are a major contributor to elevated nitrate
concentrations in groundwater, posing significant environmental and regulatory challenges.
After Germany’s conviction by the European Court of Justice in 2018 for persistently failing
to achieve the targets set by the Nitrates Directive (NiD). Germany revised its national
implementation of the NiD, the Fertiliser Application Ordinance in 2020. A wide range of new
nitrate mitigation measures were introduced, including the designation of “Nitrate polluted
Areas”. However, despite these efforts, groundwater nitrate concentration measured by the

LuwQ2025 Page 162 of 207 14 May 2025



LuwQ2025, Land Use and Water Quality: Agriculture and the Environment
Aarhus, Denmark, 3—6 June 2025
VOLUME OF ABSTRACTS

official groundwater monitoring network in Germany remain elevated in parts of the country.
In Germany, besides site factors like weather, climate and soil characteristics, studies to
identify driving factors of nitrate concentration in the leachate have focused primarily on
short-term factors such as immediate land use, nitrogen (N) input, and N surplus. These
approaches often overlook the significant time lag between changes in agricultural practices
and monitored nitrate concentrations, a delay attributed to the long travel times of nitrate
through soil and aquifers as well as potential N legacies, which can span several years or
even decades. This highlights the necessity of a more comprehensive analytical framework
that incorporates historical data to better predict nitrate concentrations measured at
monitoring wells.

To bridge this gap, this study aims to conduct an analysis of land use patterns, crop
rotations, and land use changes over a nine-year period within the catchment areas of
groundwater monitoring wells. By utilizing detailed field data from the Integrated
Administration and Control System (IACS), this research will identify predominant crop
rotations and their associated nitrate leaching potential. Emphasis will be placed on
understanding how different cropping systems contribute to long-term nitrate loading in
groundwater, and how historical land use changes may impact the time course of nitrate
concentrations.

This analysis is expected to offer valuable insights into the long-term effects of agricultural
practices on groundwater quality, providing a critical step toward developing a robust model
framework for predicting nitrate levels in leachate. Such a framework would not only
enhance the effectiveness of existing mitigation measures but also inform future policy
adjustments, ensuring better alignment with environmental standards and sustainable
agricultural practices.

Abstract number-192 Best management practices to deliver load reduction
targets in NW Europe under a changing climate — findings from the New-
Harmonica project.

Hywel Lloyd', Rachel Cassidy', Russell Adams?, Jan Coppens?, Yanjiou Mi-Gegotek*, Stijn Quidé?,
Shane Rothwell®, Peter Schipper*, Oscar Schoumans?*, Paul Withers®, Gerard Velthof*

"Agri-Food & Biosciences Institute (AFBI), Belfast, BT9 5PX, United Kingdom

2Teagasc, Johnstown Castle Research Centre, Wexford, Ireland

3Vlaamse Milieumaatschappij (Flanders Environment Agency), 9300, Aalst, Belgium

4Wageningen Environmental Research, Droevendaalse steeg 4, 6707 PB, Wageningen, Netherlands
SLancaster Environment Centre, Lancaster University, LA1 4YQ United Kingdom

Best Management Practices (BMPs) to minimise the environmental impact of agricultural
nutrients are embedded within policy measures and agri-environmental schemes across NW
Europe.

Since research into BMPs commenced in the early 2000s phosphorus (P) has been a focus
as the main cause of eutrophication in freshwater systems. Buffering measures and
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constructed wetlands were among the earliest measures implemented to mitigate P loss
through pathway interception. “Next generation” developments of these measures continue
to be popular and are deemed effective when sited correctly. The importance of P source
control, however, should not be overlooked as excess inputs to soils and reducing
accumulated P are ongoing issues. Measures for nitrogen (N) are more source-focussed by
comparison and include optimal fertilisation levels and improved slurry/solid manure
management and application techniques. Denitrification is the main control option once N
reaches the soil matrix, although other important measures include the use of catch and
cover crops and applying runoff barriers and buffer strips. However, pollution swapping is an
important consideration for nitrogen measures.

Research within the New-Harmonica project has undertaken a review of BMPs appropriate
to meeting load reduction targets in four case-study catchments in NW Europe; the Flemish
and Dutch Meuse, the Wye in England and Wales and the Neagh-Bann catchment on the
island of Ireland. Shortlisted key BMPs have been modelled for each catchment within a set
of plausible implementation scenarios. The objective was to determine a suite of BMPs,
reflecting developments in research and optimised to the landscape, land use and climate of
the four catchments, that would be sufficient to achieve the necessary load reductions. The
expected performance of measures under 2050 climate projections was also evaluated, with
drier, drought-prone summers and increased volume and intensity of rainfall in autumn and
spring likely to affect processes of nutrient release and loss.

Across the four catchments there was considerable alignment in shortlisted options.
Similarities in land use and farming practices between the Neagh-Bann and Wye catchments
have led to P mitigation being a priority, and between the Dutch and Flemish Meuse where
both N & P are the object of BMPs to achieve “Good” WFD status targets.

Stakeholders in each catchment were asked to review and score the potential of each BMP
scenario set to address water quality issues in their respective areas. Source control
measures generally ranked higher than those targeting runoff and erosion control, such as
buffer strips.

Abstract number-194 Mapping Nitrogen and Phosphorus Hotspots in Irish
Agricultural Lands Using Raster Data and Geostatistical Techniques:
Implications for Water Quality

Fabiola lasi de Barros Costa’, Rebbecca Hall', Per-Erik Mellander®
TACP - Agricultural Catchments Programme , Teagasc, Wexford, Ireland

The intensification of agricultural practices in Ireland has led to increased applications of
nitrogen (N) and phosphorus (P) fertilizers. Excessive nutrient loads pose significant risks to
water quality, leading to eutrophication and biodiversity loss in aquatic ecosystems.
Therefore, understanding the spatial distribution and transfer pathways of these nutrients is
essential for developing targeted mitigation strategies. The objective of this work was to
map the spatial distribution of N and P loads per hectare across Ireland's agricultural regions
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using advanced geostatistical methods. In order to identify nutrient hotspots through spatial
analysis techniques. Whereby, the possible impacts of high N and P concentrations on water
quality and agricultural sustainability can be assessed. Moreover, to inform policymakers
and stakeholders to improve nutrient management and mitigation practices through
evidence-based recommendations.

In this study, raster data representing soil nutrient concentrations and land use patterns
across Ireland were used to model N and P hotspots. Here, we used Empirical Bayesian
Kriging (EBK) to interpolate nutrient levels, and predict concentrations in un-sampled
locations. Furthermore, Boolean spatial analyses was applied to combine raster layers and
identify areas exceeding critical thresholds for N and P concentrations, thereby delineating
nutrient hotspots. This integration of EBK and boolean operations enhances the precision of
hotspot detection, and offered improved accuracy over traditional kriging methods.
Correlation analyses was then conducted between identified hotspots and indicators of
water quality degradation, such as occurrences of algal blooms and elevated nitrate levels in
groundwater.

Accurately mapping and identifying nutrient hotspots will provide valuable insights for
implementing targeted nutrient management and mitigation strategies in agricultural
systems. The findings are expected to contribute to the development of best management
practices (BMPs), and to support policy initiatives aimed at reducing nutrient loss to
watercourses. Therefore, this study advances the understanding of how advanced
geospatial techniques can assess and extrapolate land use impacts on water quality in
Ireland. The anticipated outcomes will be used advance our understanding of landscape
heterogeneity and land use practices on water quality, and to guide efforts in mitigating
nutrient pollution at national and regional scales.

Abstract number-195 Cooperating in agricultural transition and emission
reduction by regional deals

Martin de Jonge', Inez de Leau-Kolkman'
Vitens, Zwolle, The Netherlands

Transition towards a more sustainable agriculture can improve soil quality and decrease
emissions of nutrients and pesticides. Close cooperation between farmers, drinking water
companies and local water authorities is needed to follow a suitable transition path. This
transition can be supported by tools evaluating the impact of land use change and
management measures.

In the eastern part of the Netherlands farmers and drinking water company work on
agreements to reach common goals in recharge areas. It is intended to use a combination of
tools for monitoring land use, monitoring soil and water quality, prioritizing management
measures, and evaluating agreed goals. The starting situation can be assessed by a
detailed description of land use, soil quality , and water quality. A first assessment was
made with a GIS analysis of the recharge areas, groundwater data analysis from the Early
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Warning monitoring network and soil quality analysis with the Open Bodem Index tool.

A transition towards a sustainable agricultural system without adverse effects on soil and
water quality will probably generate less income for farmers. Sustainability implies also a
stable and reasonable (financial) contribution to the environmental services farmers offer
without direct income. A reward system should be created which really stimulates the
desired transition. On LUWQ2025 we present our ideas and dilemmas. What can we expect
from funding on EU, national or regional level? Can stakeholders participate in funding for
specific goals in protected areas? Farmers claim optimal results if they can choose their own
way to reach specific goals. Which reward system is capable to support this freedom? And
how can we make arrangements which last for at least 10 years? Can arrangements be
coupled to hectares instead of farmers? Our first experiences in setting up such a system
will be shared and discussed with participants of LUWQ2025.

Abstract number-197 Harmonized approaches for transboundary groundwater
vulnerability assessment in the Estonian-Latvian region

Magdaleena Mannik'2, Janis Bikse3, Enn Karro'

'"Department of Geology, University of Tartu, Ravila 14a, EE-50411, Tartu, Estonia
2Department of Hydrogeology and Environmental Geology, Geological Survey of Estonia, F. R.
Kreutzwaldi 5, EE-44314, Rakvere, Estonia

3Department of Geology, University of Latvia, Jelgavas iela 1, LV-1004, Riga, Latvia

Groundwater is a critical resource that supports ecosystems, agriculture, and drinking water
supplies. Transboundary aquifers, which cross national borders, present unique
management challenges as pollution or overexploitation in one country can significantly
affect the quantity and quality of the shared resources. The Estonian-Latvian transboundary
area demonstrates challenges due to its reliance on both unconfined Quaternary aquifers,
vital for local ecosystems and rural water supply, and confined first bedrock aquifers,
essential for centralized water systems. This study addresses the need to develop
harmonized methodologies to assess groundwater vulnerability and pollution risk, enabling
sustainable resource management across borders.

The index-based DRASTIC and modified DRASTIC methods are applied to evaluate the
natural vulnerability of unconfined and confined aquifers, respectively. The DRASTIC-L
method is used to incorporate land use data into the analysis, providing insights into how
anthropogenic pressures influence groundwater pollution risk. To enhance the reliability of
the vulnerability assessments, the results are validated using pollutant travel time
calculations. By integrating these approaches, the research creates a comprehensive
framework that accounts for the hydrogeological complexity of the region.

The results show variability in aquifer vulnerability across the study area. Unconfined
Quaternary aquifers are most vulnerable in regions with sandy sediments, shallow
groundwater tables, and high recharge rates. Conversely, confined aquifers benefit from
protective layers of Quaternary sediments, however, vulnerability varies based on sediment
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thickness and hydraulic conductivity. Pollution risk analysis shows that areas with intensive
agricultural activity and highly permeable sediments are at the greatest risk, which highlights
the importance of land use management in groundwater protection.

The findings highlight the critical need for precise vulnerability assessment techniques
tailored to regional geological characteristics. While natural vulnerability maps provide
valuable insights into an area's vulnerability to groundwater contamination, integrating
pollution risk maps is essential to account for the influence of human activities.

In addition to enhancing methodologies for assessing groundwater vulnerability and pollution
risks, this study highlights the importance of international cooperation. Since groundwater
flow does not know national borders, protecting this shared resource requires a joint effort to
ensure its protection and the availability of clean drinking water for current and future
generations.

Abstract number-198 The Network for Monitoring Agricultural Loads and the
Effects of Mitigation Measures in Finland

Pasi Valkama', Antti Taskinen2, Antti Raike3, Petri Ekholm?, Maria Kamari®, Kaisa Vastila®

1Marine and Freshwater Solutions, Finnish Environment Institute, Latokartanonkaari 11, 00790
Helsinki Finland, pasi.valkama@syke.fi

2Marine and Freshwater Solutions, Finnish Environment Institute, Latokartanonkaari 11, 00790
Helsinki Finland, antti.taskinen@syke.fi

3Marine and Freshwater Solutions, Finnish Environment Institute, Latokartanonkaari 11, 00790
Helsinki Finland, antti.raike@syke.fi

4Marine and Freshwater Solutions, Finnish Environment Institute, Latokartanonkaari 11, 00790
Helsinki Finland, petri.ekholm@syke.fi

SMarine and Freshwater Solutions, Finnish Environment Institute, Latokartanonkaari 11, 00790
Helsinki Finland, maria.kamari@syke.fi

8Marine and Freshwater Solutions, Finnish Environment Institute, Latokartanonkaari 11, 00790
Helsinki Finland, kaisa.vastila@syke.fi

Agriculture is the most significant contributor to nutrient loads in surface waters in Finland.
Current estimates of agricultural nutrient loads are largely based on indirect methods,
including modelling and assessments of agriculture's share of total loads of large, mixed
land use catchments. Due to insufficient monitoring, evaluating the impacts of water
protection measures and load variations remains challenging. To address this, the Finnish
Environment Institute, in collaboration with its partners, initiated the development of an
agricultural load monitoring network in early 2024 based on several existing monitoring sites.

The network consists of small agricultural catchments across Finland and reference

catchments in their natural state. Monitoring methods include water sampling and high-
frequency water quality and flow measurements. The primary objectives are to quantify
agricultural loads of suspended solids, phosphorus, nitrogen, and organic carbon and to
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assess the effectiveness of water protection measures. Catchment sizes in the network
range from 70 to 8,000 hectares, with diverse soil types, agricultural practices, and
geographical locations.

High-frequency sensor data proved to be critical in detecting changes in water quality and
quantity, outperforming biweekly water sampling strategies, which missed high-concentration
peaks. For example, high nitrate concentrations were detected following fertilizer application
and intense rainfall events, while suspended solids and phosphorus peaks were observed
during snowmelt in spring or mild winter conditions.

The implementation of mitigation measures, such as structure lime, gypsum, and two-stage
channels, reduced suspended solid and phosphorus loads. For instance, structure lime
reduced particulate bound phosphorus concentrations in subsurface drainage flow by 40-70
%, and 12 % at the catchment scale. The floodplains of two-stage channels trapped 2.1-
3.5% of suspended sediment and 0.7-2.3% of total phosphorus loads per 1000 m2 of
floodplain area per year in clayey catchments.

In the near future the monitoring network aims to expand high-frequency monitoring and
examine in more detail the relationship between field management practices, nutrient loads,
and the impacts of measures implemented within these agriculture dominated catchments.

Abstract number—-199 Detection of nutrient input pathways along the shores of
a shallow lake with optical sensors

Si Thu Khant Min', Kirsten Riicker’, Nicola Fohrer?, Michael Trepel®

'Institute for Ecosystem Research, University of Kiel, Germany

2Institute for Natural Resources, Department of Hydrology and Water Resources Management,
University of Kiel, Germany

SMinistry for Energy Transition, Climate Protection, Environment and Nature of Schleswig-Holstein,
Kiel, Germany

The European Union Water Framework Directive’s (WFD) target to achieve a "good"
ecological status for water bodies by 2027 has not yet been met for most lakes in Schleswig-
Holstein, Germany. High nutrient inputs and internal loading are among the main causes for
this status.

The aim of this study was to determine nutrient input pathways into a lake with a higher
spatial density of measurements along the lake shores. Langsee is a eutrophied shallow and
polymictic lake. It is connected to the river system of FUsinger Au, the largest tributary to the
Schlei fjord, Baltic Sea. The northern shore is already classified as a nutrient-contaminated
area under the Fertilizer Ordinance. To capture nutrient input pathways into Langsee, mobile
UV/Vis-sensors were mounted on a small boat and paddled along the water bodies. The
sensors were calibrated with data from the river system and measured nitrate nitrogen, total
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phosphorus, soluble reactive phosphorus, SAC 254, turbidity, and caffeine as an indicator
for waste water inputs. Physicochemical parameters such as pH, electrical conductivity,
oxygen levels, and temperature were recorded with multi-parameter sensors. Location data
were continuously recorded and synchronized with the sensor measurements. At the same
time, grab sampling was conducted to assist with sensor calibration for reliability.

The Langsee measurements successfully captured all targeted parameters. Spectral
measurements and grab sampling showed moderate correlation for orthophosphate and
total phosphorus but poor correlation for nitrate nitrogen with the river samples calibration.
Given the different matrix conditions in lakes versus rivers, the discrepancies between
spectral and grab sample data were recalibrated with an additive constant, developed by
minimizing the squared differences between the grab samples and corresponding spectral
values using Brent's method.

By combining results from physicochemical parameter measurements with land use maps,
including the locations of pipe inlets and distinct land use patterns, valuable insights into the
nutrient dynamics of Langsee were gained. Nutrient hotspots were identified based on
measurement peaks, with some unexpected results observed that did not align with adjacent
land use patterns. The reasons behind these variations are being further investigated,
considering the hydrological conditions, the characteristics of the shallow lake, and sensor
performance under complex field conditions. This first deployment of mobile sensors in
Langsee showed promising results and, with further improvements, could reliably support
future restoration and environmental management plans to improve the lake’s water quality.

Abstract number-201 Particulate and dissolved phosphorus removal in
agricultural drainage waters with a compact filter system

Goswin Heckrath', Lorenzo Pugliese’
'"Department of Agroecology, Aarhus University, Blichers Allé 20, Tjele, Denmark

Phosphorus (P) losses from tile-drained agricultural fields significantly threaten surface water
quality and biodiversity by contributing to eutrophication. Conventional edge-of-field filter
systems primarily target dissolved reactive phosphorus (DRP) and less particulate
phosphorus (PP), although both P forms are present in drainage waters. To address the
spatial and temporal variability of these different P forms, a more integrated filter approach is
needed.

This study assesses the performance of a dual-unit filter system designed to capture both
DRP and PP in agricultural drainage water over one drainage season. The system consists
of a lamella-type sediment filter and a porous reactive filter in the form of iron-coated sand
(ICS) to retain PP and DRP, respectively. Drainage water from an arable field with loamy
soils near Odder, Denmark, was pumped continuously into the filter system from October
2020 to May 2021. The hydraulic load to the sediment filter amounted to 12000 m3. A
representative fraction of 10% of the discharge from the sediment filter was then led through
the reactive filter.
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Our results showed promising yet variable P removal rates. The sediment filter and the
reactive filter retained, respectively, 42-75% and 29-79% of the PP and DRP loads. The total
monthly phosphorus (TP) removal efficiency of the system ranged from 34% to 88%
averaging 70% overall. Our findings suggest that a filter system combining separate units for
PP and DRP retention can significantly improve P removal from drainage waters and thus
contribute to reducing the risk of eutrophication in surface waters.

Abstract number—-202 Nitrogen-input into groundwater and surface waters in
Germany

Tim Wolters', Max Eysholdt?, Anna Oprei®, Bjérn Tetzlaff!', Markus Venohr®, Maximilian Zinnbauer?,
Frank Wendland'

"Forschungszentrum Jiilich, Agrosphere Institute (FZJ), 52425 Jiilich, Germany

2Thiinen-Institute of Rural Studies (Tl), Bundesallee 50, 38116 Braunschweig, Germany
3Leibniz-Institute of Freshwater Ecology and Inland Fisheries (IGB), Department Ecohydrology and
Biochemistry, Miiggelseedamm 310, 12587 Berlin, Germany

In Germany, a system for monitoring the effects of nutrient management strategies was
recently launched. With this system, Germany will in future report annually to the EU
Commission on the progress and success of nutrient management strategies. However, due
to residence and flow times as well as transformation processes in the soil and groundwater
nexus, the effects of agricultural measures on nitrogen emissions and subsequently on
monitored data on nitrogen emissions is sometimes not obvious.

For this purpose, the nitrogen model system mGROWA-DENUZ-WEKU has been included
into the impact monitoring system to simulate the N-inputs from diffuse sources via the
pathways water erosion, wash-off, artificial drainage, groundwater, interflow and atmospheric
deposition. N inputs via these pathways represent the indicators that will be used for
compliance checking for nationwide annual impact monitoring reporting to EU-COM.

The presentation will on one hand outline the challenges to implement the N model system
Germany-wide, considering the regional hydrological specifications (features) of the 16
Federal German States. On the other hand, Germany-wide model results will be presented
and how these results are included into the monitoring system to document the effects of
nutrient management strategies across Germany.

Abstract number-203 Addressing Phosphorus Pollution in Interconnected
Danish Lakes: A Spatial Environmental-Economic Analysis

Raphael Filippelli', Berit Hasler!, Hans Estrup Andersen?, Gregor Levin®, Goswin Heckrath*
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'Institut for Fadevare- og Ressourcegkonomi Kebenhavns Universitet Rolighedsvej 23, 1958
Frederiksberg C

2Institut for Ecoscience - Oplandsanalyse og miljeforvaltning, Aarhus University, C.F. Mallers Allé 3,
1130, 409 8000 Aarhus C Danmark

3Institut for Miljsvidenskab - Samfundsvidenskabelig og geografisk miljgforskning, Aarhus University,
Frederiksborgvej 399, 7407, 135 4000 Roskilde Denmark

“Department of Agroecology - Soil Physics and Hydropedology, Aarhus University, Blichers Allé 20,
8822, 2059 8830 Tjele Denmark

Danish lakes are regulated to fulfill the Water Framework Directive to achieve good
ecological status by 2027. However, 76% of these lakes currently fall short of that goal.
Monitoring data reveals that, there has been minimal progress since the 1990’s, with recent
increases in nutrient concentrations.

This study presents a spatial, integrated environmental-economic modeling approach,
TargetEconP, to identify cost-effective phosphorus (P) reduction strategies in Danish lakes.
Recognizing the interconnected nature of lakes, we apply a "lake-chains" concept,
acknowledging that interventions in one lake can have cascading effects downstream.
TargetEconP incorporates extensive spatial datasets on agricultural production, costs and
effects of measures, and the potential to implement measures at agricultural land and in or
near streams. It builds on the nitrogen-focused TargetEconN model for coastal catchments,
which is further developed for P in the Biodiversa funded project FreshRestore, and as part
of public consultancy projects funded by the Danish Ministry of Environment. The model
includes 447 lakes and their catchments, most connected in chains, and over 20 measures,
both nature-based and technical.

Applying P reduction targets from the Danish Water plans for 2021-2027 for 208 Danish
lakes, we hypothesize that targeted strategies across lake-chains can improve P abatement
cost-effectiveness. Given uncertainties in estimating P reduction efficiencies, we explore
scenarios with varying efficiencies for land retirement on organogenic soils, restored
wetlands, and wetlands especially targeted to phosphorus abatement. An additional
sensitivity analysis examines the impact of varying degrees of connectivity between lakes.
The total P reduction target is 142,165 kg. Baseline costs are 422.37 million DKK, achieving
a P reduction of 112,007 kg. Scenarios with varied reduction efficiencies show cost
deviations of -8% to +14% from the baseline, with target compliance deviations from -14% to
+15%. Sensitivity analysis reveals that a variation of -30% to +30% in the P transport
coefficient affects cost by -8% to +21% and target compliance by -19% to +34%.

Our results advance the literature on integrated environmental-economic modeling, offering
insights for policymakers and researchers on cost-effective P reduction strategies. We
propose a strategic combination of measures selected for their cost-efficiency in reducing P,
while acknowledging that current measures are insufficient to meet Denmark's P reduction
targets. The results underscore the importance of spatial modeling that considers the
interconnectedness of water bodies as well as heterogeneity between catchments in effects
and costs of measures.
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Abstract number—-204 Spatially Differentiated Assessment of Denitrification
Conditions in Groundwater across Germany

Johannes Scherer?, Tim Wolters', Frank Wendland'
"Forschungszentrum Jiilich, Agrosphere Institute (FZJ), 52425 Jiilich, Germany

To comply with nitrate-specific environmental standards, the capacity for nitrate removal in
groundwater is a crucial factor. However, few studies address the spatial heterogeneity of
this process and its associated impacts on a regional scale. We advance a procedure
originally developed by Wolters et. al (2022) to derive spatially continuous estimates of
denitrification conditions in groundwater based on the interpolation of measurements of the
redox-sensitive parameters oxygen, nitrate, iron, manganese and DOC. We applied this
procedure to Germany, using measured values from more than 23,000 groundwater
monitoring sites from 2010 to 2022. Discrete ranks were assigned to the concentrations of
each parameter based on their redox class. These ranks were averaged over the available
time period and over each parameter, resulting in a classified mean value describing the
nitrate degradation conditions in groundwater at each site. The interpolation of the
measuring sites was spatially confined by using a Germany-wide data set consisting of 144
hydrogeochemical reference units. An optimized, iterative inverse distance weighting
approach was chosen for interpolation within each hydrogeochemical reference unit.
Plausibility analyses have shown that the method presented here is suitable for the
regionally differentiated derivation of denitrification conditions in groundwater. For regions
with denitrifying groundwater conditions, the results provide an explanation for frequently
observed discrepancies between high nitrate emissions from the soil and low nitrate
concentrations in groundwater of intensively used agricultural areas.

Abstract number-205 Impact of derogation from the Nitrates Directive on water
quality: comparison of five European countries

Simon Buijs', Richard van Duijnen’

1RIVM - National Institute for Public Health and the Environment, Antonie van Leeuwenhoeklaan 9,
Bilthoven, the Netherlands

In Northwest Europe, agricultural activities significantly influence the quality of shallow
groundwater and surface water in agricultural areas. The EU Nitrates Directive (91/676/EEC)
aims to protect these water bodies from nutrient pollution by limiting nitrogen use in livestock
manure to 170 kg per hectare annually in nitrate-sensitive zones. Since 2005, several
countries, including the Netherlands (2005-2026), Ireland (2006-2026), Northern Ireland
(2007-2022), Belgium (Flanders) (2013-2023), and Denmark (2013-2024), have received
derogations permitting higher manure applications under specific conditions.

When applying for derogation, Member States (MS) must demonstrate that it will not
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negatively affect water quality. In these countries, climatic conditions, higher grassland
yields, and greater nitrogen losses to the air theoretically ensure that additional manure
application does not lead to additional nitrate leaching. This is due to their temperate
climates, characterized by ample rainfall and relatively wet soils.

The derogation allows for the application of higher amounts of livestock manure under
certain conditions. A monitoring network should reveal the impact of derogation on nitrogen
and phosphorus losses from soil and on water quality. Despite differences in the design of
the monitoring networks of MS, all networks have long-term measurements on derogation
farms.

In this study, we are collecting an overview of the different histories of derogation of the
countries, including the rationale for their applications, the design of monitoring networks,
and their similarities and differences. For this purpose, we are analyzing long-term time
series data from derogation monitoring networks in the Netherlands, Ireland, Northern
Ireland, Belgium (Flanders), and Denmark. These datasets provide insights into nitrogen and
phosphorus losses from soil and their impact on water quality.

Our first observations indicate that, although there are differences between countries,
nutrient concentrations on derogation farms do not significantly differ from national trends.
However, there has not been enough improvement in the overall water quality at the national
level.

This study aims to provide insights from long-term monitoring of water quality and
agricultural practices under derogation regimes, focusing on how these practices impact
environmental sustainability. The full results will be presented at the LuWQ2025 conference.

Abstract number—206 Monitoring and Evaluating Targeted Mitigation
Approaches to Improve Water Quality: Measures for Water

Russell Adams®, Michele McCormack?, Daire O'hUallachain’

"Teagasc, Wexford, Ireland
2Teagasc, Athenry, Ireland

The preliminary findings of the research project “Measures For Water” presented here. The
project intends to evaluate the effectiveness of practical on-farm mitigations solutions which
align with the €60m Irish government WaterEIP, that has been responsible for advising
farmers on how to incorporate nature based solutions (NbS) and other targeted measures
into farmed landscapes. These can include a bespoke, “treatment train” approach where a
cluster of mitigation measures targets both sediments, particulate forms of nutrients and
dissolved nutrients. A coupled approach (linking catchment scientists and socio-economic
experts) draws on catchment modelling approaches using the Catchment Runoff Attenuation
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Flux Tool (CRAFT) to provide the evidence on the necessary scale and effectiveness of NbS
measures. This has been evaluated at the scale of the Agricultural Catchments Programme
(ACP) research catchments (circa 10 km”2) in the SE of Ireland. The modelling outputs
(reductions in sediment and nutrient loadings as a function of both the number and efficiency
of the modelled measures) can provide a form of look-up enabling catchment managers to
assess the aggregate effects of these measures. This will ultimately feed information back to
a common assessment, linking into the socio-economic assessment component of the
project which will analyse the willingness of farmers to adopt these measures and any
barriers to this process.

Abstract number—207 Large-scale land use changes ahead: Reducing nitrogen
loss to the aquatic environment, greenhouse gas emissions from the
agricultural sector and restoring nature in “a green Denmark”

Wibke Christel', Morten Ejrnaes’, Kristian Hovgaard Juul-Larsen'

"Ministry of Green Transition of Denmark, Vester Voldgade 123, DK-1552 Copenhagen, Denmark,
mgtp@mgtp.dk

While policy-focus in Denmark has been somewhat fluctuating, but constantly remained at a
high level since the 1980s when it comes to reducing nutrient loads to Danish coastal
waters, political demand for climate action, reducing the impact of the intense agricultural
production, has only been sky-rocketing over the last few year. One political agreement has
been hunting the other, only increasing ambitions and targets over time.

In 2024, negotiations reached new level and forum, as the government invited main
stakeholders to join the so-called “green tripartite”, resulting in an agreement in June 2024.
In this agreement on “a green Denmark”, the Danish government, the biggest farmers
organization “Danish Agriculture & Food Council” and, amonst others, the “Danish Society
for Nature Conservation” agreed on a number of actions and measures over the next few
years, which inevitably will lead to large-scale land use changes of historic scale.

While political discussions with the parliament are still on-going (in November 2024), the
following key initiatives are expected to be cornerstones of the follow-up-agreement by the
political parties:

- Reducing greenhouse gas emissions from the agricultural sector through CO2e-taxes on
e.g. emissions from livestock and drained peatlands from 2030 and 2028, respectively

- Establishment of Denmark's Green Area Fund (approx. 5.4 billion €), supporting efforts in

strategic land purchases, including 250,000 hectares of new forest by 2045 and restoration
of 140,000 hectares of rewetted peatlands by 2030
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- Reducing nitrogen loss with a focus on farm-level and targeted emission quotas,
administrated in a new nitrogen regulation from 2027

- Subsidies for technological transition, including a dedicated subsidy pool for biochar and
methane-reducing feed additives

The initiatives will transform 15% of the existing Danish agricultural land into forests,
restored peatlands, and more, while simultaneously cutting greenhouse gas emissions from
the agricultural sector by 60% by 2030. Moreover, the agreement foresees higher
engagement and contributions from both municipalities and coastal water councils in
catchments facing especially large challenges.

The presentation will give a follow-up on the agreement and report on the status of the
various initiatives, including the work of the ministry, which has been newly established for
this specific purpose in 2024.

Abstract number—208 Historical and Future Nitrogen Sources, Retention, and
Exports in the Hunze and Rhine River Basins

Xiaochen Liu', Joachim Rozemeijer’, Tineke Troost!, Anouk Blauw', Luuk van der Heijden'
'Deltares

This study simulates the long-term nitrogen (N) flux from source to mouth in the Hunze and
Rhine river basins by integrating models of hydrology, nutrient inputs, and in-stream
retention. It investigates the spatial and temporal dynamics of N sources, retention, and
exports across the basins. Decades of concerted efforts to mitigate agricultural and sewage-
derived nutrient pollution have led to significant improvements in water quality, bringing
concentrations close to the target of 2.5 mg/L. However, since 2000, the decline in N
concentrations has stagnated, with elevated levels persisting during winter months. By
providing a spatially explicit allocation of N sources and analyzing future reduction scenarios,
this study identifies strategies to achieve efficient and cost-effective nutrient reductions that
align with environmental targets. The findings offer valuable insights to guide evidence-
based and socially acceptable policies, contributing to the long-term goal of sustainable
water quality management in these complex river systems.

Abstract number—209 From 20 years of water quality and quantity monitoring
at a river scale towards modelling in the future

Ainis Lagzdins’, Arturs Veinbergs', leva Siksnane'

LuwQ2025 Page 175 of 207 14 May 2025



LuwQ2025, Land Use and Water Quality: Agriculture and the Environment
Aarhus, Denmark, 3—6 June 2025
VOLUME OF ABSTRACTS

'"Research Laboratory of Forest and Water Recourses, Latvia University of Life Sciences and
Technologies (LBTU), Akademijas 19, LV-3001, Jelgava, Latvia

In order to perform modelling tasks and simulate potential impact of changes in climate,
agricultural land management, and wastewater treatment or implementation of water and
nutrient retention measures in agricultural landscapes there is a need for representative and
reliable data sets on water quality and quantity relevant for a river of interest. Water quality
monitoring activities at fifteen sub-basins of the Berze River was started in 2005 and
continues until present. Water samples have been collected on a monthly basis and
analysed for total nitrogen, nitrate nitrogen, ammonium nitrogen, orthophosphate
phosphorus, and total phosphorus at an accredited laboratory. One river gauging station is
in operation at the outlet of the Berze River since 1927 providing data sets on discharge
measurements on a daily basis.

In recent years geospatial information on hydrological network including subsurface drains,
collectors, open ditches, rivers, reservoirs, and lakes, land use, soils, agricultural crops,
livestock facilities, small hydropower plants, wastewater treatment plants and digital
elevation models have become more accessible and applicable to interpret the results of
water quality monitoring and perform modelling tasks.

Overall, the results of water quality monitoring show positive trends in nitrate nitrogen and
total nitrogen concentrations in fifteen sub-basins of the Berze River, while orthophosphate
and total phosphorus concentrations tend to decrease over the time period of 20 years.
Drought and flooding conditions have a direct and indirect effect on nutrient concentrations
in rivers. Land use patterns in terms of share of agricultural land, forest and semi-natural
areas, wetlands, water bodies, and artificial surfaces at the sub-basin level have impact on
nitrogen and phosphorus concentrations in rivers.

The monitoring data and geospatial information collected, systematized and analyzed has
become of high importance to perform modelling tasks within the NORDBALT-ECOSAFE
project in order to simulate the effects of buffer strips, crop rotation, application rates of
mineral and organic fertilizers, and implementation of constructed wetlands on water quality
and quantity, where the modelling results will be shared and considered by policy makers at
the Ministry of Agriculture.

This study was funded by a grant from the EU Horizon project NORDBALT-ECOSAFE
(Grant Agreement No. 101060020).

Abstract number-210 Water levels and dissolved organic carbon in deep-
drained peatlands treated with subsurface irrigation

Lydia Roesel', Barbel Tiemeyer', Ullrich Dettmann’, Dominik Duevel
"Thuenen-Institute of Climate-Smart Agriculture

Agriculture on deep-drained peatlands causes high greenhouse gas emissions due to
intensive mineralization of the peat by low groundwater tables. Facing the ongoing climate
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change, carbon emissions from the agricultural sector have to decrease by appropriate
methods by now. We tested subsurface irrigation on a grassland with organic soil to reduce
further mineralization of the remaining peat by raising the water level. Still underestimated
are the consequences for water quality due to a raising water level in drained peatlands. Our
project also focuses on the long-run development of soil water contents which are probably
controlled by water fluctuation. We compare a treatment site (TS), running subsurface
irrigation (SI) by pumping groundwater, with a conventional managed reference site (RS).
The experiment run from 2019 to 2025, where water samples are taken every second week
from three soil depths (15, 30, 60 cm) of both sites by permanent installed suction plates (3
plots each). The water analyses involve pH, electrical conductivity, cations and anions, but
the preliminary examination focused on dissolved organic carbon (DOC) in soil water.

The water level at both sites follows seasonal fluctuations, more pronounced at the RS (-
1.27 to -0.06 m) than at the TS (-0.81 to -0.02 m). With the exception of the 60 cm horizon of
the RS, DOC concentrations also follow a seasonal trend with a maximum during summer
and autumn. Depending on the depth, the mean DOC concentrations in the RS are higher in
15 cm (335 mg/l) and lower in 30 cm (269 mg/l) than in the TS (260 mg/l and 333 mg/I
respectively). In 60 cm, the DOC concentration increases with time at the RS, whereas the
concentration decreases at the TS. We identify the effect of Sl by carrying out t-tests: During
the pumping period (summer/autumn), the water level at the TS decreases less than at the
RS. The DOC concentrations increase on average 26 mg/l (30 cm) more at the TS than at
the RS during the pumping period. No effect was found for the 15 cm horizon. In conclusion,
Sl intensifies DOC concentrations in the 30 cm horizon, but decreases DOC concentrations
in deeper horizons.

Abstract number-211 Long-term Salinization of Production Aquifers in
Irrigated Agricultural Landscapes

Thomas Harter!, Georgios Kourakos', Kenneth Miller?, Scott Devine?

"University of California, Davis
2Formation Environmental, Sacramento, California

Global food systems increasingly rely on agricultural production with irrigation, including
irrigation with local groundwater. While overdraft and nitrate have been identified as key
threats to groundwater-dependent agricultural regions, limited work has been conducted on
the potential long-term salinization of aquifer systems dominated by local irrigation pumping
as the major groundwater outflow. Recent work has defined the fundamental concept of
“anthropogenic basin closure and groundwater salinization” (Pauloo, Fogg, Guo, and Harter,
2021): the salinization of aquifers where irrigation return flows act as a significant recharge
source and groundwater pumping for irrigation is the dominant groundwater outflow from the
aquifer. Even in aquifers with seemingly sustainable water level conditions, the partial
recirculation of groundwater used for irrigation leads to accumulating salt concentration in
the aquifer system. Here we present an analysis of decade-, century-, and millenium-scale

LuwQ2025 Page 177 of 207 14 May 2025



LuwQ2025, Land Use and Water Quality: Agriculture and the Environment
Aarhus, Denmark, 3—6 June 2025
VOLUME OF ABSTRACTS

salinization in one of the largest alluvial aquifer systems on Earth that is dominated by
irrigated agricultural activities and a wide range of hydrologic and water management
conditions. The 50,000 sq.km Central Valley aquifer system in California, USA, serves
several thousand community wells, over 20,000 agricultural irrigation wells, and over 50,000
domestic wells. About 30,000 sq.km of this region are irrigated with either surface water,
groundwater, or both. In response to groundwater salinization concerns, a collaborative
stakeholder driven process known as CV-SALTS (Central Valley Salinity Alternatives for
Long Term Sustainability) was formed in 2006 to develop a Comprehensive Salinity
Management Plan for the basin. As a part of this effort, we have developed a detailed
understanding of current salt loading from the mixed agricultural and urban landscapes in
this region and adopted the NPSAT simulation framework, a numerical tool to assess long-
term dynamics of nonpoint source pollutants through three-dimensional flow and transport
simulations of the integrated hydrologic system, to account for recirculation and
accumulation of salts in the groundwater system. Our results confirm the premise of earlier,
conceptual analyses and provide additional insights into the spatio-temporal distribution of
risk for salt accumulation in this vulnerable aquifer system. The salinization risk is
significantly delayed and tempered by the travel time in the vadose zone and within the
groundwater flow system, modulated by the depth and pumping rate of wells, the fraction of
available groundwater recharge used for groundwater irrigation, irrigation efficiency and
resulting recharge rates from the agricultural landscape, salinity in surface water irrigation,
and other factors. While delayed, it poses a significant long-term degradation risk that may
severely impact future food production systems in this region unless measures are
implemented to address salt accumulation.

Abstract number-212 Effects of regulations and other drivers on nitrogen use
in Germany

Bernhard Osterburg’, Mareike Séder, Philipp Léw"
1Thiinen Institute

Between the years 2016 and 2023, the purchase of mineral nitrogen fertilisers in Germany
has dropped by more than 40 %. In this contribution, we analyse the possible drivers of this
unprecedented reduction of nitrogen input in the farm sector. Potential drivers discussed by
researchers, policy makers and practitioners are drought events in 2018 and to a lesser
extent in following years, changes in the fertiliser market such as price developments and
the shortage of supply due to Russia’s war of aggression against Ukraine, and effects of
German fertiliser legislation. In 2017, the Fertilisation Ordinance implementing Nitrates
Directive in Germany has been substantially reformed. The calculation of the surface
balance was made more stringent, and exceeding a certain threshold level of nitrogen
surplus was defined as infringement punishable by a fine. Further, rules for N application in
autumn, storage capacities and slurry spreading technology were tightened. After the
judgement of the European Court of Justice against Germany, the surface balance was
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abolished, and nutrient planning became the key for good farming practice. We analyse
national time series data on fertilizer purchase, prices, and N balance, and data of the
German Farm Accountancy Data Network (FADN). Our results show that price changes do
not explain the drop in fertilizer inputs until 2022. Between 2016 and 2021 the price relation
of N fertiliser and agricultural products was even advantageous for higher N use. This
changed abruptly with the fertiliser supply shortage and price increase in 2022 and 2023.
The drought event in 2018 had an impact on N inputs, but can not explain the almost
continuous decline between 2016 and 2021. Using FADN data on farms below or above the
threshold level of nitrogen surplus in 2017/2018, we can show that farms not in compliance
with Fertilisation Ordinance 2017 reduced their N mineral fertiliser input to a much higher
extent compared to those farms compliant with this rule. For farms in infringement with the
threshold level of N surplus account for about two-thirds of N fertiliser reduction in the whole
farm sample. Binding rules for fertiliser planning introduced in 2020 do not yet show clear
effects. We conclude that rules limiting the farm N surplus can be effective, and recommend
to strengthen N balance-based policy approaches in Germany and beyond.

Abstract number-214 Approaches in climate adaptation for water quality and
quantity management: A Nordic comparison of farm level action towards water
resilience

Jennie Barron2, Jian Liu3, Franziska Katharina Flscher®, Janis Bonk&e®, Pieter van der Velde®

'Swedish University of Agricultural Sciences (SLU),

2department of Soil and Environment , PO Box 7014, 75007 Uppsala, Sweden

3Department of Soil and Land Use, Norwegian Institute of Bioeconomy Research, P.O. Box 115, NO-
1431 As, NORWAY,

4Department of Soil and Land Use, Norwegian Institute of Bioeconomy Research, P.O. Box 115, NO-
1431 As, NORWAY

SJohann Heinrich von Thiinen Institute, Federal Research Institute for Rural Areas, Forestry and
Fisheries, Braunschweig, Germany

Increasingly, the Nordic farms and agricultural landscapes face various weather extremes
challenging longstanding design and effectiveness in agricultural water management
strategies. Adaptation to new patterns in precipitation, water availability, runoff and drainage
affect crop growth, yield quantity and quality, as well as effectiveness in of multiple “best
management practices” for environment and water quality ambitions. With high investment
carried by farm enterprises for the measures for climate resilience, the costs are mounting,
whilst effectiveness is challenging. The classic dilemma is becoming more urgent: what
transformative measures are needed for water management that can operate under extreme
weather, whilst maintaining high productivity in crops whilst and fulfilling water quality and
quantity ambitions?

This presentation outlines a multi-actor approach in the PRECILIENCE project to address
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challenges of extreme weather to adapt agriculture in Nordic- Baltic (DK; FI; NO; SE)
through water management, at farm to landscape level. The aim is to explore feasibility
across the technology continuum, from soil health management, and erosion control,
surface/subsurface drainage, to irrigated technologies with green-grey infrastructure and
storage for recirculation and reuse of water and nutrients. We share an outline of joint
protocol, for technology testing and evaluation across regions and agro-ecosystems, with
explicit effort to address both water quantity and quality potential impacts. We discuss the
notion of transformative and adaptive capacity of agricultural water management
technologies currently in use and being innovated (piloted) by farmers and communities. The
project results are expected to inform on technology effectiveness and capacity to transform
productivity and sustainability in view of current and future extreme weather, whilst
sustaining high performance to meet environmental and water quality standards.

Abstract number-216 Comparing of agricultural systems: sustainability vs.
intensification in mountain farming using the ARMOSA Model.

Marco Acutis!, Tommaso Gaifami2, Federico Provenzani?, Carlo Murer3, Valeria Barchiesi®, Alessia
Perego’, Stefano Corsi’

"Department of Agricultural and Environmental Sciences - Production, Landscape, Agroenergy. Via
Celoria 2 Milano, Italy

°Marsilea, Via Sardegna 55 20146 Milano, Italy

3FAO Mountain Partnership Secretariat Viale delle Terme di Caracalla 00153 Rome, Italy

This work emphasizes the critical role of small-scale mountain farming systems, focusing on
coffee, cocoa, and arable crops cultivated within the FAO Business Incubator and
Accelerator for Mountains and Islands initiative. Mountain agriculture is defined by its unique,
sustainable practices adapted to challenging terrains and climates. Small-scale farmers, who
produce about one-third of the world’s food, are essential for food security. Smallholders
contribute 90% of global cocoa and 80% of coffee production, but 44% of small-scale coffee
farmers live below the poverty line, highlighting their economic challenges.

Indigenous communities, comprising 476 million people across 90 countries, play a key role
in preserving traditional farming and environmental practices, safeguarding over 80% of
global biodiversity. Their traditional knowledge and stewardship are essential to sustainable
agriculture.

Mountain agriculture, despite lower yields compared to intensive systems, offers critical
ecological services. This work evaluates the hidden costs of speculative agricultural
intensification, which prioritizes profit over environmental health, using the process-based
model ARMOSA (Analysis of cRopping systems for Management Optimization and
Sustainable Agriculture). ARMOSA is a quantitative model that assesses the environmental
performance of various cropping systems, focusing on water dynamics, nitrate leaching,
runoff, soil erosion, greenhouse gas emissions, and changes in soil organic carbon stocks.
We evaluated 82 cropping systems across nine countries in South and Central America,
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Asia, and Africa, using ARMOSA to compare existing agricultural systems with a constructed
baseline scenario. The baseline represents a profit-driven approach with intensified
agricultural practices, such as increased fertilization, deeper tillage, larger fields, and
simplified crop rotations. Both systems were modeled under identical conditions using the
same soil and weather data.

The model simulations showed that nitrogen leaching in current systems ranged from 0 to 90
kg N ha™ y™, while intensified systems shows a leaching increase in in 80 of 82 cases. In
average the leaching increase was 28 kg N ha™ y™'. Erosion in current systems averaged
2.8tha™y "' butrose to 7.9 t ha™ y™ under intensification. Greenhouse gas emissions
approximately doubled. When considering the economic costs of these negative
externalities, the yield gains in intensive systems are outweighed by their environmental and
economic costs.

Abstract number-217 Catchments as the first stage of treatment

Andre Frota', Claire Walsh', Virginia Stovin?, John Haley3, David Werner"

'School of Engineering, Newcastle University, Newcastle upon Tyne, NE1 7RU, United Kingdom
2Civil and Structural Engineering, University of Sheffield, Sheffield, United Kingdom
3UK Water Industry Research (UKWIR), United Kingdom

Intensively farmed areas contribute largely to water quality degradation worldwide. The
intensification of agriculture in many European nations has heightened the risk of water
bodies failing to achieve the 'good ecological status' objective set by the EU Water
Framework Directive (WFD). In England and Wales, diffuse agricultural pollution poses a
major threat to Water Framework Directive (WFD) compliance in rivers and streams. Key
concerns include elevated nutrient levels, oxygen depletion, and sedimentation, negatively
impacting in-stream habitats. Soil erosion, particularly from bare or compacted arable fields,
exacerbates the transport of diffuse pollution through surface runoff.

The Ouseburn River in Newcastle upon Tyne, UK faces significant water quality challenges,
including diffuse pollution from agriculture, urban runoff, and habitat degradation. This
contributes to its "moderate” classification under the Water Framework Directive (WFD). This
study investigates the effects of two nature-based solution features — a retention pond and a
re-meandered section of one of its tributaries — on water quality parameters, including
nutrients and microbial contaminants. The primary objectives were to assess the
effectiveness of the pond and the meander in reducing pollutants and improving water
quality in the upper Ouseburn.

Statistical analyses of field data compared upstream and downstream locations in both
systems for parameters such as total nitrogen (TN), total phosphorus (TP), ammonium, and
microbial indicators (e.g., E. coli, faecal coliforms). The results show that the retention pond
significantly reduced nutrient and microbial concentrations, highlighting its effectiveness. In
contrast, the reshaped meander exhibited only minimal changes in water quality, suggesting
that it has limited capacity to reduce contaminants. This research contributes to developing
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sustainable water management strategies and offers insights into mitigating agricultural
impacts on water quality in rural catchments.

Abstract number-218 Optimising Agronomic Practices for Nitrogen and
Carbon Management in Intensive Livestock Farming: A modelling analysis on
the Lombardy Plain.

Marco Acutis!, Mara Gabbrielli', Alessio Ferioli', Marco Botta', Silvia Motta?, Pietro lavazzo?, Carlo
Riparbelli?, Alessia Perego’

'"Department of Agricultural and Environmental Sciences - Production, Landscape, Agroenergy. via
Celoria 2 Milano, Italy
2ERSAF — Ente Regionale per i Servizi all'Agricoltura e alle Foreste. Via Pola 12, 20124 Milano, Italy

A regional modelling analysis of carbon- and nitrogen-related processes was conducted in
the Lombardy Plain with intensive agricultural production to test the effect of optimised
agronomic practices (i.e. inclusion of a cereal or Brassicaceae as an autumn-winter cover
crop in the crop rotation; underground or surface distribution of livestock manure) on
livestock farms. The ARMOSA simulation model was used to estimate the potential effect of
agronomic soil management on organic carbon dynamics and nitrogen losses through
leaching, volatilisation and nitrous oxide emission.

The simulated scenarios were defined with the aim of representing the currently adopted
and potentially improved cultivation contexts in 36 representative soil scenarios. For each
representative soil, two organic carbon values (0.7% and 1.9%) were adopted for the first
soil layer, resulting in 72 soil parameters. Crop rotation data and long-term meteorological
data, specific to each municipality, were superimposed on this layer. This made it possible to
cover the entire Lombardy plain.

High-yield crops are essential to maintain SOC and nitrogen levels, especially in fine-
textured soils with better water retention and reduced nitrogen leaching. Coarser soils,
where nitrogen is more prone to leaching, particularly benefit from cover crops, which help
conserve nitrogen through organic matter inputs.

Mustard sown in September grows rapidly in the autumn, experiencing frost by the end of
November, but with high annual variability. Rye has slower growth with low variability of
nitrogen retention over the years. The short growing periods of these cover crops effectively
reduce nitrogen leaching, with mustard and rye producing comparable benefits despite their
different growth dynamics. Increasing the frequency of cover crops in rotations could further
mitigate nitrogen leaching.

Regarding nitrogen application, subsurface slurry application reduces volatilisation by 80%
compared to surface application. Conservation practices, such as minimum tillage and
cultivation of cover crops, improve nitrogen retention and SOC, particularly when cover
crops finish late.

The inclusion of a cover crop in only one year of the three-year rotation significantly reduces
nitrogen losses in the growing months alone, regardless of soil type and climatic conditions.
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This suggests that the systematic cultivation of cover crops in place of bare soil has benefits
in terms of reduced nitrogen losses and increased SOC, offering viable opportunities to
utilise manure as a nitrogen fertiliser.

Abstract number-219 Climate change effect jeopardizes the effectiveness of
the natural small water retention measures in mitigating nitrate losses in an
agricultural catchment in Poland

Mikolaj Piniewski', Svajanas Plungé', Mohammadreza Einikarimkandi', Marek Gietczewski', Ignacy
Kardel', Wiestawa Kasperska-Wotowicz?, Tymoteusz Bolewski?

"Warsaw University of Life Sciences (SGGW)
2Institute of Technology and Life Sciences

Natural Small Water Retention Measures (NSWRMs) are small and multi-functional
measures for the retention/management of water and nutrients in the landscape, thus
addressing drought/flood control, water quality problems, climate change adaptation, etc.
While NSWRMs are meant to reduce nutrient losses from agricultural catchments, future
climate change may act in an opposing direction, thus creating a challenge for achieving
good ecological status of water bodies. This study aimed to assess the performance of
selected NSWRMs in mitigating nitrate losses from diffuse sources under future climate
conditions in a small agricultural lowland catchment in the Cuiavia region in central Poland,
one of the driest parts of the country. The area features intensive farming practices, leading
to excessively high nitrate concentrations in water bodies.

We applied the Soil & Water Assessment Tool Plus (SWAT+) model to (1) simulate daily
discharge and nitrate concentrations for the baseline period; (2) project the effect of climate
change on the flow regime, nitrate losses and in-stream nitrate concentrations and (3)
simulate the effectiveness of selected NSWRMs under current and future climate. The
SWAT+ modelling protocol and a scripted workflow established in the OPTAIN project were
used to harmonise modelling across 14 European catchments.

The model performance in calibration was satisfactory, with the Kling-Gupta Efficiency
exceeding 0.8 for discharge and 0.6 for nitrate concentrations. Climate change is projected
to accelerate the water cycle in the catchment, with increased precipitation,
evapotranspiration and streamflow under most scenarios and time horizons. Tile drainage,
the primary flow pathway in the catchment, is projected to increase by more than 50% under
RCPs 4.5 and 8.5 for the far future (2071-2100). High increases in nitrate losses, reaching
100% for the far future under RCP8.5, are projected under all emission scenarios for all
future horizons. The considered NSWRMs, such as: micro-reservoirs located on drainage
ditches, afforestation, low tillage and cover crops, lead to a modest reduction of nitrate
losses under the current climate, typically not exceeding 20%. The combined climate change
and NSWRM scenarios show that the climate change signal strongly reverses the positive
signal from NSWRM implementation. Our study shows that predominantly “wet” climate
change scenarios for Central Europe may negate the positive role of sustainable measures
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in catchments with high diffuse pollution of nitrates. Thus, in the long run, reducing the
intensity of farming practices may be the only solution to improve the water status in such
catchments.

Abstract number-221 Effect of microalgal biostimulants used in agriculture:
An ecotoxicological assessment

Mishal Antony’, Freddy Dardenne’, Dries Knapen?, Ronny Blust'

'ECOSPHERE, Department of Biology, University of Antwerp, Antwerp, Belgium
2Zebrafishlab, Department of Veterinary Sciences, University of Antwerp, Antwerp, Belgium

The growing global population and rising food consumption have inevitably raised the
demand for agricultural food products. The effects of these agricultural practices on
environmental quality and climate change are of critical importance. It is essential to achieve
a balance between efficient food production and sustainable agricultural methods.
Developing such a scenario requires a multifaceted approach which includes optimized
nutrient input and an increased crop tolerance to environmental stress. Microalgal
biostimulants are an example of innovative bioresource-based technology that aims to
increase crop productivity while reducing agriculture's environmental impact. The
development and implementation of this technology is hindered by a lack of scientific
knowledge. Microalgae are said to elevate nitrogen waste products (e.g., ammonia, nitrite,
nitrate), which become toxic at elevated concentrations and may significantly degrade soil
and surface water quality. Therefore, in this study we examine the potential ecotoxicological
impact of microalgal biostimulants on non-target aquatic and terrestrial organisms. We
performed toxicity tests to document and understand the potential ecotoxicological impact of
microalgal biostimulants (Spirulina platensis, Chlorella vulgaris, Nannochloropsis gaditana,
Dunaliella salina, Isochrysis galbana, Porphyridium purpureum) on representative organisms
for both terrestrial and aquatic ecosystems. The tests were performed with extracts of
microalgae at concentrations of 0.01 g/L, 0.05g/L, 0.1g/L, 0.25¢g/L, 0.5¢/L, 1g/L. The
experiments were performed using model organisms Daphnia magna (water flea) 48 hours
mortality/immobilization test and 21 days reproduction test, Eisenia fetida/andrei (earthworm)
21 days mortality test, and Danio rerio (zebrafish) 120 hpf acute toxicity test. At the highest
concentrations (1g/L and 0.5g/L) of Spirulina platensis, Chlorella vulgaris, Isochrysis galbana
there was significant mortality in Daphnia magna 48 hours test which is indicative of an
ecotoxicological effect. Isochrysis galbana and Spirulina platensis showed the highest
mortality for Danio rerio at the highest concentrations (1g/L, 0.5g/L, 0.25¢g/L). During the
tests, significant oxygen depletion was observed, particularly at higher concentrations of
Spirulina (1 g/L, 0.5 g/L, and 0.25 g/L). So far optimal biostimulant concentrations appear to
be reached at concentrations < 0.1 g/L. Microalgae exposure produced more neonates in
the chronic Daphnia magna test than in the control group. Conversely, the presence of
microalgae had no detrimental effect on the survival of Eisenia fetida/andrei indicating that
this species was able to withstand the conditions. However, more bioassays would be
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required to understand the effect of these microalgae on water, soil and non-target
organisms at this and lower concentration.

Abstract number—-222 Phosphorus pollution in Germany: actual state and
developments

Bjorn Tetzlaff!, Tim Wolters', Frank Wendland'
'Research Center Jiilich, IBG-3: Agrosphere, D-52425 Jiilich, Germany

About 90 % of all surface water bodies in Germany do not achieve a good status, whereby
excessive nutrient inputs play an important role. Apart from nitrogen, diffuse and point
source emissions of phosphorus (P) are a major obstacle. Although significant P reductions
have been achieved in the 1980s and 90s, mainly by the installation of the third purification
stage at larger wastewater treatment plants, P concentrations levels in many surface waters
have stagnated over the last 20 years, thus hampering the achievement of a good status of
surface waters according to WFD.

The MEPhos model developed at Research Centre Jiilich FZJ considers both, P inputs into
surface waters from diffuse sources (water erosion, wash-off, artificial drainage,
groundwater, interflow and atmospheric deposition on waters) as well as P inputs from point
sources and urban systems (municipial waste water treatment plants, industrial effluents,
rainwater sewers, combined sewer overflows and cesspits). Model applications in Germany
are carried out since more than 15 years on behalf of individual Federal states.

On Federal State level, area-differentiated model results on the source-specific level of P
emissions are used to determine the role of urban water management and agriculture and to
implement selected area-adapted measures for P reduction. The application of MEPhos
therefore supports the updating of river basin management plans and programs of measures
of the past and for the coming management cycle under the WFD.

On national level, MEPhos is integrated since 2022 in the impact monitoring system that has
been developed in Germany in the course of the EU's infringement proceedings against
Germany for failing to implement the Nitrates Directive.

The presentation will highlight some model results regarding P pollution of water bodies for
selected Federal German states and the various challenges involved in achieving the WFD
objectives. In addition, exemplary results of the nationwide modeling with high-resolution
input data will be presented and discussed. Finally, an outlook is given on what P reductions
can be expected from agricultural measures currently being discussed as well as from the
revised EU urban wastewater treatment directive.

Abstract number-225 Leaching of mineralized soil nitrogen is highly
influenced by vegetation type
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Peter Sgrensen’
'Department of Agroecology, Aarhus University, Tjele, Denmark

A significant part of the mineralization of soil nitrogen (N) takes place during autumn and
winter, and autumn vegetation is crucial for how much of the mineralized N that is potentially
lost by nitrate leaching on agricultural land. We have quantified the proportion of mineralized
N lost by nitrate leaching in four cropping systems: 1) permanent grass, 2) spring barley with
a cover crop, 3) spring barley without cover cropping, and 4) a system without vegetation.
The study took place over 2 years in 1.5 m deep lysimeters where the topsoil N was labelled
by using 15N-labelled fertilizers in a period 25-30 years before the test period (Sgrensen et
al. 2023). In the years before the test period all lysimeters were covered with set-aside
grassland. The soil was a sandy loam with 11 % clay. The leaching and crop uptake of
labelled N was measured during two leaching seasons with the same crops growing in each
year. By relating 15N leaching from cropped soil to 15N leaching from vegetation-free soil,
the proportion of leaching of mineralized N was estimated to 2-4% from permanent grass,
14-16% from spring barley with a cover crop (CC) and 33-40% from spring barley without
CC. A comparison of the 15N enrichment in unfertilized plants and the topsoil, in the year
before the establishment of the different cropping, indicated that the labelled soil N pool was
still more labile that the total soil N pool, even though the labelled N was applied 25-30 years
before the experiment. We can still assume that crop uptake and leaching of labelled N
derived from N mineralization. The average proportion between leaching and crop uptake of
labelled N was 0.1 with grassland, 0.25 with barley plus CC and 1.1 with barley without CC.
In conclusion the experiment confirms the crucial role of autumn-winter vegetation for the
leaching risk from mineralized soil N and gives quantitative information about effects of
different vegetation types under humid North-European conditions.

Reference: Sgrensen, P, Pedersen, BN, Thomsen, IK, Eriksen, J & Christensen, BT. 2023.
Plant availability and leaching of 15N-labelled mineral fertilizer residues retained in
agricultural soil for 25 years: A lysimeter study. J Plant Nutrition and Soil Science 186, 441-
450.

Abstract number-226 Assessing Pesticide Trends in Groundwater: A
Comparative Study of the Netherlands and Denmark

Mariélle van Vliet!, Hans Peter Broers', Tano Kivits', Laerke Thorling?, Christian Albers3, Anders
Johnsen?®

"TNO Geological Survey of the Netherlands, P.O. Box 80015, 3508 TA, Utrecht, The Netherlands
2Geological Survey of Denmark and Greenland (GEUS), Universitetsbyen 81, 8000 Aarhus C,
Denmark

3Geological Survey of Denmark and Greenland (GEUS), @ster Voldgade 10, 1350 Kgbenhavn K
Denmark
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The occurrence of pesticides and metabolites in groundwater are of concern, due to their
risk for human health and the environment. These contaminants can reach groundwater
through various pathways, including runoff from agricultural fields. Once in the groundwater,
these chemicals can persist for long periods, depending on their chemical properties and the
hydrogeological conditions of the aquifer. Understanding the contamination patterns in
groundwater has been difficult due to the heterogeneous groundwater age and redox status
over the depth range that is typically sampled.

Groundwater is a vital resource for drinking water, providing approximately two-thirds of the
drinking water in the Netherlands and the entire supply in Denmark. Both countries monitor
groundwater quality through dedicated networks, which report to the EU Water Framework
Directive and the Groundwater Directive. In these monitoring networks, pesticides are
routinely measured. Also, major parts of the groundwater monitoring network of Denmark
and parts of the monitoring networks in the Netherlands have been age-dated, by
tritium/helium for the Netherlands and by a combination of CFCs and tritium/helium for
Denmark. By linking pesticide concentrations to recharge years derived from groundwater
ages, trends in pesticide leaching over time can be detected, correlating the presence of
these substances to specific periods of farmland application. The availability of pesticides
sales in both countries, make it possible to use groundwater ages to correlate pesticide
detections in Danish and Dutch groundwater with pesticide sales.

The similarities between the monitoring networks allows for a comprehensive comparison
between the pesticide data that was gathered in both countries. For the Dutch data a
framework was recently published which allows the interpretation of large groundwater
datasets on pesticides, relating them across various redox conditions, groundwater ages
and land use types. A similar analysis was performed for the Danish monitoring network,
where the effects of pesticide regulation on groundwater quality has been assessed. The
results show, for example, that BAM is frequently detected in older groundwater in both
Denmark and the Netherlands. The comparison between the Dutch and Danish data
improves the understanding on the trends and trend reversals of pesticides in relation to
their emission histories.

Abstract number-232 Modelling nitrate transport at watershed outlets and
identifying nitrate-vulnerable zones in agricultural areas using redoxcline and
nitrate leaching data

Abdul Hadi Al Nafi Khan', Jan Vanderborght', Erik Smolders’, Jan Diels’
"Department of Earth and Environmental Sciences, KU Leuven, Heverlee, Belgium

In Flanders, about a quarter of the monitoring locations in surface water still do not comply
with the EU nitrate directive. Further improvement seems elusive notwithstanding
increasingly strict policy measures imposed on farmers. A stronger focus on nitrate-
vulnerable zones, i.e. zones that contribute most of the nitrate in surface waters, may be
appropriate. We hypothesised that these are the zones from which the nitrate follows a
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shallow flow path through the groundwater, never crossing the interface between oxidized
and reduced zone and thus not undergoing denitrification in the aquifer. The depth of this
interface, the redoxcline, was determined in 1361 locations across Flanders from
hydrochemistry data of multilevel groundwater wells, and its spatial pattern was examined.
Next, the nitrate concentration was predicted at 86 small agricultural catchment outlets as
the product of (1) the ratio of the thickness of the oxidized zone in the aquifer to the total
aquifer thickness and (2) the nitrate concentration in recharging groundwater. Predicted
surface water concentrations were compared with observations. We examined scenarios
that differed in how the input nitrate concentration in recharging groundwater was quantified
and whether the actual aquifer thickness or the Hooghoudt equivalent depth was used as
aquifer thickness. Nitrate concentration in surface water were very poorly predicted when the
nitrate concentration in the recharge water of a catchment is estimated with the
concentration measured in a groundwater monitoring well(s) that have their filter in the oxic
zone of that catchment, or with the average concentration of all oxic filters of groundwater
wells across Flanders. Only when estimating the nitrate concentration in the groundwater
recharge with the Nutrient Emission Model (NEMO) of the Flemish Environment Agency, the
variability in nitrate concentration in surface water could be explained reasonably well.
Further improvements were obtained by utilizing Hooghoudt’s equivalent depth as aquifer
thickness. Applying this model to 86 catchments resulted in a Nash-Sutcliffe Model
Efficiency of 0.3 and a bias of 3.47 mg NO3/L, when comparing predicted to observed
surface water nitrate concentrations. That is promising considering that this simple model did
not involve any calibration. It confirms that the relative thickness of the oxic zone within the
(Hooghoudt equivalent) aquifer thickness is a key parameter. It varied from 0.03 to 1.0,
averaging 0.42. This implies that on average 42% of Flanders is vulnerable to fertilizer
application, but the vulnerable fraction varies widely between catchments.

Abstract number-233 Leaching of unexpected cyazofamid degradation
products into groundwater demonstrates gaps in current pesticide risk
assessment

Nora Badawi', Ulla E. Bollmann', Eline B. Haarder", Christian Albers', Kirsten Kagrup?, Sachin Karan'

"Department of Geochemistry, Geological Survey of Denmark and Greenland (GEUS), Oester
Voldgade 10, DK-1350 Copenhagen K, Denmark
2Department of Agroecology, Aarhus University (AU), Blichers Allé 20, 8830, Tjele, Denmark

In Denmark, essentially all drinking water comes from groundwater that undergoes minimal
treatment, typically aeration and sand filtering. To ensure that the relatively intensive
agriculture in Denmark does not cause unwanted leaching of pesticides into the
groundwater, the Danish government launched the Pesticide Leaching Assessment
Programme (PLAP) in 1998. PLAP is an intensive field monitoring program designed to
evaluate pesticide leaching risks and serves as an early warning system by providing
decision-makers with field data on the leaching of approved pesticides and their key
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degradation products. The program focuses on pesticides used in arable farming, and tests
selected compounds in various crops annually by monitoring the shallow groundwater
beneath agricultural test fields.

As part of PLAP, the fungicide cyazofamid was applied to a potato crop to study the leaching
potential of its degradation products: 4-chloro-5-(4-methylphenyl)-1H-imidazole-2-carbonitrile
(CCIM), 4-chloro-5-(4-methylphenyl)-1H-imidazole-2-carboxylic acid (CTCA), N,N-
dimethylsulfamide (DMS), and dimethylsulfamic acid (DMSA). Leaching was monitored in
the variably saturated zone and groundwater for over two years following the cyazofamid
application, with 424 samples analyzed. Additionally, a parallel controlled laboratory column
study was also conducted under controlled conditions to assess the formation and leaching
behavior of the four degradation products.

According to the EFSA conclusion on cyazofamid, CCIM and CTCA are identified as the
main relevant environmental metabolites, while DMS is not mentioned, and DMSA is only
mentioned in relation to acute oral toxicity and bacterial mutation assays. However, contrary
to the findings reported in the EFSA conclusion, our studies showed no leaching of CCIM or
CTCA. Instead, significant leaching of DMS and DMSA was observed in both field and
laboratory studies, with concentrations exceeding 0.1 ug/L in the shallow groundwater
continuously for over six months. Based on these findings, we recommend improvements to
current pesticide risk assessment procedures. Notably, the use of cyazofamid was later
banned in Denmark.

Abstract number-234 Dissolved Organic Nitrogen Leaching from Cropland:
Factors and transformations in soil

Shristi Khanal', Kirsten Lanne Enggrob?, Birgitte Hansen?, Jim Rasmussen?

"Department of Agroecology,Aarhus University,Blichers Alle 20, 8830 Tjele Denmark
2Department of Agroecology, Aarhus University, Blichers Alle 20, 8830 Tjele Denmark
3Department of Geochemistry, Geological Survey of Denmark and Greenland (GEUS), Aarhus
University, Denmark

Nitrogen (N) in soil undergoes complex transformations that are essential for soil-plant
systems but often lead to losses. One potentially important pathway of loss is through
dissolved organic nitrogen (DON) leaching. The DON concentration in soil is governed by
inputs from litter leachates, manure, microbial and root exudates, and soil organic nitrogen
(SON). Farming practices affect the quantity and composition of dissolved organic matter
which is a key transporter of organic nitrogen from soils to aquatic ecosystems. While the
role of these in nitrate (NO3~) leaching is well-documented, their impact on DON leaching
has not been extensively investigated. Measuring DON alongside inorganic forms gives a
complete overview of total nitrogen leaching out of the system. We hypothesized that
different crops and its management practices that contribute to increased SON will also
contribute to increased DON leaching. To test these hypotheses, we selected treatments
from five long-term experiments covering a diversity in crop type, soil cultivation intensity,
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fertilizer levels, main and cover crop management, soil type and climatic conditions. Water
samples were collected monthly from suction cups installed at 1 m depth from October to
April in the leaching season 2024-25. Measurement of DON from monitoring wells at
different depths was also conducted as a part of Pesticide Leaching Assessment
Programme (PLAP) and The Agricultural Catchment Monitoring Programme (LOOP) to study
its fate and transformation along the soil profile to near surface groundwater. We aim at
identifying factors that significantly contribute to OM and ON in soil water to provide a basis
for further scientific discussions in mitigating leaching losses to the aquatic environment.

Abstract number-235 Implementation of a climate-adapted water management
in grasslands in North-West Germany — first effects on nutrient discharge and
water availability

Mareike Schloo!, Anna-Lena Rotenhagen', Philipp Maurischat!, Gudrun Massmann'

'Institute for Biology and Environmental Science (IBU), School of Mathematics and Science, Carl von
Ossietzky Universitét Oldenburg, 26129 Oldenburg, Germany

Inland drainage characterizes the North-West German coastal area and is a prerequisite for
agricultural land use as grassland in the target region. Over the past decades intensive
water management has enabled the current agriculture practices. Modelling projections for
the region indicate an increase in winter rainfall, an increase in the frequency of heavy rain
events, and a rise in drought conditions following climate change. In recent years, the
grassland has experienced substantial drought damage, attributable to the occurrence of hot
and dry periods during summer months. The impact of drought periods on grassland
vegetation and productivity has become increasingly evident in the intensively used
grassland of North-West Germany. To provide enough water for intensively used grasslands
during dry summer periods, a climate adapted drainage system is urgently needed and will
be tested in a project named “Future Proof Grassland”. In the project, the current
conventional drainage practice will be adapted to deal with dry and wet weather conditions.
Modification in the drainage system during droughts are intended to maintain high
groundwater levels, thereby mitigating the impact of drought stress on grasslands vegetation
and productivity. Conversely, during wet conditions, the climate-adapted drainage system
aims to prevent waterlogging and facilitate water discharge. Additionally, the project
considers changes in land use intensity as a possibility to reduce nutrient discharge to
receiving waters. For this purpose, large-scale randomized so called exact experiments are
conducted in the target region. We hypothesize that the change in water management
triggers the solution of previously bound nutrients, initially causing an increase in nutrient
flux. In the long term, we expect that the adapted water management will lead to a reduction
of nutrient discharge out of agriculturally used grassland.
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Abstract number—236 Impact of drought on nitrate concentrations in leaching
water from agricultural areas in the Netherlands

Harm Wismans', Marieke Oosterwoud’, Richard van Duijnen’, Astrid Vrijhoef!, Susanne Wuijts'

'RIVM National Institute for Public Health and the Environment, Centre for Environmental Quality,
Bilthoven, the Netherlands

The leaching of nutrients to shallow groundwater and surface water has been monitored for
over 30 years by the Dutch Minerals Policy Monitoring Programme (LMM). Since the
introduction of the EU Nitrates Directive (91/676/EEC), nitrate concentrations in the water
leaching from the root zone of agricultural soils in the Netherlands have gradually declined
until 2012. From 2012 onward concentrations have stabilized. However, recent dry years
(2018 and 2022), seem to have caused an increase in nitrate concentrations. Due to climate
change, it is expected that the number of droughts will increase in the near future. The aim
of this study was to investigate the influence of droughts on nitrate leaching and to better
understand why certain regions experience a stronger impact of drought than others. By
understanding the underlying mechanisms and consequences of droughts on nitrate
leaching, we can provide essential information to inform mitigation policies.

We used the monthly spatial Standardized Precipitation Evaporation Index (SPEI-6) over the
period 1990-2023 to identify the intensity, the time of occurrence, and the regional
differentiation of hydrological droughts. SPEI-6 data was analyzed statistically, alongside
LMM water quality data and land use factors such as drainage, groundwater levels, and
surface water levels.

Our findings show that duration and intensity of droughts vary widely between 1990-2023.
The 2018 drought was exceptionally long and intense in all regions of the Netherlands
compared to other droughts in this period. Furthermore, our findings show that soil type and
hydrological conditions significantly influence the timing and magnitude of nitrate
concentration increase after a drought. Additionally, the soil type and hydrological conditions
also determine the time required for nitrate concentrations to recover from a drought. In
regions with similar soil types, variations in nitrate leaching due to drought are mainly driven
by regional differences in precipitation and evaporation.

The soil type and hydrological conditions, combined with the geographical variation in
precipitations and evaporation, are the most important factors explaining the impact of
drought on nitrate concentrations in leaching water. Therefore, it is essential to consider
climate trends and related water issues in the design of the LMM monitoring programme.
This will enable effective monitoring of how extreme weather conditions influence nitrate
leaching, providing essential information for implementing targeted regional mitigation
policies.
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Abstract number-237 Anthropogenic Groundwater Contamination: A Case
Study from the Nitra Region, Slovakia

Katarina Tarabova', Jan Klistinec!, Travis B. Meador?, Roman Cibulka’

"Water Research Institute, Nabr. arm. gen. L. Svobodu 5, 812 49 Bratislava, Slovakia,
katarina.tarabova@vuvh.sk

2Biology Centre Czech Academy of Sciences, Institute of Soil Biology and Biogeochemistry, Na
Sédkach 7, 370 05, Ceské Budéjovice, Czech Republic

The Water Research Institute (WRI), in collaboration with Public Health Authority of the
Slovak Republic, studied a 131-square-kilometer area in the Nitra region of southwestern
Slovakia, where persistently high nitrate concentrations in groundwater have been recorded.
This region is characterised by intense agricultural activity; however, wastewater from
municipalities may also play a role. This abstract follows the contribution titled “Estimating
the Origin of Extremely High Nitrate Concentrations in Groundwater at a Pilot Site” going into
more details.

The WRI monitoring network is specialized in assessing the impact of agriculture on
groundwater quality. In addition, this study included private domestic wells to assess
whether pollution extends beyond agricultural land. Groundwater quality analysis in 2023
covered fundamental in-situ physicochemical parameters (pH, temperature, conductivity,
groundwater level), nitrogen compounds (nitrate, nitrite, ammonium), phosphate, sulphate,
chloride, 69 pesticide substances, 26 pharmaceuticals as well as isotopes of nitrogen and
oxygen in nitrate, isotopes of hydrogen and oxygen in water, boron isotopes and tritium
activity. Isotopic analysis was employed to identify the primary source of contamination.
Historical nitrate concentration trends were examined, and the frequency of groundwater
sampling was increased to 10 times per year to capture seasonal fluctuations. We compared
water quality between WRI monitoring boreholes and nearest domestic wells.

Our findings indicate that nitrate levels in most WRI boreholes remained stable throughout
the year. Extremely high nitrate concentrations observed in this area likely result from a
combination of intensive agricultural activity and unfavourable geological conditions that
hinder nitrate attenuation or dilution, leading to its accumulation. Boron isotope analysis
helped distinguish between agricultural and municipal wastewater sources of pollution.
Moreover, nearly all WRI boreholes showed the presence of various pesticides, with
agriculture being the predominant source of contamination. In boreholes where boron
isotopes indicated municipal wastewater influence, pharmaceutical residues and caffeine
were also detected, reinforcing this indication. When pesticides were detected in WRI
boreholes, their concentrations in nearby domestic wells remained below drinking water
limits. This study highlights the importance of multi-parameter and isotopic analysis in
groundwater contamination assessment, providing essential knowledge for safeguarding
water resources and shaping effective protection strategies.
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Abstract number-239 Irish stakeholder collaboration in developing Ireland’s
Nitrates Action Programme and beyond

Noeleen McDonald', Ted Massey'
'"Department of Agriculture Food and the Marine, Johnstown Castle, Wexford, Ireland

Like all EU member states, Ireland is faced with the challenge of meeting its Water
Framework Directive target of achieving at least good status in all waters by 2027. Only 54%
of Irish surface waters are currently in good or high ecological status.

Agriculture is the dominant land use in Ireland and identified as the most frequent pressure
source on water quality. Agricultural nutrient levels are too high in several waterbodies.

In response, Ireland’s agricultural sector has significantly stepped up its commitment to
improving water quality. Since 2022, Irish farmers are embracing significant changes under
the fifth Nitrates Action Programme (NAP).

Key to this response was the formation of an all of industry ‘Agricultural Water Quality
Working Group’, in 2023. This group is made up of representatives from farm organisations,
agri-food industry, knowledge transfer services, state bodies and government Ministries. The
group’s goals are to minimise agriculture’s impact and drive improvements in water quality.
Their objectives have been to raise awareness on existing measures and bring forward
additional suggestions. Within its first year, drawing on science-based evidence, the group
agreed a set of recommendations, that fed into the interim review of Ireland’s fifth NAP.
Recommendations from the group are contributing the development of Ireland’s sixth NAP,
due to commence in January 2026.

In 2024, a plan titled “Water and Agriculture - A collaborative approach” was published by
the Irish government, outlining the on-going work to improve Ireland’s water quality and
support the case to justify renewal of Ireland’s nitrates derogation post-2025. This plan also
outlines the approach to drive further reductions in nutrient losses from agriculture sources.
The objective is that this will be achieved through an optimum combination of regulatory
measures, knowledge transfer, awareness raising, and incentivisation through industry
schemes and targeted national and EU financial supports.

The Agricultural Water Quality Working Group and the associated Collaborative Approach
plan have been key drivers in achieving the current unprecedented engagement and desire
to improve Irish water quality.

Ireland’s, Environmental Protection Agency (EPA) data for 2024 shows signs these changes
may be starting to reduce nitrates concentration in Irish rivers.

However, as progress is being made, there is still significant work to be done. It is important
that the current stakeholder engagement is maintained and built on to improve water quality.

Abstract number-240 High-frequency water quality monitoring to support a
spatial targeting approach for nutrients in two agricultural catchments

Joachim Rozemeijer!, Kevin Ouwerkerk', Arno Hooijboer?, Willem Leijns?
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'Deltares, Subsurface and Groundwater Quality Department, Daltonlaan 600, 3584 BK Utrecht, The
Netherlands.
2National Institute for Public Health and the Environment (RIVM), Postbus 1 3720 BA Bilthoven, The
Netherlands

During the past thirty years, the water quality in Dutch agricultural areas has improved, but
still not enough to meet the goals for the Nitrates Directive and the Water Framework
Directive. The national government of The Netherlands currently makes a case for a spatial
targeting approach for nutrients in problematic catchments. However, without a clear image
of the hot-spots and hot-moments of nutrient losses within those catchments, it is not
possible to take focused and effective measures. Region-specific mitigation also requires
region-specific monitoring.

The aim of this research is to explore the possibilities for supporting a spatial targeting
approach for nutrients with new monitoring strategies. We designed and implemented
detailed monitoring networks within two headwater catchments with intensive agricultural
land use. The Vuursteentocht is a 13 km2 regulated polder catchment in the clay region. The
Vinkenloop is a freely draining 7 km2 stream in the sand region.

In this poster, we focus on the results from two mobile laboratory equipped with sensors and
auto-analyzers for Ptot, TRP, NO3, NH4, EC, pH, and O2. The high frequent measurements
produced valuable insights into hot-moments of nutrient losses. We registered the water
quality responses to precipitation events, ditch and culvert maintenance, irrigation, weir level
adjustments, and some unknown direct inputs. In combination with other monitoring data
(e.g. discharge, precipitation, groundwater levels, conventional water quality sampling), the
continuous data enabled closing the water and solute balance and the calculation of
contributions of seepage and agricultural drainage to the total nutrient loads to the stream.
The collected monitoring information unraveled the within-catchment nutrient sources and
transport routes. We consider this to be a good starting point for selecting the right mitigation
options at the right locations in discussion with farmers, the water boards, and other
stakeholders.

Abstract number—-241 The rocky road towards water quality ambitions:
experiences from the Netherlands

Susanne Wuijts, Richard van Duijnen’

1National Institute for Public Health and the Environment, Postbus 1 3720 BA Bilthoven, The
Netherlands

Worldwide, countries face challenges to restore and preserve water resources in accordance
with the ambitions set in the UN SDGs. These challenges can be recognised in Europe as
well. Although significant progress has been made in the past decades due to extensive
environmental policies like the Water Framework Directive (2000/60/EC) and the Nitrates
Directive (91/676/EC), water quality improvement seems to have come to a halt. In the most
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recent evaluation, less than half of the EU’s water bodies are in good condition. Also for the
Netherlands, achieving these water quality ambitions, is a multifaceted challenge. Several
studies demonstrate that although water authorities have carried out extensive programmes
of measures, WFD ambitions are unlikely to be met by 2027. Water authorities and
provinces have committed themselves to provide these programmes with an extra incentive
in order to speed up the implementation of measures towards 2027.

A good ecological and chemical water quality is a prerequisite for a river to be healthy and
serve its many ecosystem services such as, drinking water resources, bathing water, cooling
water, irrigation, energy supply and transport. As a low lying delta of four international river
basins, densely populated and with high economic productivity, the Netherlands struggle to
balance these ambitions and other interests. Furthermore, the Netherlands has one of the
most intensive agricultural land usage in the world. This inevitably affects the environmental
quality and the state of our natural resources, both regarding nitrogen emissions and
deposition, and leaching of nitrates to surface water and groundwater. In rural areas, the
quality of shallow groundwater and surface water (leaching water) is strongly influenced by
agricultural land use. Effects of climate change such as long periods of drought and heavy
rainfall, add to these impacts.

Challenges for the Netherlands regarding water quality are related to both the physical
requirements for healthy waters (hydromorphology, toxic pressures and nutrient loads) and
the governance of water quality improvement. Traditionally, water management in the
Netherlands has had a strong focus on ensuring safety from flooding for its citizens and
economic interests. The introduction of the WFD has led to an increased understanding of its
aquatic ecosystems and collaboration with among water authorities and provinces in the
river basin, but it remains difficult to address issues related to other sectors beyond the
water domain, such as agriculture.

The introduction of the ND in the 90-ies, has resulted in a large decline in surpluses of
nitrogen and phosphorus as well as nitrate concentrations in groundwater. Since 2012
however, nitrate concentrations in groundwater have stabilised due to stagnating nitrogen
surpluses, and levels of eutrophication seem to have increased. In the presentation, we will
go into the experiences with the implementation of the WFD and ND in the Netherlands and
current challenges and debates. We will use 30 years of data collection and analysis of
water quality and agricultural practice to support our observations. What can we learn from
the effects of agricultural policy in the past?

Abstract number-242 Can we save our waterbodies from excessive dissolved
phosphorus?

Karolina Andrioti!, Dominik Zak', Carlos Alberto Arias?

'"Department of Ecoscience, Aarhus University, Denmark
2Department of Biology - Aquatic Biology, Aarhus University, Denmark
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Soils with high degree of phosphorus (P) saturation export high amounts of dissolved
inorganic P (DIP) downstream when the water table rises due to heavy rain events or human
intervention (i.e. rewetting) (Reddy, DeLaune, and Inglett 2022). The surface water that
migrates, in our case from rewetted degraded riparian wetlands, feeds primary producers
and results in general degradation of freshwater and marine life. Surface water with DIP is
thus highly mobile and bioavailable and when it crosses land with high stocks of P, it tends
to reach a chemical equilibrium with it through processes like molecular diffusion. That
means that when upstream water contains TP and DIP at very low levels and feeds riparian
wetlands with legacy P, DIP footprint in the waterbodies multiplies (Wiegman et al., 2024).

In our research project we investigate how two nature-based materials (calcinated leca and
filter sand) sorb orthophosphates from water, the main form of DIP, under controlled
laboratory conditions. More specifically, the experiment includes two distinct phases of
application of (a) artificial water spiked with orthophosphates (0.2mg P/L) and (b) outlet
surface water from one rewetted fen in Jutland, Denmark (similar concentration) in batch and
fixed-bed column set-ups with stable flow rate. The results from the first batch round indicate
that both materials sorb P in a way that can be described by a modified Freundlich isotherm
model. The corresponding fixed-bed P sorption results from the first phase (duration 43
days) provided two breakthrough curves and information for the subsequent P removal
efficiency, which is 14.9 mg P kg-1 DM for calcinated leca and 2.7 mg P kg-1 DM for filter
sand. After 43 days the mediums didn’t reach their maximum potential of retaining P and
fitting of the Clark model to calcinated leca data showed good results (R2=0.89) and a total
P Removal =65.42% (55 mg P kg- DM) until the exhaustion point (at least 20% retention of
the inlet concentration) after 191 days of constant solution flow.

The next phase of the fixed-bed column experiment will reveal whether the mediums can
retain P effectively when treating natural water of low P concentration, presence of various
compounds such as DOC, Fe, Al and Ca. Interactions among P and those compounds will
be examined as well as the mechanisms behind P sorption on the filters surface to enhance
our understanding of the processes apart from the scale-up assessment of those filters’
application on the field.

Abstract number—243 PROTECT - Groundwater Protection in a Changing
Landscape

Birgitte Hansen'

'Senior Scientist, Geological Survey of Denmark and Greenland (GEUS), University City 81, building
1872 (6th Floor), DK-8000 Aarhus C, Denmark

How do we secure healthy drinking water that meets quality requirements, and how should
groundwater protection areas be designed to create co-benefits for society? Providing
answers to these questions are becoming more urgent and challenging due to abundance of
nitrate and newly discovered pesticides and PFAS compounds in groundwater, which the
Danish drinking water supply is entirely dependent on. At the same time agriculture, forestry
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and nature need to co-exist to safeguard drinking water, the aquatic environment and meet
climate, biodiversity and human health goals. This is paramount for the Danish green
transition.

A new Innovation Fund Denmark protect called PROTECT, with a total budget of
approximately DKK 35 million, will develop methods over the next four years that better and
more cost-effectively secure the necessary knowledge for groundwater protection in future
land use planning.

PROTECT aims to deliver a multi-disciplinary decision support workflow for authorities and
stakeholders including all steps from collecting subsurface data over geo-modelling of
pollutants to evaluating the environmental-economic consequences of various land-use
scenarios. A Transient ElectroMagnetics (TEM) drone technology will be developed from a
minimum viable prototype to a proven mature prototype for large-scale subsurface
geophysical data acquisition. A sensor and awareness system will be built to make the
heavy-lift DroneTEM capable of safety flying Beyond Visual Line Of Sight (BVLOS). An
environmental economic model will include groundwater protection areas, health costs of
drinking water pollutants and engage stakeholders and experts in creating needed
knowledge for the protection of water quality, biodiversity and human health, and mitigation
of climate change.

PROTECT is a interdisciplinary project with nine partners including 1) The Geological Survey
of Denmark and Greenland (GEUS), 2) Department of Food and Resource Economics,
University of Copenhagen (KU-IFRO), 3) SDU Drone Center, Meersk Mc-Kinney Mgller
Institute, University of Southern Denmark (SDU), 4) Groundwater Mapping, Danish
Environmental Protection Agency, 5) Department of Public Health, Aarhus University (AU
HEALTH), 6) Department of Geoscience, Aarhus University (AU GEO), 7) Samsg
Municipality, 8) Central Denmark Region, and SkyTEM.

The following collaborators take part of PROTECT: Anne Guldbaek Arvidsen, Anne-Sophie
Hgyer, Thomas Mejer Hansen, Berit Hasler, Jeppe Ustrup Hermann, Jussi Hermansen,
Anker Lajer Hgjberg, Flemming Jargensen, Hyojin Kim, Robert Ladig, Ulrik Pagh Schultz
Lundquist, Rasmus Bgdker Madsen, Peder Lund Rasmussen, Jorg Schullehner, Torben
Sigsgaard, Mette Termansen.

Abstract number—244 Finding solutions for a good ecological and chemical
quality in freshwater and marine water bodies in the Baltic Sea, North Sea and
Irish Sea regions.

Brian Kronvang', Gerard Velthof?, Luuk van der Heijden®, Anouk Blauw?

'Institute of Ecoscience, University of Aarhus, Denmark
2Wageningen University and Research
3Deltares

Special session S1. ‘Finding solutions for a good ecological and chemical quality in
freshwater and marine water bodies in the Baltic Sea, North Sea and Irish Sea regions’.
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Brian Kronvang (University of Aarhus, corresponding author bkr@ecos.au.dk), Gerard
Velthof (WUR), Luuk van der Heijden (Deltares), Anouk Blauw (Deltares)

This special session will share the main results from the NAPSEA, NEW HARMONICA and
the NORDBALT-ECOSAFE project through short presentations focusing on main project
outcomes and a plenary discussion on the shared outcomes of the three projects and key
messages.

Presentations

Presentation of the main results from NAPSEA: Current challenges to reduce nutrient
pollution, eutrophication and its negative impacts on inland and coastal waters are
addressed by an integrated approach focusing on nutrient pollution from source to sea.
Luuk van der Heijden and Anouk Blauw, Deltares, The Netherlands

Presentation of the main results from NEW-HARMONICA: Combining science and policy to
maximize the uptake and effectiveness of best management practices to improve water
quality in NW European river basins.

Gerard Velthof, Wageningen University and Research, The Netherlands

Presentation of the main results from NORDBALT-ECOSAFE: Nitrogen and phosphorus
load reduction approach within safe ecological boundaries for the Nordic-Baltic region.

Brian Kronvang, Institute of Ecoscience, University of Aarhus, Denmark

A final discussion and debate about:

. Achieving safe ecological boundaries in waterbodies today and under climate change
— lessons from catchments in NW Europe.

. Are current emission policies enough to reduce the nutrient load for these
waterbodies?

. If not: What is required to reach these reduction targets and thus ecological goals?

. What can we gain from the use of high frequency sensor measurements in
monitoring?

. Are we enough aware of the multi-functionality of nature-based solutions? And what’s
missing?

. Are current catchment nutrient emission models fit for purpose? And what's missing?
. How do we ensure Best Management Practices continue to deliver in a changing
climate?

. Are Best Management Practices scenarios capable of delivering the required Load

Reduction Targets or are more drastic action needed? And to what extent is this acceptable
to stakeholders)?
. Recommendations for governance at EU, national and catchment level.
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Abstract number-—245 Special Session on the Water Framework Directive:
challenges and pathways towards 2027.

Susanne Wuijts, Charlotte Offringa?

'RIVM/Utrecht University
2Utrecht University

Special session S2. ‘Special Session on the Water Framework Directive: challenges and
pathways towards 2027.

Susanne Wuijts (RIVM/ Utrecht University, corresponding author susanne.wuijts@rivm.nl),
Charlotte Offringa (Utrecht University)

Reducing pressures from agriculture on water quality has proven to be a multifaceted
challenge in the last decades. Next to technical challenges related to the identification of
issues, development of measures, monitoring and modelling, this challenge also
encompasses legal and social-economic aspects. With the due date of 2027 for meeting the
Water Framework Directive (WFD) objectives, countries in the EU are facing a challenge to
achieve this ambition in time.

A recent study regarding the Netherlands shows that an important problem is that
stakeholders, also within organizations, have different views on ambitions, achievements
and necessary follow up actions in case policy measures have too little effects on water
quality. This is problematic because for realizing the water quality ambitions, cross-sectoral
cooperation (e.g. from agriculture and spatial development) as well as strengthened
interlinkages between these related policy fields is crucial. Moreover, there is a tendency to
stick to the status quo. In order to increase effectiveness, a better understanding of the
underlying mechanisms for this lock-in will be necessary. This will enable the development of
practical tools and instruments to support cross-sectoral and multi-level collaboration.

The sectoral implementation of the WFD in the Netherlands was chosen by many other
member states, possibly resulting in similar cross-sectoral challenges. This special session
aims to share experiences, both from a social-economic, legal and technical perspective, on
how countries deal with these cross-sectoral challenges in order to develop strategies that
lead to achieving WFD ambitions.
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