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Executive Summary

COST832 aims to develop a common methodological framework for quantifying phosphorus loss from agriculture to water in order that the agricultural contribution to eutrophication within the EU can be more uniformly assessed and used as a basis for mitigation policies. 

There are now 18 member countries in the Action following the inclusion of France and Romania in 1999. 2000 was an active year in which there were 3 full meetings of working groups each involving ca. 20 participants, one small organizational meeting and 5 short term scientific missions. Details of the meetings/missions are provided in the report. An Fp5 project with the acronym DESPRAL was funded in 2000 in support of COST 832. The project aims to develop a soil dispersion test to characterize the potential for sediment and phosphorus transport from agricultural land.

Good scientific progress is being made but the Management Committee has concluded that there is too little time left for the original objectives to be met due to the budget restrictions imposed in 1999, and a 1-year extension is sought. Also, there is now too little time to organize a international conference to mark the end of the Action within the original timescale. Key conclusions from the years discussions include:

1. There is large variation in the methodological approaches adopted in the different COST countries for characterizing soil P status and measuring P export rates from agricultural land and their subsequent fate in the water. It is recommended that guidance notes are produced on good methodological practice highlighting the limitations and uncertainties of some practices.

2. Much data has been gathered from long-term experiments, a soil-exchange programme and experimental work within the COST countries and more work is required to collate and evaluate these data. In particular there is a need to develop a methodological framework with which to characterize site locations to enable the major causes of agricultural P loss to be more clearly identified.

3. Good progress has been made in our understanding of the processes of P loss at the field scale and terminology is now sufficiently agreed to allow development of conceptual models of the P loss process to be more clearly understood. The Action still needs to discuss in more detail methodological approaches to risk assessment and source identification in catchments and in particular the processes of P delivery from the edge of the field to the watercourse.

4. Reviews of the fate and cycling of P in different waterbodies have concluded that individual waterbodies behave differently and that a methodological framework is needed to classify waterbodies in terms of their likely response to agricultural P inputs. Clearly there is a need to link such a framework with those developed at the field and catchment scale involving joint working group meetings.

Outstanding items for the Action identified in previous years include:

1. Workshop of optimizing dietary P inputs to livestock.

2. Joint meeting with COST 632 on soil erosion at the field and catchment scale.

Contents


Page

1. General introduction to COST 832
4


1.1 Objectives of COST 832
4


1.2 Organization of COST 832
4

2. Management Committee Report
5

3. Summary of Meetings in 2000
6

4. Working Group Reports
7


4.1 Working Group 1
7


4.2 Working Group 2
7


4.3 Working Group 3
8


4.4 Working Group 4
9

5. Short-term scientific meetings
10

6. Future plans
11

1. General Introduction to COST 832

1.1 Background and Objectives of COST 832

The accelerated nutrient enrichment or eutrophication of surface waters has become a significant environmental problem in many of the developed countries and its control has potentially large socio-economic consequences. The extent of eutrophication in fresh waters is most commonly linked to phosphorus (P) and agriculture has been identified as a significant P source. Much research effort within the EU involving a number of different scientific disciplines is directed at quantifying the accumulation, loss and impact of P from agricultural land to water, but there has been no attempt to co-ordinate this research effort. 

This COST Action attempts to develop a common technical understanding of the justification for P use in European agriculture and the cycling of P within different agricultural systems together with a methodological framework for identifying the relative contribution of different agricultural P sources at the farm and catchment level. It is argued that such an approach will provide a more robust scientific base for decision support systems upon which EU and government policy on P loss control strategies can be developed.

The specific main objectives are:

1. To define conceptual models of P cycling in agricultural systems within the EU based on current research.

2. To develop common methodologies for quantifying P loss from agricultural land to water

3. To identify further research areas relating to the agricultural contribution to eutrophication which would benefit from a European approach.

1.2 Organization of COST 832

18 countries have now signed up to the action - Austria, Belgium, Denmark, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Norway, Poland, Romania, Spain, Sweden, Switzerland, The Netherlands and United Kingdom. 

The action started on 10 July 1997 and activities have been divided into 4 working groups covering a range of key subject areas: 

Terminology/sampling/analytical methods

Principles of fertilizer and feed recommendations

Soil inorganic and organic release in soil

Erosion, leaching and incidental P losses from land 

Source identification in catchments

Scale issues and approaches to modelling

Indicators of biological impact

A summary of the specific objectives of each working group is given in Appendix 1. Details of all meetings and their outcome (minutes) are published on the COST832 website: www.ab.dlo.nl/eu/cost832/welcome.html. Proceedings of full working group meetings are being prepared.

2. Management Committee Report

The Management Committee met on the 25 April 2000. The committee was informed that France and Romania had joined the Action in 1999, that Eastern European countries were now eligible to participate and that there was a new COST website. Paul J.A. Withers (UK) and Wim Chardon (NL) were re-elected as chairman and vice-chairman, respectively. 

Working group reports confirmed that working groups 1 and 2 were making good progress  but that working groups 3 and 4 had not yet fully met. A work programme for the next two years was planned bearing in mind the restrictions to the budget which had been imposed the previous year. The approximate budget allocation of 70,000 ECU theoretically just allowed one full meeting of each working group, if only one member per country participated.

Major discussion centered around the need for an extension to the COST Action bearing in mind the organizational delays caused by the budget restrictions. The committee agreed that a 1 year extension to the Action should be negotiated on the following grounds:

1. The budget restrictions imposed during and since 1999 have significantly reduced the number of working group meetings that were envisaged at the start of the Action and consequently the objectives would not be met, particularly for groups 3 and 4; and for any synthesis of recommendations for which a separate working group (WG5) had originally been planned.

2. At the first management committee meeting, it was agreed that we would finish with an international conference. Since such a conference takes 18 months to organize, it was felt there was too little time to set a coherent agenda bearing in mind the lack of progress. Additionally we have requested to network with COST 632 ‘Soil erosion and global change’ but have yet to hold joint meetings with this Action. 

3. A EU Fifth framework project (DESPRAL) was funded in support of COST 832. This project does not conclude until April 2004. The methodological results of DESPRAL are particularly relevant to the outcome of WG2 and it would be beneficial to discuss these more fully within the COST 832 forum. A 1 year extension would allow this.

3. Summary of meetings in 2000

A Working Group 2 meeting was held in Irdning, Austria on 21-23 September 2000 to discuss surface and sub-surface transport processes and their prediction at the field scale.

A Working Group 3 meeting was held in Silkeborg, Denmark on 26-28 October 2000 to discuss measurement of catchment P loads, compare P loss export coefficients from around Europe and empirical modelling of catchment P losses.

A Working Group 4 meeting was held in Helsinki, Finland on 11-13 May 2000 to discuss the bioavailability and fate of P in different types of waterbody. 

A meeting of Working Group 1 which had been planned for 23-25 November 2000 in Rostock, Germany had to be postponed until spring 2001 due to lack of sufficient notice of the programme to Brussels.

One small meeting was held in 2000; WG3 in Brussels on 26/04/00 to prepare an agenda for the full WG meeting in Silkeborg later in the year.

4. Working Group Reports

4.1 Working Group 1

Although there was no official meeting of WG1,  key members continued to collate and evaluate long-terms trial data which had been gathered by questionnaire in the previous year. This included the help of two young scientists (Tobias Feldhammer, University of Rostock and Anne Gallet, ETH Zurich) under the Short-Term Scientific Mission scheme. In addition, a soil exchange programme was initiated between interested countries to compare different methods of soil P analysis in terms of their ability to characterize soil labile P reserves and the predicted amounts of P which would be recommended for cropping in the respective countries. The results would be presented at the next meeting.

4.2 Working Group 2

Surface and Sub-surface Transport of Phosphorus, WG Meeting in Irdning, Austria 21-23/09/00

Following an introduction on the phosphorus issue in Austria, the meeting focused on the processes and amounts of P transported in surface run-off and sub-surface flow (interflow, drainflow and leaching) from agricultural land to water. The terminology of water flow through the landscape was reviewed and it was concluded that it is crucial to understand the the interplay between the patterns of flow along different pathways and the pools of mobile solutes in the soil. By-pass flow through macropores and fissures in cracking and under-drained soils potentially contained higher concentrations than soil matrix flow because of the relative lack of attainment of P in its passage from the topsoil. Similarly infiltration excess flow and saturation excess flow across the land surface would have different P signals. 

Whilst the relative amounts of P transported along the different run-off and flow pathways was difficult to quantify at the catchment level, it was important to develop a conceptual understanding of the mechanisms involved and their likely dominance. Such an understanding would help define the rates of P loss from different geomorphological landscapes and farming systems. Experimental data on the amounts of P transported in surface run-off and sub-surface run-off obtained from questionnaires circulated to COST member countries confirmed the large range in P loss rate values (up to 30 kg P/ha in surface run-off and up to 5 kg P/ha in subsurface flow). Without a conceptual framework for classifying the experimental sites according to their P loss potential and the dominant flow pathway involved, it was unclear how one could use the data to isolate the main causal factors and identify mitigation options. Modelling approaches were either too few (leaching) or not sufficiently advanced to take account of flow-soil P interactions adequately.

It was concluded that the group should:

1. Develop a conceptual model of the P loss process at the field scale and compare it with the conclusions reached in Working Group 3 at the catchment scale.

2. Prepare guidelines on the appropriateness and parameters required for different modelling approaches to assist in their development and use.

3. Develop a framework with which to characterize sites in terms of their P loss rates from within Europe. although it was unclear the resources required to undertake this.

4.3 Working Group 3

Diffuse Phosphorus Losses at the Catchment Scale. WG meeting in Silkeborg 26-28/10/00

Information on the methodologies used for monitoring and calculating diffuse P export rates from small (micro, <100 km2) agriculturally-dominated catchments obtained by questionnaire sent to COST countries was reviewed. A total of 166 catchments were supplied from 10 countries and a database of key variables compiled for further study. Scandinavian countries had nation-wide monitoring programmes but monitoring in other countries was confined to experimental catchments. Methodologies for flow monitoring, sample collection and analysis procedures varied widely between countries. An examination of potential problems and errors associated with flow measurements, sample collection and storage highlighted the importance of identifying appropriate structures and sampling regimes for different types of water. 

Data from the questionnaire suggested average annual P export rates ranging up to 3.5 kg/ha; highest losses were recorded in arable catchments suffering episodic erosion events whilst grassland catchments were more dominated by dissolved P forms, with some indication of a link with stocking density. An initial examination of the data suggested no obvious link between P export rates and the intensity of agricultural activity, catchment size or soil type. More information on catchment characteristics was required to identify major causal factors. In Denmark, bank erosion was identified as a major contributor to P export rates. Empirical and deterministic modelling approaches were discussed; model estimates calibrated solely against the catchment outlet export were generally not satisfactory, and models were best used for comparative purposes rather than providing absolute values. Most models focused on sources rather than sinks.

It was concluded that the group should:

1. Provide guidance on good methodological practice and the potential sources of error in sampling strategies, storage, analysis and data treatment. This was considered important for defining critical limits as part of the Water Framework Directive. 

2. Compare empirical and deterministic modelling approaches in catchments with good data. This would link in with a wider modelling exercise within the EU HARP programme.

3. Develop a methodological framework for comparing catchment P export rates across the EU, including definition of ‘background’ values with which to quantify the agricultural contribution.

4. Better understand retention and delivery of P in catchments of different size.

4.4 Working Group 4

Bioavailability, Fate and Effects of Phosphorus in waters. WG meeting in Helsinki 11-13/05/00

After an introduction to the contribution of agriculture to eutrophication problems in Finland, current knowledge of P cycling in different types of waterbody was reviewed. Most research  had been conducted on lakes, with good relationships between TP concentrations and biotic activity (chlorophyll a), although critical values for eutrophication varied. Internal P fluxes were often of more importance than external P loads, with largely ignored, but significant, amounts stored in fish. Hysteresis effects during lake recovery programmes were important in setting critical limits for achieving good water quality. It was concluded that each waterbody is different and that a classification system was needed to group waterbodies which might behave similarly.

The different biological and physical environments of rivers as compared to lakes suggested P concentration may be more important than P load in defining the occurrence of eutrophication. A survey of 1100 river sites in Ireland had established a link between unfiltered dissolved P and quality, with eutrophication occurring at concentrations >30 (g/l and fish population decline >70 (g/l. 

The results of a questionnaire on methods of P analysis in freshwater and marine studies suggested there was large variation in the specific protocols adopted, although most countries were now using 0.45 (m filters to distinguish dissolved and particulate P forms. A detailed examination of methods used to measure bioavailabilty of suspended sediments in lakes and rivers suggested some discrepancies but it was concluded that in general, it was a useful parameter to measure provided it was recognized that the nature of particulate P in rivers differed from those in lakes. Methods for measuring P release from bottom sediments were reviewed and one sequential method was preferred.

It was concluded that the group should:

1. Compare P cycling in Dutch, Finnish and Irish lake systems as a prerequisite to developing a classification system for likely response to external P inputs from agriculture.

2. Define methodologies for determining background concentrations and the sensitivity of different waterbodies to external P inputs from agriculture. 

3. Review the use of bioindicators for eutrophication and the link between waterbody chemistry and biology.

4. Review the usefulness of unfiltered dissolved P used so often in national monitoring programmes.

5. Short-term Scientific Missions

There were 5 scientific missions undertaken in 2000:

1. Erasmus Ottabong, Sweden visited University of Rostock, 27/8/00 - 30/8/00

This was a very short mission designed to gain training in automatic in-situ measurement of soil properties relating to P transformations and mobility in wet peatland and the groundwater beneath. This mission was linked to an FP5 project which is examining P mobility in restored wetlands; the problem being that re-flooding of wetlands releases iron-bound P from soil reserves, thereby increasing P loss from land to water. There is a general lack of understanding of these soil processes and the timescale over which they occur.

2. Tobias Feldhammer, University of Rostock visited ETH, Zurich, 01/09/00 - 30/09/00

This mission was designed to assist WG1 experts compile and evaluate data on crop response to P fertilizer at variable soil P levels and to assess whether current fertilization rates were justified in the light of increasing concern over P loss from soil. The data were obtained from long-term fertilization experiments which had been collected as part of a questionnaire sent by WG1 to interested parties. The experiments differed widely in their experimental approach and it was necessary to compile a list of specific questions for further examination of the data.

3. Nicola Flynn, ADAS Bridgets visited NERI, Silkeborg, Denmark, 25/11/00 - 29/10/00

This mission was undertaken to compile and evaluate data on P loss export coefficients from different EU countries. The data was from small instrumented catchments had been obtained by questionnaire sent out by WG3 to COST countries. The mission was successfully completed and the results were presented at the full meeting of WG4 held from the 26-28 October 2000 at NERI. A EU database of export coefficients was compiled together with supporting data on methodologies used to collect the data. This database will be examined further by WG3 members.

4. Anne Gallet, ETH Zurich visited the Danish Institute of Agricultural Sciences, Foulum, Denmark 25/11/00 - 09/12/00

This mission was undertaken to evaluate the results of seven detailed long-term field experiments and by doing so gain experience in statistical analysis techniques which had been successfully used to evaluate Danish long-term experiments. The specific objective of the mission was to evaluate critical levels of labile P in soils for optimum crop production and to relate these to soil P levels which might cause accelerated P loss due to over-fertilization. The young scientist concluded that multi-variate analysis was necessary to evaluate such data due to the lack of independence of collected data from the same plot over several years.

5. Erol Azazoglu, University of Agricultural Sciences, Austria visited University of Torino, Italy, 25/11/00 - 15/12/00

This mission was undertaken to study appropriate analytical methods for determining P dynamics in dispersed soils. The mission was directly linked to an FP5 project DESPRAL which was funded in support of COST Action 832. The project aims to develop a dispersion test which can predict erosion susceptibility in different soils and the P signal attached to dispersed particles. The young scientist gained training in soil dispersion methodology and associated P chemistry and set-up an experimental design to study P selectivity due to surface erosion in an agricultural catchment in  Italy. 

6. Future Plans

A full meeting of WG1 which was supposed to take place in 2000 has been postponed to spring 2001. 

A joint meeting of WG3 and WG4 to discuss the setting of critical targets for P in different waterbodies is scheduled for October 2001 in the UK.

Outstanding items requiring organization within the remaining time of the Action include:

1. Small meetings are required to further evaluate databases collected within WG1, 2 and 3 and within WG2 to develop a conceptual model of P loss at the field scale. 

2. A full meeting of WG3 is needed to discuss the mechanisms of delivery of P from the edge-of-field to the waterbody.

3. A joint meeting of WG2 and WG3 to discuss conceptual modelling approaches to P loss at the field and catchment scale and how they might be amalgamated.

4. A joint meeting with Cost 632 ‘Soil Erosion and Climate Change’ to discuss amounts, processes and control of erosion at the field and catchment scale. 

5. A workshop to discuss the extent to which dietary P inputs can be minimized to reduce surplus P in the different COST countries.

6. A joint meeting of all groups to identify main conclusions and research gaps.

If the Action is extended by 1 year, it is the intention to hold an international conference to mark the end of the Action.

A proposal for a book entitled ‘Eutrophication in Europe and the Role of Agriculture’ to be published by COST summarizing the problem of eutrophication within the different COST countries and the significance of agriculture will be tabled at the next Management Committee meeting.

Appendix 1 - Summary of Working Group Objectives

Working Group 1: Phosphorus Inputs from Agriculture 

Co-ordinator: Dr J-P Destain, Belgium

Objective: To unify decision support systems for phosphorus inputs in different farming systems.

Plan: This group will compare the principles upon which farm decisions on P inputs in feeds and fertilizers are based and develop methodologies which will quantify the fate of P inputs following application to the soil. Specific themes to include a comparison of recommendation systems for feeds and fertilizers, standardization of soil P tests and the development of EU fertilization models.

Working Group 2: Phosphorus Losses at the Field Scale 

Co-ordinator: Dr. O. Schoumans, The Netherlands

Objective: To develop a common understanding of the mechanisms of phosphorus loss at the field scale.

Plan: This group will develop an understanding of the cycling of inorganic and organic P in different soils and the mechanisms by which phosphorus is lost indirectly through erosion and leaching, and more directly following application of fertilizers and manures which are left on the soil surface. Methodologies for measuring the amounts, forms, pathways and processes of loss will be compared and novel techniques reviewed.  

Working Group 3: Phosphorus Losses at the Catchment Scale.

Co-ordinator: Dr Brian Kronvang, Denmark

Objective: To develop a conceptual framework for modelling phosphorus loss at the catchment scale.

Plan: This group will develop an understanding of the processes of phosphorus transfer at the catchment scale and develop appropriate methodologies to define critical source areas. Specific themes to include the development of catchment hydrology -phosphorus loss relationships, methodologies to quantify the relative contribution of stream-bank/stream-bed erosion and mechanisms of phosphorus retention within catchments of different sizes and a comparison of empirical v process-based models for estimating catchment losses of phosphorus. 

Working Group 4:  Impacts of Diffuse Phosphorus on Water Quality

Co-ordinator: Dr S. Orfanidis, Greece

Objective: To identify potential methodologies for quantifying the impact of agriculturally-derived phosphorus on water quality.

Plan: This group will compare existing and new methodologies for measuring different forms of transported phosphorus, the bioavailability of the different forms and the potential impact on aquatic organisms. The feasibility of developing a unified approach to assessing impacts on different water bodies will be investigated.

PAGE  
13

