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Executive Summary

COST832 aims to develop a common methodological framework for quantifying phosphorus (P) 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 18 member countries in the Action which has four working groups (WG) governing unification of P input systems, amounts and processes of P loss at the field scale, losses of P at the catchment scale and impacts of agriculturally-derived P in different types of waterbody. There was one full meeting of WG1 and a joint meeting of WG3 and WG4 in 2001. An extension of the Action for one year was granted in order to complete the original objectives of  the Action which will now finish with an international conference in autumn 2003. A proposal to prepare a publication summarising the extent of eutrophication in the different COST countries and the particular significance of agriculture in relation to other sources was tabled for consideration and a joint meeting with COST 632 is planned for 2002.

Scientific progress during the year includes:

1. Preliminary analysis of a large long-term trials dataset and a soils exchange programme suggested that standardisation of soil P tests and fertilizer recommendation systems within Europe is unrealistic due to the different methodologies used. However, it is considered that the data will provide the basis for general consensus on the principles upon which decisions on P inputs should be based, highlighting inconsistencies in approach across Europe and for  comment on the extent to which European soils are over-fertilized with P.

2. There was general consensus that a further research is required to gain a clearer understanding of the role of organic P in environmentally sustainable farming systems, especially as organic P in solution is considered more mobile in soils than inorganic P, and therefore more prone to movement and leaching.

3. The definition and quantification of ‘background status’ is important to identify how far P concentrations in a waterbody, or P loads from a catchment, have deviated from a reference state. This together with some understanding of the sensitivity of the waterbody to further P inputs should form the basis for setting targets for the restoration, enhancement and maintenance of ‘good’ water quality as required under the Water Framework Directive. A qualitative ‘weighting’ scheme for assessing sensitivity of lake systems based on the major determining factors is suggested and it is concluded that such a scheme would be useful in prioritising mitigation actions both between and within catchments.

4. Knowledge of the amounts, timing and forms of P occurring in both baseflow and stormflow within the catchment is required to understand potential impacts in the waterbody. Our understanding of P cycling within waterbodies is sufficiently robust to attempt to link sources to impacts in selected waterbodies, even though the biological response to changes in P inputs may not occur for some considerable time depending on the buffering capacity of the particular system.

5. The proceedings from meetings of working groups 2 and 3 has been collated and will be submitted for publication by COST in 2002.
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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.
2. Management Committee Report

The Management Committee met on the 10 December 2001 with the news that a one-year extension to the Action had provisionally been granted subject to final ratification. Paul Withers (UK) and Wim Chardon (NL) were re-elected as chairman and vice-chairman, respectively. 

Working group reports confirmed that 2001 had been a successful year and that with the 1 year extension, the remaining milestones in the original work programme could now be met.  A work programme for 2002 was planned assuming a similar budget allocation to that approved in 2001.

It was agreed to mark the end of the Action with an international conference in autumn 2003 aimed at promoting the progress made in COST 832 in improved understanding of the issue of agricultural phosphorus and eutrophication within Europe. The location and format of the conference were to be decided by a small organisational committee led by the Chairman.

The Chairman also tabled a proposal for a book summarising the issue of eutrophication and particularly the significance of agriculture in relation to other sources within EU COST countries. The book was intended to provide a scientific appraisal across Europe for policy makers as well as providing background information (e.g. case study material) to research scientists and teachers, and was proposed in response to COST 832 discussion on the diversity of climate, landscapes and farming within Europe and the resulting need to define the eutrophication issue more precisely for determining potential sources and solutions to the problem in different areas in Europe. There was general support for the proposal and discussion followed on the format of such a book and how it would combine with the conclusions from the Action presented at the international conference. The Chairman agreed to convene a small meeting to progress the idea of the book early in 2002.

The proceedings from meetings of working groups 2 and 3 has been collated and will be submitted for publication by COST in 2002.

3. Summary of meetings in 2001

A Working Group 1 meeting was held in Rostock, Germany on 22-24 March 2001 to discuss the relationships between soil test P methods, P fertilizer inputs and crop P uptake, and including the importance of organic P cycling in soil and soil solutions for crops and the environment.

A joint Working Group 3 and 4 meeting was held in Aberdeen on 17-20 October 2001 to discuss the links between sources of phosphorus loss in catchments and their impacts in different types of waterbodies as a pre-requisite to setting P targets as required under the EU Water Framework Directive. 

4. Working Group Reports

4.1 Working Group 1

Phosphorus Inputs from Agriculture, WG Meeting in Rostock, Germany 22-24/03/01

The group met to discuss the evaluation of the long-tern trials data, the preliminary results of the soil exchange programme and the cycling of organic phosphorus (P) in soils. Following an introductory paper by R. Meissner on the over-supply of P and eutrophication problems in Germany, a series of papers on long-term field trials data was presented. In general the experimental design and methodologies adopted in the different countries was very different and it was difficult to compare them on a common basis. Overall it was concluded that there was no evidence to support applying more P than the crop took off, that inorganic and organic sources of P differed only in the time over which the total P was released and that high soil P status could sustain crop growth from one to several decades. Differences in the chemical nature of soil P tests made it difficult to investigate the relationships between soil P, fertilizer requirements and quantities of P needed to maintain soil P, other than on a site specific basis.


Much useful data had been gathered in the soil exchange programme but further statistical analysis of this data was required, especially as the programme was not stratified across Europe and the soils used were not necessarily representative of the country. J-A Neyroud reported that Switzerland had agreed to fund a 3-month project to allow further rigorous statistical analysis of the data. A large number of soil P tests had been used, there was some correlation between the amounts extracted and the vigour of the extraction, and they could generally distinguish between P rich and P poor soils. However, many of the methods were not clearly described and it was envisaged that further difficulties would arise when attempting to interpret the results using the different fertilizer recommendation systems across Europe. Standardisation of soil P tests and fertilizer recommendation systems was therefore an unrealistic aim at the present time. However, as with the long-term trials data, it was agreed that together with a literature review, the soil exchange dataset would be suitable for publication with general consensus on the principles upon which decisions on P inputs should be based, highlighting inconsistencies in approach across Europe and comment on the extent to which European soils are over-fertilized with P.


A further series of papers examined the importance and cycling of organic P in soils in relation to crop response and the environment. Phosphatase activity in the rhizosphere was a key quantifiable parameter for understanding release of unavailable organic P for plant uptake, and the factors affecting phosphatase activity were discussed. The amounts and forms of organic P in solution in upland soils were presented and it was clear that methodologies now existed to enable a better understanding of the role of these organic P fractions in the environment. Trials data had confirmed increased biological activity in organic farming systems which was thought to compensate for lower soil test P values in the short-term. In the longer-term, there was concern over the continuing negative balance in organic systems. Current soil test P methods do not measure organic P directly although it is clear that differing amounts of organic P would be extracted. There was general consensus that a clearer understanding of the role of organic P in environmentally sustainable farming systems was required, especially as organic P in solution was considered more mobile in soils than inorganic P, and therefore more prone to leaching.

4.2 Working Group 2

There were no meetings of WG2 during 2001 due to the priority given to the other working groups and the budget restrictions. However, scientific papers generated from the previous meetings in Cordoba in 1999 and in Austria in 2000 had been collated and would be submitted to COST for publication in 2002.

4.3 Working Groups 3 and 4

Setting Critical Targets for Phosphorus in Water, Joint meeting of WG3 and WG4 in Aberdeen, UK 17-20/10/01

The joint meeting between WG3 and WG4 provided the opportunity to discuss the link between sources of agricultural P loss and their impacts in different types of waterbody. The definition and quantification of background P concentrations in different types of waterbody and of background loads from agricultural land were reviewed. It was important to measure the background status in order to identify how far P concentrations or loads had deviated from the reference state. This together with some understanding of the sensitivity of the waterbody to further P inputs would form the basis for setting targets for the restoration, enhancement and maintenance of ‘good’ water quality as required under the Water Framework Directive. A qualitative ‘weighting’ scheme for assessing sensitivity of lake systems based on the major determining factors was suggested and it was concluded that such a scheme was useful in prioritising mitigation actions both between and within catchments.


Several papers detailing case studies of waterbody classification and/or response to P inputs in different countries were presented and it was clear that a single P target would not be appropriate for all waterbodies. Further papers considering the patterns of P loss from different sources within  the catchment also made it clear that the link between sources and impacts was clearly ‘system’ dependant and it was necessary to define the system before attempting to setting goals for P reduction within the catchment. Evidence was presented for a high component of dissolved P loss from grassland catchments and of sediment retention within arable dominated catchments.  It was agreed that a knowledge of the amounts, timing and forms of P occurring in both baseflow and stormflow was required at the catchment outlet in order to understand potential impacts. It was also agreed that our understanding of P cycling within waterbodies was sufficiently robust to attempt to link sources to impacts in selected waterbodies, even though the biological response to changes in P inputs would not occur for some considerable time depending on the buffering capacity of the particular system.

5. Short-term Scientific Missions

There were no short-term scientific missions undertaken in 2001 but an extension to the permitted time period for use of funds would be requested to cover one more mission.

6. Future Plans

A joint meeting of WG1 and WG2 to discuss risk assessment methodology for P loss at the field scale and including unification of P balance calculations is scheduled for September 2002.

A joint meeting of WG2 and WG3 together with COST 632 to discuss mobilization, transport and delivery of sediment and P in surface and sub-surface flow from the field to the watercourse is scheduled for November 2002. COST 632 is concerned with the effect of climate change on erosion of soil and the meeting of the two Actions will provide a unique opportunity to network scientists relating to the amounts, processes and delivery of soil and associated P movement at different scales and in different locations. 

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 WG4 is needed to discuss the use of bioindicators for assessing the degree of eutrophication in the different COST countries.

3. Organization of an international conference to mark the end of the Action.

4. Preparation of a book summarising the extent of eutrophication in the different COST countries and the significance of agricultural phosphorus sources.

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.
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