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Eindrapportage-formulier TRIAS projecten

Final report format for TRIAS projects.

When a TRIAS project has finished, or is about to finish, a Final Report is required. This report serves several goals simultaneously:

· it enables the program commission to check whether the project has met its goals,

· it enables NWO-ALW to finalize the project administratively, e.g. pay the final part of the personnel costs of the project,

· it provides some of the information needed for evaluation purposes,

· it provides information which can be publicized, e.g. via a web site.

Please send in the  filled out forms within a month after the project is completed to:


Netherlands Organisation for Scientific Research

Earth and Life Sciences

Carmen van Meerkerk and/or Theo Saat

P.O. Box 93510

2509 AM  The Hague
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01
Project Title.

Ecosystem Stability Analysis (ESA): towards a quantitative guide for user oriented soil management and ecological soil quality assessment
02
TRIAS/ALW project number or file number
TRIAS project 835.80.008
03
Research period
The programme consisted of 3 subprojects: 

Project 1: Effects on the structure, stability and functioning of the populations of soil organisms. Wageningen University, 01/01/2002 - 31/12/2005.
Project 2: Effects of stress on the structure, stability and functioning of soil food webs and soil ecosystem processes. Vrije Universiteit, 01/09/2001 - 31/08/2005.
Project 3: Effects on the structure and stability of microbial populations and ecosystem processes. Utrecht University, Alterra, 01/12/2001 – 23/03/2006.
04
Names of the researchers involved, the names and addresses of the 

institutes where the research work was carried out.

PhD Researchers
Project 1, Agnieszka Doroszuk, Laboratory of Nematology, Wageningen University,, Binnenhaven 5, 6709 PD, Wageningen, The Netherlands.
Project 2, Frans Kuenen, Department of Animal Ecology, Vrije Universiteit Amsterdam, Faculty of Earth and Life Sciences, Institute of Ecological Science, De Boelelaan 1085, 1081 HV Amsrerdam, The Netherlands.
Project 3, Marysia Tobor-Kaplon, Utrecht University, Faculty of Geosciences, Heidelberglaan 2

3584 CS Utrecht.

Staff and supervisors
Project 3, Prof. P.C. de Ruiter, Department of Environmental Sciences, Copernicus Research Institute for Sustainable Development and Innovation, Utrecht University, P.O. Box 80115, 3508 TC Utrecht, The Netherlands.
Project 3, Dr. J. Bloem, Alterra, P.O. Box 47, Soil Sciences Centre, 6700 AA Wageningen, The Netherlands.

Poroject 2, Prof. H. Verhoef, Department of Animal Ecology, Vrije Universiteit Amsterdam, Faculty of Earth and Life Sciences, Institute of Ecological Science, De Boelelaan 1085, 1081 HV AMSTERDAM, The Netherlands.

Project 1, Dr. J.E. Kammenga, Laboratory of Nematology, Wageningen University, Binnenhaven 5, 6709 PD, Wageningen, The Netherlands.

Project 1, Prof. J. Bakker, Laboratory of Nematology, Wageningen University,, Binnenhaven 5, 6709 PD, Wageningen, The Netherlands.
05 Short scientific summary in English of: main research objective, research methods, results and conclusion

Objective
The objective of this programme was to develop a quantitative guide for soil quality assessment. This guide should be based on a set of soil ecosystem quality indicators that can be observed and quantified, are consistent, refer to important societal needs (life support systems) and have a sound scientific basis. Central attention was given to soil ecosystem stability, as a measure of resistance against long term and multiple stress events. 
Research methods

First we analysed in situ effects of long-term multi-stressors on populations of soil organisms (mainly microbes and nematodes but also other soil invertebrates) originating from the Bovenbuurt field (near Bennekom, The Netherlands) where four copper treatments were combined with four pH treatments in a fully randomized block design with replicates. By means of mathematical modeling, the observed population effects were used to analyse the effects on community structure and stability, and subsequently effects on soil ecosystem processes (decomposition organic matter, C- and N-mineralisation). Finally, the outcome of the various kinds of models was integrated into so-called Information Indices within an Ecosystem Network Analysis, as to establish the effects on overall soil ecosystem properties, i.e. overall system activity, trophic efficiency, nutrient retention times, ecological complexity and diversity. These properties are known to be indicative for ecosystem stability and are connected to the life support function of the soil. For the calculation of information indices, for each group data on the inflow (consumption), flow to detritus (natural death rate and excretion), respiration, outflow (part of biomass consumed by higher trophic level), import (immigration) and export (emigration) was used for each functional group in the food web. Here we assumed that there was no import or export to and from all functional groups except for import to roots and detritus. We used a food web structure of the Lovinkhoeve system with minor modifications (Fig. 1).
[image: image3.png]



Figure 1. Diagram of the potential food web structure in the soils of the experimental field.
Main results
- Copper and soil pH had a marked effect on soil dwelling organisms. Bacterial, fungal, nematode biomass and soil respiration, which is a measure of the activity of the overall population of soil organisms, were negatively affected by copper and pH. With regard to the soil bacteria, the results indicated increased tolerance toward stressors of a different kind. For instance in relatively acidic soils, bacteria were more tolerant to low soil moisture conditions compared to alkaline soils. In general, the highest bacterial resistance was found in the more contaminated soils with low pH and/or high copper contamination. The long term effects of soil contamination with copper and pH also resulted in genetic changes of nematode life cycles showing that total reproduction was maintained at the expense of a prolonged reproductive period. Data on other invertebrate species such as pot worms, springtails and spiders were not conclusive, possibly because these are relatively fast moving animals and therefore only exposed for a brief period.

- The adverse effect of the stressors was observed only when the two stressors (high copper concentration and low pH) were combined. These results indicate that soil communities are at increased risk when exposed to a combination of stressors. 

- The effects of copper and pH differed strongly among the different seasons of the year which influenced the dynamics of various species. 
- Information indices from Ecosystem Network Analysis can be used to quantify an ecosystem in terms of its size and organization. There are two types of indices, i.e. 1) absolute indices that describe the size of an ecosystem and 2) relative indices which describe the organization. Relative indices give information about the organization of flows, i.e., the level of specialization of flows and how ‘tight’ the ecosystem is organized. The information about the ‘tightness’ of organization is given by RA (Relative Ascendency), which can range between zero and one. RA seems to be the most versatile quantitative indicator because of its dimensionless character that allow comparison between systems of different size and organization (Figure 2).

Figure 2.  Effect of field treatments on Relative Ascendency (RA). Open circles represents Cu 0, and grey circles Cu 750 soils (means ± s.e.m). On the vertical axis are bits of information. These units are taken from the information theory and represent the measure of information inherent in a single binary.

Conclusions

•
Long-term exposure to a combination of pH and copper affects the biological soil quality which is indicated by poor performance of microbial communities and soil invertebrate populations in contaminated soils.
· In the dominant bacterivorous nematode populations, life-history traits determine the response of biomass turnover rates and production to environmental stress. The adaptive character of the life-history changes implies that rapid microevolutionary processes are responsible for the response of functional population parameters. With regard to pH tolerance, we found evidence that total reproduction was maintained but at low pH the animals reproduced longer to achieve this level. 
· No consistent results could be obtained for other soil organisms because of large temporal fluctuations.

· In combination, the aforementioned effects of chronic stress have lead to a set back of ecosystem development – that is – the soil ecosystem becomes less specialized under stressed conditions.
•
 Chronic stress affected the functional stability of microbial populations.

· The Ecosystem Network Analysis model which was developed on the basis of carbon flow, indicated that the level of specialisation decreased with an increase of stress. The Relative Ascendency (RA) has potential as a quantitative guide for user oriented soil management and ecological soil quality assessment. Its properties were indicative for ecosystem stability and connected to the life support function of the soil. The RA is a versatile quantitative indicator because of its dimensionless character that allow comparison between ecosystems of different size and organization.
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