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EXECUTIVE SUMMARY

1. INTRODUCTION

The focus of RECONDES is to address the mitigation of desertification processes by the means of innovative techniques using vegetation in specific landscape configurations prone to severe degradation processes. Its major objective is to produce practical guidelines on the conditions for use of vegetation in areas vulnerable to desertification, taking into account spatial variability in geomorphological and human-driven processes related to degradation and desertification.  

RECONDES is combining the understanding of the mechanisms of land degradation and of the critical soil conditions necessary for maintaining and restoring soil and land quality and ecosystem health to identify how and where vegetation could be used to mitigate desertification. RECONDES is being applied in relation to the marginal lands of the north Mediterranean, the areas of southern Europe which are vulnerable to or have suffered desertification. The research is divided into six major workpackages based on a hierarchy of land/use units found in these areas: Reforested land, Rainfed cropland, Semi-natural and abandoned land, Hillslopes and gullies, River valleys, Catchments.  The project consortium consists of six main partners who are also responsible as lead contractors for particular workpackages, as outlined in Table 1.

Table 1 RECONDES partners, lead scientists and workpackage for which they are responsible. 

	Institution
	Lead Scientists
	Workpackage

	University of Portsmouth (UOP)
	Prof. Janet Hooke     (Project Coordinator)
	River valleys

	Université Catholique De Louvain (UCL)
	Prof. Bas Van Wesemael
	Rainfed cropland

	Consiglio Nazionale Delle Ricerche - Istituto Di Ricerca Per La Protezione Idrogeologica (CNR-IRPI)
	Dr Dino Torri
	Catchment integration

	Consejo Superior de Investigaciones Cientificas (CSIC)
	Dr Victor Castillo 
	Reforested land

	Universiteit van Amsterdam (UvA)
	Dr Erik Cammeraat 
	Semi-natural and abandoned land

	Katholieke Universiteit Leuven (KUL)
	Prof. Jean Poesen
	Hillslopes and gullies


2. WORK PERFORMED

2.1 Literature review and state of knowledge

A full and wide-ranging review of literature relating to the topic of the RECONDES project was completed at the end of Year 1. This 286 page book encompasses a series of themes relating to all types of land unit and including aspects of processes and characteristics of soils, plants and vegetation of the dry Mediterranean lands taken from a range of disciplines.  Present knowledge in relation to each of the land units, corresponding to the Workpackages was reviewed. A final synthesis included evaluation of available conceptual models and suitable theoretical background for analyses within the project. The concept of connectivity is fundamental to RECONDES and this concept is being more widely recognised and applied now. Likewise, the importance of understanding process-vegetation interactions is at the forefront of research and many conference sessions are focusing on this subject. Within RECONDES available information on the characteristics and responses of the major species found in the dry Mediterranean regions has been compiled to help identify the thresholds of stress that plants can withstand and the conditions for germination and growth. Data on seed banks in different climatic regions has also been collated and a comparison of measured seedbank quantities in the project catchment in SE Spain under forested land show the seed bank levels there to be very low.  Other gaps in knowledge now being filled by the RECONDES project include the minimum spacing of tree crops across the Mediterranean in relation to humidity gradient and the nature of root characteristics of Mediterranean plants. Literature on effects of plants on channel roughness and hydraulics is increasing, but much of it relates to humid region channels. Additional research is being undertaken within RECONDES.

2.2 Field sites and measurements

During Year 1 target drainage basins were selected for the project in SE Spain and Tuscany. Cárcavo catchment in northern Murcia province, Spain, was chosen as the main focus of work and as the location to develop and test methods and coordinate data. Other sites, particularly pre-existing sites which participants continue to monitor, are also being used to give a wider range of characteristics where necessary.  Within the Cárcavo basin each workpackage has set up detailed sites for measurements and monitoring (Figure 1). Various baseline data have been compiled for the field locations and data made available on the project ftp site. 
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Figure 1 Field sites within Cárcavo.

A field protocol for measurement of relevant variables was produced at the end of Year 1 and this has been applied. Analysis of conditions for growth and survival has been accomplished at two scales, the catchment scale and at the scale of the land-unit. Multispectral analysis of satellite imagery provides the basis for studying relationships between vegetation cover and boundary conditions – as defined by topography and soil characteristics at the catchment scale. More detailed analysis of conditions for particular plants and effects of vegetation on process has been accomplished at the scale of the land-units. Methods have been developed and applied for measuring the effects of spacing and density of vegetation. Methods of mapping connectivity in the field have been designed and tested and sub areas of the catchment have been repeatedly mapped. An event in November 2006 provided much valuable information on the nature of the erosion pathways and connectivity, also aiding in the validation of models.

2.3 Modelling

Various available models were evaluated during Year 1 and EUROSEM was selected. Much debugging and recoding was required. EUROSEM has had to be adapted to deal adequately with terraces and breaks of slope and incorporation of vegetation. The model will produce hydrographs and sedigraphs from planes within the landscape that can be concatenated. The output can be fed into more detailed models.  Methods of assessing potential connectivity have also been developed and maps produced of the Cárcavo basin. These have been evaluated in the field with suitable agreement found between predicted modelled and actual connectivity for the November 2006 event.

3. RESULTS ACHIEVED SO FAR

In Reforested land (Workpackage 1) measurements of seed banks confirm the initial hypothesis of the lack of propagules after terracing, which may be delaying the plant recovery process. Experiments show a negative interference of Pinus halepensis needle litter on seedling emergence of several species. An analysis of growth rings in pine trees revealed that trees in the less favourable areas grow disparately better in the good years, while trees in favourable areas tend to be less responsive to variation in rainfall. Factors influencing the distribution of vegetation cover have been studied at three scales: plot; land-unit, and; catchment. Relationships between vegetation cover, radiation, gradient and lithology were not as expected for Shrubland (increases in vegetation cover with radiation and slope) but were as expected for Forested Areas (decrease in cover with slope gradient and solar radiation). For Reforested Areas, slope gradient is negatively related to vegetation cover while solar radiation is positively related. Demographic factors also require consideration. Study of vegetation change from 1957 to 1997 showed that distance to border significantly impacted on shrubland populations. Repeat connectivity mapping indicates highest potential for erosion and connectivity on terraces that are not perpendicular to the hillslope.  
The focus of investigations in Workpackage 2 (Rainfed cropland) is the feasibility of use of cover crops and assessment of water availability. The relationship of growth of tree crops to climate has been examined by compilation of field and published data on spacing of olive trees and data from across the Mediterranean have allowed thresholds to be identified. Field measurements of tree diameters in almond fields have been related to soil moisture and soil properties. These show little spatial variability except at the very localised scale, close to field margins but with some differences in degree of variability with soil type. Water balance modelling indicate that it may be possible to apply cover crops without a negative effect on the growth and yield of the tree crop. Greater potential exists to apply cover crops in orchards on marly soils than stony soils, the difference being related to the greater infiltration on stony soils. Soil moisture measurements have been set up in an olive orchard west of Sevilla for a site with and without a cover crop. No systematic differences between the sites have been recorded. Connectivity mapping after rainfall events has highlighted the following areas as hotspots: access tracks, road runoff and poorly maintained terraces. These areas have also been identified as hotspots by researchers from other teams.

In Semi-natural and abandoned lands (Workpackage 3) a vegetation survey revealed that the number of species decreases with time of abandonment and that succession on marl is slower than on pediment. A general improvement of the soil is evident, with organic matter content and aggregate stability increasing with longer time of abandonment, though with significant differences between marly and gravely substrates. Distinctive groupings of species are present on different types of land. Plot descriptions and maps of vegetation patterns and the relations to surface parent material, crust and erosion features were made to assess connectivity of runoff and sediment at the finest scale. Measurements at this detailed scale indicate that soil moisture pattern was clearly linked to the occurrence of vegetation; vegetated spots had higher soil moisture contents than bare spots. Abandoned sites and similar cultivated sites were surveyed for gullies and all abandoned sites had more gullies and a higher gully density than the comparable cultivated sites. The following ecoengineering options have been considered: maintenance of terraces; revegetation, and; restoration of original drainage pattern.

Workpackage 4 is concerned with gullies and hillslopes and is focusing particularly on the role of roots in providing resistance to gully erosion. Laboratory experiments have been carried out to test the effects of different types of root, using bare plots, grass and a taproot plant. The amount of soil detachment under simulated rainfall has been measured. The erosion-reducing effect of grass roots seems to be independent of the applied flow shear stress level within the range of flow shear stresses tested. A combination of root morphology and root density parameters seems to be important in explaining the observed reductions in erosion rates. Equations of these relationships have been established and used to predict the erosion reducing effect of typical Mediterranean plants. Additional field work was carried out to sample roots for root tensile strength and to assess stem density and rigidity. All plant information, both root and shoot properties have then been combined to assess the suitability of plants for erosional control in three different areas prone to water erosion: channels, abandoned croplands and steep badland slopes. Within channels Juncus acutus and Tamarix canariensis has the highest potential to reduce erosion. Salsola genistoides is the most suitable species to control gully erosion on steep slopes, but also the grasses Helictotrichon filifolium and Stipa tenacissima can be planted to increase the resistance to erosion. On Abandoned fields, Rosmarimus officinales and Plantago albicans are the most effective species in reducing concentrated flow erosion rates. 
In Workpackage 5 on River Valleys, data for a range of factors important in influencing vegetation establishment and survival have been measured at sites in two drainage basins. Principal Component Analysis showed substrate, sediment status in relation to connectivity, and water availability as very important. Determining flow hydraulics is key to evaluating the potential for vegetation to reduce the connectivity of sediments along river channels. Detailed cross-sections have been surveyed and calculated values of discharge, velocity, shear stress, and stream power can be compared with surveyed effects of flow on vegetation, enabling thresholds of forces for plant damage and destruction to be identified. The effects of size, location, density and health of vegetation assemblages has been studied in part through the mapping of morphology, vegetation and connectivity along the studied channels and various kinds of image analysis. Consideration of hotspots of erosion and potential plant strategies is still in progress. Grasses such as Lygeum spartum have a high resistance to erosion and ability to trap fine sediments. It is identified as a potential species for erosional control in channels, particularly in close proximity to fine sediment inputs. Shrub species Nerium oleander and tree species Tamarix canariensis are also found to be highly resistant to erosion. 

The main task of Workpackage 6 is data integration and modelling at the small catchment scale. The aim of the modelling is to simulate runoff erosion and vegetation growth such that the effects of different types and locations of vegetation in the landscape can be tested. EUROSEM has been selected. It has been cleaned up and terrace topography incorporated. Much data have also been compiled at catchment level, including on geological, substrate and topographic variations; sediment yield has been calculated, potential connectivity and sources and sinks of sediment have been mapped. A method of validating potential connectivity has been applied successfully to an event in November 2006. Vegetation indices have been mapped for the study area using high resolution satellite images. All groups have carried out connectivity mapping at sub-catchment scale/response unit and have shown the important influence of structures, particularly terraces, on connectivity. Guidelines on the use of vegetation are in development.
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