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Analytical version of background of the project

This is supplied because the relevant application form cells could contain but not present the 3X1500 characters content 
APPLICATION FORM, B.1 PROJECT IDENTIFICATION

Background of the project (problems/target groups/challenges to be addressed)


The maximum total number of characters is 4500






FAO-AQUASTAT (www.fao.org/nr/water/aquastat/main/index.stm) states that in Greece and Italy about 70% and 40% of the available water resources are used for irrigation purposes respectively. According to EU Water Framework Directive 2000/60/EC (WFD), action is needed to protect waters in both qualitative and quantitative terms. Among the various measures which member states are proposed to adopt is the promotion of water-efficient technologies and water-saving irrigation techniques. In the framework of the UN Environment Program, UNEP(DEC)/MED WG.277/4 (2005) states that a challenge of water-related issues for Mediterranean countries is to integrate water demand management in agriculture and to develop added value tools to optimize efficiency in irrigation. The EU Water Initiative (www.euwi.net) includes this goal to its main objectives. 

With the given infrastructure, agricultural cultivation and landscape irrigation systems efficiency could promptly increased, if systems design, installation and maintenance passed through regular auditing procedures and more reasonable water management was applied. According to the Irrigation Association (USA), water use efficiency can be shifted up to 50% after resolving problems revealed by an audit (water quality, irrigation system characteristics and applied irrigation scheduling). In this framework special standards have been developed but the implementation of such procedures is still at zero level in the programme area.




Static or web based information systems have been developed all over the world in order to assist agrometeorologists, agronomists and irrigation engineers to carry out calculations for evapotranspiration and crop water use studies, or for setting up efficient irrigation schedules. Top examples of such systems are CropWat (www.fao.org/nr/water/infores_databases_cropwat.html), AquaCrop (www.fao.org/nr/water/aquacrop.html) and the CIMIS (www.cimis.water.ca.gov). In the programme area, LP, in the framework of ProBioSis (Interreg III Greece – Italy) developed a pilot web tool for irrigation scheduling (www.agriculture.gr/arta). More than 7500  advices have been provided during the last 3 years and local farmers demand an extension of the covered area. ADP (company of PP5) provided more than 7300 advices in the same period (www.agrometeopuglia.it/opencms/opencms/Agrometeo/Irrigazione/consiglioIrriguo). According to ADP managers the need for upgrading its software is intense. 

Irrigated agriculture is facing rising challenge worldwide for access to reliable, low cost, high quality water. Irrigation stakeholders are under regulatory pressure to improve irrigation efficiency. The proposed project is targeting exactly to this as the examples from other worldwide applications of relevant systems present outstanding results. An evaluation of CIMIS showed impressive results, as it is reported reduction on water consumption for irrigation at levels of 44% for agricultural irrigation. In the cities, the amount of water for landscape irrigation represents about 50% of the overall urban water usage. Also in urban vegetable gardens the use of drinkable water for irrigation is a fact. In such cases, system audits and adjustment of irrigation schedules based on actual evapotranspiration data can lead to up to 40% reduction in water consumption. 

Additionally research results concerning the promotion of draught tolerant cultivations, the evaluation of sensors for automatic management of irrigation at farm level, the use of alternative sources of water like saline water for irrigation are of great interest. Finally the creation of an “efficient irrigation management” network in which irrigation stakeholders from all the programme area and beyond will be invited to participate is expected to support both application and sustainability of the project.

IRMA contributes to the realization of the envisaged opportunities and the decrease of weaknesses of the SWOT analysis of the CBC Programme Greece-Italy 2007-2013 by developing networks for the design and application of practical tools in the field of water resources management for demand-driven capitalization of research outcomes and good practices  (Innovation: Development of cooperation, network and exchange of knowledge between universities, scientific centres and enterprises, augment of patents registry; Competitiveness: Creation of new services in the programme area at national, European and Mediterranean level).

Technical details regarding activities

WP 4
, Survey of irrigation practice
Survey: Irrigation practice and its effects in the areas of Apulia, Epirus and Western-Greece

The survey on irrigation practice concerns registration and evaluation of local irrigation and drainage practice. The research refers to both agricultural (field and greenhouse) and landscape systems and will involve all the concerned aspects: water sources, water/irrigation policies, irrigation systems design, installation and management. Special attention will be reserved for the anticipation of the impacts of climate change scenarios (weather instability, raising temperatures, natural disturbances, etc.). Upon questionnaires preparation and evaluation and sample size and distribution definition, the survey will be conducted by in site interviews. 
The survey will follow the bellow mentioned procedure:

· Stage 1 – Desk Research (audit of available databases, literature searches and in-region research).

· Analytical review concerning legislative framework (policies, laws, water pricing etc), administration, delivery and distribution systems etc.
· Database search in order to obtain data on horticultural production and water use.

· Literature Search. National and international search to assist in establishing water use efficiency benchmarks and identifying best practice irrigation technologies.

· In-Region Research. In-region visits to access information regarding crop production, water use, geographic and meteorological data, crop water use benchmarks.

· Stage 2 – Irrigation Surveys (grower and landscape surveys, database construction and analysis).

· On site interviews (about 200 per region) will conducted using special questionnaires (regarding water sources, irrigation systems design, installation and management) in agricultural and landscape systems.
· Grower Surveys. Survey participants will be selected at random with a stratification goal of surveying forty per cent of the top third of water users by volume, forty percent of the middle third of water users and twenty per cent of the bottom third of water users. This stratification criterion will be used to ensure that the survey results could be linked to the implementation goal of improving water use efficiency. Participants will be selected at random from available registries and databases.

· Landscape Systems Surveys. Randomly selected systems of public urban landscapes and athletic fields will be surveyed.

· Survey Database. A database of all survey responses will be constructed collating survey production statistics, water use, management practices and demographic information. The structure of the database will be designed in order to guarantee anonymity of the respondents.

· Database Analysis. The survey database will be analyzed to provide the following information:

· Irrigation practice background

· Irrigation systems

· Irrigation practices

· Average and best practice water use efficiencies

· Best practice management processes

· Attitudes of horticultural producers and landscape managers

· Anticipation of the impacts of climate change scenarios (weather instability, raising temperatures, natural disturbances, etc.)
· Stage 3 – Final results, discussion and recommendations.



WP5, Actions 5.1 and 5.2 Audits of irrigation systems

Audits: Implementation of auditing procedures in agricultural and landscape irrigation systems.

Procuring additional fresh water supplies is highly problematical. As a result attention has naturally turned to “demand management” in the hopes that increased efficiency of water use will produce sufficient savings to meet future water requirements. Proponents of demand management point to the successes in the energy sector of developed nations where projections of rising energy demand were largely obviated by increased efficiency of energy use. Thus they contend that physical water use efficiency can be increased by using less water per unit of output. Similarly, economic efficiency can be increased by reallocating water from lower valued to higher valued uses.

Indeed, irrigated agriculture consumes over 80 percent of the world’s developed water supplies, and the water use efficiency of a traditional gravity irrigation system is only about 40 percent. But sprinkler irrigation systems are typically around 70 percent

efficient and drip irrigation system efficiency can be as high as 90 percent. Thus, it appears that at least one-half of the water currently used in irrigated agriculture could be saved through increased irrigation efficiency.

In the framework of the irrigation audits development, first the content of the audit guide (procedures, fact sheets and forms) as well as the sample characteristics and size will be defined. Special equipment (pressure gauges, flow meters, wind speed data logger, catch-cans, soil moisture measurement device, EC & PH meter) will be used and the relevant international standards (ISO/TR 15155, ASABE ANSI/ASAE S436.1, S330.1, S398.1 and EP458; IA Irrigation Audit Guidelines /5-2009) will be followed. 

Special fact sheets will be developed for conducting audits in representative irrigation systems in order to diagnose and resolve problems. A guide (procedures, fact sheets and forms) will be composed and on site audits (about 100 per region) will be performed using the appropriate equipment. The irrigation audits will concern water quality (pH, EC, dissolved elements, pathogens etc), system characteristics (type, design and condition) and applied irrigation management practices. Participants will be selected at random from available registries and databases. Also randomly selected irrigation systems of public urban landscapes and athletic fields will be audited.

The audits will follow the bellow mentioned procedure:

· Step 1 Pre-audit inspection
· Step 2 Auditing procedures
· Step 3 Performance calculations
· Step 4 Results and recommendations
WP5, Actions 5.3, 5.4 and 5.5 Information system for irrigation management

Service: Information system for irrigation management

AQUASTAT (FAO's global information system on water and agriculture) states that in Greece and Italy about 70% and 40% of the available water resources are used for irrigation purposes respectively. Thus optimal irrigation scheduling is an increasingly important cultivation and landscape management objective as savings from improved water use efficiency are a potential source of water. Adequate supply of water results in better irrigation efficiency, helps plants to avoid stress situations and boosts yield. Irrigation control involves the determination of both timing and quantity of each watering event. Every approach for setting up an irrigation schedule is based on the calculation of the cultivation’s evapotraspiration -commonly done by means of an energy balance method (Allen et al. 1998; Stanghellini 1987; Donatelli et. al. 2006) - and the estimation of the couple frequency and system run time.

Static or web based practical software has been developed in order to assist agro-meteorologists, agronomists and irrigation engineers to carry out standard calculations for evapotranspiration and crop water use studies, and more specifically the design and management of irrigation schemes. Good examples are CropWat (FAO 2008), CIMIS (DWR 2008) and WeatherTRAK (Aquacraft Inc. 2001). In Greece relevant attempts produced until now only static software (Charthoulakis et al. 2006, 2007; Samaras 2008). Evaluation of these tools showed impressive results as it is reported reduction on water consumption for irrigation at levels of 20% (olives at the island of Crete - Chartzoulakis 2007) and of 44% (landscape irrigation – CIMIS 2008).

In this framework the development of a web based tool which would use automatically real time data in order to produce recommendations for improved irrigation schedules is of great importance. The tool should be adjusted for local conditions and this presupposes the knowledge of the special characteristics of the cultivations for each region and of the local irrigation practice (Papazafiriou 1984; Maton et. al. 2005).

The information system for irrigation management will be designed in detail by project team. This plan could be used for the upgrade of the already existing relevant service in Apoulia (Assocodipuglia). For Greece (plain of Arta), a new information system will be developed. The dynamic web site will be scripted using PHP, and will be available in Greek and English. A network of 20 weather stations (equipped with air temperature and relative humidity sensors, pyranometer, rain and wind speed meter
) properly distributed in order to cover microclimate in hydrological basin scale will be used (most of the stations are already operating and will only have to be tuned to the data protocol that the team will develop). Using the Penman-Monteith approach (FAO paper56) hourly and daily values of evapotranspiration for selected cultivations and typical landscape setups for each region will be calculated using the stations data and stored in the database. Estimated and measured climatic parameters will be available for unlimited access. The system will also include a water balance tool for providing registered data users with case specific irrigation schedules. This tool will also incorporate topographical and hydrological GIS data plus weather forecast information. A repository containing relevant information (irrigation systems design, installation, management, auditing etc) will be also developed. Additionally evaluation of the service for both agriculture and landscaping (case studies on the results of the website reception by farmers and landscape managers and its impacts in the field) will be done.
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WP6, Specialized research actions

Action 6.2 Low water – demand local cultivations and plants for landscaping



Deliverable 1: Review regarding low water – demand local cultivations and plants for landscaping
Efficient water use in urban landscapes contributes substantially to the conservation of this resource. Water use efficiency can be achieved by supplying only the amount of water sufficient to meet plant needs. At the other hand the use of local plants which can survive with minimum or no irrigation water inputs could contribute to low water need landscape works with high aesthetic value. 

The aim of this research is to identify and list (main characteristics, uses, images etc) low water – demand local plants which could substitute high water consuming plants which are used in landscaping in our areas.

Urban landscapes are usually complicated regarding the plethora of plant species and their spatial distribution which makes the design and management of relevant irrigation systems a hard task. The proposed research will also lead to design approaches and tools in order to analyze landscapes and divide them in irrigation zones. The criteria will be based on area parameters (geometry, usage), soil characteristics (type, slope) and landscape evapotranspiration coefficients (species, plant density and microclimate). 
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Action 6.3 Evaluation of satellite images for evapotranspiration estimation
Deliverables 1, 2: Experiment regarding  evaluation of multispectral satellite images for estimating evapotranspiration
Efficient control of irrigation for cultivations contributes to the optimization of yield and quality of products while minimizing inputs in the system and discharge of drainage water. Today almost all the methods that are used for irrigation management (time programming, climatic factors monitoring, soil moisture monitoring, leaf temperature monitoring, use of sophisticated techniques based on special measuring devices such as lysimeter, porometer and pressure chamber) are characterized by one or more of the following disadvantages: indirect measurements, need for continuous calibration, poor sample representativity, contact and destructive measurements, poor compatibility with new cultivation techniques and need for expensive equipment. 

Objectives

The proposed activity aims to the development of an irrigation management method through estimation of evapotranspiration or spectral crop condition indices through analysis of multispectral satellite images. The concept is based on the need for an easy to use, affordable, direct, non-contact, non-destructive, straightforward representative method for the estimation of the water condition of the cultivation. Through this method the irrigation events could be managed. 
Among the various irrigation control methods, the use of spectral crop condition indices is a promising research field and many relevant papers have been already published.

Tasks

In the framework of the proposed research activity the plant response to imposed water stress will be investigated in terms of monitoring the radiation emission in various parts of the electromagnetic spectrum. Additionally conventional measurements regarding the ambient environment, the cultivation condition and the irrigation system will be made (air and leaf temperature, air humidity, incoming solar radiation, net radiation, plant water loss, water flow, leaching fraction etc). Simultaneously to the measurements of inside climatic variables, outside variables will be recorded too. 

A series of existing (for example SDD ,TSD, CWSI etc.) and new (mainly spectral) crop condition indices will be evaluated in order to decide which separate or combined indices have the best response to water stress of the cultivation and could be used for initiation of the irrigation events. Furthermore the use of the proposed indices in feedback integrated irrigation control systems which could have practical application in commercial greenhouses will be investigated. 

Expected results

The innovation of the proposed activity lies in the effort for the development of a simple to use, direct and representative of entire cultivation plant based index for the management of irrigation events in the greenhouse. In its optimum form this index would be used not only for deciding the initiation of an irrigation event but also for its termination through feedback information. 
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Action 6.4 Sensors and systems for irrigation management in greenhouses

Deliverable 3: Experiment regarding Evaluation of substrate moisture sensors and development of prototype device for automatic management of irrigation systems (especially for greenhouses where the web tool can not be used)
Among the different irrigation management approaches, the one based on the measurement of the growing media (soil or soilless substrates) water status represents probably the most directly applicable, since it is directly related to the water availability for plants. The possibility to measure with sufficient accuracy the substrate water status, through using specific sensors, allows to set when and how much irrigation is required, which should take place when a threshold value is reached. Automation of irrigation can be obtained connecting moisture sensors to specific devices able to process the sensors output and decide when pumps should be switched on. That is commonly defined the “let the plant decide” approach, since it is based on the plant request to be irrigated according with the evapo-traspirative demand and the growth stage. Several studies demonstrated as this strategy allows to save water and increase the water use efficiency. The main reasons for not using moisture sensors to control irrigation are high costs, unsuitable size, unreliable measurements of the available moisture sensors and lack of precise information for a correct irrigation management based on sensors use. 

Nevertheless, in the last few years new generation of moisture sensors, reliable and affordable, is available. These probes are available in convenient sizes to be used for modern cultivation greenhouse techniques. 

The experiment will be conducted in the Experimental Farm “La Noria” (Mola di Bari, Bari), of the Istituto di Scienze delle Produzioni Alimentari (Food Science Institute) (ISPA) of the Italian National Research Council (CNR) which is settled at the Municipality of Mola di Bari. The research station is equipped with greenhouses, laboratories and equipments for the physiologic and productive characterization of crops.

The activity of this unit will have the general aim to obtain a water saving and an increase of the water use efficiency related to the irrigation practice in the areas of the project; specific objectives of the unit will be:

· to examine the efficacy of different moisture sensors for measuring water content in soilless substrates and in soil (tensiometer e capacitance/frequency domain technology sensors), selected among the most suitable ones for a possible diffusion on a commercial scale in our environmental conditions;

· to get useful information regarding the irrigation management based on the use of such sensors, for vegetables growing in our environments and for landscape management, through the study of the crop response to different irrigation levels and strategies;

· to verify the possibility to improve the yield performance of plants irrigated with saline water, through the automation of irrigation with sensors able to measure simultaneously the substrate water status and salinity; 

· to get objective data regarding the water saving obtained with the proposed irrigation management approach, compared with the usual practice in the areas of the project. 

Passing from the general to the particular, the activity of the unit will be carried out in 3 stages:

· stage 1: laboratory tests will be carried out in order to characterize in detail the functioning of the innovative sensors object of study (calibration curves for different soilless substrates and soils, correction factors for salinity and temperature). Based on the acquired information, a system of datalogging and irrigation automation will be projected and realized. It will allow to continuously monitor the water status of the substrates and automatically pilot the irrigation. The system will be used in the subsequent stages of agronomic trials.

· stage 2: for each vegetal specie, object of subsequent study, trial will be carried out in order to study in detail the physiologic response (photosynthesis, growth, root morphology) of plants to different levels of water availability (different levels of substrate water potential or volumetric water content, according to the used sensor, set as threshold for irrigation). The use of moisture sensors and related devices, in fact, is useful for those kind of studies, since they allow to control precisely the water status of the growing media. The data from those trials will be used to define the optimal substrate water status for plant growing, according with the species and the used media.

· stage 3: agronomic trials will be carried out for the greenhouse cultivation of water stress sensitive crops, in soil and soilless conditions. Moreover, trials of  irrigation management based on soil moisture sensors for urban landscape will be carried out. In all the trials, different approaches for the irrigation management will be compared. In particular, 4 agronomic trials will be carried out:

· Soilless greenhouse cultivation of green bean (Phaseolus vulgaris L.). 3 systems for the automatic irrigation management will be compared: tensiometer, capacitance/frequency domain technology sensors and solar radiation counter (the latest is the approach commonly used by integrated irrigation control systems in technologically advanced greenhouses). The effects on physiological and productive crop response, on water and fertilizers consumption and on water use efficiency will be evaluated. The different irrigation management systems will be evaluated in terms of efficacy and precision. In this trial, results from stages 1 and 2 (calibration curves and optimal substrate water status for plant growing, respectively) will be used. 

· In soil greenhouse cultivation of cucumber (Cucumis sativus L.). 3 systems for the automatic irrigation management will be compared: tensiometer, capacitance/frequency domain technology sensors and solar radiation counter. The effects on physiological and productive crop response, on water and fertilizers consumption and on water use efficiency will be evaluated. The different irrigation management systems will be evaluated in terms of efficacy and precision. Preliminarly, the tensiometric curve of the soil which will be used in the trial will be determined, in order to define the irrigation variables. In this trial, results from stage 1 (calibration curves) will be used.

· Irrigation management in urban green landscape using moisture sensors. The usual irrigation strategy (manual or timer based) will be compared with the innovative approach based on moisture sensors, in terms of water consumption and performance obtained.

Deliverable 4: Experiment regarding sensors evaluation for landscape projects

Irrigation of landscapes is necessary to ensure good plant quality. Automated residential irrigation systems tend to result in higher water use than non-automated systems. This can be attributed to several factors, including the tendency to improperly program irrigation timers for changing weather conditions. 

Increasing the scheduling efficiency of an automated irrigation system provides the opportunity to conserve water resources while maintaining good landscape quality. Control technologies available for reducing over-irrigation include evapotranspiration based controllers, soil moisture sensor controllers, and rain sensors . The purpose of the proposed research is to evaluate the capability of these control technologies to schedule irrigation compared to clock scheduling using evapotranspiration / water balance calculations or simple empirical settings (the latest is the most common practice in the programme area). Irrigation adequacy and scheduling efficiency will be calculated in 60-day running totals to determine the amount of over- or underirrigation for each control technology. A time-based treatment with irrigation 2 days/week and no rain sensor will be the reference treatment. Additionally the use of soil moisture sensors for the evaluation of system’s application uniformity which is a critical issue regarding turfgrass irrigation will be evaluated.

The experiment will be conducted in the TEIEP Department of Floriculture and Landscape Architecture facilities at Arta.
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Action 6.5 Alternative sources of water


Deliverable 3: Experiment regarding Irrigation with saline water for greenhouse cultivations

The experiment will be carried out in the Experimental Farm “La Noria” (Mola di Bari, Bari), of the Istituto di Scienze delle Produzioni Alimentari (Food Science Institute) (ISPA) of the Italian National Research Council (CNR) which is settled at the Municipality of Mola di Bari. The research station is equipped with greenhouses, laboratories and equipments for the physiologic and productive characterization of crops.

Soilless greenhouse cultivation of tomato (Solanum lycopersicum L.) in presence of saline irrigation water will be evaluated. It will be realized a system for irrigation management able to adapt the irrigation variables (in particular frequency, supplied water volume and consequent presence or absence of leaching) as a function of the salinity increase in the growing substrate. In this case, sensors able to measure the substrate water status and salinity will be used. The effects on physiological and productive crop response, on water and fertilizers consumption and on water use efficiency will be evaluated. In this trial, results from stages 1 and 2 (calibration curves and optimal substrate water status for plant growing, respectively) will be used.
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Deliverable 4: Experiment regarding irrigation of landscape plants with recycled water

Recycled (reclaimed) water may be a suitable alternative source of irrigation for urban green spaces plants in arid and semi-arid regions and in highly populated areas. Although ultimately recycled water use is dictated by local laws, irrigating urban landscapes with recycled water should be seriously considered where domestic water is not readily available or too expensive. Factors affecting the decision to use recycled water for urban landscapes irrigation include: human health considerations, soil conditions, irrigation factors, nutrient content of water, and, most importantly, recycled water’s dissolved salts.

In the framework of the proposed experiment, the chemical characteristics of the recycled water produced by Arta’s sewage treatment plant will be evaluated. Then an irrigation experiment concerning typical urban landscape plantings of the city of Arta will be conducted. The experiment will evaluate the possibility to irrigate this plantings with recycled water regarding plant development, aesthetic issues etc. The results will be reported and if they are positive, action will be taken to persuade the municipal authorities to consider this irrigation option and to increase public acceptance of treated municipal sewage water to irrigate urban landscapes.
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Deliverable 5: Experiment regarding combating cadmium plants absorption with salt water (Heavy metals)
In recent years there has been increasing concern over the contamination of soils by heavy metals due to atmospheric deposition or the application of metal-contaminated sewage sludge, fertilizers and animal manure (Alloway and Steinnes, 1999). Because of its mobility in the plant-soil system and its low affinity for soil colloids (Alloway, 1995), cadmium can easily enter the food chain, with serious consequences for human health.  For example, Cd has been implicated in human bone disease, lung edema, liver damage, anemia and hypertension (Nordberg, 1974; Nath et al., 1984; Staessen et al., 1999). Due to this, Cd is one of the metals for which the Food and Agricultural Organization and the World Health Organization (FAO-WHO, 1978) have set limits, with a maximum permitted human intake of 70 μg Cd d-1).

Cadmium accumulation by plants varies widely among species, cultivars and tissues (Oliver, 1997). Soil factors affecting Cd uptake by plants include the soil Cd content, pH, organic matter and the concentrations of Fe, Mn, Ca, Zn and Cl (Oliver et al., 1996; McBride, 2002; Bingham et al., 1983; Jackson and Alloway, 1991).  Plant species that tend to accumulate large amounts of Cd include lettuce (Davis, 1984; Crews and Davis, 1985; Moustakas et al., 2001), spinach, cabbage, celery (Davis, 1984; Ni et al., 2002), wheat and poppy (Chizzola, 1997), whereas potato tubers, maize, French beans, and peas are less accumulative (Davis, 1984). Cadmium shows a particular affinity for sulfydryl groups and nitrogen containing ligands, and this leads to the inactivation of many important enzymes involved in photosynthesis, respiration and other metabolic processes (Torres et al., 2000). Moreover, although Cd may be accumulated by plants to a level that is toxic to humans and animals, symptoms of phytotoxicity may not be visible (Prince et al., 2002).

Endive (Cichorium endivia, L.) and rocket (Eruca sativa, Mill.) are two important salad crops of the Mediterranean basin. Despite their similar use in human nutrition, the plants of both species show different development, endive forming a densely leaved rosette, whereas rocket has an upright growth habit.  Whilst endive is grown commercially throughout Europe and northern America, rocket is considered to be an under-utilized species and is the subject of sustainable exploitation (Padulosi and Pignone, 1997).  Since rocket is resistant to abiotic stress (e.g. salinity), it is suitable for growth under less favourable environmental conditions than other crops, including endive.  With a view to providing more information on the physiological behaviour of rocket with respect to its exploitation, we will compare the effect of Cd on its growth and Cd uptake in comparison with endive.

Materials and methods

Will be used pots for endive and rocket 15cm in diameter (holding 2.0 kg of dry mixture). All pots will lined with clear polyethylene bags. The moisture level of the peat-soil mixture will maintained at a soil matrix potential of –100cm by daily weighing and watering of the pots with distilled water. This matrix potential maintains the moisture content of the substrate and avoids leaching. Supplementary nutrients (100 mg KNO3 and 150 mg NH4NO3 per pot) will bee added to all treatments once a week. 

Seeds of endive and rocket will sow in seed trays filled with the same compost on spring (S) cultivation. Seedlings of equal height will be selected and transplanted one month after sowing.  Each pot contains one plant, and cadmium oxide (CdO) will be applied in amounts of 0, 5, 10 and 20 mg Cd kg-1. The pots will be arranged in a randomized complete block design with four treatments and twenty replicates, i.e. a total of 80 pots per sowing. Six weeks after transplantation, the leaves and stems (i.e. the edible parts) will be harvested and washed free of all adhering soil in distilled water, and the fresh weight will be determined. Then the samples will be shredded and dried to constant weight at 65oC. 

The dried samples will finely ground in a centrifuge mill. To minimize contamination, acid-washed polyamide pots and agate balls were used. Each sample will be dry-ashed at 550oC, and the residue will be dissolved in concentrated HNO3. In addition, soil samples from each pot will be collected at the end of each experiment and mixed to produce four composite samples per treatment (i.e. a total of 16 soil samples in each experiment). Composite samples will be air-dried and ground to pass a 2mm plastic sieve, and Cd will be extracted for assay using the DTPA-TEA method. The Cd content of the plant tissues and peat-soil samples will be measured by atomic absorption spectrophotometry (Thermo Scientific, iCE 3000 Series), using an air-acetylene flame (Baker and Amacher, 1982).
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� Detailed description of the meteorological station networks components characteristics is provided in a special document of the present proposal.
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