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1. Project execution

The WATERWEB project was executed according to the strategic objectives, which were: a) to contribute to development in the Western Balkans (WB) by introducing strategic water management for drought alleviation and sustainable agricultural practices in the WB, and b) to establish and reinforce research expertise in the WB in a range of technologies for water and crop management.
The contractors of the project were: 

	No.
	Partner
	Short name
	Country

	1
	University of Copenhagen, Faculty of Life Sciences (previously The Royal Veterinary and Agricultural University (KVL))

Coordinator:
Sven-Erik Jacobsen
	UCPH
	Denmark

	2
	Newcastle University 
	UNEW
	UK

	3
	Lancaster University 
	ULANC
	UK

	4
	Instituto Tecnologia Quimica e Biologica 
	ITQB
	Portugal

	5
	Faculty of Agriculture, University of Belgrade  
	UB
	Serbia

	6
	Faculty of Agriculture, University of St Cyril and Methodius 
	USCM
	Former Yugoslav Republic of Macedonia

	7
	Institute Jaroslav Cerni 
	IJC
	Serbia


Work was divided into five workpackages as described:
	Work-package
No
	Workpackage title
	WP short title

	1
	Strategies for quantifying water and managing water quantity
	Water quantity

	2a
	Chemical monitoring of water quality
	Water quality

	2b
	Microbial contamination of water sources and its consequences
	

	2c
	Ecotoxicological studies on river water
	

	3a
	Deficit irrigation studies
	Water use

	3b
	Quinoa field, pot and lysimeter studies
	

	4
	Socio-economic analyses of water management and growing a new crop
	Water economy

	5
	Output dissemination and developing outreach activities
	Water dissemination


End results

The investment, installation and data collection from the hydrological equipment and the creation of GIS databases for the Land-Water-Economy Information System (LWEIS) is an important tool to introduce appropriate irrigation systems in the WB region. Although there was no permanent N contamination of irrigation water, periodic increases of N in Serbia originating from sewage leakage was alarming. Also contamination of vegetables was detected, induced by washing with channel water containing E. coli and Salmonella. Different decontamination procedures of the crops included disinfection by UV or organic solutions, however, prevention of contamination is preferred. In Macedonia all water samples were seriously contaminated with E. coli, and therefore they could not be used for any purpose. Modern methods for detection of pathogens and other contaminants in water, and technologies for reducing contamination impact, will be of importance in the WB region, where legislation and implementation of EU standards targeting water for irrigation is low. New methods and more focus on the subject of water, as gained through WATERWEB, will help to improve existing quality criteria for water for irrigation in Serbia and Macedonia. The outcomes of the project regarding establishment of modern methods for detection of pathogens and other contaminants in water, and technologies for reducing contamination impact, will be of special interest for the local consumers and growers. Since the legislation and implementation of current EU standards targeting water for irrigation in Serbia is low, this will also help to improve existing quality criteria for water for irrigation in Serbia and Macedonia. 
The predictions are that the demand for irrigation will increase considerably in years to come to alleviate the consequences of climate change and more frequent and severe droughts. Water is expected to become the main limiting factor in agricultural production. However, as a consequence of global climate changes and environmental pollution, water available for agriculture is often reduced. Emphasis therefore must be placed on crop physiology and crop management under dry conditions in order to make plants more efficient water users. Climate changes predicted for Serbia and Macedonia are an increased number of drought events, which will increase their dependence on irrigation and especially on techniques for more efficient water use, such as deficit irrigation (DI). Implementation of DI, for instance alternate partial root zone drying (ARD or PRD), in various crops (tomato, potato, grapevine, maize) may decrease demand for agricultural use of water, by increasing water use efficiency, improve end product quality, and reduce the risk of leaching of nutrients. The methods have  been developed on what is known on plant responses to drought stress and to the mechanism of root-to-shoot drought stress signalling. Potato and tomato have high water requirements, so that supplemental irrigation is necessary for successful production.
The main results of the potato field experiments on sandy soil using ARD70 and DI70  were: 

1. The time interval of shifting irrigation side in the ARD treatment can be based on actual evapotranspiration amount of the fully irrigated (FI) treatment. This method for shifting should be defined for different soil types and climate conditions. 

2. The ARD treatment should be applied after tuber initiation until maturity only. During the early growth stages, the ARD and DI treatments decrease growth and tuber yield of the plants.

3. Of the investigated water saving irrigation strategies (ARD50, ARD70, DI), ARD70 from end of tuber initiation until maturity was the only water saving irrigation strategy able to maintain yield and significantly increase WUE.

4. ARD70 increased significantly the amount of marketable tubers with a diameter of 40-60 mm as compared with FI.

5. ARD70 improved soil nitrogen availability late in the growing season maintaining top greenness to a greater extent, as compared with ARD50, DI and FI. This effect might have contributed significantly to the continued tuber filling late in the growing season resulting in yield maintenance and improved tuber size distribution.

Economical analyses of tomato and grapevine showed that ARD techniques had no profit gain compared to FI. The explanation is that currently in Serbia and Macedonia the price of drinking and industrial water is low and does not cover the expenses of water exploitation.

Farms supplying foreign-owned buyers are noticeably larger (mean of 16.45 ha) than those supplying domestic buyers (6 ha). It was demonstrated that these small-scale producers in Serbia risk being marginalised into low-value markets. 
The main findings from the Serbian farm survey were:

· The majority of farmers lack faith in the current regulatory system.

· Basic rules on extraction of water are not followed by the majority of Serbian farmers.

· Water quality and quantity are concerns for farmers but are not considered to be the most pressing problems, particularly compared against low prices and meeting the requirements of buyers.

· The environmental problems of poor water quality are general to Serbia. Farmers identify water quality and pollution as issues, albeit not the most important.

· There is some willingness to pay extra for cleaner water, with this willingness being positively linked to whether farmers see water quality and quantity as a problem, and their degree of financial stress.

· Contracting is, overall, rather poorly developed with quality control rudimentary. This is further depressing farm-gate prices. For example, less than two thirds of farmers in the sample sell under any form of contract and where contracts are used they very rarely stipulate environmental standards.

· Foreign owned buyers of fresh fruit and vegetables employ much stricter environmental controls and standards. This will have important implications as Serbia’s market is opened up via the process of Europeanization and greater penetration of foreign direct investment.

In neighbouring Macedonia, by contrast, the majority of farmers in project areas have joined a water community (WC), and less than 20 % are either dissatisfied or very dissatisfied with their WC and the water reform has stimulated a significant increase in cost recovery rates, and a majority of farmers in Macedonia have joined a water community. 
GIS technology was used to digitise maps with basic parameters for water associations, and links made to spreadsheets and farmer questionnaires databases (Fig. 1). 
One option as a new crop for Macedonia and probably Serbia could be quinoa (Chenopodium quinoa Willd.), which has a high nutritional value, with a high content of protein, a perfect amino acid balance, and a high level of a range of vitamins and minerals. It makes it interesting as a new crop for high quality food in Macedonia and in Europe in general. 

[image: image2.emf]Land Water Economic Information System: 

Land Water Economic Information System: 

hyperlink

Bregalnica

 

Satisfaction ratings for different farm sizes

0

2

4

6

8

10

12

14

16

18

1 2 3 4 5 7 10 15 45 290

farm size (ha)

frequency

V Dissatisfied Dissatisfied Indifferent Satisfied V Satisfied null response


Fig. 1. LWEIS

The priority of the project has been involvement of stakeholders, and discussions and transfer of project results to farmers, municipal and government officials, scientists and consumers. Therefore several stakeholders meetings have been held. The project has produced a large amount of publications, in total 43 scientific papers, 79 conference presentations and 3 popular papers. Presentations at conferences were given 28 times, and 20 posters have been displayed. In addition, various meetings and media briefings were held, and radio and TV interviews given. 

Project website: www.waterweb.dk
2. Dissemination and use

During the timespan of the project a large number of scientific and popular papers have been produced, in addition to presentations on radio, TV and on conferences and stakeholder meetings. The future plan for dissemination is to write additional scientific papers based on the results of the project. Among these is a review paper gathering all information up to date, together with our results from WATERWEB, on potato and tomato production in WB and elsewhere:

Radmila Stikić, Sladjana Savić, Zorica Jovanović, Sven-Erik Jacobsen, Fulai Liu and Christian R. Jensen: Deficit irrigation strategies: use of stress physiology knowledge to increase water use efficency in potato and tomato
The review will be published as a book chapter in a book published by Nova Publisher on Horticulture in the 21st Century, and parts of it in an international journal.

We also plan to present the main results of the project and the potential impact for the WB region in an international journal such as Agronomy and Sustainable Development, later this year. 
WATERWEB was followed by a FP7 Coordinated Action in Serbia, “A Centre for Sustainable Crop-Water Management (CROPWAT), where the work from WATERWEB has been continued. For instance has the work with the new crop for dry and saline areas, quinoa (Chenopodium quinoa Willd.) been continued successfully, also in Serbia, and the first results were presented at a conference, mainly for the WB region:

Jacobsen, S.-E., C. Andreasen & J. Rasmussen. 2009. Weed control in organic grown quinoa (Chenopodium quinoa Willd.). IV Symposium – Innovations in crop and vegetable production, University of Belgrade, Fac. Agriculture, Belgrade, Serbia, 23-24 October, 2009, 1p.

Very close contact is being maintained between most partners of WATERWEB, for instance with ITQB from Portugal, participating in the new FP7 project “Sustainable water use securing food production in dry areas of the Mediterranean region (SWUP-MED)”, and with the WB partners, both in CROPWAT and in other collaborative activities.
WATERWEB has been the driving force in order to initiate the work to improve crop management and make best use of the scarce water resources under the predicted climate changes, leading to increased drought and increased temperatures in the WB region.
