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ABSTRACT

One critical problem confronting mankind today is how to manage the intensifying competition for water between expanding urban centres, traditional agricultural activities and in-stream water uses dictated by environmental concerns.

In the agricultural sector, the prospects of increasing the gross irrigated area in Europe and elsewhere are limited by the dwindling number of economically attractive sites for large irrigation and drainage projects. Therefore, any increase in irrigated agriculture will necessarily rely largely on a more accurate estimation of crop water requirements on the one hand, and on major improvements in the construction, operation, management and performance of existing irrigation and drainage systems, on the other.

The failings of present systems and the inability to sustainably exploit surface and groundwater resources, can be attributed essentially to poor planning, design, system management and development. This is partly due to the inability of engineers, planners and managers to adequately quantify the effects of irrigation and drainage projects on water resource systems and to use these effects as guidelines for improving technology, design and management.

To take full advantage of investments in irrigated agriculture, a major effort is required to rehabilitate and modernize irrigation and drainage systems and to develop appropriate management strategies compatible with the financial and socio-economic trends of the environment. This calls for an integrated holistic approach to irrigation and drainage management and monitoring so as to increase food production, conserve water, prevent soil salinization and waterlogging, and to protect the environment and ecosystems. All this requires enhanced research and a variety of tools such as water control and regulation equipment, remote sensing, geographic information systems, decision support systems and models, as well as field survey and evaluation techniques.

To tackle this challenge, we need to focus on the following issues:

· evapotranspiration and related calculation methods

· estimation of crop water requirements

· technologies for the design, construction, rehabilitation and modernization of irrigation and drainage plans

· procedures for integrated planning and management of irrigation and drainage systems

· analysis to identify causes and effects constraining irrigation and drainage system performance

· strategies to improve irrigation and drainage system efficiency

· environmental impact of irrigation and drainage schemes and suitable measures for creating and maintaining sustainability

· institutional strengthening, proper financial assessment, capacity building, training and education.
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INTRODUCTION
A critical problem confronting mankind today is how to manage the intensifying competition for water between expanding urban centres, traditional agricultural activities and in-stream water uses dictated by environmental concerns.

In the agricultural sector, the prospects of increasing the gross irrigated area in Europe and elsewhere, are limited by the dwindling number of economically attractive sites for large irrigation and drainage projects. Therefore, any increase in irrigated agriculture will necessarily rely largely on a more accurate estimation of crop water requirements on the one hand, and on major improvements in the construction, operation, management and performance of existing irrigation and drainage systems, on the other.

The failings of present systems and the inability to sustainably exploit surface and groundwater resources, can be attributed essentially to poor planning, design, system management and development. This is partly due to the inability of engineers, planners and managers to adequately quantify the effects of irrigation and drainage projects on water resource systems and to use these effects as guidelines for improving technology, design and management.

To take full advantage of investments in irrigated agriculture, a major effort is required to rehabilitate and modernize irrigation and drainage systems and to develop appropriate management strategies compatible with the financial and socio-economic trends of the environment. This calls for an integrated holistic approach to irrigation and drainage management and monitoring so as to increase food production, conserve water, prevent soil salinization and waterlogging, and to protect the environment and ecosystems. All this requires enhanced research and a variety of tools such as water control and regulation equipment, remote sensing, geographic information systems, decision support systems and models, as well as field survey and evaluation techniques.

TRENDS IN IRRIGATION AND DRAINAGE
Irrigated agriculture is expected to play a major role in achieving food security and improving the quality of life, especially in the context of global population growth from today’s 6 billion to at least 8 billion by 2025. In the past, agricultural production has been increased by expanding land under cultivation. Nowadays there are clear signs that many parts of the world have already reached or are fast approaching limits to area expansion. This reality imposes natural constraints on development. Beyond these constraints, man dictates the pattern of future trajectories. If the strategies adopted are environmentally sound, it should be possible to increase agricultural production on a sustainable basis.

Sustainable development can be viewed as a process of change in which the exploitation of resources, the direction of investments, the orientation of technological innovation and adaptation, along with institutional changes, are all in harmony and enhance both current and future potential, to meet growing human needs and aspirations.

Concerning irrigated agriculture, most of the world’s 260 million hectares of irrigated land and 150-200 million hectares provided with drainage facilities were developed on a step by step basis over the centuries. Many of the systems structures have aged or are deteriorating. Added to this, the systems have to withstand the pressures of changing needs, demands and social and economic evolution. Consequently, the infrastructure in most irrigated and drainage areas needs to be rehabilitated, renewed or even replaced and thus redesigned and rebuilt, in order to achieve improved sustainable production. This process depends on a number of common and well-co-ordinated factors, such as a new and advanced dimension of technology, environmental protection, institutional strengthening, economic and financial assessment, research thrust and human resource development. Most of these factors are well known and linked to uncertainties associated with climate change, world prices and international trade. These uncertainties call for continued attention and suitable action on many fronts, if productivity and flexibility in agricultural systems is to be improved. In this context climate change plays a particularly important role. Availability of reliable hydro-climatic data is an essential prerequisite for the rational planning, design and management of water resources. Irrigation and drainage systems were designed for long life, on the assumption that climatic conditions would not change in the future. This will not be so in the years to come, due to global warming and the greenhouse effect. Therefore, water system designers and managers need to systematically re-examine engineering design criteria, operating rules, contingency plans and water allocation polices. Demand management and institutional adaptation are essential components for enhancing system flexibility to meet uncertainties of climate change. More emphasis should be placed on demand management rather than construction of new facilities. This will modify the traditional water management approach, which relied on the construction of large and expansive infrastructures.

All the above factors and constraints compel decision makers to review the strengths and weaknesses of current trends in irrigation and drainage and rethink technology, institutional and financial patterns, research thrust and manpower policy so that system efficiency can be improved in a sustainable manner.

To develop this process in a well-planned and controlled scheme the following aspects need to be adequately addressed:

· technology;

· institutional and financial aspects;

· research thrust;

· human resources and networking.

TECHNOLOGY
Technology in irrigation and drainage development is concerned with the planning, design and control of the systems, including water conveyance, regulation structures, water quality and environmental protection measures. It is also concerned with rehabilitation and modernization procedures and methods for conjunctive use of surface and groundwater to minimize water use and reduce deep percolation.

Some basic aspects, important in the process of technological innovation and improvement, are:

· planning and design;

· management, operation and maintenance;

· performance assessment;

· constraints and environmental impact;

· rehabilitation and modernization;

· integrated use of surface and subsurface water resources.

Planning and design
The planning and design of irrigation and drainage systems should be viewed as an aspect of agricultural development concerning the private sector as well as the national economy. So, particular attention should be paid to:

· the importance of water for agricultural production in relation to national water use;

· historical water use practices;

· effect on the local hydrological environment;

· maintenance of water quality and quantity.

In this context, the process of design parameters, selection of systems and materials, construction methods, operational and maintenance aspects has to proceed in a balanced way, in order to optimize design and to take into account the interactions among land use, agricultural practices and the layout and characteristics of irrigation and drainage networks.

The choice of irrigation or drainage technique will depend on the environmental conditions. For irrigation, options include basin, furrow, sprinkler, drip and subsurface methods. For drainage systems the available methods include deep and shallow tube wells, skimming wells, wide-spaced and narrow-spaced drain pipes, deep and shallow ditches, surface drainage or mole drains. Planners and designers have to incorporate sufficient flexibility into the networks to be able to cope with changes in the objectives of the schemes. These may be due to alteration of cropping patterns, agrarian structures, urbanization, infrastructure, agricultural practices, mechanization, hydrological regime, water management and water use trends.

Research on the planning and design of irrigation and drainage systems has to deal with different aspects such as: design criteria and design methods, materials, construction, maintenance, control and inspection equipment, institutional and financial aspects of system construction, operation and maintenance. Because of the increasing scarcity of usable water resources, special attention should be focused on the control (reuse and disposal) of agricultural drainage water. The objective of this is to optimize the efficiency of available land and water resources use with the ultimate goal of enhancing crop yield and production. For a well planned and controlled irrigation and drainage scheme, the following aspects need to be taken into account at the design stage:

· data on climate, cropping pattern, stream flow, surface and subsurface water regime, water demand for agricultural, industrial and municipal purposes;

· existing facilities (dams, canal systems and associated structures);

· design parameters of irrigation and drainage works and all associated structures, with special emphasis on how to secure and control the required water supplies;

· future operational, maintenance and management procedures including monitoring, financial and administrative facilities.

Standardization of design procedures is necessary to allow for possible decentralization of the design process. This will facilitate construction supervision and establish the basis for a more rational and sustainable irrigation and drainage scheme, with consequent benefits for its operation and maintenance. Design standards should be simple and precise, so as to provide designers with clear choices as to type of structure to be used and procedures to be followed.

Management, operation and maintenance
Good management, efficient operation and well-executed maintenance of irrigation and drainage systems are basic requisites for improving irrigated agriculture. They enhance both performance and crop yields, and ensure sustained production. Unfortunately, these systems are often poorly managed, and not properly operated and maintained mainly because of insufficient finances. While it is clear that adequate financing is essential, experience has shown that weaknesses in institutional, technical and managerial aspects of an irrigation and drainage organization are also important factors that can impair system performance.

To enhance system performance and assure the ongoing integrity of its facilities call for good management skills to effectively co-ordinate the physical, human and financial resources involved in the scheme. Moreover, an operational and maintenance plan is needed to establish a strategy for achieving these objectives. The plan is a permanent set of documents and instructions, work programs and schedules, updated when changes are made, that forms a complete statement for reference and guidance at every level, within the organization managing the systems. This plan is the outcome of an integrated planning and management process. The process provides for a top-down approach to priority/direction setting and a bottom-up approach to devising detailed strategies and activities.

Therefore, the plan can be viewed as an iterative process involving the following steps:

· identification of those activities most significantly affecting the system’s overall performance;

· diagnostic analysis and identification of options for performance improvement;

· development and implementation of programs:

· monitoring and evaluating processes against agreed performance criteria;

· review of plans and programs.

The need for rehabilitation and modernization measures normally emerges from the analysis of actual and expected performance.

Maintenance of irrigation systems differs fundamentally from that of drainage schemes. On the one hand, maintenance of irrigation networks should be carried out prior to the commencement of and/or during the irrigation season. The irrigation water is supplied in more or less known quantities, whereas without maintenance, the crops will not receive adequate water supply. On the other hand, maintenance of drainage systems is of a more preventive nature. It should be conducted before a to a certain extent, unknown wet period, during which the drains have to fulfil their function. The amount of drainage water to be stored and transported may vary considerably, and the damage resulting from insufficient drainage may occur long after the wet period.

The purpose of maintenance is either to eliminate the cause of poor drainage system performance or to prevent this from happening. In the first case proper monitoring is required, in the latter a schedule is needed, indicating the maintenance activities and their planning. On the whole, proper maintenance is critical to the success of irrigation and drainage projects, and to ensure that the design and operational objectives set by designers, planners, investors and farmers are achieved. It is also recommended that cost effective maintenance programs be developed and implemented through research and field and economic studies. In addition, the operational and maintenance programs should envisage farmer and stakeholder participation to be truly effective.

Performance assessment
System performance can be defined as the degree to which the system’s products and services respond to the needs of their customers or users, and the efficiency with which the system uses the resources at its disposal. In assessing the performance of irrigation and drainage systems the following issues should be taken into account:

· irrigation and drainage are human interventions in which an organization and the customers are the actors;

· water is used (delivered and intercepted) to improve crop growth;

· a level of service has been agreed between the organization and its customers;

· the organization and its customers need to use the resources with some target level of efficiency.

Performance assessment is an increasingly relevant concept in present-day irrigation and drainage systems. This is because the gradual deterioration of large scale schemes developed in the sixties and seventies is starting to become apparent. Therefore, it is necessary to evaluate the performance of these systems before their rehabilitation and modernization. To this end some standards or performance indicators have been proposed for:

· carrying out diagnostic analysis;

· comparing actual performance with established design criteria;

· determining whether the system requires rehabilitation and modernization measures or simply extensive maintenance;

· identifying the upgrading or restoration to overcome current deficiencies

· selecting among alternatives actions that are economically justifiable and preparing a priority list of potential rehabilitation and modernization measures.

Performance indicators are measurable variables that describe the condition of a system and its changes over time and space. As mentioned, they enable the functioning of the system to be assessed against an agreed set of criteria. Ranges of indicator values can be established to allow the user to identify whether acceptable conditions are being achieved.

Such indicators should:

· provide important information on system functioning;

· relate to accepted standards;

· have a solid scientific base;

· be expressible in a quantitative form;

· have high diagnostic value;

· hold high discriminating value;

· be measurable easily and cost effectively.

They should analyze the following system characteristics:

· reliability;

· conveyance efficiency;

· adequacy;

· equity of water distribution;

· field application efficiency;

· environmental sustainability.

The aim of the performance assessment is to select a small number of powerful, easily observable indicators that allow reliable conclusions to be drawn. The performance assessment should be a regular, short duration process for investigating suspected critical shortfalls in performance. Organizational requirements comprise some permanent, low intensity monitoring and evaluation procedures that could be supplemented by full scale performance assessment investigations whenever major performance problems occurred. The organizations responsible for irrigation and drainage schemes can be very helpful in providing information about system performance, granted they have a well-established monitoring and evaluation program and an efficient Management Information System.

Constraints and environmental impact
The contribution expected from the irrigation and drainage sector towards improving agricultural productivity cannot be achieved if constraints in irrigation and drainage systems are not adequately addressed. In many cases technological problems and their adverse impacts on the environment are increasing because solutions have not been found or proven effective or because maintenance has been neglected and modernization deferred. Moreover, modification of the hydrological ecosystems by irrigation and drainage networks has brought about environmental changes commonly leading not only to reduction in water availability, waterlogging, salinization hazards and the spread of aquatic weeds, but also to problems affecting the health of the local population. In this regard, the most important issues that demand urgent attention are:

· shortage of water supply at the source;

· poor canal regulation;

· poor operation and maintenance;

· waterlogging and salinity;

· water-related diseases and human health.

Preventive planning, suitable design management measures and post-construction control programs can do much to mitigate or solve the above problems.

In addition to the disadvantages listed above, which are directly related to water, there are a number of other constraints. They include inadequate supplies of farm inputs, poor infrastructure, poor marketing facilities, price disincentives and other factors.

More directly related to the irrigation and drainage facilities themselves are the problems of cost of development and economic viability. As irrigation is extended into marginal areas, costs often rise to levels that prevent high returns on capital.

All these constraints present a major challenge to the sustainable development of irrigated agriculture and require the combined effort of both individuals and communities. To face this challenge an integrated approach to irrigation and drainage is needed, aimed at increasing food production, water conservation, preventing waterlogging, soil salinization and diseases, and at protecting the environment and ecosystems.

Rehabilitation and modernization

When serious deficiencies in system performance arise, that cannot be overcome by simple changes in management practices, some rehabilitation and/or modernization measures are called for. Rehabilitation consists of actions that restore the system to its original capacity, whereas modernization entails increasing the original irrigation and drainage network’s capacity. A combination of rehabilitation and modernization is usually adopted to improve existing systems. Rehabilitation or modernization is often required to upgrade ageing systems. In other situations changes in land utilization, water availability or economic value of crops require the system to be modified. Inadequate maintenance is frequently the primary reason for rehabilitating irrigation and drainage systems to restore agricultural production to previous levels.

It is estimated that between 50 and 70 percent of traditional irrigation and drainage systems worldwide are in need of rehabilitation, and almost all networks call for some degree of modernization.

Due to the dwindling number of economically attractive sites for large irrigation and drainage systems, the current tendency of decision makers is to increase resources allocated to rehabilitation and modernization of existing networks instead of constructing new projects.

Most surface irrigation systems were designed to provide almost constant rates of flow for prolonged periods of time and, therefore, have few control structures in the canal networks. As a consequence, there is little regulation of water delivery to suit crop requirements. Moreover, in areas where there is a pressing need for diversification, existing systems cannot meet the demand for flexibility. There is a need to introduce more effective control structures within canal networks, to automate control, adopting modern information systems and to move towards much more efficient operating practices. In this context, improved regulation of water delivery not only has the direct advantage of increasing crop yields, but also helps to control waterlogging and salinity.

Other reasons for improving the technical quality of canal networks are: reduction of seepage losses and sedimentation, control of disease vectors and weed growth. Effective research on these topics is also required for maintaining equity among farmers, particularly for managing demands during periods of water scarcity. The concept of modernization is also relevant to new systems. Some of the new technologies are particularly suitable for problem soils where traditional irrigation systems may not be feasible. Therefore, they offer the opportunity of expanding into marginal land and increasing the cultivable area. Most modern irrigation methods allow injection of fertilizers into the irrigation water, thus economizing fertilizer use and reducing soil and groundwater pollution. 

Research is needed in this field to adapt such methods to specific soil, topographic, ecologic and social conditions in order to ensure that they are cost effective and sustainable.

As for drainage systems, rehabilitation and modernization measures should envisage new criteria for leaching of salts and pollutants, like pesticides and heavy metals. These criteria should achieve the right balance between agricultural production requirements and acceptable environmental impact.

On the whole the improvement and modernization of irrigation and drainage networks is a complex process. All technical solutions need to be thoroughly researched and field tested at prototype scale. It is the complexity of the problem and the lack of comprehensive research and development resources that have largely hindered technical progress in this area up to now.

An integrated approach 

The ultimate goal of irrigation and drainage management should be to maximize system performance which means minimizing the amount of water extracted from good-quality water supply and maximizing the utilization of the extracted portion during irrigation. As much water as possible should be consumed in transpiration (hence in producing biomass) and as little as possible wasted and discharged as drainage. To this end, as long as drainage water still has value for transpirational use by crops, it should be intercepted and recycled for irrigation until its ultimate disposal. This will reduce drainage and the associated water salinization, as well as increase the available supply of irrigation water. It will also reduce waterlogging and the overall amount of soil salinity degradation in the associated region. This process calls for a new integrated approach to irrigation and drainage management and monitoring in order to:

· minimize water use and reduce deep percolation through implementation of more efficient irrigation systems and practices;

· intercept, isolate and recycle unavoidable drainage water by serial reuse. This would reduce drainage water volumes, conserve water and minimize pollution, while producing useful biomass and habitat;

· promote conjunctive use of saline groundwater and surface fresh water, lower water-table depths, reduce the need for drainage and conserve water;

· monitor soil salinity concentration to assess the adequacy and appropriateness of irrigation and drainage practices.

Various means should be used to reclaim or dispose of the ultimate unusable drainage effluent that should however never be discharged into water of good quality. Moreover, the integrated approach should provide information that feeds into the policy decision process through an iterative exchange among researchers, designers and policy makers, involved in irrigation and drainage. Communication among the different partners should be an essential element of the framework, along with the need for a cross-disciplinary approach in order to develop environmentally sound strategies and policies. Finally, the results of this integrated approach, both in terms of the understanding of existing irrigation and drainage systems and of the potential impact of management and policy changes, should be communicated to and shared with stakeholders. 

INSTITUTIONAL AND FINANCIAL ASPECTS

Institutional strengthening and proper financial assessment are essential tools for efficient planning, design and management of irrigation and drainage systems. Without a sound institutional framework, at the national or watershed levels, it will not be possible to promote and ensure sustainable irrigated agriculture.

Economic constraints are equally important. The cost of system improvements is normally tremendous and governments, in an era of transition from the state to a market economy, will not be able to continue financing irrigation and drainage activities, as they used to do. The new philosophy is based on the principle that the services must be paid for by those who benefit from them. Sustainable development, as defined earlier, should, therefore, meet two basic requirements, namely institutional strengthening and economic viability. To this end, there is a pressing need to apply appropriate institutional and financial analyses in all phases of project planning and evaluation in irrigation and drainage system development.

Institutional issues
The last decade of the twentieth century was marked by the change of the global economic system from state to market oriented in almost all countries of the world. The immediate reflection of this change on agricultural production was the movement from subsidized towards privatized farming and free marketing of farm products.

While on the one hand, privatization means less involvement of governments in improving services and welfare, on the other moving towards a market economy requires enhancing the quality of production in order to be able to compete with similar products worldwide. In the mean time, public awareness about pollution and environmental issues is increasing. All this leads to the main features of agricultural development in the twenty-first century, namely:

· less dependence on government support;

· high level of good quality production;

· less soil, air and water pollution.

In this context operation, management and maintenance of irrigation and drainage systems should also be improved; government expenditure on agricultural activities will be discontinued and farmers, the sole beneficiaries of the networks, will be expected to take over the role of governments. As individuals they can do little. As groups and organized associations they will probably be able to do better than the bureaucratic frameworks. Obviously the handing over of the system from state to market will be a lengthy and slow process in which each party will try its best to defend its ideas and interests. Moreover, the laws and rules that regulate different aspects of water use and related subjects are old and often outdated. If these laws and rules are not dynamic enough to cope with the rapid changes taking place in society, they become outdated and no longer reflect the changing social-economic situation of groups and individuals. As a result, the formulation of concepts and ideas on the shape and structure of the expected institutional and financial interrelationships in irrigation and drainage systems management is today one of the most important issues to be addressed in order to clarify the role each party plays and to avoid conflicts. To confront these challenges, the attention, research and expertise should focus on:

· the role of governments, governmental institutions and private sector in maintaining effectiveness of irrigation and drainage systems;

· the interactions between governments, governmental and private organizations at the strategy planning and operation levels;

· the processes by which the redefined level of service should be determined and specified;

· how the cost of redevelopment and ongoing operation and maintenance costs required to provide the agreed levels of services, should be determined and recovered or shared.

Financial issues
For the proper functioning of irrigation and drainage systems a hydraulic infrastructure is required able to manipulate surface and groundwater flows and levels. The development and management costs of this infrastructure need to be recovered from the beneficiaries or from the community if the system is to be sustainable. This necessitates a sound financial management system in which revenues from service delivery cover its associated cost.

To link all the financial aspects related to irrigation and drainage management, a conceptual framework is needed, based on the assumption that the system is intended to be sustainable, or in other words on the guiding “user pays” principle. This requires identification of beneficiaries or clients for the services provided. A clear definition of the clients is necessary to determine with whom to enter into a service agreement, who to charge and where to send the bill.

Service levels are set according to operational standards and quality criteria. Operational standards govern the system management and serve two purposes:

· to provide a set of rules against which the operational performance of the system can be measured;

· to provide a set of rules that govern the delivery of the service.

The quality of service provision can be defined as a combination of parameters concerning the adequacy, flexibility, convenience, cost and security of the services provided.

Delivery of services requires the design, construction, operation, maintenance and eventually the replacement of a hydraulic infrastructure. Resources are needed to cover the costs of managing the system, deriving essentially from:

· operation, in relation to the number and skill level of the staff required for operating the structure and associated equipment;

· maintenance, determined by the number of control units and their individual costs;

· depreciation, which allows for the wear and tear of the infrastructure.

An increase in service level will automatically imply enhancing management performance or upgrading the infrastructure or both. So a trade-off between investment and management performance is desirable if a certain level of service is to be achieved, on the understanding that the service level is part of the overall management objectives.

In the main, clear service agreements and effective accountability mechanisms are essential for reliable service as a direct relationship is thus created between service requirements, level and cost on the one hand and the payment for services on the other. To minimise fluctuations in costs, hence service fees, proper planning of service cost is essential. For this purpose, a reliable asset management plan is an indispensable tool.

RESEARCH AND DEVELOPMENT
In 1990 ICID made an urgent appeal to the World Bank to respond to the need for promoting research and development in irrigation and drainage, both in the developed and developing countries. Insufficient research, application of research findings and access to new and advanced technology in the sector were seen as some of the main reasons for the problems plaguing the sector: poor water use efficiency, environmental degradation, high costs and lack of responsiveness to beneficiaries. Since then, many technology research programs have been launched by different scientific, financial and professional institutions. Their mission has been to enhance the standard of irrigation and drainage research and development, at worldwide level, with a view to improving technology and management so as enhance system performance, food security and sustainability of the irrigation and drainage environment.

Priority issues

Research priorities were selected for their potential contribution to alleviating the above constraints, while the relative importance of the issues to be addressed would vary depending on the needs of a particular country or region.

In this context priority issues include all aspects for controlling the adverse impacts of irrigation and drainage on soil and water quality. They cover field and laboratory evaluation, assessment and monitoring, development of guidelines and implementation of appropriate irrigation and drainage practices. The need for new irrigation technologies and management procedures at the farm and system levels was particularly stressed. This requires enhanced field research and a wide variety of tools for field techniques such as land leveling, equipment and advanced technology for water control and regulation, models, remote sensing, geographic information systems, decision support systems, computer image analysis, sensors, neural network technology. More accurate estimation of crop water requirements is also required along with a better understanding of flow and mass transport phenomena in the soil-plant-atmosphere system, and of the interactions, feedbacks, hydrodynamic and hydrochemical processes occurring in the porous media, to improve both yields and incomes. All these tools have to be considered adopting a broad and integrated approach that embraces food and agricultural commodity production, water saving, resource conservation, environmental impacts and social-economic effects.

Particular attention was focused on the problem of water quality and rehabilitation and modernization of irrigation and drainage systems in those regions where water scarcity and the vulnerability of soil and groundwater to salinization call for special measures for rendering irrigated agriculture sustainable. Moreover, appropriate management tools, such as efficient conjunctive use of surface and groundwater resources, have to be made available to exploit saline and low quality water without decreasing the production potential and the carrying capacity of these fragile and valuable agroecosystems.

To face these challenges, the attention should be focused now and in the years to come, on the following main themes:

· Crops and Water Use

a) evapotranspiration and related calculation methods;

b) estimation of crop water requirements;

c) improved knowledge of water-fertilizer-crop production interrelationships.

· Irrigation and Drainage Systems

a) procedures for integrated planning and design;

b) analysis to identify causes constraining system performance;

c) strategies to improve system efficiency;

d) technology for system rehabilitation and modernization;

e) environmental impact and suitable measures to create and maintain sustainable conditions;

f) institutional and financial aspects.

· Use of Saline and Waste Water

a) flow and mass transport processes under irrigated agriculture;

b) methods and techniques for use, control and management of low quality water;

c) adaptation of crops to low quality and brackish water;

d) conjunctive use of saline groundwater and surface fresh water.

Strategic action program
The above described themes and principles tackle the root cause of the major problems encountered in irrigation and drainage system development. To be effective, they have to be translated into actions through the formulation of programs that take into account the actual conditions of the environment where they are expected to be implemented. These programs should include:

· the adoption of a comprehensive approach that considers land and water use and management and the environment in an integrated manner;

· the promotion of regional co-operation to ensure that the concerns of all parties are factored into decisions;

· the recognition of the relationships between different land uses and availability of water resources (quantity and quality);

· the encouragement of broad base participation, including governments, professional and research institutions and non-governmental organizations;

· the endorsement of a phased program of action at the national and local levels.

This regional approach makes up and outlines the body of a Strategic Action Program, a crucial procedure for implementing priority actions at both national and local levels. The objectives of the Strategic Action Plan are to:

· evaluate trends;

· assess causes and implications;

· provide a cost estimate for investments;

· establish a framework for monitoring and evaluation;

· identify priority actions to address key issues.

Priority selection should follow the criteria listed below:

· ensure selectivity, in order to concentrate resources on significant problems;

· avoid duplication and overlap;

· emphasize adaptive and cost effective solutions through adaptation and/or improvement of existing technology to specific tasks;

· select topics for investigation and research that are likely to achieve the greatest benefit, considering return on investment, response time, probability of success and impact on agricultural production.

This integrated approach is expected to produce significant benefits in environmental and economic terms, a more sustainable use of land and water resources in irrigated agriculture and higher yields and incomes.

HUMAN RESOURCES AND NETWORKING
Successful technology and research activity in irrigation and drainage development depends on the number and quality of human resources (professional–and-research-related people) involved. They use their know-how and skill to solve priority problems and adapt available techniques to local situations.

This expertise will include the ability to:

· identify local hurdles and constraints;

· formulate research strategies;

· design suitable technologies for testing, monitoring and evaluating;

· assess the technical, economic and institutional aspects concerning the application and adaptation of modern and advanced technology.

Moreover, these experts will help national and international agricultural and irrigation and drainage institutions to improve  training in water related topics, as well as scientific organizations to identify subjects that warrant further analysis and investigation.

Such a collaboration framework is imperative if the proposed initiatives are to be integrated into ongoing activities. To this end, the establishment of an effective networking system can greatly facilitate collaboration and integration. This enterprise will require an interdisciplinary, multisectoral approach, using system engineering methodology, to recognize the necessary interrelationships. The nodes of the network will be organizations, institutions and agencies, as well as professional, academic, commercial and industrial bodies. The aim is to create a permanent structure able to:

· speed up the process of collection, selection and exchange of information, avoiding duplication and overlap;

· build up synergies among its partners;

· interact with other frameworks;

· seek financial support to reinforce local activities of particular interest;

· provide an international forum for debating irrigation and drainage problems and finding sound and environmentally sustainable solutions.

CONCLUDING REMARKS
· Meeting human food and fiber needs without jeopardizing the resource base and the environment will continue to pose major challenges to decision makers in the decades to come.

· The prospects for expanding the gross irrigated area are limited by the dwindling number of economically attractive sites for large new irrigation and drainage projects. Therefore, the increase in agricultural production will rely largely on significant improvements in the operation, management, rehabilitation and modernization of existing systems.

· Irrigation water use efficiency is crucial to satisfying the food and fiber demands of present and future generations. Worldwide, overall irrigation water use efficiency is about 40%. So there is no doubt that introducing advanced technology such as innovative systems designed for low-energy-precision application can enhance efficiency from the current levels up to 80-90%, comparable with drip irrigation. Lining canals, preventing leakage in distribution systems and new equipment for water control and regulation can contribute significantly to increasing irrigation system performance. In addition a new paradigm needs to be introduced to rethink the concept of water use productivity. To this end, two approaches should be pursued: increasing efficiency with which current crop requirements are met and increasing the efficiency with which water is allocated to the different demands.

· With regard to the upgrading of existing drainage systems and the installation of new ones, several aspects deserve examination such as: determination of required level of service, interaction between water management and crop yields, effects on local surface and subsurface water resources, disposal of unusable irrigation water, environmental impact (waterlogging and salinization). On the whole, the success of a drainage project is strongly linked to the creation of a favourable environment that will attract farmers to commence and continue the proposed activities.

· An integrated approach to irrigation and drainage development is needed, so as to maximize water application, reduce deep percolation and intercept, isolate and recycle unusable effluents.

· Because of the effect of climate change on water resource availability, designers and managers should begin to rethink design criteria, operating rules and water allocation policies. In this regard, management strategies should extend not only to resources, but also to demands.

· In an era of transition to a market economy, governments will no longer be able to continue financing irrigation and drainage systems as they used to do. The private sector (mainly water user associations) should gradually take over the tasks performed by public administrations, such as operation and maintenance of existing infrastructures. To this end, user associations should improve their own capacity building, by increasing their technical and financial resources. Also the financing of new infrastructures will require beneficiary participation. Rehabilitation and modernization of irrigation and drainage projects should rely on self-financing, with the beneficiaries procuring private funds (with some public incentives as this will have a positive effect on the environment).

· Public administrations and water user associations should devise suitable means for achieving consensus on the principle “intrinsic versus economic value of environmental assets”. In other words, the right balance needs to be struck between productive water use (for food and fiber) and the need to improve our environment, fundamental to the quality of life).

· Successful technological innovation in irrigation and drainage development depends on broad research programs and on the number and quality of human resources involved. These programs and resources must be closely linked with national institutions and international agencies so that an efficient networking system can be established in order to find environmentally sound solutions to operational problems and provide an international forum for debating irrigated agriculture issues.
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