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Preface



Drainage is an essential complement to irrigation. Proper implementation of drainage can ensure the sustainability of irrigated agriculture. The rapid worldwide development of irrigation over the last century has brought in its wake acute problems of waterlogging and salinity. Despite its importance in ensuring the sustainability of irrigated agriculture, drainage development in general lags behind irrigation development. The major irrigators in Asia have already given drainage due consideration in agricultural development. However, in most of Africa agricultural drainage is often neglected. The exception is Egypt where drainage occupies a prestigious position in the agriculture sector. This is because Egypt realized a long time ago that the survival of its agriculture depended on drainage to keep the soils well aerated and free from waterlogging and salinization. In some parts of North Africa, the neglect of drainage is beginning to affect food production. If this neglect continues, land degradation and environmental problems will threaten the sustainability of irrigated agriculture in many areas. In order to remedy this imminent problem, IPTRID has initiated an activity to enhance human resources capacity for drainage in North Africa. The objective of this regional activity is threefold: (a) to assess the current status of drainage and human resources capacity; (b) to identify research and development and technology transfer needs in drainage; and (c) to develop and implement a programme to build national and regional human resources capacity in drainage. In order to achieve the above objectives, IPTRID facilitated and organized missions to study and document the status of drainage and capacity building needs in eight countries in the region: Algeria, Egypt, Ethiopia, the Libyan Arab Jamahiriya, Morocco, Somalia, the Sudan and Tunisia. Following the country assessments, IPTRID conducted a regional workshop on the subject in Cairo from 10 to 14 March 2001. This publication contains the proceedings of that workshop. The workshop was hosted by the Drainage Research Institute (DRI) of the National Water Research Center of Egypt. It was attended by representatives from seven North African countries and by resource persons representing IPTRID, Alterra-International Institute for Land Reclamation and Improvement (ILRI), Cemagref and DRI. The edited proceedings are presented in two parts: Part I presents the recommendations of the Workshop adopted by the participants while Part II contains the technical papers presented by resource persons and country participants, and the country assessments. The Annexes provide related information such as the opening and closing addresses, the Workshop agenda and a list of participants. Tom Brabben Acting Officer-in-Charge – IPTRID
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Part I Workshop recommendations
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Part 1 - Workshop recommendations
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Executive summary



BACKGROUND One of the core activities of the International Programme for Technology and Research in Irrigation and Drainage (IPTRID) is promoting capacity building for drainage in Africa. This initiative has involved the making of an inventory of the capacity available compared with what will be required in the various countries in view of their expected specific drainage needs. The Drainage Research Institute (DRI) at Cairo, Egypt, of the Ministry of Water Resources and Irrigation (MWRI), was charged with the organization of a workshop. The workshop took place from 10 to 14 March 2001 at the premises of the DRI in Cairo. Of the seven countries invited only Somalia was not present. Those present were: Morocco, Algeria, Tunisia, the Libyan Arab Jamahiriya, the Sudan, Ethiopia, and the host country Egypt. Prior to the workshop, resource persons conducted a preliminary investigation of the capacity building needs and the capacity available. In addition, three national drainage consultants from Morocco, Algeria and Tunisia prepared detailed country documents for their respective countries. The resource persons and national drainage consultants assisted the participants during the workshop with the preparation of their country documents.



CONCLUSIONS All the countries need to make a significant effort to strengthen their national capacity for drainage. Depending on the country the emphasis may be on surface drainage or on subsurface drainage systems. Table 1 summarizes the areas involved. TABLE 1: Present and future irrigated and drained areas Country



Present irrigated area



Future irrigated area



Present drained area



Future drained area



Emphasis on type of drainage system



Morocco



1 000 000



1 660 000



120 000



350 000



subsurface (+ surface)



Algeria



850 000



1 500 000



56 000



> 100 000



subsurface (+ surface)



Tunisia



360 000



400 000



65 000



73 000



Libya



470 000



750 000



very minor



not assessed



ha



Sudan



1 600 000



2 000 000



very minor



1 500 000



Ethiopia



160 000



730 000



locally surface,



730 000



Somalia



50 000



> 100 000



virtually absent



not assessed



4 490 000



7 140 000



350 000



2 750 000



>100 000 Total



subsurface (+ surface) subsurface on irrigated areas surface on half of the rainfed area surface in the sloping rainfed areas (+ minor subsurface) subsurface + surface surface: 2 250 000 subsurface: 500 000



Most countries require a combination of systems: subsurface drainage systems to control waterlogging and salinity, and surface drainage systems to control surface runoff. Some open drainage systems will also have a subsurface drainage function but their predominant function is that of open surface drainage.
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MOROCCO Problems from waterlogging and salinization vary but are apparent in most large and medium-sized schemes. In the more humid north and northwest of the country waterlogging is caused by seasonal excess rainfall and irrigation losses. In the semi-arid and arid south and east the unavoidable irrigation losses are a main cause of groundwater table rise and subsequent salinization of the rootzone. Many small irrigation schemes are at least partly farmer managed and relevant experience may be derived from such schemes to benefit similar initiatives elsewhere. More drainage systems are planned and their effluent will require environmentally safe disposal. Given the present and future water availability the country could soon become a water-scarce country and re-use of drainage effluent conjunctive to irrigation water will be necessary. Implementing re-use as part of irrigated agriculture has significant consequences for the design and management of existing and new schemes. Expanding drainage systems, and some existing vertical and horizontal systems, requires an assessment of the medium and long-term effects of such systems. Disposal of polluted effluent requires better understanding of the environmental effects. Heavy soils present specific problems. Drainage technology requires modernization to provide for sound investments in drainage. There is a need for a more site-specific approach adapted to local conditions that takes into account both the physical and the non-physical factors, including managerial and socio-economic conditions. The many important issues mentioned require general and more tailored research and development (R&D) and capacity building of national drainage engineers.



ALGERIA In the country there is a wide range of different issues that require regional or local solutions. In the northwest, land degradation occurred as a result of salinization, which again prevails as water scarcity may be causing insufficient leaching. In the centre of the country, heavy clay soils are subject to waterlogging; on the older schemes, salinization is predominant. In the more humid northeast, winter rainfall causes seasonal waterlogging problems. In the south, oases experience problems with salinization that could be caused by avoidable and unavoidable water losses from irrigation. Elsewhere in the southern desert areas there is sufficient lateral outflow and no waterlogging occurs. Most irrigation schemes are of medium size. There appears to be a technical and organizational problem with the maintenance of the older drainage systems. Natural drainage systems accommodate the rare high-intensity rainfalls and these natural systems are used for drainage and the disposal of effluent produced by the irrigation schemes. The rehabilitation of natural and constructed drainage systems is a top priority. More polluted effluent from point-pollution sources such as industries and municipalities is being evacuated via natural and constructed drainage systems. This increases the need to integrate effluent management within the water control systems to minimize environmental damage. On some irrigated areas very low-quality water has been used for a long time and it would be of interest to assess the consequences and opportunities for reclamation. Subsurface drainage systems will be needed in future as the expansion of the irrigated area will require further control of the rootzone salt balance. Investigating site-specific design based on minimum-cost drainage systems is a challenge for the national R&D effort. Surface drainage systems are often a solution to problems resulting from inundation of land and this aspects warrants further investigation.
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TUNISIA The country is predominantly semi-arid and arid. A relatively large area is equipped with horizontal subsurface drainage systems and virtually all the drainage systems required are subsurface ones. The groundwater is generally of poor quality. In the north, the clay loam textured soils are salinized and closely spaced subsurface drainage systems keep irrigated agriculture sustainable. Soils are lighter textured in central Tunisia and sandy loam in the south. Hence, a wider spacing of the subsurface drainage systems is possible. The quality of irrigation water is not very good and is becoming worse towards the south. The country has a long history of agriculture salt management and has generated considerable knowledge on salt balance control through leaching. The way farmers have long coped with the salinity problems and the use of lowquality waters in the absence of investment for drainage could be of interest to other similar regions. The maintenance of constructed drainage systems and natural drains used for effluent evacuation and disposal is deficient as this would be expensive. Cheap technologies are required, but these should be accompanied by an adequate institutional setting and the active participation of the farmer-beneficiaries. Knowledge on modern drainage technologies, especially for horizontal buried pipe systems, is a priority as some older systems may have to be replaced soon. To keep the cost of new drainage systems as low as possible, the challenge is to improve irrigation management and integrate this with water quality and drainage management. However, groundwater table management could delay investment in subsurface drainage systems.



THE LIBYAN ARAB JAMAHIRIYA The irrigated area is insufficiently equipped with drainage systems, and salinization is affecting crop yields. Given the water scarcity, control of the salt balance in the rootzone requires efficient and careful leaching practices. The R&D challenge is to optimize the use of existing water resources combined with affordable drainage systems for controlling the salt balance. As a rapid expansion of the irrigated areas is underway, due to the so-called Great Man-made River Project, a timely assessment of the drainage requirements and suitable technologies is desirable. The costs of subsurface drainage systems seem very high and these would need to come down to internationally acceptable levels. More drainage systems could then be installed.



THE SUDAN Irrigation schemes are established near the Nile River and its tributaries. The predominant soil types are clay and heavy clay. This could explain the relatively low deep percolation losses that occur with irrigation. There are no major waterlogging and salinity problems on the main irrigation schemes; after 70 years of irrigation there is still sufficient lateral outflow and percolation towards the deeper groundwater. In the rainfed areas in central and southern Sudan significant crop loss occurs due to high-intensity rainfalls. Vast areas require adequate surface drainage systems combined with erosion control and/or water conservation. This depends to some extent on the season. The challenge for R&D is to design and test systems that combine the functions effectively, are cost effective and can be mainly farmer managed. The combination of such systems with various cropping systems calls for integrated land management adapted to differing conditions.
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Executive summary



ETHIOPIA Virtually all agriculture is rainfed. Medium-sized irrigation schemes have predominantly heavy clay soils such as vertisols. Drainage systems are mostly open drains that have a dual function: surface and subsurface drainage. A moderate expansion of subsurface drainage systems is needed. In the rainfed, and to a lesser extent in irrigated areas, new surface drainage systems are a priority. The surface drainage systems need a design that combines erosion control and water conservation functions. In addition, new subsurface drainage systems are needed on irrigated areas where waterlogging and salinity already occur. The R&D focus should be on surface drainage systems that combine the various functions and that can be farmer maintained. Given the large variation in physical conditions, a number of prototype systems should serve as demonstration sites for the surrounding areas.



SOMALIA Although the irrigated area is not very large, more subsurface drainage systems are needed. However, their design should lead to affordable systems that can be operated and maintained by farmers. The control of the salt balance in the rootzone through a fine-tuning of irrigation management combined with crop management could minimize the cost of any subsurface drainage systems required. The R&D focus should be on the above issues.



GENERAL CONCLUSIONS There appears to be a lack of drainage capability as few drainage engineers are available in the various countries. All the participants prioritized more intensive networking to facilitate information exchange. Knowledge enhancement through international courses (involving case studies and site visits in the North African countries to appreciate the different drainage solutions) is considered essential. Collaboration should be truly international, including R&D institutions from North Africa, Europe and elsewhere. Aspects of capacity building include those required from the beginning until the end of a drainage project: identification, design, construction, implementation and socio-economic aspects such as farmer participation. There needs to be more focus on environmental aspects. It is important to place the drainage issue in the context of overall water management and to integrate it with water quality control. The financial and technical assistance required for capacity building requires medium to long-term commitments and planning. Participants expressed the need for international collaboration. The details of such collaboration could be discussed with donors and elaborated on and coordinated as appropriate by the DRI and IPTRID or national governments.
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Capacity building per country (by country representatives)



MOROCCO • • • • • • • • • • • •



Areas involved Present irrigated area: 1 000 000 ha. Future irrigated area: 1 660 000 ha. Present waterlogged area caused by rising groundwater table: 35 000 ha. Present waterlogged area caused by winter-rain excess water: 120 000 ha, including 90 000 ha of those equipped with surface drainage and subsurface drainage. Future waterlogged area (rising water table): 40 000 ha. Future waterlogged area (winter-rain excess): 220 000 ha. Present salinized irrigated area: 170 000 ha. Future salinized irrigated area: 200 000 ha. Present drained area: about 120 000 ha (laterals and ditches). Future drained area: 350 000 ha. Type of drainage: o surface drainage, o subsurface drainage, o internal, o main drainage infrastructure: laterals, ditches, tail water ditches, pumping wells.



National capacity and policy for implementing drainage Policy Regional importance Large-scale irrigated schemes are distributed in nine regions and managed by Offices Régionaux de Mise en Valeur Agricole (ORMVAs - regional agricultural agencies). They are in charge of implementing and monitoring irrigation and drainage systems. Drainage problems are varied and differ from region to region:



• • • •



Waterlogging due to excess precipitation in the northwest (Gharb and Loukkos perimeters); Waterlogging due to the rise of the water table in semi-arid irrigated area (Tadla and Moulouya perimeters); Salinity due to irrigation practices in most perimeters, especially in the oasis ones; Salinity due to water table rise: Tadla, Moulouya, Gharb and Loukkos perimeters.



Awareness building among policy-makers and planners In the Gharb and Loukkos perimeters, surface and subsurface drainage systems have been implemented in parallel with irrigation networks. In other irrigated perimeters, where the excess of water and the salinity are due to the rise of the water table (Tadla, Moulouya and Doukkala), the drainage is open ditch. These ditches are generally deepened tail water ditches. These networks have been installed as waterlogging problems have appeared.
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Capacity building per country



Investor involvement Donor involvement Many donors attach importance to drainage, especially:



• French cooperation: drainage experimental site; teledetection and other small projects. • United States Agency for International Development (USAID): Tadla Resources Management Project (irrigation water management: quantity and quality); MSc and PhD degrees for agricultural and irrigation staff.



• Kreditanstalt Für Wiederaufbau (KFW, Germany): environmental survey and assessment project in the Loukkos perimeter; sugar cane experimental station in the Gharb perimeter.



• World Bank: Large-scale Irrigation Improvement Project (PAGI); Environment Monitoring and Action Programme (PASE); Water Resources Management Project (PGRE).



• FAO: technical cooperation project in the Loukkos perimeter. • Agence Francophone pour l’Enseignement Supérieur et la Recherche (AUPELF-UREF - French-speaking countries organization): MSc degree in irrigation and drainage for African engineers. National The Agricultural and Irrigation Engineering Administration (AGR) and ORMVAs support some R&D projects by education and research organisms. The ORMVAs also implement some other drainage related programmes. Loans versus grants for capacity building For capacity building most of funds are grants rather than loans, especially for staff education, R&D programmes, identifications, etc.



National education, institutions and organizations Universities The following institutions are spearheading education efforts on drainage, water and soil salinity, and pollution:



• Hassan II Agronomic and Veterinary Institute (IAV), which produces annually about 20 graduate engineers in agricultural and irrigation engineering, 10 in soil sciences and 10 foreign engineers in irrigation and drainage;



• National School of Agriculture of Meknes, about 20 graduate engineers per year; • Other work is undertaken as part of the third-cycle thesis in Moroccan universities and often in close collaboration with drainage and soil sciences teams of the IAV.



• Technical schools: about 40 technicians per year specialized in agriculture, irrigation and environment. Research and development institutions



• • • • • •



IAV. Institut National de la Recherche Agronomique (INRA). Centre Régional de l’Enseignement Supérieur en Agriculture (CRESA-Irrigation). International Irrigation Centre (IIC): training centre in irrigation and drainage. National School of Agriculture of Meknes. AGR via the Service des Expérimentations, des Essais et de Normalisation (SEEN).
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ORMVAs. Direction Générale de l’Hydraulique. Laboratoire Public d’Etudes et d’Essais. The science faculties of Moroccan universities. Numerous consultants.



Gaps



• Small number of staff in exclusive charge of drainage issues. • Very limited R&D logistics. • Lack of tests and standards of drainage materials made in Morocco. Capacity building needs versus actual capacity Subjects Subjects for international courses



• • • •



Performance assessment methodology for drainage systems. Conjunctive use of surface water and groundwater. Computer and new technologies for information and communication. Geographical information systems (GIS) and teledetection applied to the management and maintenance of drainage systems.



Basic training For ORMVAs, staff needs a qualification in drainage network design, construction and maintenance. There are four different levels of training needs:



• • • •



Staff in charge of studies and management of drainage networks; Staff participating in research projects; Laboratory technicians and those in charge of experimental stations; Conductors of drainage field construction.



Research and development The following R&D topics have been initiated but they need more support and funding:



• • • • •



Performance assessment of existing drainage systems; Possibilities of using surface drainage techniques in the Gharb perimeter; Conjunctive use of surface water and groundwater; Modelling of water and salts transfer at the regional and drainage system scales; Development of integrated tools (models, GIS, data bases, etc.) to aid decision-makers in pollution risk prevention and water resources management; • Improvement of drainage network maintenance techniques. Field implementation (pilots) Three aspects of drainage require field experimentation:



• The experimental station of Souk Tlet has obtained some interesting results on drainage salinity control. It needs additional logistics to assure its future functioning.
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Capacity building per country



• Strategies of conjunctive use of surface water and groundwater and their impact on the water and soil quality. It would be interesting to install an experimental station in the Tadla irrigated perimeter to analyse farmers’ pumping practices and their impact on water and soil salinity.



• In the oasis perimeters it would be interesting to set up an experimental station to test the salt tolerance of plants. Private sector



• • • •



Training for consultants in drainage and salinity aspects. Training for water users associations (WUAs) in drainage systems management. Creation of start-up companies for the maintenance of irrigation drainage networks. Involvement of WUAs in setting up and managing drainage systems.



Mutual collaboration in North Africa and international collaboration National strengths



• • • • • •



Considerable experience in irrigation, drainage and salinity. Existing modern irrigation and drainage networks. Training capacity in irrigation, water management and drainage. Existing national R&D network. Existing experimental pilot site (Souk Tlet drainage station, Ouled Gnaou hydro-agricultural station). Building up local references in drainage and salinity.



Linkages



• Existing collaboration between Moroccan education and research institutions and other international organisms: Centre National du Machinisme Agricole, du Génie Rural, des Eaux et des Forêts (CEMAGREF); Ecole Nationale du Génie Rural, des Eaux et des Forêts (ENGREF); American universities; etc.



• Establishment of collaboration between North African countries (Morocco, Tunisia, Algeria and Egypt) and European countries (France and the Netherlands).



• Activation of the role of Morocco in the IPTRID network. Websites



• The IAV’s Web site (www.iav.ac.ma) is being developed and offers education and training courses and will be updated by R&D activities.



• Create a national Web site to present Moroccan experience in irrigation, drainage, water resources management and salinity management.



Strategy for national capacity building Morocco’s priority was initially to mobilize water resources and to achieve an irrigated area of 1 000 000 ha. Thus, there was a need for graduate designers in agricultural and irrigation engineering. The objective has been achieved and specific environmental problems have appeared. As mentioned above, a new R&D, education and training strategy has been initiated in environmental and performance assessment.



Capacity building for drainage in North Africa



11



Plan of action for implementation The above strategy must be implemented before 2003, when the National Strategy in Education and Training will commence. The R&D programmes will also be completed by that time.



ALGERIA Areas involved



• Present irrigated area: 850 000 ha equipped (500 000 ha in large perimeters, 350 000 ha in small and • • • • • • • •



medium schemes, 350 000 ha actually irrigated in these large perimeters). Future irrigated area: 1 500 000 ha (including 500 000 ha belonging to the small and medium schemes). Present waterlogged area (caused by rising groundwater tables): 10 000 ha. Future waterlogged area: not known; water table mining is more common. Present salinized irrigated area: important primary salinity - 60 percent of large perimeters; secondary salinity - 400 000 ha. Surface drainage problems: o Present: low infiltration rate in some heavy soils during winter period, o Future: not known precisely. Present drained area: 56 000 ha. Future drained area (estimated needs): 100 000 ha. Type of drainage: o Surface drainage: very little except quaternary drains in northern perimeters, o Subsurface drainage: 56 000 ha (open ditches at the field level), o Main drainage infrastructure: more than 500 000 ha (by gravity).



National capacity and policy for implementing drainage Policy Regional importance



• Eastern-northern region: some winter waterlogging problems; need for subsurface drainage recognized. • Centre-north: waterlogging due to low infiltration rate in heavy clayey soils; need for subsurface drainage recognized. • Northwestern region: primary and secondary salinization; need for soil reclamation recognized. • South, oases: water table rise due to excessive irrigation; integrated water management needed. Awareness building among policy-makers and planners Major need recognized in the southern oases, in the Rhir Valley.



Investor involvement Donor involvement Mainly the World Bank, also the Islamic Bank.
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Capacity building per country



National The Ministry of Agriculture and Ministry of Water Resources. Loans versus grants for capacity building: Capacity building needs covered by loans from the main donors; no specific loans or grants.



National education, institutions and organizations Universities



• • • • •



Algiers National Institute of Agronomy, with a long tradition in drainage. Universities of Chlef, Blida, Mostaganem, Ouargla, Tiziouzou, which have a department of agronomy. Universities of Skikda, Mascara, which has a department of soil sciences. Hydraulic Engineering School of Blida. Algiers Polytechnic School and the land science departments of Skikda, Mascara, etc.



Research and development institutions



• Ouargla centre of the National Agency of Water Research (Rhir Valley). • Touggourt field experiment of the National Institute of Agronomic Research (Rhir Valley). • Relizane field experiment of the Institute for Agronomic Research (INA) and of the National Institute of Soils, Irrigation and Drainage (INSID) (both under the Ministry of Agriculture), designed to provide data and to help in selecting methods for salinity control and soil reclamation in the low Chelif perimeter. Implementation agencies



• The Office National de l’Irrigation et du Drainage (ONID) is in charge of the design, implementation, monitoring and maintenance of irrigation and drainage systems (about 1 000 employees). Gaps



• Regarding drainage: very important, fewer than 10 experts.



Capacity building needs versus actual capacity Subjects Basic training



• For engineers: engineers are needed in the ONID, in the Direction des Services Agricoles de Wilayas; at national level in the Ministry of Agriculture and Water Resources, in universities and research centres; total need estimated at about 20, with comprehensive view of drainage problems. • Basic training for technicians: for implementation agency and regional authorities. • Basic training (extension) needs for WUAs. Research and development



• Projects are needed with INA, INSID and other universities listed above.
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Private



• No private sector (to be developed). Mutual collaboration in North Africa and international cooperation National strengths



• Mainly based on the experience of agronomy engineers and three or four hydraulic schools. The ONID is in charge of project realization, rehabilitation and maintenance.



• International cooperation needs: o o o



Cooperation with Tunisia is expected to solve drainage problems (rising water table) in the south; The northwest requires the advisory services of salinity and drainage experts; Scientific and research cooperation to raise the theory level.



Websites



• None, but a number of specialists’ electronic addresses are available. The North African researchers have to link up through an international network. Strategy for national capacity building This includes:



• • • • •



Existing versus recommended strategy; Human resources development; Technical resources; Finance; Organization.



Plan of action for implementation



• Phasing. • Budget.



TUNISIA Areas involved TABLE 1: Estimated irrigation and drainage needs Regions



Current irrigated area



Current drained area



Area to be irrigated



Area to be drained



(2006)



(2006)



ha Mejerda Valley & other northern areas



90 000



43 000



95 000



45 000



Kairouan & Sidi Bou Zid



80 000



1 000



85 000



1 500



Cap Bon, Sahel & Sfax



67 000



500



75 000



1 000



Oases



23 000



20 000



30 000



25 000



Others



100 000



500



115 000



500



Total Tunisia



360 000



65 000



400 000



73 000
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Surface drainage problems



• • • • •



Degradation of open ditches. Obstruction by reeds. Reduced capacity of discharge. High cost of drainage and maintenance. Environmental aspects of drainage water disposal. TABLE 2: Estimation of areas affected by salinity and waterlogging in Tunisia Regions



Current irrigated area



Area affected by salinity (>4 dS/m between soil surface and 1 m)



Area affected by groundwater rise (average depth 3 000 ha). • Regional: implementation of schemes < 3 000 ha. Federal



• Ministry of Water Resources - Planning and Design Departments: responsible for planning and design.
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• Ministry of Water Resources - Contract Administration Department: responsible for implementation (preparation of contracts and supervision).



• (Inter)national consultants and contractors: design and implementation. • Ministry of Water Resources - Water Rights Administration Department: main system O&M. • Farm management organization: field system O&M. Regional



• Commissions responsible for planning and implementation. Action needed Increase capacity to implement drainage systems:



• Surface drainage to 30 000 ha/year; • Subsurface drainage system to 9 000 ha/year. Strengthening of institutional capacity



• • • • • •



Federal: Ministry of Water Resources Design Unit. Federal: Ministry of Water Resources Planning Unit. Federal: Ministry of Water Resources Contract Administration Unit. National consultant and contractor companies: schemes < 3 000 ha. Regional: commissions. National and regional consultant and contractors.



Operation and maintenance



• Main system: Ministry of Water Resources - Water Rights Administration Department. • Field system: farm management. Human resources development



• University level: include subsurface drainage in the curriculum of the irrigation course.
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Part II Technical papers
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Part 1I - Technical papers
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A: Technical papers by international resource persons
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New frontiers in capacity building in drainage ABSTRACT Although only about 13 percent of the total cultivated land in North Africa is irrigated, agriculture consumes about 87 percent of the total available water. As the region is already suffering severe water scarcity, ensuring the sustainability of agricultural water management is a major challenge. Most of the irrigated areas suffer from inadequate drainage or waterlogging problems due to factors such as poor irrigation efficiencies and canal losses. Capacity building in agricultural drainage research, development and technology transfer can play an important part in solving these problems. This paper discusses the new frontiers in drainage research and development based on the experience of the International Institute for Land Reclamation and Improvement (ILRI) in capacity building in various countries all over the world. The ILRI’s approach in agricultural water management is based on the combination of capacity building and integrated water resources management. First, this paper outlines the current state-of-the-art in drainage and drainage-related water management problems in the North Africa region. Next, it discusses the role of both capacity building and integrated water resources management in agricultural drainage. This is followed by an examination of the approach ILRI has adopted to disseminate knowledge in combating the combined problems of waterlogging and salinity. Based on the ILRI’s experience in (semi-)arid regions, in particular in Egypt, India and Pakistan, the paper presents the new frontiers in capacity building in drainage to arrive at a sustainable use of agricultural lands.



INTRODUCTION In North Africa the climate is arid to semi-arid and consequently irrigation plays an essential role in agricultural production. About 13 percent of the total cultivated land is irrigated (Table 1). Agriculture, however, already consumes about 87 percent of the total available water (ECA, 1999). There is a considerable water scarcity in the region: in 1995 only 600 m3/year of water was available per caput, with 1 000 m3/year being an acceptable standard. Thus, there is little scope for further developing water resources and the emphasis must be on improving the productivity of the available water. Expansion of the irrigated areas is highly dependent on maintaining existing water resources, developing new resources (including non-conventional water), increasing the use of wastewater, treating urban wastewater and generating water savings in existing processes (WWF, 2000). The irrigated land suffers from waterlogging and salinity due to poor irrigation efficiencies and canal losses. Moreover, in most countries in the region water quality is falling due to multiple uses and poor handling. Drainage water from agricultural lands contains dissolved salts, brought in by the irrigation water and as fertilizer, but also residues of other agrochemicals. Ensuring food security in the region will depend increasingly on imports. On the one hand, there is a tendency to buy food supplies at low prices and, on the other, to increase the production of cash crops for export. Sustaining irrigated agriculture involves meeting the following challenges (ECA, 1999):



• Selecting irrigation methods with a higher cost and water efficiency, thus a change from traditional surface irrigation to sprinkler and drip systems. H.P. Ritzema, Coordinator Research and Publications, and W. Wolters, Senior Staff Member, International Institute for Land Reclamation and Improvement, The Netherlands
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• Increasing the re-use of drainage and wastewater. • Switching to cash crops for export. • Promoting a more international market orientation among producers, e.g. limiting the use of agrochemicals to meet international quality standards.



• Sharing water management and distribution costs among the water users, thus a transfer of responsibilities from government agencies to farmers.



• Promoting service-oriented support services. TABLE 1: Irrigated agriculture in North Africa Country Algeria Egypt Eritrea Ethiopia Libya Morocco Somalia Sudan Tunisia Total



Agriculture (ha) 7 500 000 3 246 000 439 000 6 000 000 1 933 648 7 212 000 980 000 7 600 000 3 961 000 38 871 648



Irrigated (ha) 555 500 3 246 000 28 124 189 556 470 000 1 258 200 200 000 1 946 200 385 000 5 035 826



(%) 7 100 6 3 24 17 20 26 10 13



Drained (ha)



(%)



Salinized (ha)



(%)



2 931 000



90



1 210 000



37



162 000 2 931 162



4 8



Source: FAO, 1995.



The transfer of responsibilities can only take place once a number of vital elements are in place:



• • • • •



Clear and sustainable water rights, including the right to dispose of water (and salts). A drainage infrastructure compatible with water rights and local management capacities. Clear and recognized management responsibilities and authority. Adequate financial and human resources management. Supportive accountability and incentives for management.



As new frontiers in drainage have to be opened up by the people in the region themselves, the local, national and international institutions should encourage their training and provide support, both logistically and technically. To ensure that the new water management is sustainable, a new approach in capacity building is needed. The ILRI approach in which capacity building is applied within the context of integrated water resources management can be useful for the region.



CAPACITY BUILDING IN THE CONTEXT OF INTEGRATED WATER RESOURCES MANAGEMENT The main objective of capacity building in agricultural water management is to improve the quality of decision making, sector efficiency and managerial performance in the planning and implementation of sector programmes and projects (IHE-UNDP, 1991). This can be obtained by:



• Improving the capabilities of assessing water resources; • Planning improved, sustainable water resources management in the context of national planning; • Arriving at financially and environmentally sustainable more efficient and more effective delivery of water services, particularly for cities and agriculture.



• In capacity building three elements can be identified: • The creation of an enabling environment with appropriate policy and legal frameworks. • Institutional development, including community participation.
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• Human resources development and strengthening of managerial systems. Capacity building in agricultural water management should be considered within the context of integrated water resources management (IWRM). IWRM is a process that promotes the coordinated development and management of water, land and related resources in order to maximize the resultant economic and social welfare in an equitable manner without compromising the sustainability of vital ecosystems (GWP, 2000). Two issues are at the core of IWRM:



• Acknowledging that ecologically sound water systems are essential for the sustainable use of water resources by humans, animals and plants.



• Acknowledging that management requires a careful process of balancing the interests of all users and uses, as well as a regulatory framework to guarantee the sustainable use of water resources. A major development in IWRM is the realization that ecologically sound water systems are essential for the survival of the resource itself. Without them there will soon be no water to satisfy the demands of any of the other users. Within the agricultural context, another environmental aspect to consider in integrated water management is the sustainability of the land resource. From this perspective, over-irrigation may not only represent an inefficient use of water, it may also lead to waterlogging and thereby destruction of the productive potential of the land resource. From the same perspective, under-irrigation is not a desirable response to water scarcity where it leads to accumulation of salts in the rootzone.



THE ILRI APPROACH TO CAPACITY BUILDING The core mission of the ILRI is to disseminate knowledge that will facilitate the improved and sustainable management of land and water in developing countries. The ILRI’s focus is on the practical implementations of drainage, irrigation and related water management in farmers’ fields. Thus, the development of new knowledge is not the prime focus, rather it is the translation and adoption of this knowledge to solve practical problems. In this approach the ILRI follows three routes to capacity building:



• Joint projects in applied research and institutional development. • Training of professionals. • Dissemination of knowledge through publications and papers. Joint projects The ILRI participates in projects in which the overall objective is related to the adoption and testing of knowledge obtained elsewhere to solve drainage-related water management problems in farmers’ fields under specific conditions. In these projects, the ILRI collaborates with research organizations in the region or country where the problems are occurring. The focus is on finding practical and directly applicable solutions. Capacity building takes places along three lines:



• In-service training. ILRI consultants assist and advise local researchers in doing their research. By working together they make their own knowledge and experience available to their counterparts. On mission, the ILRI consultants also present lectures or presentations to a broader audience.



• Generation of knowledge. By working together with local counterparts, solutions to local problems are developed by combining local experience with the knowledge that the ILRI has obtained in other parts of the world with similar problems.



• Exchange of knowledge. At the same time, the ILRI also benefits from the knowledge and experience of these local counterparts. This new knowledge is disseminated to others through training and publications.
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In recurrent courses professionals from all over the world are brought together to jointly increase skills



Training of professionals The ILRI’s training programme is designed to meet the training needs of land and water management professionals in mid-career. The focus is on practical instruction in the design, implementation and O&M of agricultural water management systems. Here capacity building follows two routes:



• Recurrent courses. Professionals from all over the world are brought together to improve a wide range of technical skills with the focus on exchange of practical, applicable knowledge. The participants are encouraged to share their professional expertise with one another with the aim of broadening their views and providing them with new ideas to tackle their problems at home.



• Tailor-made courses. These meet the specific training needs of a group of engineers of different backgrounds or institutions in a specific country or region. These courses are attuned to the local situation and conditions. Sharing experience is again a major component in bringing together the various disciplines to tackle the problems in an integrated way.



Publications and papers While working together in joint projects and in training activities, ILRI staff also benefit by picking up new skills and knowledge. This knowledge is made available to a wider audience in the following ways:



• ILRI publications. Major research programmes are published in the ILRI publication series. The main characteristic of this series is that the books are practical, i.e. they can be used in the day-to-day work of professionals (mostly engineers) involved in irrigation and drainage. ILRI staff also contribute chapters to handbooks or manuals published elsewhere.



• Papers for international journals, workshops, symposia and congresses. The papers try to bridge the gap between science and practice and should be readable and understandable for a broader audience and not only the subject-matter experts.



• ILRI special reports. These present subjects or a selected number of papers on a particular subject, not yet fully treated, whose state-of-art justifies their circulation. In this way, the ILRI tries to prevent this knowledge from disappearing in the so-called grey literature.



• Software packages. ILRI software provides a set of practical methods in the field of irrigation and drainage that can be used by professionals in their daily activities. Each model includes a user manual. More information on the model (including the theoretical background and practical examples) is often published in the ILRI publication or special report series.
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The ILRI provides software that aids in the design, evaluation, and improvement of irrigation practices



• The ILRI Annual Report. In addition to a report on the general progress of the activities carried out by the ILRI, the annual report includes two or three papers which detail the progress of ongoing research activities.



• ILRI website on the Internet (www.ilri.nl). Distribution of information on ILRI’s current activities, including the option to download most ILRI software packages, and links to websites of partner organizations. Of the above methods, the first four mainly aim to disseminate knowledge and experiences in technical skills and the last two focus more on the methods the ILRI uses to disseminate this knowledge.



FROM TRADITIONAL DRAINAGE RESEARCH TO NEW FRONTIERS Worldwide, about 1 500 million ha are used for agriculture, of which some 250 million ha (17 percent) are irrigated and approximately 150 million ha are provided with drainage infrastructure (10 percent). Currently, about 60 percent of global food production originates from rainfed agriculture and the remaining 40 percent from irrigated agriculture. It is estimated that some 500 million ha of agricultural land suffer from inadequate drainage, of which some 20-30 million ha in arid and semi-arid areas. This section presents some of the lessons the ILRI has learned by applying its approach as this experience may be of benefit to the region.



EGYPT Approach In the North Africa region, Egypt is the country that has most experience in drainage and drainage-related water management. Due to the completion of the Aswan High Dam in the late 1960s, the groundwater regime of the Nile Valley and Delta changed considerably and the implementation of drainage systems throughout the agricultural lands became a necessity. In the early 1960s, before the completion of the dam, Egypt had already constructed several drainage pilot areas to gain experience. To implement drainage on the required larger scale, the EPADP was formed in 1973 and Egyptian-Dutch cooperation started in 1975. The cooperation between Egypt and The Netherlands developed along three lines:



• An Egyptian-Dutch Advisory Panel on Land Drainage was formed, to guide the drainage works and to advise the Egyptian Government. • Cooperation with the DRI to conduct the necessary research. • Cooperation with the EPADP for the actual implementation.
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For the establishment of the advisory panel, the ILRI was the executive agency for the Netherlands. The ILRI’s role was mainly supportive: assisting the Egyptian secretariat with the organization of the yearly panel meeting, coordinating the Netherlands input, etc. In the early years, a Dutch advisor was stationed in Cairo, but gradually the Egyptian secretariat has increasingly taken over and the ILRI now acts much more as a resource agency.



Lessons learned In the 25 years of its involvement in research, the ILRI was first involved in traditional drainage research, e.g. water and salt balances of drainage pilot areas and the Fayoum; field drainage design criteria; drain envelopes; and depth and spacing trials. Nowadays its role is more focused on providing institutional support to the DRI. Over the years, many engineers and scientists have benefited from both the formal and in-service training activities conducted by the ILRI. The ILRI’s involvement in the actual implementation has been limited as there has been direct cooperation between the EPADP and the Netherlands’ Directorate General of Public Works and Water Management. The guiding principle in this cooperation has always been to operate on an equal footing, with a common goal, and with no commercial objectives. This approach clearly differs from that of a consultant (Nijland, 2000). The ILRI’s involvement has been one of supporting training activities. The achievements of the work done by the projects under the advisory panel include (Amer and De Ridder, 1989):



• • • • • • • •



Better and cheaper drainage installation; Upgrading of drainage design procedures; Development of operation, maintenance and rehabilitation criteria for drainage systems; Initiation of soil and water management studies in the Nile Delta, Upper Egypt and the Fayoum; Establishment of monitoring programmes for water quality; Development of a re-use of drainage water strategy; Provision of institutional support to the MWRI and to the National Water Research Centre (NWRC); Recommendations towards improved planning, policy and management of water resources. The issues currently being addressed cover a wide range:



• • • • • • •



Water table and salinity control; Water scarcity and deterioration of water quality; Institutional aspects of the implementation and the O&M of water management infrastructure; Gender issues; Public awareness on water management issues, including domestic supply, industry, and agriculture; Environmental concerns; Stakeholder involvement in water resources planning and management.



PAKISTAN Approach Agricultural production in Pakistan faces serious waterlogging and salinity problems. The ILRI also has long-standing cooperation on drainage research with Pakistan. In the early 1970s the first pipe drainage system, the East Khairpur Tile drainage system, was constructed with ILRI involvement. Other systems were later installed, e.g. the Mardan drainage system (with Canadian cooperation). In 1986, the Pakistan Government created the International Waterlogging and Salinity Research Institute (IWASRI) with the
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broad mandate to coordinate, sponsor, manage, and conduct research on waterlogging and salinity in Pakistan. In 1988, the Netherlands’ Government started to provide support to the IWASRI through its bilateral cooperation programme. From 1988 to 2000, a part of the IWASRI’s research was conducted in collaboration with the ILRI through the Netherlands Research Assistance Project. Initially, the IWASRI studied purely technical matters, but now the scope of its research is wider:



• Model studies are being done to save on expensive field-work and to be able to predict the effect of contemplated measures.



• Work on water quality and environment is increasingly important, because of the negative effect of pollution on health and agricultural production.



• Action research on farmer involvement is being conducted at several locations. At one location a drainage system was successfully constructed with farmers participating in its design, implementation and O&M.



• Farmers are helped with the cultivation of salt tolerant vegetation and crops. In areas where reclamation is not possible or feasible, the bio-saline approach to waterlogging and salinity is applied.



Lessons learned The 12 years of cooperation have provided important lessons on a variety of subjects. The following brief presentation subdivides these lessons into those of a more traditional kind and those from the newer areas of research. Traditional areas



• Drain envelope materials. Design standards for granular envelope design were improved; with geosynthetic envelopes safely replacing the usual gravel envelope materials.



• Evaluation of pipe drainage systems. The field drainage design discharge could be lowered from 3.5 mm/d to 1.5 mm/d as a starting point; farmers might be ready to pump for irrigation but they will not pump continuously for drainage; there is no point implementing drainage where O&M is not secured.



• Evaluation of the impact of drainage implementation. In the majority of systems the water table could be controlled, soil salinity decreased, yields increased, cropping intensity increased and abandoned land reclaimed. The socio-economic conditions of the farmers’ households improved: income increased, school enrolment of children improved; drinking water quality improved; re-immigration towards farms after reduction of waterlogging and salinity.



• Interceptor drains. Seepage interceptor drains in the flat plains of the Indus River cannot prevent the installation of a drainage system; their installation would also lead to excessive operating costs; because interceptor drains usually induce seepage, at least the ‘induced’ seepage part should be pumped back into the canal to prevent problems for tail-end farmers. Newer areas of research



• Use of computer models in design. Useful for predicting long-term effects; evaluation of alternative designs and water management options; detection of spatially varying drainage needs in an area in need of drainage; a check on some rule-of-thumb estimates of recharge from various source.



• Measurement of soil salinity with the EM38 instrument. It can be used for pre and post-project monitoring of soil salinity of reclamation projects in the shortest possible span of time without involving large financial resources.



• Implementation of a participatory drainage system: o



Consistency and transparency in communication with the farming community is essential.
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o o o o o



Genuine farmer involvement took time and the trust between the local community and IWASRI staff built up slowly. Soil conditions prevented the planned manual installation of the system. Farmers preferred a covered system to prevent loss of land. The benefits of the participatory drainage system include higher yields (except for rice) and a larger cultivated area. There is a general lack of understanding of what is needed to involve small farmers in the planning, implementation and O&M of drainage systems.



In 1995, the IWASRI and the ILRI were the first to start working with farmers on a participatory basis. The need for such work is increasingly recognized at all levels in water management institutions.



INDIA Approach In India drainage and drainage-related water management problems are much more diverse than in Egypt and Pakistan. In some states the problems are very similar, but the social and economic setting is different. However, in other states the problems are completely different, mainly because of a different climate. Given India’s size, the ILRI has concentrated its support on two lines:



• Cooperation at the national level with the Central Soil Salinity Research Institute. The focus of ILRI’s • • • • •



cooperation with this national research organization has been on developing generally applicable models and concepts. Cooperation at state level with state agricultural universities in Andhra Pradesh, Gujarat, Karnataka and Rajasthan. The focus of ILRI’s support is on the modification of these generally applicable models and concepts to local conditions, and assistance with the implementation. In India, the ILRI has adopted a three-step approach in technology transfer: Basic training in regular courses at specialized centres; Basic training in tailor-made training courses on subject matter; Advanced training courses and collaborative research abroad.



The basic training is the core of the training programme. Basic training is provided either by sending project staff to regular courses in India or abroad or by organizing tailor-made courses. The training in basic skills is spread over the total project period of five years as not all project staff can be spared at the same time (in order not to interfere with the ongoing research activities). The tailor-made courses are specially developed to train project staff in subjects directly related to the research programme. These courses discuss these subjects and their applicability under local conditions in detail. The expert meetings are a follow-up for these tailor-made courses. An expert meeting is devoted to one of the subjects of the research programme and the objective is to bring project staff together to exchange experiences on this particular subject. The basic skills acquired are further elaborated using consultants from India and abroad. These consultants assist the project staff with the implementation of their newly acquired skills during their visits to the network centres (in-service training). In addition, the project also organizes workshops and seminars in which the project results are presented to and discussed with a broader audience. The advanced training courses and collaborative research programme give the project staff the opportunity to delve into a specific subject of the ongoing research activities and to collaborate with colleagues at international institutes, universities and/or organizations outside India.
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Study tours are principally intended to give senior project staff and policy-makers at state level the opportunity for orientation on institutional arrangements of the execution of land drainage projects abroad, and to present research results of the project at international conferences. Lessons learned Rao et al. (1995) present a wide variety of lessons learned. Through the Indo-Dutch projects in operation for more than 10 years, strategies for combating waterlogging and salinity have been derived. As a result of these successful researches, several small-scale projects have been manually installed in farmers’ fields. These are successful in controlling waterlogging and salinity and also in creating awareness among the farming community. Lessons have been learned in the fields of: design of drainage systems; management of effluent; application of water management models; and crop production in relation to soil salinity. In addition, several recommendations have been made on: pilot projects in India; drain depth and spacing; envelope materials; irrigation management; leaching strategies; use of sodic water; etc.



OVERALL LESSONS LEARNED The ILRI has a long-standing relationship of cooperation in the field of drainage with various countries all over the world. In the ILRI’s work in these countries there has been a trend from traditional drainage knowledge to new frontiers. In the early days of drainage development in a country, a machine was imported and pilot projects were implemented. Today, the straightforward drainage knowledge is often available locally, and there is a need for new knowledge. In the field of drainage, irrigation and related water management in agricultural lands, the main subjects to be dealt with fall into three categories:



• Design and technology. • Development and ecosystems. • Farmers and institutions. Design and technology Activities in this field should focus on the application under the prevailing local conditions of design and technology methods developed elsewhere. There should be a special focus on the end-user, often small farmers with poor access to new techniques and methods. These activities include:



• Selection of the most appropriate drainage method for problem soils, e.g. heavy clay, peat or acid sulphate soils. • Development of new drainage techniques such as biodrainage, controlled drainage, drainage for demand management, etc. • Adjustment of drainage methods to a changing land use, i.e. from staple to cash crops. • Application of water management simulation models.



Development and ecosystems Activities in this field should focus on the interaction between water management systems at field and tertiary levels in the total project or catchment area based on the principle of integrated water management. Subjects are:



• Efficient use of water, including re-use, use of wastewater, etc. • Drainage and the environment. • Performance assessment of irrigation and drainage systems.
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Farmers and institutions Activities in this field should focus on strengthening the role of the end-user, i.e. the farmer in the drainage development cycle, from design through to operation and management. Subjects are:



• Farmer-oriented water management. • Restructuring of organizations involved in drainage. • Financial, economic and social sustainability of drainage. In all countries where the ILRI works it teams up with local institutions for planning, design and research in the field of drainage and related water management. The research conducted together with local engineers and scientists in the prevailing local circumstances has been a crucial factor in the success of most of that work. By working together with local researchers, and preferably in research programmes that are tied to an investment programme, the new frontiers of research are met by design. Actual problems in the field are solved either by the implementation of waterlogging and salinity control measures or by the possible future effects of the works on the local ecosystems. There are huge benefits in linking research to the design and implementation of drainage projects (Mohtadulla et al., 1997). Apart from all the ‘subject matter’ lessons learned, it is important to realize that the work of the ILRI in training, research, and joint work in projects with engineers and scientists from all over the world has greatly enhanced the technical and social research capacity of all involved.



REFERENCES Amer, M.H. & de Ridder, N.A. 1989. Land drainage in Egypt. Cairo, DRI, MWRI. Economic Commission for Africa. 1999. Relevant water management and irrigation issues in North Africa. Seminar on Irrigation and Water Management in North Africa, Cairo, Egypt, 9-12 October 1999. ECA, Sub-Regional Development Centre for North Africa, Cairo. FAO. 1995. Irrigation in Africa in figures. Water Report no. 7. Rome. Global Water Partnership. 2000. Integrated water resources management. Technical Advisory Committee, Background Paper no. 4. Stockholm, GWP. IHE-UNDP. 1991. A strategy for water sector capacity building. Proceedings of the UNDP Symposium, Delft, 3-5 June, 1991. IHE Report Series 24. Delft, The Netherlands, International Institute for Hydraulic and Environmental Engineering. IIMI/FAO & Vermillion, D.L. 1995. Irrigation management transfer: towards an integrated management revolution. In: IIMI and FAO. 1995. Selected papers from the Int. Conference on Irrigation Management Transfer, Wuhan, China, 20-24 Sept. 1994. p. 17- 20. IWASRI. 2000a. Lessons learned from IWASRI/NRAP research. IWASRI Publication 226, June 2000. Lahore, Pakistan, IWASRI, WAPDA. IWASRI. 2000b. Farmers’ participatory drainage in the Bahawalnagar Pilot Study Area. IWASRI Publication 211, July 2000. Lahore, Pakistan, IWASRI, WAPDA. Mohtadullah, K., Bhutta, M.N., Wolters, W. & Alam, M.M. 1997. Benefits of linking research with design and implementation of drainage projects. In: Proceedings of the 7th International Drainage Workshop: Drainage for the 21st Century, Volume 3: T7: 1-15. Malaysian National Committee on Irrigation and Drainage. Nijland, H.J. (ed.). 2000. Drainage along the Nile River, drainage executive management project: 15 years of cooperation on institutional and technical aspects of agricultural land drainage in Egypt. Lelystad, The Netherlands, Egyptian Public Authority of Drainage Projects, Netherlands Director General of Public Works and Water Management. Rao, K.V.G.K., Agarwal, M.C., Singh, O.P. & Oosterbaan, R.J. (eds.) 1995. Reclamation and management of waterlogged saline soils. National Seminar Proceedings of the Indo-Netherlands Collaborative Project. Central Soil Salinity Research Institute, Karnal, and CSS Haryana Agricultural University, Hisar. World Water Forum. 2000. A vision of water for food and rural development. pp. 82. The Hague.



Capacity building for drainage in North Africa



39



Besoins en formation, en recherchedéveloppement et en transfert de technologie dans le domaine du drainage et de la salinité en Afrique du Nord



CAPACITY-BUILDING NEEDS, R&D NEEDS AND TECHNOLOGY TRANSFER OPPORTUNITIES IN THE FIELD OF DRAINAGE AND SALINITY FOR NORTH-AFRICAN COUNTRIES.



RÉSUMÉ Cet article dresse un constat de la situation et des besoins en matière de drainage et de salinité dans les pays du Maghreb pour les années à venir. Il rappelle la situation générale de l’agriculture irriguée de ces pays, marquée par des tensions croissantes sur les ressources en eau et par des interrogations sur les performances des systèmes qui mettent en jeu la durabilité de l’irrigation, de l’agriculture et de l’environnement. Un bon contrôle de la salinité est une condition de durabilité des périmètres irrigués et il est donc important de mettre en place des outils et des compétences afin de faire face aux défis du développement agricole de ces pays. Un aspect préalable à ce développement des compétences est toutefois que la perception du drainage et de la salinité évolue: le drainage doit être vu d’une manière large et intégrer des questions de gestion de l’irrigation. De même la salinité ne doit pas être perçue uniquement comme un problème de sol, mais comme un risque géré par les agriculteurs au prix d’une réduction de productivité des périmètres et de contraintes pour l’environnement et les écosystèmes qu’il convient d’évaluer. Différents moyens permettant de développer cette expertise sont examinés. Les principales compétences requises sont recensées. Un des points cruciaux est la mise sur pied de programmes d’acquisition de références basée sur une bonne compréhension des phénomènes à développer dans des stations expérimentales et sur une acquisition de données à moyen terme.



ABSTRACT This paper reviews the current situation of drainage and salinity control in irrigated agriculture in North African countries. In these countries, water scarcity is already an important concern and the situation will become worse in the near future. In this context it is of the utmost importance to improve the efficiency of irrigation (which is the major water consumer) while ensuring the sustainability of the systems. Drainage, as a component of salinity control, can play an important role in this respect and the time seems ripe to strengthen the capacities and the emphasis on drainage and salinity control in these countries.
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At present, capacities in drainage and salinity control are rather limited. There are only a few experts in this field, few degree courses include this expertise, and few research activities deal with these aspects. Moreover, while the need for drainage and salinity control is recognized, financial constraints result in priority being given to short-term benefits. This approach does not favour drainage and salinity control, which are associated with the medium or long-term evolution of systems. Two prerequisites can be identified regarding the perception of drainage and salinity. First, drainage should not be seen merely as an artificial system for removing water from waterlogged or salinized areas. A more comprehensive and integrated view should be adopted whereby drainage is related to all transfer processes, and artificial ways of improving these transfers, which participate in salinity control in irrigated systems. As such, drainage and irrigation developments should be strongly connected and their performances should be perceived as interrelated. Second, salinity should not be seen only as a soil characteristic but as a risk which farmers manage. If salinity does not become a soil problem, it is because farmers control it properly through appropriate practices. These practices have direct and indirect costs which have to be taken into account in assessing the long-term evolution of irrigated perimeters. This integrated view of drainage and salinity control requires a multidisciplinary approach including physical, biological and socio-economic aspects. As it seems impossible to build drainage teams encompassing all these types of expertise, it is therefore recommended that drainage experts set up networks of specialists able to provide them with the expertise they need. One of the major priorities of a drainage and salinity control programme is to acquire and disseminate locally validated references through a network of field experiments and monitored field plots providing data both on the functioning of the systems and on their agro-economic performances. These references should provide the knowledge needed to develop country-specific drainage design criteria and to assess drainage and salinity control needs accurately.



INTRODUCTION Le présent rapport propose une synthèse sur les besoins en formation, R&D et transfert de technologie dans les pays du Maghreb à savoir Maroc, Algérie et Tunisie. Il s’inspire de trois rapports préparés sur ce même thème (Hachicha, 2001; Hammani, 2001; Hartani, 2001) et d’autres informations disponibles sur le contexte général des ressources en eau, de l’agriculture et des aménagements hydro-agricoles pour ces trois pays. Les conclusions tirées et les propositions faites peuvent pour une bonne part s’appliquer à d’autres pays arides ou semi-arides d’Afrique du Nord. De nombreux rapports publiés ces dernières années ont mis en exergue la situation tendue en matière de ressources en eau dans le bassin méditerranéen et tout particulièrement dans les pays du Maghreb. Les travaux du Plan Bleu (voir Margat et Vallee, 1999) fournissent une bonne synthèse de cette situation dont nous reprenons ci-dessous quelques faits saillants permettant un rappel synthétique du contexte. En matière de superficie agricole, les trois pays présentent à la fois des similitudes, comme par exemple la superficie de terres arables par habitant proche de 0,25 ha, et des différences, comme la place de l’agriculture dans l’économie du pays qui décroît dans l’ordre Maroc, Tunisie, Algérie (Tableau 1). Ces trois pays sont classés dans les pays à revenu moyen (PNB par habitant compris entre 1 200 et 1 900$EU par an), et leur croissance démographique annuelle est comprise entre 2 et 3 pour cent. En matière de ressources en eau (Tableau 2), la situation peut tout d’abord être appréciée au moyen de l’indicateur des ressources en eau mobilisées par habitant et par an. Ce chiffre, qui varie de 164m3/hab/an pour l’Algérie à 515 m3/hab/an pour le Maroc (avec une variabilité de 30 pour cent suivant les auteurs), figure parmi les plus faibles du bassin méditerranéen. Dans un scénario d’évolution tendancielle (Margat et Vallee, 1999), la demande en eau dans ces pays devrait augmenter significativement dans les années à venir, plaçant ces pays en situation de crise. La situation la plus critique est celle de l’Algérie, suivie par celle de la Tunisie; le Maroc est un peu plus favorisé grâce à des ressources en eau superficielles plus abondantes. Dans les deux premiers pays, la contribution des réserves souterraines est déjà très importante (plus de la moitié) et environ
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TABLEAU 1: Caractéristiques nationales: des pays de l’ Álgérie, Maroc et Tunisie (source Banque Mondiale) Pays



Superficie 3



Totale (10 km²)



1



Population Mhab (1994)



Terres arables1 3 (10 km²)



Terres arables par habitant (ha)



Part de la population agricole (1990)



Part de l’agriculture dans le PNB



Algérie



2 382



27,4



71



0,26



26%



12%



Maroc



447



26,4



67



0,25



35%



20%



Tunisie



164



8,8



21



0,24



28%



15%



Le chiffre des terres arables nous paraît une meilleure référence que celui de la superficie agricole qui comprend de nombreuses terres en prairie permanente ou de parcours utilisées pour l’élevage



TABLEAU 2: Situation des ressources en eau en Algérie, Maroc et Tunisie (source Margat et Vallee, 1999) Pays



Algérie



1 2



Ressources en eau mobilisées1 (km3/an) 2



Dont eaux superficielles



Dont eaux souterraines (km3/an)



Ressources disponibles en m3/hab/an



Part de l’agriculture irriguée



Pression sur les ressources exploitables



(km 3/an)



2,3



164



60%



57%



4,5



2,2



Maroc



13,6



10,9



2,7



515



75%



68%



Tunisie



2,8



1,1



1,7



318



87%



78%



Ces données ne tiennent pas compte des précipitations utilisées par l’agriculture pluviale Les données fournies par Hartani, (2001) sont inférieures de moitié ; elles conduiraient à des ressources disponibles qui nous paraissent peu réalistes



10 pour cent des ressources mobilisées sont des ressources non renouvelables. En terme de pression sur les ressources exploitables, l’Algérie présente un léger avantage qui résulte d’une moins grande mobilisation des ressources. Même en augmentant significativement cette mobilisation, la situation des trois pays se dégradera dans les années à venir, le Maroc prévoyant par exemple qu’avec une mobilisation de 16 km3/an en 2020, soit une augmentation de près de 20 pour cent, les ressources par habitant chuteront à 390 m3/hab/an (Hammani, 2001). Comme partout dans les pays arides ou semi-arides (Anonymous, 2000), l’agriculture est le premier consommateur d’eau, ce qui lui impose de développer une utilisation efficace, parcimonieuse des ressources en eau et notamment des ressources mobilisées pour l’irrigation. Il importe donc de maximiser l’efficience de l’irrigation tout en assurant la durabilité des périmètres irrigués. Cette maximisation d’efficience signifie une minimisation du drainage à un niveau permettant toutefois d’assurer correctement l’évacuation des sels apportés par l’irrigation.



CONTEXTE GÉOGRAPHIQUE ET DES AMÉNAGEMENTS HYDRO-AGRICOLES Contexte géographique Concernant le climat, le gradient principal concernant tant les précipitations que l’évapotranspiration potentielle est un gradient d’aridité croissante Nord-Sud. La majeure partie de la zone concernée a des précipitations annuelles comprises entre 200 et 500 mm. Seule la frange sud qui jouxte la zone désertique est réellement aride avec des précipitations inférieures à 100 mm/an. A l’opposé, les zones littorales et quelques zones montagneuses bénéficient de précipitations moyennes annuelles plus élevées pouvant dépasser 1 000 mm. L’évapotranspiration potentielle annuelle varie, quant à elle, de 1 200 mm au nord à 1 800 mm au sud. La qualité des eaux d’irrigation est faible, la majeure partie des eaux de surface utilisées étant supérieure à 1g de sels par litre. Le caractère critique de la situation est évident en Tunisie où 30 pour cent des eaux ont une salinité supérieure à 3g/l, salinité pour laquelle la majeure partie des cultures voient leurs rendements chuter. Avec une salinité de 1g/l, les calculs classiques fournissent des fractions de lessivage supérieurs ou égaux à 50 pour cent si l’on néglige l’influence des précipitations. Les périmètres irrigués d’Afrique du Nord sont donc pour la plupart confrontés à des risques importants de salinisation; le coté positif de ces risques importants est que ces périmètres constituent d’excellents laboratoires pour étudier la durabilité de l’agriculture irriguée par des eaux de faible qualité.



42



Besoins en formation, en recherche-développement et en transfert de technologie



Les sols rencontrés sont généralement de texture moyenne, souvent limono-argileuse. Certains périmètres irrigués installés en bordure de zones côtières présentent cependant des textures plus argileuses; ces sols peuvent être confrontés à des problèmes de mise en valeur spécifiques. C’est le cas des sols des périmètres du Gharb du Loukkos au Maroc qui sont confrontés à des problèmes d’engorgement hivernaux. Des techniques de drainage spécifiques adaptées à ces problèmes doivent être mises en place. Vu le climat, la salinité primaire est un trait pédologique courant dans la région. D’après la carte de la FAO (FAO, 1981), ces traits sont présents dans la majeure partie des sols de la région et ils sont quasiment généralisés dans les sols de l’Algérie et de la Tunisie. Cette salinité primaire pose un problème spécifique pour le drainage: elle génère souvent des nappes très salées à faible profondeur qui présentent un risque pour la mise en valeur des sols si le drainage est mal conçu. Ainsi dans le périmètre du Gharb au Maroc, dans les périmètres de la Basse Vallée de la Mejerda en Tunisie, les salinités rencontrées dans les nappes sont souvent supérieures à 10 dS/m. Cette forte salinité pose en outre un problème particulier pour le suivi du fonctionnement des sols drainés. En effet, comme le montrent (Bahri, 1993; Bouarfa et al., 1999; Hachicha, 1998), on observe généralement une forte désalinisation du sol et des premiers mètres de la nappe après la mise en place d’un réseau de drainage. Cette tendance à la désalinisation des horizons profonds peut masquer des resalinisations des horizons supérieurs du sol.



Contexte de l’irrigation La majeure partie des aménagements de grande ou moyenne hydraulique a été construite après les années 60 dans les pays du Maghreb. Ces aménagements ont été conçus suivant une logique d’offre et avec une forte volonté des pays d’améliorer leur degré d’autosuffisance en matière de production alimentaire. Les superficies irrigables constituent entre 7 et 18% des terres arables et contribuent entre 30 et 45 pour cent de la production agricole des pays (Tableau 3). Ces superficies sont en développement constant depuis les années 60. L’Algérie semble accuser un certain retard dans ce développement. Les apports d’eau moyens annuels par hectare irrigué reflètent assez bien la situation de tension sur les ressources en eau rencontrées dans les trois pays. On dispose de peu de données sur la TABLEAU 3: Situation de l’irrigation dans les trois pays en 2000 part des aménagements réellement irrigués. (source [Hachicha, 2001; Hammani, 2001; Hartani, 2001]) (Hartani, 2001) indique un rapport de 70 Superficie Superficie Superficies Apport Pays irrigable irriguée (103 irriguées/terres moyen pour cent qui indique une valorisation assez (103 km²)1 km²)1 arables (%) (mm/ha) faible des périmètres aménagés. (Hachicha, Algérie 5 3.5 5 540 2001) indique des valeurs de l’ordre de 50 Maroc 10 8 12 1 018 pour cent pour certaines parties de la vallée Tunisie 3,9 3.1 15 623 de la Mejerda. Des valeurs légèrement plus 1 Les rapports disponibles ne distinguent pas tous les superficies irriguées des élevées ont été retenues dans les estimations superficies irrigables faites pour le Maroc dans le Tableau 3. Il semble que l’intensité d’irrigation dans les périmètres existants pourrait, sans trop de difficultés, être augmentée dans les années à venir. Une des raisons de la relative faiblesse des intensités d’irrigation est la part importante des céréales traditionnellement non irriguées. Un développement des irrigations de complément permettrait de diminuer les superficies consacrées à ces céréales et conduirait à une meilleure valorisation des aménagements. Quelques données sont également disponibles sur la réutilisation d’eaux usées ou de drainage. La réutilisation des eaux de drainage est pour l’instant peu développée. Une des raisons en est le développement de pompages privés qui mobilisent les ressources souterraines facilement accessibles et de cette façon, recyclent au moins pour partie des eaux de drainage « naturel ». Concernant l’utilisation d’eaux usées, la pratique est bien développée en Tunisie où la contribution des eaux usées correspond à 2 pour cent des ressources en eau de l’irrigation (Hachicha, 2001). Elle est également développée en Algérie où 8 pour cent des terres irriguées reçoivent des eaux usées retraitées (Hammani, 2001).
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Contexte du drainage Dans le contexte de l’Afrique du Nord, le drainage joue pour l’essentiel un rôle de contrôle de la salinité ; même si on rencontre des problèmes d’engorgement, ils sont gênants essentiellement par l’accroissement des risques de salinisation des sols qu’ils occasionnent. Une exception à cela est tout du moins la région côtière du Gharb et du Loukkos au Maroc, où des sols lourds à mauvais drainage naturel sont présents dans une zone à contexte climatique océanique avec une pluviométrie hivernale non négligeable causant des engorgements nuisibles aux cultures. Les périmètres du Gharb et du Loukkos représentant 12 pour cent des superficies irrigables au Maroc; les besoins en drainage de ce pays représentent une proportion des terres irriguées plus importante que dans les deux autres pays. Nous reviendrons toutefois sur cette notion de besoin en drainage dans la section suivante. Les superficies ayant fait l’objet de travaux de drainage représentent de 10 à 15 pour cent des superficies aménagées pour l’irrigation (Tableau 4). Les types de drainage installés dans les trois pays sont assez contrastés: i. au Maroc, l’essentiel du drainage artificiel est constitué de drainage par tuyaux enterrés; les autres types de drainage, essentiellement par fossés, représentent des superficies assez faibles et sont installés en réponse à des problèmes ponctuels, sans schéma de conception standardisé; cette prédominance du drainage enterré s’explique par l’importance du drainage dans les périmètres du Gharb et du Loukkos; une expérience de drainage vertical existe dans deux périmètres marocains; ii. en Algérie, l’essentiel du drainage est du drainage par fossés, souvent ancien et mal entretenu; les critères de conception ne sont pas précisés par (Hartani, 2001); iii. en Tunisie, la situation est plus contrastée: les réseaux de drainage sont majoritairement réalisés par fossés mais plus du quart sont des réseaux enterrés; ces réseaux sont installés dans la région Nord de la Tunisie, et plus particulièrement dans la vallée de la Merjerda; dans ce pays, les travaux du CRUESI (CRUESITunisie et Pnud-Unesco, 1970) ont pu être utilisés dans les critères de conception des réseaux; plusieurs travaux de recherche ont été menés sur le drainage et la salinité dans les dernières décennies (Bahri, 1993; Hachicha, 1998) et se poursuivent actuellement. TABLEAU 4: Situation du drainage dans les trois pays en 2000 (source Hachicha, 2001; Hammani, 2001; Hartani, 2001) Pays Algérie Maroc Tunisie



Superficies drainées (103 km²) 0,56



Drainage enterré (103 km²)



% de drainage enterré



Besoins estimés (103 km²)1



0,01



2



1



Part des superficies irrigables drainées (%) 11



1



0,9



90



3,5



10



0,6



0,16



27



1



15



Pour la Tunisie, un ratio de 25% des superficies irriguées a été utilisé



L’ingénierie du drainage et de la salinité est globalement pauvre: peu de spécialistes formés, peu de références locales. Dans ce contexte, les critères et méthodes de conception sont souvent repris d’autres pays, généralement via l’ingénierie de bureaux d’études internationaux qui sont en charge de la conception des aménagements. Une des conséquences de cet état de fait est qu’à l’exception des oasis où une pratique de drainage traditionnelle existe, le drainage n’est pas une technique que se sont appropriés les agriculteurs. Signalons enfin qu’à notre connaissance, le drainage n’a pas été développé dans les petits périmètres (sauf dans les oasis). En ce qui concerne la gestion des réseaux, les problèmes d’entretien se posent de manière aiguë dans les trois pays. Le rôle du drainage n’étant pas aussi clair que celui de l’irrigation, les crédits pour l’entretien sont souvent bien inférieurs aux besoins, même dans des périmètres comme celui du Gharb au Maroc où les besoins en drainage sont a priori très nets. A fortiori, il n’existe aucun programme structuré de suivi ou d’évaluation des performances de ces réseaux.
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Typologie des contextes « drainage, irrigation et salinité » Revenons au contexte général des aménagements hydro-agricoles avec une vue plus intégrée des questions de drainage, de l’irrigation et de la salinité. Nous proposons de classer les problématiques de drainage-salinité des pays du Maghreb en quatre grands types détaillés ci-dessous.



• Problématique d’engorgement hivernal: cette problématique ne se rencontre que dans les périmètres du Gharb et du Loukkos au Maroc; elle est associée aux sols argileux peu perméables rencontrés dans une part importante de ces deux périmètres; les principales questions posées au drainage (Atif et al., 1999) sont: comment mieux tenir compte du drainage de surface qui représente de l’ordre de 50 pour cent des débits de drainage dans ces types de sols? (Bouarfa et al., 1999); ne faut il pas donner plus de poids à ce drainage sachant qu’il est également lié à l’efficacité de l’irrigation gravitaire? Enfin, faut-il et comment tenir compte de la nappe salée qu’on trouve à faible profondeur en de nombreux endroits de cette région?



• Problématique de gestion des nappes superficielles: cette problématique est caractéristique des périmètres où les nappes sont proches de la surface du sol et où le risque de salinisation lié aux possibles flux de remontée capillaire est important; comme dans beaucoup de périmètres dans le monde, les aquifères sont progressivement rechargés lors de la mise en eau du périmètre. Il s’ensuit une succession relativement classique de phénomènes décrits sur la Figure 1 ci-dessous et qu’on retrouve par exemple dans le périmètre du Tadla au Maroc ou dans la Mejerda en Tunisie. Dès que la nappe se trouve dans les deux premiers mètres superficiels, les zones en légère dépression ou celles où l’efficience de l’irrigation est plus faible sont affectées par des engorgements souvent associés à une salinisation neutre. Le gestionnaire du périmètre est alors amené à mettre en place un système de drainage souterrain, généralement conçu en fonction de l’intensité des problèmes rencontrés de manière à contrôler les niveaux de nappe; en pratique, le niveau de la nappe est effectivement maintenu, mais à la suite de l’aménagement il est difficile de savoir quelle est l’efficacité de lessivage du réseau installé. La présence d’une nappe peu profonde se révèle une opportunité pour les agriculteurs dès lors que la transmissibilité du sous-sol est correcte: elle déclenche la construction de pompages individuels qui permettent de pallier les incertitudes ou déficiences du système d’irrigation. Souvent la réutilisation de l’eau de cette nappe conduit à une baisse tendancielle du niveau de la nappe. Cette réutilisation s’accompagne aussi d’une « endoréisation » du fonctionnement du système: la nappe étant sous le niveau des drains, le lessivage des sels vers l’extérieur du système est réduit et on observe une augmentation de la salinité de cette nappe. Dans la Mejerda, cette salinisation semble pouvoir s’effectuer en peu d’années (Hachicha et al., 2000). Cette réutilisation s’accompagne aussi d’un risque accru de sodisation des sols (Rhoades, 1998) bien analysé dans le cas du Pakistan (Condom et al., 1999). Dans ce contexte fortement transitoire, le drainage doit être capable de s’adapter et de répondre à son objectif premier, le contrôle du lessivage des sels. Les questions posées sont ici: comment tenir compte de la dynamique des pratiques (notamment de pompage) des agriculteurs? Quel dispositif de suivi mettre en place pour s’assurer que l’endoréisation du système n’atteint pas un seuil critique?



• Problématique d’utilisation conjointe d’eau d’aquifères profonds et d’eau de surface: cette problématique, que l’on rencontre par exemple dans le Kerouannais en Tunisie, est, en bien des points, comparable à la problématique ci-dessus, à ceci près que dans ce cas la nappe demeure profonde et ne présente pas de risque liés aux flux de remontées capillaires; vu sa proximité avec la problématique précédente, elle est classée ici comme une problématique de drainage-salinité. Les risques associés sont la sur-utilisation des ressources souterraines et l’endoréisation progressive des systèmes conduisant à une salinisation à long terme des ressources souterraines. Les questions posées sont similaires à celles de la problématique précédente avec toutefois des temps de réponse plus longs des systèmes. Une variante de cette problématique est celle des nappes côtières présentant un risque d’intrusion marine: cette problématique se rencontre notamment dans les Doukkala au Maroc, dans la plaine côtière du Cap Bon en Tunisie et dans bon nombre de plaines côtières du Maghreb. Le risque de salinisation est ici principalement dû à l’avancée du biseau salin vers l’intérieur des terres en liaison avec une surexploitation des aquifères.
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FIGURE 1: Séquence-type de problèmes de remontée de nappe et de salinisation dans les périmètres irrigués de milieux arides ou semi-arides



• Problématique de gestion intégrée dans les oasis: cette problématique est la plus compliquée, vu la complexité des systèmes oasiens et de la gestion de l’eau dans ces systèmes; dans le cas de la Tunisie et de l’Algérie, les problèmes de drainage-salinité sont, en grande partie, associés à la rupture de fonctionnement occasionnée par la mobilisation des ressources fossiles des aquifères du Complexe Terminal et du Continental Intercalaire. Les ressources mobilisées sont à la fois abondantes et de mauvaise qualité. Elles ont conduit à des affleurements de nappe, à des extensions non contrôlées des périmètres oasiens puisant dans les ressources excédentaires (systèmes de drainage, nappes superficielles). Dans plusieurs oasis, des problèmes d’engorgement et de salinité sont apparus créant les conditions d’un démarrage de la séquence présentée à la Figure 1. Enfin, se posent d’importants problèmes de rejet des eaux de drainage dus soit à la position en bordure de Chotts (vastes dépressions où s’accumulent les sels) de certaines oasis, soit à la position avale de certaines oasis par rapport à d’autres.



DES



BESOINS ESSENTIELS: REPENSER LES PROBLÈMES ET ACQUÉRIR DES RÉFÉRENCES



ADAPTÉES



Un premier diagnostic étant fait, il est important de bien redéfinir les concepts, et tout d’abord, ceux de drainage et de salinité, afin de définir les besoins en matière de formation. Ce chapitre tente de reposer les problèmes de drainage et de salinité, puis fournit quelques éléments pour réfléchir aux références à acquérir.



Repenser le drainage et la conception du drainage Dans les périmètres irrigués de milieux arides ou semi-arides, il est tout d’abord fondamental de repenser le drainage de manière plus globale, comme l’ensemble des processus et des techniques1 qui, en liaison avec les 1



Il nous paraît important de bien intégrer cette double dimension de technique et de processus dans le concept de drainage
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pratiques d’irrigation, permettent le contrôle du bilan de sels. L’ingénierie du drainage ne doit plus, en effet, avoir la vision classique de l’ouvrage qu’on installe pour remédier à une nappe jugée trop proche de la surface du sol. L’accroissement des performances des systèmes d’irrigation doit être raisonné de manière globale en tenant compte du fait que toute eau drainée pose problème, qu’elle constitue une perte potentielle si elle résulte d’une performance insuffisante du système d’irrigation, ou qu’elle pose des problèmes de rejet en raison de sa piètre qualité. En tenant compte de cela, il faut inscrire le raisonnement du drainage dans une vision de gestion à long terme du bilan des sels dans les sols, le sous-sol et les aquifères qui s’y trouvent, et dans l’environnement des périmètres pouvant être affecté par le rejets des sels. Ce raisonnement doit être à multi-échelles, des pertes d’eau à certains endroits pouvant, dans certains cas, être réutilisées ailleurs. Il paraît donc logique d’élargir la vision des problèmes de drainage par exemple aux questions d’« endoréisation » progressive des systèmes résultant d’une gestion de l’eau plus complexe intégrant l’accès à plusieurs qualités d’eau telles qu’évoquées plus haut. Même si les techniques classiques de drainage ne sont pas forcément à même de régler ces problèmes, ces derniers constituent bien un défi pour le contrôle de la salinité et la durabilité des systèmes irrigués. De même, il paraît nécessaire de repenser la conception du drainage. Les équipements de drainage installés dans les pays du Maghreb sont relativement nombreux, mais, comme nous l’avons déjà signalé, la conception des réseaux, adaptée de pays tempérés européens, n’a pas été suffisamment basée sur des références locales et n’a pas tenu suffisamment compte de l’acceptabilité par les agriculteurs des réseaux installés, ni des besoins d’entretien de ces réseaux. De ces quelques constats, nous tirons les recommandations suivantes:



• Le drainage doit être raisonné de manière plus intégrée à l’irrigation et à la gestion globale de la salinité dans les périmètres et leur environnement;



• Il importe de recueillir des références locales sur le fonctionnement des systèmes de drainage afin que l’ingénierie des pays puisse proposer des méthodes et des modèles pour la conception du drainage et de la gestion des sels qui soient adaptés au contexte local et adoptables par les agriculteurs; ces méthodes et modèles doivent être adaptés non seulement aux grands périmètres mais aussi aux périmètres de moyenne et petite hydraulique. Des programmes sont en cours au Maroc et en Tunisie pour acquérir de telles références, mais ces programmes méritent d’être structurés et renforcés.



• Dans la majeure partie des situations, le drainage doit pouvoir être évolutif et proportionné: la situation, l’ampleur des problèmes sont, par essence, transitoires dans les périmètres irrigués. Le développement agricole est souvent limité par de nombreuses autres contraintes que le seul drainage (contraintes sur la fertilisation par exemple): il ne sert à rien de lever totalement une contrainte si d’autres facteurs restent limitants; le développement du drainage doit pouvoir accompagner le développement agricole. Dans les pays tempérés, classiquement, le drainage démarrait par les techniques d’assainissement, puis on introduisait des techniques de surface, puis enfin des techniques de drainage souterrain. On rencontre également des séquences d’évolutions types dans les périmètres ou zones irriguées (cf. Figure 1) qui laissent penser qu’on pourrait également trouver des séquences types d’amélioration du drainage adaptées aux différents contextes.



• La conception du drainage en milieux arides ou semi-arides doit être basée sur des méthodes permettant de contrôler le bilan des sels et non la hauteur de nappe. Les premières réflexions théoriques sur la conception du drainage sont originaires de pays tempérés. Or dans ces pays, le drainage a pour seul but de contrôler l’état d’engorgement qui se traduit par la présence d’une nappe à faible profondeur. En pays aride ou semiaride, la nappe en elle-même ne pose généralement pas de problème; c’est la menace de salinité qui lui est associée, qui pose problème. Or, comme le mentionne (Abu-Zeid, 1993), dans un sol irrigué régulièrement, les flux d’eau sont généralement descendants et, par conséquent, les risques de salinisation par flux d’eau ascendants sont faibles. Il est donc fondamental de renverser les priorités de conception: en milieu aride ou semi-aride, l’objectif premier est l’évacuation des sels apportés par l’eau d’irrigation, ce qui se traduit par un objectif de débit et non pas de hauteur de nappe. Or les méthodes de dimensionnement classiques (originaires de pays tempérés) sont toutes basées sur les hauteurs de nappe et non sur les débits. L’adoption d’un raisonnement basé sur les hauteurs de nappe conduit à des aberrations: la plupart des auteurs travaillant
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sur la prise en compte de l’évapotranspiration dans les formules de drainage arrivent à la conclusion que, lorsque la nappe contribue à l’évapotranspiration, les écartements de drains peuvent être plus grands; or si l’on augmente l’écartement des drains, la part d’eau prélevée dans la nappe sera augmentée au détriment du bilan de sels. A l’évidence, les raisonnements du dimensionnement du drainage doivent être repensés pour les milieux arides et semi-arides. Cette remarque peut être assortie d’une autre recommandation pour les pays du sud méditerranéen où les hauteurs de précipitations hivernales ne sont pas toujours négligeables: il faudrait mieux prendre en compte le rôle des précipitations hivernales dans le bilan de sels.



Repenser la salinité La salinité est définie comme un « état » du sol ou plus exactement de la solution du sol. Or cet état est obligatoirement transitoire, il est marqué à la fois par une variabilité spatio-temporelle forte et par une saisonnalité marquée. La variabilité spatiale est importante dans les deux dimensions horizontale et verticale du sol. La variabilité temporelle est due aux apports d’eau de qualité variable (eau des précipitations, eaux d’irrigation de surface, eaux souterraines, de drainage réutilisées) et au fait que pour une salinité de sol donnée, la salinité de la solution augmente lorsque le sol se dessèche. Cette dernière observation implique qu’il est, par exemple, possible d’irriguer avec des eaux relativement chargées en sels pour peu que la fréquence des apports soit ajustée de manière à ne pas trop dessécher le sol, ce qui induirait un stress salin. La saisonnalité est due au rythme climatique et aux rotations des cultures. Ces différentes observations montrent qu’il faut dépasser le raisonnement classique de la salinité comme un état du sol. Tout du moins tant que cette salinité reste sous le contrôle des agriculteurs. Nous proposons de distinguer deux grandes types de salinité dans les périmètres irrigués: (i) la salinité forte, qui conduit ou résulte de l’abandon de terres agricoles; pour cette salinité, la vision classique de sols salés ou salinisés peut retrouver sa place: on peut définir un pourcentage de sols fortement salés au sein d’un périmètre en observant les sols dont le contrôle a échappé aux agriculteurs; (ii) la salinité faible ou moyenne, gérée et contrôlée par les pratiques des agriculteurs et/ou par des techniques de drainage. Trop souvent, la perception de la salinité forte, hors contrôle, a prévalu. Il est important de changer de perception et de comprendre que, dans les périmètres irrigués, la majeure partie de la salinité constitue un risque géré par les pratiques des agriculteurs. Ce changement de conception a des implications fortes. Il faut impérativement mieux comprendre la perception qu’ont les agriculteurs de la salinité et les stratégies mises en œuvre pour la contrôler. Ces stratégies ont généralement des coûts, soit directs (corrections par des apports de fertilisants ou d’amendements par exemple), soit indirects (absence d’irrigation pour permettre un lessivage par la pluie par exemple). Le changement de perspective ainsi introduit conduit à essayer de comprendre quels sont les coûts de la gestion de la salinité pour le système et à essayer d’estimer à quelles conditions, pour quels systèmes, pour quels niveaux de disponibilité de la ressource en eau, ces coûts deviennent insupportables pour les agriculteurs et risquent de conduire à une perte de contrôle de leur part. Cette vision plus agro-économique que pédologique de la salinité ne va pas sans difficultés non plus. Mais elle présenterait l’avantage de pouvoir donner des indications sur l’opportunité (notamment économique) d’une amélioration du drainage dans une zone donnée.



Acquérir des références Pour progresser dans la maîtrise des questions de drainage et de salinité, des références propres aux pays et à leur contexte en irrigation-drainage doivent être acquises. Deux grands types de références qui correspondent aux deux grands types d’évaluation des performances (Bos, 1997), sont nécessaires: (i) évaluation de l’efficience des systèmes, directement liée au fonctionnement et au régime hydro-salin du sol et (ii) évaluation de l’efficacité des systèmes, liée à la manière dont les objectifs agro-économiques ou environnementaux de ces systèmes sont atteints. Dans les deux cas, un réseau d’observation comprenant à la fois des stations expérimentales bien contrôlées et des parcelles d’agriculteurs doit être mis en place. Ce ou ces réseau(x) de références doivent être placés sous la responsabilité de la recherche des pays, en veillant à une bonne intégration de la recherche et de
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l’enseignement, des techniciens et de l’ingénierie du pays, des agriculteurs ou de leurs représentants. A cet égard, l’exemple du programme des secteurs de références drainage français (Favrot et al., 1996) pourrait fournir des enseignements intéressants. Ces réseaux doivent avoir pour missions:



• de développer les capacités de la recherche du pays; • de servir d’outils de diffusion des résultats obtenus par la R&D; • de définir des règles de conception ou de gestion appropriées aux conditions à la fois agronomiques, pédologiques et socio-économiques du pays; • de bien connaître les pratiques de gestion de l’eau et des sels des agriculteurs; • de participer au suivi et à l’évaluation des performances des systèmes en place. Ces réseaux ne doivent pas être spécifiques aux questions de drainage et de salinité, mais couvrir l’ensemble des activités de gestion de l’eau et des sels par l’agriculture. Ils doivent permettre d’acquérir des références sur le fonctionnement hydro-salin des sols, sur les pratiques agricoles et de gestion d’eau et des sels par les agriculteurs, et sur l’ensemble de la démarche d’ingénierie du drainage: fonctionnement institutionnel, intérêt agro-économique et définition des besoins en drainage, conception, dispositions constructives et qualité des matériaux, interactions drainage-sels-environnement. Concernant les références relatives à l’efficience des systèmes, des stations expérimentales telles que celle mise en place dans le Gharb au Maroc ou celle de Cherfech en Tunisie, sont nécessaires. Dans ces stations sont étudiés les mécanismes de fonctionnement des nappes superficielles, des transferts d’eau et de sels. Ces stations doivent intégrer recherche et formation de haut niveau et permettre de développer des concepts et des outils de modélisation pour la conception des systèmes. Elles doivent être complétées par des suivis approfondis de parcelles agricoles et de secteurs hydrauliques, voire de périmètres, dans lesquels les grands mécanismes des bilans de sels sont étudiés. A cette échelle, les investigations concernant les pratiques de gestion de l’eau par les agriculteurs constituent un indispensable complément des travaux sur les processus de transfert. En effet, ces pratiques constituent des conditions limites pour les outils de modélisation qu’il convient de développer et il importe, non seulement de les comprendre, mais aussi de pouvoir prédire comment ces pratiques s’adaptent à la disponibilité en eau et à l’état salin des sols. Concernant l’évaluation de l’efficacité des systèmes, la démarche doit notamment se baser sur des enquêtes auprès d’agriculteurs ou de services de vulgarisation ou de commercialisation des produits agricoles. Les aménagements d’irrigation et de drainage doivent permettre de lever des contraintes, et il importe d’une part de bien vérifier que ces contraintes ne mettent pas de limites au développement agricole, et d’autre part de vérifier que, même si ces contraintes ont été levées, d’autres contraintes n’empêchent pas la mise en valeur du potentiel des zones aménagées. Un exemple d’un tel travail a été réalisé sur le périmètre du Gharb au Maroc (Zimmer et al., 1999) sur différentes cultures et sur différents secteurs. Dans cet exemple, des rendements de cultures sur parcelles aménagées ont été recensés et représentés en fonction d’une contrainte égale au rapport des précipitations hivernales de l’année sur les précipitations hivernales moyennes. Pour les céréales (Figure 2), généralement non irriguées, les années sèches constituent un handicap plus marqué que les années humides. Des chutes de rendement s’observent également pour des indices de pluies supérieurs à 1,5, soit pour des durées de retour de 4 à 5 ans. Les rendements sont dans l’ensemble très faibles, ce qui montre que, même si les contraintes d’excès d’eau ont été pour partie levées, des facteurs limitants au niveau agronomique restent présents. Dans le cas de cultures irriguées, la chute de rendement lors des années sèches (partie gauche de la courbe) est beaucoup plus réduite ce qui constitue un indicateur de la levée de contrainte permise par l’irrigation. Ces courbes permettent donc à la fois une analyse de l’efficacité des systèmes, une identification des contraintes majeures restant à lever et une possibilité de fixer des objectifs économiques aux investissements réalisés.



Quelques conclusions Des éléments ci-dessus, nous pouvons tirer quelques recommandations :



• Les besoins en drainage pour un contrôle de la durabilité des périmètres irrigués doivent être repensés dans le contexte aride et semi-aride des pays d’Afrique du Nord. En particulier une meilleure intégration aux
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FIGURE 2: Exemple d’analyse d’efficacité d’un aménagement hydro-agricole: relation entre rendement d’une céréale d’hiver et indice de précipitation défini comme le rapport des précipitations hivernales d’une année aux précipitations hivernales moyennes dans le périmètre du Gharb au Maroc (d’après Zimmer et al., 1999).



travaux et compétences sur l’irrigation et sur le drainage est nécessaire ainsi qu’une bonne intégration de ces infrastructures dans le processus de développement;



• Les spécialistes dont on a besoin doivent être formés au travail en réseau, aux échanges multidisciplinaires; le drainage ne peut être conçu sans de bonnes connaissances sur l’hydrologie, sur les processus de transfert et de géochimie des eaux, sur les pratiques agricoles et de gestion de l’eau, sur l’économie du développement agricole; en particulier, il nous semble important de rappeler la nécessité d’une meilleure connaissance des pratiques des agriculteurs, de leurs itinéraires culturaux, de leurs pratiques d’irrigation, de leur perception et de leur gestion de la salinité.



• D’un point de vue institutionnel, deux options semblent possibles: soit les spécialistes du drainage et de la salinité sont regroupés dans une institution; dans ce cas, ils doivent être capables de mobiliser les compétences qui leur font défaut dans d’autres institutions; soit ces spécialistes sont répartis dans différentes institutions et dans ce cas, ils doivent être capables de se constituer et de fonctionner en réseau.



• Le nombre de spécialistes présents dans les pays d’Afrique du Nord n’est pas très important (Hachicha, 2001; Hammani, 2001; Hartani, 2001); le contexte et le fonctionnement institutionnel de ces pays est, en revanche, relativement proche; si un réseau se constitue, il est important de pouvoir confronter les expériences de ces pays par le biais de séminaires, d’écoles de chercheurs et de formations continues.



CONSÉQUENCES POUR LA FORMATION, LA RECHERCHE-DÉVELOPPEMENT ET LES TRANSFERTS DE TECHNOLOGIE



Contexte institutionnel Le diagnostic en matière de formation dans les pays du Maghreb est présenté dans les rapports de Hachicha, (2001), Hammani, (2001) et Hartani, (2001). Retenons de ce diagnostic que la formation dans les domaines du drainage et de la salinité est actuellement peu développée dans les pays du Maghreb. Une conséquence est le faible nombre d’experts disponibles sur ces questions ainsi que le faible nombre de travaux ou projets de recherche. Malgré cela, les questions de drainage et de salinisation des sols sont perçues par les gestionnaires et les responsables de l’agriculture et de la gestion des ressources en eau comme faisant partie des priorités pour
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deux grandes raisons: (i) soit parce que des problèmes importants se posent (cas des oasis en Tunisie par exemple), (ii) soit parce que les performances des systèmes en place sont mal connues ou douteuses; dans ce dernier cas, ce sont les décisions de réhabilitation ou de nouveaux investissements qui suscitent des interrogations. Le nombre d’écoles ou de centres de formation n’est pas en cause, le problème est généralement lié à la gestion des priorités: dans une situation critique, lorsque les moyens sont limités, les institutions donnent aux opérations qui ont une rentabilité visible à court terme, une plus grande priorité qu’à celles ayant un intérêt à moyen et long terme. Les questions de drainage et de salinité ne sont donc considérées comme des priorités que si des questions immédiates se posent. Ajoutons à ce diagnostic rapide le constat du fait que les liaisons entre institutions de recherche et celles de formation ne sont ni promues, ni institutionnalisées; elles dépendent de la bonne volonté des chercheurs ou des enseignants. Cet état de fait conduit à une parcellisation des travaux de recherche qui, dans le cas du drainage et de la salinité, ne permet pas d’atteindre une masse critique de chercheurs et d’enseignants. Ainsi au Maroc, un projet du Ministère de fédérer les laboratoires de recherche/enseignement en un réseau de laboratoires a-t-il échoué en partie parce que le fonctionnement « académique » ne trouve pas d’intérêt dans de telles mises en réseau. De même, dans ce pays, les tentatives de mise en place d’un réseau IPTRID n’ont pas abouti, en dépit de l’existence d’infrastructures et de compétences. Formation Les besoins en formation sont, par conséquent, importants. Ils concernent à la fois la formation académique et la formation continue. Vu le caractère intégré des questions de drainage telles que nous les avons définies, les thématiques devant faire partie du cursus d’un expert en drainage en périmètre irrigué sont nombreuses (Tableau 5). Elles doivent lui permettre de raisonner le drainage de manière intégrée, dans l’esprit exposé ci-dessus. Concernant la formation initiale, il est peu utile de la limiter à l’enseignement supérieur. Des formations de techniciens, souvent en charge de la gestion quotidienne dans les périmètres irrigués, sont tout aussi importantes. L’exemple du programme mis en place par l’IAV Hassan II au Maroc montre l’importance de la formation des cadres intermédiaires. Concernant la formation continue, il est nécessaire de distinguer au moins trois populations: i. Les techniciens en charge de l’hydraulique agricole et des périmètres irrigués. Les efforts les concernant doivent porter principalement sur le fonctionnement des systèmes drainants et les enjeux du contrôle de la salinité, les méthodes de suivi et d’évaluation des performances des systèmes drainants, les impacts de ces systèmes sur l’environnement, la technologie du drainage et l’ingénierie du projet; ii. Les cadres de l’administration et les décideurs. Ils doivent principalement être sensibilisés aux questions de drainage et de salinité et aux impacts sur l’environnement afin de pouvoir donner à ces questions la priorité qu’elles méritent; iii. Les agriculteurs, leur encadrement technique et les responsables d’associations d’irrigants; ces acteurs sont les premiers concernés par les questions de drainage et de salinité; ils doivent également être sensibilisés aux risques et à la gestion de la salinité, aux relations entre ces risques et leur gestion de l’eau; les impacts sur l’environnement doivent également faire l’objet d’une sensibilisation. Recherche-développement La R&D peut et doit jouer un rôle important afin de développer des méthodes et des outils adaptés au contexte réel des pays et pour que les techniciens du drainage puissent porter un regard critique sur les méthodes proposées par les cabinets d’ingénierie internationaux. Cette R&D doit s’appuyer sur des sites, stations, périmètres de référence mis en réseau. Pour acquérir ces références, il est important de pouvoir, sur quelques
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TABLEAU 5: Compétences nécessaires aux experts en drainage-salinité Thématiques



Objectifs



Hydraulique à surface libre et souterraine



Ecoulements de l’eau dans les canaux, dans les nappes souterraines, estimation de l’efficience des systèmes



Transferts d’eau et de sels dans les sols en conditions variablement saturées



Modes d’écoulement de l’eau et de sels dans les milieux poreux, risques de salinisation, flux de remontées capillaires, interactions nappes superficielles évapotranspiration, couplage bilan d’énergie et bilan hydrique



Hydrologie



Lois statistiques des distributions de précipitations, notions de risques et prise en compte dans le dimensionnement de systèmes draineurs, métrologie des débits, hauteurs de nappe et des termes du bilan hydrique



Géochimie des solutions salines



Bases sur la salinité et la sodicité, évolution de la solution du sol dans des situations de dilution, d’évapoconcentration, grandes voies de salinisation



Environnement, écologie



Notions d’écosystèmes et importance de leur préservation, impacts possibles des aménagements, de la salinité sur le fonctionnement de ces écosystèmes



Agronomie du drainage, des excès d’eau et de la salinité



Physiologie des plantes et des cultures en présence d’engorgement d’eau et de salinité, influence sur les pratiques agricoles et sur les rendements de l’engorgement, de la salinité et du drainage; applications à l’évaluation de l’efficacité de réseaux de drainage



Techniques et pratiques d’irrigation



Besoins en eau des cultures, techniques d’irrigation, contraintes des systèmes et des pratiques d’irrigation vis à vis du drainage et de la salinité



Gestion des ressources en eau, gestion sociale de l’eau



Situation en matière de ressources en eau, évolutions prévisibles, aspects sociaux de l’utilisation de l’eau d’irrigation, analyse des pratiques d’utilisation conjointe d’eaux de différentes qualités, de réutilisation d’eaux de drainage, d’utilisation d’eaux usées traitées, gestion de la salinité par les agriculteurs



Micro-économie appliquée à la gestion d’exploitations agricoles



Analyse du fonctionnement d’une exploitation agricole, programmation linéaire, analyse des contraintes des exploitants agricoles, adaptation des exploitations à des contextes variables en matière d’accès à la ressource en eau



Technologie du drainage



Matériaux et matériels de drainage, normalisation et certification, techniques et matériels pour la maintenance des réseaux



Ingénierie du drainage



Méthodologie générale d’insertion du drainage dans un périmètre irrigué, détermination du besoin de lessivage, débits de projet, conception générale et dimensionnement du système draineur, choix de techniques en fonction de leur caractère adoptable, de leur durabilité (aspects maintenance)



Ingénierie de projet incluant des aspects techniques, institutionnels, économiques



Aspects généraux de la mise en place de projets hydro-agricoles: modes de financement, mécanique institutionnelle, aspects juridiques, évaluation technique et économique d’un projet



sites, assurer un suivi sur du moyen ou long terme. Il pourrait sans doute être intéressant, vu la proximité des problèmes des pays et vu les contraintes financières, de concevoir ce réseau sur l’ensemble des trois pays. Concernant les thématiques devant faire l’objet de recherches, une première liste est proposée ci-après.



• Fonctionnement physique des systèmes drainants: partition entre drainage souterrain et drainage de surface, interactions nappe-évapotranspiration, fonctionnement des systèmes drainants à différentes échelles; mécanismes et modélisation à long terme du lessivage des sels; compréhension du lessivage des sels dans les systèmes de drainage composites (cf. résultats de la parcelle de Helba mentionnés par Hachicha, (2001); dimensionnement de systèmes drainants à buts multiples (excès d’eau hivernal et contrôle de la salinité par exemple);



• Transferts de sels et géochimie des solutions: compréhension fine des mécanismes d’évolution de la solution du sol, lien avec les pratiques d’irrigation (comment irriguer avec des eaux aussi salées que celles des pays d’Afrique du Nord ?)



• Compréhension des pratiques de gestion des sels par les agriculteurs: Quelles sont ces pratiques? Comment s’adaptent-elles à la salinité du sol? Quel est leur coût pour la gestion des périmètres?



• Suivi, performances des systèmes et problèmes de maintenance/réhabilitation; • Développement d’outils intégrés, couplages ou au moins intégration de données sur les pratiques des agriculteurs et sur le fonctionnement physique des systèmes;
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• Résistance des plantes à la salinité: liaison avec des généticiens; des gènes de relative résistance aux sels ont dû être sélectionnés dans certaines variétés traditionnelles; ces gènes constituent un patrimoine et une richesse pour les pays qu’il convient de recenser et de valoriser;



• Environnement: meilleure compréhension de l’impact des rejets d’eaux salées, gestion intégrée des sels, suivi à long terme de l’effet de l’irrigation avec des eaux usées traitées;



• Recherche technologique: recherche sur les matériaux et matériels de drainage, recherche pré-normative, technologies pour le rejet des sels Transferts technologiques Deux types de transferts peuvent être considérés, en évitant de transposer des « recettes » toutes faites d’un pays à l’autre: i. Des transferts relatifs aux méthodes et techniques de conception et de construction des systèmes; en première analyse, ces méthodes pourraient avoir trait à la mise en place de secteurs de références, de méthodes de modélisation, de stations expérimentales; les technologies du drainage aussi ont besoin de matériaux, de systèmes de conception assistés par ordinateur, de normalisation et de démarche qualité pour les matériaux et la construction. ii. Des transferts relatifs au suivi et à l’évaluation des performances; ces transferts ont trait à l’introduction de technologies d’acquisition de données et d’information: métrologie hydrométrique (capteurs, stations de mesure), analyse d’imagerie satellitaire, systèmes d’information géographique. iii. Pour une bonne part, ces différentes technologies existent déjà dans les pays; c’est donc surtout d’un soutien au développement des compétences relatives à l’utilisation de ces technologies pour la gestion de l’eau et de la salinité que l’expertise en drainage a besoin.



CONCLUSIONS Au terme de cette analyse, il paraît important de renforcer le rôle du drainage et du contrôle de la salinité dans les périmètres irrigués des pays du Maghreb et de promouvoir un développement de l’expertise sur ces questions. Ce besoin de renforcement s’explique d’abord par le contexte général de la gestion de l’eau et de la salinité dans ces pays: tensions croissantes sur la ressource, performances des systèmes en place souvent faibles, manque de connaissance sur les évolutions (notamment de salinité) en cours. Ce besoin d’expertise s’explique ensuite par la nécessité de développer, d’évaluer et de promouvoir des méthodes adaptées au contexte, non issues de recettes employées dans d’autres contextes. Préalablement à ce renforcement, il faudrait toutefois que le drainage soit perçu d’une manière large et intégrée aux questions de gestion de l’irrigation et que les questions de gestion des sels soient perçues de manière renouvelée. Il faut, en particulier, revoir la vision statique de la salinité pour la percevoir d’abord comme un risque géré par les agriculteurs au prix d’une réduction de la productivité des périmètres et de contraintes pour l’environnement et les écosystèmes, qu’il convient d’évaluer. Sur les moyens à mettre en œuvre pour ce renforcement, il convient de promouvoir un fonctionnement en réseau, des échanges d’expertises, de résultats de recherche en essayant d’inclure l’ensemble des compétences mentionnées au Tableau 5. Ce mode de fonctionnement demande principalement que soient identifiées les compétences existantes et celles qui font défaut, et de mettre en place une animation sous forme de séminaires, de formations continues et d’échanges de documentation. Il faut aussi structurer un programme d’acquisition de références dont les éléments existent déjà dans les différents pays.
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Situation et besoins de développement de capacités en drainage agricole au Maroc



SITUATION DE L’IRRIGATION ET DU DRAINAGE AU MAROC L’irrigation au Maroc La variabilité des conditions climatiques et la limitation des ressources en eau, font que l’irrigation au Maroc est un impératif technique et économique pour assurer la sécurité alimentaire du pays, améliorer les revenus des agriculteurs, protéger les ressources naturelles et favoriser l’intégration de l’agriculture marocaine aux marchés national et international. Les zones irriguées, bien qu’elles ne représentent qu’à peine 13 pour cent de la Surface Agricole Utile (SAU), contribuent à environ 45 pour cent en moyenne de la valeur ajoutée agricole, constituent 75 pour cent des exportations agricoles et assurent plus du tiers de l’emploi en milieu rural. Dans ce sens, l’aménagement hydro-agricole constitue un véritable catalyseur pour l’économie nationale. L’irrigation au Maroc a toujours été un impératif et un instrument privilégié pour assurer l’accroissement de la production agricole, garantir une stabilité de la production et améliorer le revenu des agriculteurs. Son développement reste cependant tributaire des potentialités du pays, notamment, en matière de ressources en eau. La surface agricole utile s’élève à près TABLEAU 1: Superficies irrigables en ha de 8,7 millions d’hectares, inégalement Nature des Grande Petite et Moyenne Total irrigations Hydraulique hydraulique répartis dans les différentes régions agroPérenne 880 160 484 090 1 364 250 climatiques du pays. Compte tenu du Saisonnière/Crue 300 000 300 000 potentiel hydraulique mobilisable et de la part Total 880 160 784 090 1 664 250 qui peut être réservée à l’agriculture, le potentiel irrigable est estimé actuellement à (Source : PASE 1998) 1 664 millions ha: 1 364 millions ha en irrigation pérenne dont 880 000 ha est en Grande Hydraulique (GH) et 484 000 ha en Petite et Moyenne Hydraulique (PMH) et 300 000 ha en irrigation saisonnière. Rapportée à l’effectif de la population, la superficie irriguée en eau pérenne passera de 33,7 ha pour 1 000 habitants en 1990 à 24,6 ha pour 1 000 habitants en l’an 2020. Le potentiel irrigable reste relativement limité eu égard à l’étendue des zones arides et au rôle que doit jouer ce secteur dans le développement socio-économique du pays. Au Maroc on classe le secteur de l’irrigation en deux sous-secteurs: l’irrigation de grande hydraulique et l’irrigation de petite et moyenne hydraulique.



Ali Hammani, Ministère de l’agriculture, Institut Agronomique & Vétérinaire Hassan II, Rabat, Morocco
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FIGURE 1: Situation des grands périmètres irrigués



Source: AGR, Irrigation au Maroc



La grande hydraulique (GH) se rapporte aux grands périmètres d’irrigation situés dans les grandes plaines et vallées du pays: Gharb, Moulouya, Tadla, Haouz, Doukkala, Souss, Loukkos, Draâ et Tafilalet. De taille dépassant généralement 5 000 à 10 000 ha, ces périmètres sont alimentés par les eaux régularisées des grands barrages de stockage ou par des ouvrages importants de pompage dans les nappes souterraines. L’aménagement hydro-agricole des périmètres de grande hydraulique est réalisé par l’État pour répondre à des objectifs nationaux de production et de mise en valeur par des cultures industrielles et d’exportation. II met en oeuvre des infrastructures lourdes d’adduction et/ou de relevage des eaux et des réseaux modernes d’irrigation et de drainage. Ces réseaux sont conçus selon un canevas hydraulique régulier auxquels sont associés le remembrement des propriétés agricoles et leurs améliorations foncières par le nivellement des terres, le drainage, l’assainissement agricole et, le cas échéant, la protection contre les eaux de ruissellement des bassins versants amont à ces périmètres. Les équipements des grands périmètres d’irrigation sont gérés par les offices régionaux de mise en valeur agricole (ORMVA). Le cadre d’intervention est régi par un ensemble de textes juridiques formant le Code des Investissements Agricoles, mis en application depuis 1969 et définissant les prérogatives de l’Etat et les obligations des bénéficiaires de l’aménagement hydro-agricole. L’irrigation de petite et moyenne hydraulique (PMH) concerne les périmètres d’irrigation de taille faible (inférieure à 1 000 ha) à moyenne (dépassant rarement 3 000 ha à 5 000 ha). Ils sont alimentés par des ressources en eau généralement peu ou pas régularisées. La majorité de ces périmètres sont des périmètres traditionnels aménagés et gérés directement par les usagers. Leur mise en valeur agricole est orientée vers la production vivrière et les besoins des marchés locaux. Les périmètres de PMH peuvent se situer soit dans les zones d’action des ORMVA, soit dans les zones d’action des Directions Provinciales de l’Agriculture (DPA).
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La grande hydraulique Actuellement, la situation des superficies aménagées est caractérisée par l’achèvement d’un million d’hectares irrigués de façon pérenne comme le montre le Tableau 2. TABLEAU 2: Situation des superficies aménagées en 1998 (en ha) Périmètres



Superficies aménagées



Superficies en cours d’aménagement



Total



Mode d’irrigation



616 150



55 550



Moulouya



77 280



-



77 280



Gravitaire et Aspersion



Gharb



88 760



7 590



106 350



Gravitaire et Aspersion



Doukkala



78 200



26 400



104 600



Gravitaire et Aspersion



Haouz



122 020



20 600



142 620



Gravitaire



Tadla



109 000



-



109 000



Gravitaire



Tafilalet



27 950



-



27 950



Gravitaire



Ouarzazate



37 600



-



37 600



Gravitaire



Sous-Massa



39 900



-



39 900



Gravitaire et Aspersion



Loukkos



25 440



960



26 400



Aspersion



Grande Hydraulique



671 700



Petite et Moyenne Hydraulique



328 800



3 500



332 300



TOTAL



944 950



59 050



1 004 000



(Source : PASE 1998)



La petite et la moyenne hydraulique L’irrigation de PMH couvre actuellement 358 600 ha irrigués des eaux pérennes, ce qui représente 35 pour cent de la superficie totale irriguée d’une façon pérenne du pays, celle-ci étant évaluée à 1 030 300 ha. A cela, s’ajoutent les superficies de PMH irriguées par les eaux saisonnières et de crues estimées au total à 287 120 ha. Le drainage au Maroc Avec la diversité des conditions climatiques, les superficies souffrant ou risquant de souffrir des défauts d’assainissement, de drainage et des problèmes de salinité des eaux et des sols, sont évaluées à près de 350 000 Ha. Le Gharb en représente environ 57 pour cent (principalement des problèmes d’engorgement des sols et d’assainissement). La problématique du drainage et de salinisation des sols se pose différemment selon le contexte climatique, géologique et pédologique de chaque région. Si dans les régions du Nord et Nord-Ouest (Gharb, Loukkos), à pluviométrie importante, le problème réside principalement dans l’engorgement des sols par l’excès d’eau pluviale ou d’irrigation, dans les régions du Sud et de l’Est (Tadla, Moulouya, Ouarzazat, Tafilalet), à climat aride à semi-aride, les problèmes dominants sont ceux liés d’une part à l’engorgement des sols par remontée de la nappe suite à l’irrigation, et d’autre part à la salinisation des sols par les eaux d’irrigation et/ou de remontée de la nappe phréatique. Les objectifs de drainage au Maroc ne sont pas les mêmes d’un périmètre irrigué à un autre et peuvent être résumés comme suit:



• L’élimination des excès d’eau d’hiver dans les périmètres irrigués à climat relativement humides (Gharb et Loukkos).



• Le contrôle de la remontée de la nappe et de la salinisation des sols par remontées capillaires principalement dans les périmètres irrigués du Tadla et la Moulouya.
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• La lutte contre la salinisation secondaire des sols par l’irrigation avec de l’eau de mauvaise qualité chimique. C’est le cas principalement des périmètres irrigués arides et semi-arides (Tafilalet, Ouarzazate, SoussMassa, Tadla, Moulouya). Actuellement environ 90.000 ha sont équipés en drainage par tuyaux enterrés, respectant les normes de mise en place des systèmes de drainage dont environ 80 000 ha uniquement dans la plaine du Gharb. Le reste est localisé dans le périmètre du Loukkos, soit environ 11 000 ha. La conception de ces réseaux a été faite sur la base de critères étrangers et non adaptés au contexte marocain. Le Tableau 3 suivant résume l’importance des aménagements en drainage dans la plaine du Gharb : TABLEAU 3 : Importance des réseaux d’assainissement et de drainage dans les secteurs équipés du périmètre du Gharb Drainage souterrain : Linéaire en km



Surface drainée en ha



Drains



Collecteurs



PTI



30 781



6 290



1 011



STI



30 525



4 669



Beht



14 902



Total



76 208



Tranche d’irrigation



Ecartement (m)



Assainissement de surface: Linéaire en km Primaires



Secondaires



Tertiaires



30-40-50-60-70-80



152



216



850



836



30-50-70-90-120



109



209



515



2 142



457



30-40-50-60-70-90120



51



122



360



13 101



2 304



312



547



1 725



-



(Source: Taky et al. 1999)



Dans les autres périmètres irrigués où l’excès d’eau et la salinité des sols sont dus principalement à la remontée de la nappe phréatique (Tadla, Moulouya, Doukkala), les systèmes de drainage se présentent sous forme de fossés à ciel ouvert. Ces fossés sont, en grande partie, des colatures d’évacuation des eaux excédentaires d’irrigation approfondies. Dans ces périmètres, la mise en place des systèmes de drainage n’a obéi à aucune méthodologie scientifique de conception et de dimensionnement des réseaux de drainage. Dans le périmètre irrigué de Tadla, il y a environ 780 km de fossés à ciel ouvert considérés comme des drains et des collecteurs de drainage, et environ 650 km de colatures jouant le rôle d’assainissement. Au périmètre irrigué des Doukkala, la longueur du réseau d’assainissement est d’environ 1 477 km. Dans certains périmètres, tels que le Tadla et la Moulouya, le drainage vertical par pompage a été préconisé pour rabattre le niveau de la nappe. Au périmètre irrigué du Tadla, 12 stations de pompage gérées par l’ORMVA du Tadla, ont été mises en place à l’est du périmètre irrigué de Béni-Moussa pour rabattre la nappe dans des zones originellement marécageuses. Par ailleurs, environ 9 000 puits de pompage individuels ont été installés par les agriculteurs pour apporter des compléments d’eau d’irrigation pendant les périodes de sécheresse. Ces pompages permettent également de rabattre le niveau de la nappe phréatique qui peut atteindre la surface du sol pendant les années pluvieuses.



Réutilisation des eaux de drainage et d’assainissement Le devenir des effluents de drainage et d’assainissement dépend des contextes dans lesquels se trouvent les différents périmètres irrigués. Ainsi, dans le périmètre irrigué des Doukkala, en absence d’exutoire, les eaux de ruissellement et d’assainissement agricole ainsi que celles des rejets, constituées des effluents des eaux usées urbaines et de la sucrerie de Sidi Bennour, sont les plus importantes de tout le périmètre par leur débit et leur support commun qui est Oued Felfel dont l’exutoire est la Daya Fahs. Au périmètre irrigué du Gharb et du Loukkos, les eaux de drainage et d’assainissement sont acheminées moyennant des émissaires naturels ou artificiels vers l’océan atlantique. Au périmètre du Gharb, l’eau de drainage a une salinité médiocre et ne peut être réutilisée pour l’irrigation. Une grande partie des eaux de drainage de ces périmètres alimente des zones humides (qui présentent un intérêt
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ornithologique international) en bordure de l’océan atlantique, ce qui risque de perturber leurs écosystèmes. Dans les périmètres irrigués du Tadla et la Moulouya, les eaux de drainage résultant des pompages sont directement utilisées pour l’irrigation. Lorsque la qualité des eaux souterraines est mauvaise, les agriculteurs essaient de les mélanger avec les eaux de surface généralement de meilleure qualité. Pour les eaux de drainage extraites par les fossés d’assainissement, elles sont directement rejetées dans les cours d’eau qui peuvent alimenter d’autres périmètres en aval, comme c’est le cas du périmètre du Tadla. Au niveau des périmètres oasiens (Tafilalet et Ouarzazate), les eaux extraites de la nappe par pompage ou par des galeries souterraines dites « Khattara » sont directement utilisées pour l’irrigation. Puisque ces eaux ont généralement une salinité élevée, elles peuvent entraîner la salinisation des sols.



Principales cultures et production agricole: effets de l’engorgement des sols et de la salinité L’irrigation assure un volume de production stable et sécurisé à l’abri des aléas climatiques en permettant la diversification des cultures, l’intensification de la mise en valeur, la stabilisation et le recours efficient aux techniques modernes de production. L’importance du niveau de contribution des périmètres irrigués à la production agricole nationale est illustrée dans le Tableau 4. Il met en relief la contribution de l’agriculture irriguée dans la production de certaines denrées de base (sucre et lait) et de celles destinées à l’exportation.



TABLEAU 4: Importance des périmètres irrigués dans la production agricole au Maroc Production



Betterave à sucre Canne à sucre



% Superficies irriguées/SAU



% Production irriguée/Prod. nationale



75



80



100



100



Coton 100 100 La production agricole est parfois limitée par des Céréales 7 15 problèmes de salinisation des eaux et des sols et par Légumineuses 18 26 des remontées de la nappe. Ainsi, dans certains Maraîchage 74 82 périmètres irrigués (principalement Moulouya, Tadla Fourrages 67 75 et Tafilalet), des terres sont devenues incultes ou Agrumes 100 100 inadaptées pour certaines cultures en raison d’une Autre arboriculture 21 35 dégradation de la qualité chimique des sols par Lait 75 l’irrigation avec une eau de mauvaise qualité. Dans Viande rouge 26 certains périmètres (Gharb, Loukkos), les excès d’eau Source: Stratégie 2020, AGR, 2000 en hiver empêchent toute mise en valeur agricole si les périodes pluvieuses se succèdent. Les superficies abandonnées à cause de ces deux problèmes ainsi que leur impact sur le rendement des cultures ne sont pas chiffrés.



Une étude d’impact du drainage sur la production agricole dans le Gharb, menée par l’IAV Hassan II et le Cemagref (Zimmer et al. 1999), a montré que les conditions aussi bien d’excès d’eau que de sécheresse ont un rôle préjudiciable sur les rendements des cultures. En cas de prolongement des excès d’eau, les cultures d’hiver (principalement les céréales) sont remplacées par des cultures d’été comme le tournesol. Cette étude a montré également que les aménagements et, en particulier le drainage, sont bénéfiques pour les rendements des cultures.



Problèmes d’engorgement des sols et de salinité Une grande partie des périmètres irrigués marocains ont connu, après équipement et mise en eau, des problèmes de remontée de la nappe phréatique dus principalement aux pertes d’eau engendrées par la faible efficience
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des systèmes d’irrigation. Ces remontées entraînent des problèmes d’engorgement des sols et leur salinisation par remontée capillaire. Dans certains périmètres, tels que le Gharb et le Loukkos, l’engorgement des sols est lié à l’excès d’eau de pluie qui survient pendant l’hiver. Cependant, le problème le plus préoccupant est la salinisation secondaire des sols en raison de l’utilisation d’eau d’irrigation de qualité chimique de plus en plus mauvaise. En effet, les agriculteurs utilisent de plus en plus les eaux de la nappe (généralement de mauvaise qualité) pour apporter des compléments d’eau d’irrigation pendant les années sèches. Les chiffres concernant les surfaces touchées par les problèmes d’engorgement des sols et de salinité ne sont connus que par certains bureaux. Ainsi, environ 100 000 ha dans le Gharb et 20 000 ha dans le Loukkos souffrent de problèmes d’engorgement des sols dus aux fortes pluies d’hiver. Plus de 13 600 ha dans la Moulouya, autant dans le Tadla, 7 300 ha dans le Haouz, plus de 300 ha dans les Doukkala souffrent de problèmes de salinité des sols.



DÉVELOPPEMENTS FUTURS Projets prévus dans le secteur de l’eau La gestion des ressources en eau et le développement de l’irrigation se doivent de relever une série de défis notamment:



• • • • •



La baisse des disponibilités en eau. La croissance rapide du coût marginal de l’eau et des coûts des investissements. La nécessité d’amélioration de l’efficience et de la productivité de l’irrigation. La préservation des ressources. La nécessité de la mise en œuvre d’une gestion intégrée et participative et de la maîtrise de la demande en eau.



L’utilisation des potentialités du pays au mieux des intérêts de la collectivité nationale est ainsi toujours conditionnée par le double défi majeur de mobilisation des ressources hydrauliques et nécessité d’amélioration de la productivité des terres irriguées et leur préservation. Ce qui confère à l’irrigation d’être l’un des choix stratégiques essentiels au développement économique et social du pays. Depuis 1993, l’Etat marocain a mis en œuvre un Programme National d’Irrigation (PNI) qui consiste en:



• L’extension des superficies irriguées sur 250 000 ha dans le but de résorber le décalage existant entre les superficies dominées par les barrages et les superficies aménagées.



TABLEAU 5: Surfaces à aménager dans les grands périmètres irrigués ORMVA Gharb



Superficies à aménager (en ha) 116 150



Doukkala



29 000



• La réhabilitation des périmètres anciens sur 200 000 ha.



Haouz



47 300



Tadla



8 840



Près de 360 000 ha restent à aménager en irrigation pérenne: 208 620 ha en GH et 152 000 ha en PMH. Les nouvelles superficies à aménager en GH sont concentrées à près de 50 pour cent dans le Gharb (TTI).



Loukkos Total



7 330 208 620



Source: PASE 1998



La pénurie d’eau: disponibilités en eau et besoins futurs Au Maroc, ce sont les ressources en eau disponibles, beaucoup plus que la terre, qui limitent le potentiel irrigable. Globalement, les apports pluviométriques sur l’ensemble du territoire sont évalués à 150 milliards de m3 très inégalement répartis entre les différentes régions. Ainsi, 15 pour cent de la superficie totale du pays reçoit presque 50 pour cent des apports pluviométriques. En plus de cette variation spatiale, s’ajoute une variation inter et intra-annuelle des apports pluviométriques.
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Le potentiel hydraulique mobilisable dans des conditions techniques et économiques acceptables s’élève à 20 milliards de m3/an dont 16 milliards de m 3 d’eaux de surface et 4 milliards d’eaux souterraines. Ainsi, le volume mobilisable par habitant passera de 833 m3 par an en 1994 à moins de 500 m3 en l’an 2020, ce qui place le Maroc dans la catégorie des pays pauvres en eau.



TABLEAU 6: Evolution des volumes mobilisables et leur affectation en Milliards de m3 Ressources/Emplois



1990



2000



2020



- Volume mobilisé



10,90



14,11



16,77



Alimentation en eau potable et industrielle (AEPI)



-



Irrigation



-



- % Irrigation



0,85



2,04



3,66



10,65



12,07



13,61



92 %



85 %



81 %



-Volume mobilisé par habitant (m3/habitant)



Ce bilan global masque de grandes disparités 833 662 390 inter-régionales. A l’horizon 2020, la confrontation ressources-emplois permet de Source: PASE 1998 relever qu’à l’exception des bassins du Loukkos et de la Moulouya, tous les autres bassins connaîtront des déficits plus ou moins importants. Ainsi, l’équilibre entre besoins et ressources reste fragile. Cette fragilité est aggravée par la grande variabilité des ressources dans le temps et dans l’espace. TABLEAU 7: Evolution du bilan des mobilisations et emplois des ressources en eau en million de m3 1990



Régions Hydrauliques



2020



Ressources Mobilisées



Loukkos



Emplois



Bilan



Importées Exportées



Ressources Mobilisablées Importées



Emplois Bilan Exportées



720



-



-



720



0



1 150



+80



-



1 230



0



Moulouya



1 660



-



-



1 160



0



1 690



-



-



1 690



0



Sebou



2040



-



-40



1 840



+160



4 890



-



-850



4 120



-80



560



+40



-



570



+30



970



+890



-



1 860



0



Oum R’biä



3 290



-



-190



2 740



+360



4 160



-



-570



3 980



-390



Tensift



-30



Bou Regreg



1 330



+190



-



1 600



-80



1 670



+450



-



2 150



S. Massa



890



-



-



950



-60



1 010



-



-



1 050



-40



Sud-Atlas



1 000



-



-



1 350



-350



1 230



-



-



1 500



-270



10 990



-



-



10 930



+60



16 770



17 580



-730



Total



Source: PASE 1998



Risques futurs de remontée de la nappe dans les périmètres irrigués Les conditions climatiques des deux dernières décennies ont été caractérisées par une dominance des années de sécheresse. Aussi, les périmètres qui souffraient de problèmes de remontées de la nappe juste après leur mise en eau (Tadla, Moulouya), ne souffrent actuellement que de problèmes de salinité des eaux de la nappe et de la salinité et de la sodicité des sols. Le périmètre irrigué du Gharb souffre toujours des problèmes d’excès d’eau d’hiver parfois même dans les zones équipées en réseau de drainage, ce qui pose la question de l’efficience et de l’efficacité de ces réseaux. Dans le périmètre irrigué des Doukkala, la remontée de la nappe est un problème qui risque de se poser à l’avenir à cause de l’irrigation intensive (principalement avec la mise en eau du haut service du périmètre), d’où l’importance de mettre en place un suivi continu de la piézomètrie afin d’évaluer les conséquences de ce problème et de tracer les cartes de vulnérabilité et de la remontée de la nappe. Cet objectif nécessite un certain nombre d’investigations de terrain et d’enquêtes. Selon leur nature, ces opérations doivent être poursuivies et renforcées. Les besoins immédiats en drainage En matière de drainage, plus de 100 000 ha restent à équiper dans les périmètres du Gharb et du Loukkos pour pallier aux engorgements des sols en hiver. Une grande partie des réseaux de drainage enterrés a besoin



64



Situation et besoins de développement de capacités en drainage agricole au Maroc



d’être réhabilitée pour assurer son bon fonctionnement. Il serait cependant intéressant de mener des études d’évaluation de performances des réseaux existants pour permettre l’orientation des projets futurs de drainage. Les besoins immédiats en drainage s’expriment aussi dans les périmètres où la salinité risque d’affecter à long terme la productivité des sols. Il s’agit principalement des périmètres où les pompages sont utilisés d’une façon intensive dans l’irrigation (Tadla, Moulouya, Ouarzazate et Tafilalet). Des réflexions et des recherches doivent être menées pour orienter les stratégies d’utilisation conjuguée des eaux de surface et souterraines pour l’irrigation dans le but de préserver la qualité des eaux et des sols.



Qualité de l’eau et pollution L’aménagement hydro-agricole a eu des impacts négatifs sur l’environnement des périmètres irrigués. Les principaux problèmes de pollution et de dégradation de la qualité des eaux sont les suivants:



• Salinisation des eaux de surface à l’aval des périmètres irrigués. • Pollution des eaux par les nitrates. • Pollution urbaine et industrielle par les rejets des eaux usées. Pour atténuer le problème de dégradation de la qualité des eaux et de pollution, le Ministère de l’agriculture a lancé un Programme d’Action et de Suivi de l’Environnement (PASE) financé par des prêts de la Banque Mondiale. Ce programme a proposé un certain nombre d’actions permettant d’améliorer la qualité de l’eau et des sols. Parmi ces actions, on peut citer:



• La mise en place d’un observatoire de suivi de la qualité des eaux et des sols au niveau des périmètres irrigués. Cet observatoire permettra de définir les principaux indicateurs de suivi de l’environnement, de constituer une base de données sur tous les paramètres de suivi des eaux et des sols permettant aux décideurs de disposer de données fiables leur permettant d’agir rapidement en cas de problème, et de déterminer la localisation des zones vulnérables et à problèmes.



• L’evaluation de l’impact de l’intensification culturale sur la qualité des eaux par l’amélioration des pratiques culturales entraînant une économie dans les intrants et par la définition d’un programme d’avertissement agricole et d’avertissement à l’irrigation.



• Le développement d’une stratégie de communication et de sensibilisation au sein des ORMVA et auprès de leurs partenaires pour la protection des ressources en eau et en sol des périmètres irrigués dans l’objectif de développer une prise de conscience régionale en matière de protection de l’environnement d’une façon générale et des ressources du Gharb de façon particulières.



La gestion future des rejets des eaux de drainage et problèmes d’exutoire L’utilisation actuelle des rejets des eaux de drainage a été exposée au paragraphe Réutilisation des eaux de drainage et d’assainissement. Le devenir des effluents de drainage sera réglementé au Maroc par la loi sur l’eau (95-10). Cette loi prévoit, en effet, la pénalisation des organismes pollueurs. Pour les rejets domestiques des agglomérations et des unités industrielles, on prévoit la mise en place de stations d’épuration. Dans le cas des rejets des eaux usées agricoles, des réflexions sont menées actuellement pour pallier les impacts négatifs des effluents du drainage sur l’environnement. Les impacts des rejets de drainage à l’aval des périmètres irrigués sont prononcés, d’une part dans les périmètres irrigués du Gharb et du Loukkos qui rejettent leurs eaux dans des zones humides d’intérêt écologique (Merja Zerga et Merja Haloufa), et d’autre part dans le périmètre de Tadla où les eaux de drainage sont directement versées dans l’Oued Oum Er Bia, l’affluent principale du barrage El Massira qui irrigue le périmètre des Doukkala en aval. Dans le périmètre irrigué des Doukkala, l’absence d’exutoire fait que des eaux d’assainissement sont rejetées les dans la nature. Dans la partie côtière du périmètre irrigué de la
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Moulouya, les eaux de drainage et d’assainissement n’atteignent pas la mer: le niveau topographique final est trop bas. La solution de ces problèmes est délicate à défaut d’autres exutoires possibles pour ces périmètres. En l’état actuel des choses, et à l’exception de l’action de protection de la Merja Zerga prévue dans le cadre du Programme d’Action de Suivi de l’Environnement, des réflexions sont toujours en cours pour atténuer les problèmes des rejets dans les autres périmètres irrigués.



MISE EN ŒUVRE DES PROJETS DE DRAINAGE Capacité des organismes nationaux de gestion et de maintenance des projets de drainage La gestion et la maintenance des réseaux de drainage est assuré par les ORMVA à travers leurs Départements ou les Services de Gestion des Réseaux d’Irrigation et de Drainage (DGRID ou SGRID). Contrairement aux réseaux d’irrigation, la gestion des réseaux de drainage et d’assainissement se résume à l’entretien de cette infrastructure. Si l’entretien des équipements d’irrigation internes à la parcelle (réseau d’irrigation quaternaire, colatures d’assainissement) est à la charge des agriculteurs, l’entretien et la maintenance du réseau principal d’irrigation ainsi que tous les réseaux d’assainissement sont à la charge des ORMVA. Le manque de moyens ainsi que la priorité que donnent les ORMVA à la maintenance des réseaux d’irrigation font que la fréquence d’entretien des réseaux d’assainissement et de drainage reste très faible. Les difficultés d’exercice de l’entretien des réseaux de drainage n’ont pas permis de définir les méthodes et normes qui auraient permis une programmation et une rationalisation de l’activité. Les responsables de l’entretien des réseaux sont alors contraints de travailler par équipes et d’utiliser les moyens disponibles, généralement inadaptés, ce qui réduit l’efficacité de l’opération et accentue son coût. La définition d’un programme d’entretien des réseaux de drainage (superficiel et profond) et des ouvrages annexes nécessite des connaissances sur l’état de ces réseaux et les normes d’entretien afin de pouvoir fixer des objectifs à long terme et évaluer correctement les besoins. Actuellement, certains ORMVA étudient la possibilité de confier la tâche d’entretien des réseaux d’irrigation et de drainage à des entreprises de jeunes promoteurs créées spécialement pour améliorer le rythme d’entretien des réseaux d’irrigation, de drainage et d’assainissement.



Implication des organismes nationaux dans la préparation, la conception et l’exécution des projets de drainage Dans les périmètres irrigués où l’excès d’eau d’hiver entrave la mise en valeur des terres agricoles (Gharb, Loukkos), la mise en place de projets modernes de drainage s’impose. Dans ce cas, l’étude et la conception se font par des bureaux d’ingénierie conseil privés nationaux et internationaux. Le Maroc dispose de plusieurs bureaux d’études de niveau technique international. La mise en place des réseaux et l’exécution des travaux de drainage se fait par les entreprises de travaux nationales qui ont acquis, avec le temps, une expérience suffisante. L’utilisation de personnel non qualifié quelquefois, ainsi que la vétusté du matériel utilisé peut rendre l’exécution imprécise, ce qui entraîne des problèmes de fonctionnement des réseaux de drainage. Le nombre faible de ces entreprises (2 à 3) et le prix élevé des matériaux font que les coûts de pose des drains est élevé. Lors de la conception des aménagements hydro-agricoles des périmètres irrigués semi-arides et arides, les problèmes de drainage n’étaient pas apparents et la mise en place des systèmes de drainage était jugée
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non nécessaire du fait des profondeurs élevées de la nappe phréatique et de la bonne qualité des sols. Ce n’est qu’après la mise en eau de ces périmètres que les remontées de nappe et la dégradation de la qualité des eaux et des sols ont été observées. En raison de ces problèmes, et du fait que les équipements d’irrigation sont en place, les solutions ont consisté, d’une part à approfondir des colatures prévues initialement pour l’évacuation des excès d’eau de surface, et d’autre part à creuser de nouveaux fossés à ciel ouvert tout en respectant le canevas hydraulique. Ces travaux n’ont fait l’objet d’aucune étude préalable. Les pertes de superficie engendrées par ces fossés ont vite démontré leur incapacité à atténuer le problème de remontée de la nappe.



Etat des connaissances en matières d’options modernes de gestion des réseaux d’irrigation et de drainage Jusqu’en 1990, la participation des usagers à la gestion de l’irrigation dans les périmètres de la grande hydraulique au Maroc consistait en une implication des agriculteurs aux côtés de l’Administration (ORMVA) dans la programmation des calendriers d’irrigation, l’exécution de la distribution de l’eau à l’intérieur des zones d’intervention des associations d’irrigants et à la réalisation des entretiens manuels des réseaux d’irrigation comme le curage et le remplacement de petit matériel. A partir de cette date qui a marqué la politique générale de gestion de l’irrigation, de nouvelles orientations ont été prises dans ce domaine. Elles font appel à une participation active des usagers en vue de rationaliser l’utilisation de l’eau, d’améliorer les performances de l’irrigation et d’assurer un bon fonctionnement des réseaux d’assainissement et de drainage. La tendance a été celle d’une recherche de dialogue avec les usagers pour les impliquer dans toutes les étapes du projet d’aménagement jusqu’à l’exploitation et la maintenance des équipements collectifs. Aussi des Associations des Usagers de l’Eau Agricole (AUEA) ont-elles été créées dans le cadre de ce qu’on appelle la Gestion Participative de l’Irrigation (GPI). Si le transfert aux AUEA de la gestion des équipements internes (à partir des canaux tertiaires) est évident pour l’irrigation, il l’est moins pour les réseaux de drainage du fait qu’ils sont directement gérés par les ORMVA. En effet, si on prend les périmètres du Gharb et du Loukkos ou le drainage est très développé, les agriculteurs ont une mauvaise connaissance du rôle et du fonctionnement de tels réseaux. A titre d’exemple, les agriculteurs ne sont pas capables de localiser les drains sur leurs parcelles, certains ne savent même pas s’ils sont équipés ou non en drainage.



Etat des connaissances en matières d’impacts du drainage sur l’environnement Les études et la mise en place des projets de drainage agricole n’ont jamais pris en considération les impacts environnementaux. Si on ne considère que les périmètres où le drainage a été intensivement développé (Gharb et Loukkos), et malgré leur situation proche de la mer, le rejet des eaux de drainage dans les zones humides longeant l’océan atlantique risque de perturber leur équilibre écologique. Dans les périmètres irrigués qui rejettent leurs eaux de drainage et d’assainissement dans les cours d’eau (Tadla, une partie du Gharb), les impacts se ressentent immédiatement à l’aval de ces rivières sur la qualité biologique des eaux. Aussi peut-on citer le cas d’eutrophisation du barrage El Massira (irriguant le périmètre des Doukkala). Ce n’est que pendant cette dernière décennie que l’Administration du Génie Rural, organisme sous tutelle du ministère de l’agriculture, avec le concours de la banque mondiale et dans le cadre du Programme d’Action et de Suivi de l’Environnement (PASE) et du Projet de Gestion des Ressources en Eau (PGRE), a lancé des études pour l’évaluation de l’état de l’environnement dans les périmètres irrigués marocains. D’autres projets d’évaluation et de suivi de l’environnement ont été également mis en place dans certains ORMVA tels que le projet MRT financé par l’USAID au Tadla , et le projet Étude d’évaluation environnementale financé par la KFW au Loukkos.
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Par ailleurs, si les agriculteurs sont parfois conscients de certains problèmes environnementaux (dégradation de la qualité des eaux et des sols), ils restent très peu sensibilisés aux problèmes d’impact de l’irrigation et du drainage sur l’environnement. Modalités de gestion de l’irrigation et du drainage Comme on l’a rapporté précédemment, les projets d’aménagement hydro-agricole sont mis en œuvre par les Offices Régionaux de Mise en Valeur Agricole (ORMVA). Ces offices sont sous tutelle du Ministère de l’Agriculture du Développement Rural et des Eaux et Forêts. Ce sont des établissements publics dotés de personnalité civile et d’autonomie financière. Ils se composent, entre autres, de deux départements. Le premier, dit Département des Aménagements Hydro-Agricoles, s’occupe de la préparation, du lancement et du suivi des projets d’aménagement hydro-agricole (irrigation et drainage). Le second, dit Département de Gestion des Réseaux d’Irrigation et de Drainage (DGRID), s’occupe de l’exploitation et de la maintenance des réseaux d’irrigation et de drainage.



CAPACITÉS NATIONALES EN DRAINAGE Réglementation nationale pour prévoir les problèmes futurs de la dégradation de la qualité de l’eau et des sols La Loi Sur l’Eau (95-10), promulguée en septembre 1995, constitue, au Maroc, le cadre juridique de la politique de développement des ressources en eau pour l’avenir. Cette loi a attribué au Comité Supérieur de l’Eau et du Climat (CSEC) le rôle de formuler les directives générales de la politique nationale en matière des ressources en eau et du climat. La loi sur l’eau apporte un certain nombre d’innovations par rapport à la législation ancienne. Concernant la lutte contre la pollution des eaux la loi sur l’eau prévoit:



• • • • •



La définition des notions des eaux usées et des eaux polluées. La fixation des normes de qualité de l’eau selon l’utilisation. Le contrôle des déversements. L’inventaire du degré de pollution des eaux. La définition des conditions d’utilisation des eaux usées.



L’une des innovations majeures de la loi sur l’eau est la création des Agences de Bassin au niveau de chaque bassin hydraulique ou ensemble de bassins hydrauliques. Les attributions des agences de bassin sont très étendues et la mise en place de ces établissements va conduire à préciser l’attribution des organes jusque-là chargés de certains aspects de la gestion de l’eau. Actuellement, seule une agence de bassin a été mise en place au niveau du bassin hydraulique de l’Oum Er Rbia. La législation relative à l’utilisation des eaux usées industrielles et agricoles (effluents de drainage) est encore lacunaire et insuffisante. Les dispositions interdisant ou prévoyant le contrôle des eaux usées sont dispersées dans plusieurs textes. Les dispositions législatives et réglementaires concernant les sols et leur protection, à l’intérieur des périmètres irrigués, sont nombreuses et elles aussi dispersées.



Les compétences nationales disponibles comparées à l’assistance technique étrangère En matière de R&D le Maroc est doté de plusieurs structures oeuvrant dans plusieurs domaines liés à la problématique du drainage. Parmi ces organismes on peut citer :



• l’institut Agronomique et Vétérinaire Hassan II (IAV) à travers son Département du Génie Rural (spécialisé en irrigation, drainage, hydraulique agricole, qualité des eaux et des sols, génie civil), le Département de Sciences des Sols (qui travaille, entre autres, sur l’évolution de la qualité des sols sous irrigation) et le
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Département d’Agronomie et d’Amélioration des Plantes (spécialisé, entre autres, sur la tolérance des plantes aux sels et à l’excès d’eau);



• l’Institut National de la Recherche Agronomique (INRA) qui travaille, entre autres, sur le développement des variétés de cultures adaptées à la salinité et à l’excès d’eau;



• l’Ecole Nationale de l’Agriculture de Meknès à travers ses départements de Sciences du Sol et d’Equipement Rural;



• les bureaux d’études spécialisés; • l’Administration du Génie Rural (AGR) à travers le Service des Expérimentations, des Essais et de Normalisation (SEEN);



• les Offices Régionaux de Mise en Valeur Agricole (ORMVA) à travers les bureaux environnement et les laboratoires pédologiques;



• • • •



la Direction Générale de l’Hydraulique; l’Office National de l’Eau Potable; le Laboratoire Public d’Etudes et d’Essais; les Universités de Sciences.



Concernant la problématique du drainage, l’essentiel des programmes de R&D est mené à l’IAV Hassan II qui travaille en étroite collaboration avec des organismes de recherche internationaux (Cemagref, Cirad, ENGREF, Université de Gembloux, Universités des Etats-Unis d’Amérique).



Description des lacunes existantes Les problèmes de drainage viennent au second plan par rapport à l’irrigation. Aussi, les études, les essais et les recherches sur la problématique de drainage restent-ils limités. Ces limites se traduisent par des lacunes parmi lesquelles on peut citer:



• l’effectif réduit du personnel se chargeant exclusivement des problèmes de drainage; • les moyens alloués à la recherche sont très faibles malgré l’existence de programmes de recherche et développement bien définis;



• le faible nombre d’essais et de normalisation des matériaux de drainage fabriqués au Maroc. En effet, les performances hydrauliques des tuyaux de drainage, fabriqués par la seule entreprise spécialisée dans le PVC annelé, ne sont pas connues. Par conséquent, des éventuels dysfonctionnements du drainage dus à la qualité des matériaux peuvent rapidement apparaître après la mise en place des réseaux de drainage. Sur le plan institutionnel et législatif, les lois régissant la réutilisation des eaux de drainage sont insuffisantes voire même inexistantes.



INVENTAIRE DES EFFORTS ACTUELS EN MATIÈRE DE FORMATION ET DE R&D Les instituts de formation et de recherche Les efforts de formation et de R&D dans le domaine du drainage agricole, de la salinité et de la pollution des eaux et des sols sont faits, essentiellement, à l’Institut Agronomique et Vétérinaire Hassan II. L’IAV Hassan II est un établissement qui forme des ingénieurs spécialisés dans les domaines de l’agriculture, du développement et équipement rural, de la topographie et de l’industrie agro-alimentaire, ainsi que des médecins vétérinaires. Le Département du Génie Rural et le Département des Sciences du Sol assurent une grande partie de la formation et de R&D liées à la problématique du drainage.
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La formation liée au drainage, à l’IAV Hassan II, comporte principalement les enseignements suivants :



• • • • • • • •



le drainage agricole (technique, conception, modélisation); l’irrigation; l’hydraulique et l’hydraulique souterraine; les écoulements en milieu poreux; l’hydrologie et l’hydrogéologie; la physique des sols; l’agronomie; etc.



L’équipe de drainage de L’IAV Hassan II travaille sur un certain nombre de programmes de R&D en collaboration avec des partenaires nationaux et étrangers. Ces programmes souffrent, parfois, du manque de moyens. Parmi ces programmes on peut citer:



• • • • • • • • • •



Etude du fonctionnement hydraulique et hydrologique des systèmes de drainage enterrés. Elaboration des normes et des critères de conception adaptés au contexte marocain. Etude des performances des systèmes de drainage. Modélisation du drainage agricole (souterrain et de surface). Modélisation des transferts d’eau et des solutés dans les nappes phréatiques. Utilisation conjuguée des eaux de surface et des eaux souterraines. Amélioration de l’efficience de l’utilisation de l’eau à la parcelle. Suivi de la qualité des eaux et des sols sous irrigation et drainage. Etablissement des éco-bilans dans les périmètres irrigués. Les exutoires et la réutilisation des eaux de drainage.



L’Ecole Nationale d’Agriculture de Meknes, qui est un établissement de formation des ingénieurs spécialisés en agriculture, y participe à travers ses départements des sciences du sol et d’équipement rural. D’autres travaux sont réalisés dans le cadre de thèses de 3ème cycle dans les universités marocaines et souvent en étroite collaboration avec les équipes de drainage et des sciences du sol de l’IAV Hassan II. Par ailleurs, dans le domaine de R&D, l’Institut National de la Recherche Agronomique (INRA), qui est un organisme public chargé de promouvoir la recherche pour accroître la production agricole, a une activité dans le domaine de l’amélioration de la productivité des sols qui avait amené la section pédologie de l’INRA à traiter des problèmes de l’engorgement des sols et de la salinité. L’INRA travaille également sur la tolérance des plantes aux sels et à l’excès d’eau. Les projets pilotes Dans les domaines de drainage et des d’impacts de l’irrigation sur l’environnement, on peut citer plusieurs projets pilotes au Maroc: a. Station expérimentale de drainage de Souk Tlet du Gharb: réalisée dans le but d’acquérir des références sur le fonctionnement du drainage dans la plaine du Gharb pour établir des règles de conception adaptées au contexte local. La station expérimentale est le fruit de la coopération entre l’Office de Mise en Valeur Agricole du Gharb (ORMVAG), le Cemagref et L’IAV Hassan II. La construction, l’équipement et le suivi de cette station ont été co-financés par l’ORMVAG et par le Ministère français des Affaires Etrangères sur crédits délégués à l’Agence Française de Développement (AFD). Les résultats obtenus durant cinq années de suivi de drainage ont montré le rôle que joue le drainage de surface (non pris en considération jusque-là dans la conception du drainage dans le Gharb) dans l’évacuation des excès d’eau d’hiver (environ 40 pour cent des excès hydriques) (Bouarfa et al. 1999). Les résultats ont montré, également, que le drainage participe à l’évacuation des sels apportés par la nappe phréatique très salée (Debbarh et al. 1999). Des travaux de modélisation des écoulements de surface et souterrains ont été menés sur la station
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expérimentale pour cerner les hétérogénéités observées entre les différentes parcelles. Le travail de recherche sur la station expérimentale mérite d’être poursuivi pour avoir des résultats sur de longues séries. b. Station des expérimentations hydro-agricoles de Ouled Gnaou au Tadla: c’est la station expérimentale la plus ancienne du Maroc. Cette station a permis d’estimer les besoins en eau des cultures et de développer des formules de l’évapotranspiration de référence adaptées au contexte marocain. En outre, la station se charge de la détermination des performances des différentes techniques d’irrigation (gravitaire, localisée) moyennant des essais expérimentaux. c. Le Projet d’Amélioration de la Grande Irrigation (PAGI): financé par des prêts de la banque mondiale, ce projet vise principalement la réhabilitation des anciens équipements (irrigation et drainage des périmètres irrigués). d. Le Programme d’Action et de Suivi de l’Environnement (PASE): composante du PAGI, ce programme a été réalisé en deux phases. La première a été réalisée en 1994 et avait pour objectif le diagnostic de la situation de l’environnement dans les périmètres irrigués marocains, et la proposition d’un certain nombre d’actions. La deuxième, réalisée en 1998, avait pour objectif l’évaluation de l’état d’avancement des actions proposées dans la première phase et de proposer des actions prioritaires de suivi de l’environnement. e. Le projet de management des ressources de Tadla (MRT): financé par l’USAID, ce projet avait pour objectif d’améliorer la gestion des ressources en eau dans le Tadla. L’une des composantes de ce projet a consisté à optimiser un réseau de suivi de la piézométrie de la nappe, de la salinité des eaux et des sols et de la pollution par les nitrates. f. Etude d’évaluation environnementale au Loukkos: financé par la KFW (Kreditanstalt Fur Wiederaufbau, Allemagne), le projet a pour objectif d’établir un diagnostic de la situation actuelle de l’environnement et de proposer des mesures de sauvegarde dans l’avenir. g. Le centre technique des cultures sucrières (CTCAS) au périmètre irrigué du Gharb: mis en place par la coopération allemande, au début des années quatre-vingt, pour développer la culture de la canne à sucre, ce centre avait parallèlement un programme de R&D sur le drainage. Ainsi des travaux ont été menés sur les techniques de drainage et sur l’évolution de la qualité des sols sous irrigation et drainage. Participation du Ministère de l’Agriculture En matière de R&D, le Ministère de l’Agriculture contribue à travers l’Administration du Génie Rural (AGR) et les ORMVA. L’administration du Génie Rural, par le biais du Service des Expérimentations, d’Essais et de Normalisation, supervise un certain nombre d’essais entrepris par les ORMVA dans des stations expérimentales sur des problèmes d’irrigation et de drainage. Au niveau de l’ORMVA du Gharb, la recherche dans le domaine de l’engorgement des sols et de la lutte contre la salinité a été engagée au début des années 70 à travers une collaboration entre l’Institut Agronomique et Vétérinaire Hassan II et l’ORMVA du Gharb. Cette recherche a dû être interrompue, en grande partie pendant les années 80, faute de financement suffisant et d’une prédisposition de l’IAV Hassan II (insuffisance en chercheurs à mobiliser à cette fin) à continuer cette recherche. L’ORMVA du Gharb a établi en 1990 une convention avec le Cemagref (France) avec l’aide financière de la coopération française. C’est dans ce cadre qu’une station expérimentale a été mise en place. Au niveau de l’ORMVA de la Moulouya, des études de dessalage et de désalcalinisation ont été entreprises par le bureau de pédologie. Ces expérimentations ont montré les grandes possibilités aussi bien de dessalage que de désalcanisation des sols de la basse Moulouya par la pratique d’une conduite d’irrigation appropriée. Cet effort est poursuivi actuellement par le suivi des analyses des eaux de la Moulouya au niveau des
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barrages et des canaux principaux, le contrôle des piézomètres dans la plaine de Bou Areg et le suivi des apports de sels par l’irrigation à partir des puits dans la plaine des Triffa. Au niveau de l’ORMVA de Souss-Massa, des essais visant le suivi de l’évolution de la salinité des sols ont démarrés en 1987. Ce contrôle régulier de la salinité des sols permettrait de définir les mesures nécessaires pour remédier aux problèmes posés (lessivage, drainage, amendement, techniques culturales appropriées, choix des cultures tolérantes aux sels). Les essais portent également sur le suivi de l’évolution de la qualité de l’eau d’irrigation à différents points de sa mobilisation. Au niveau de l’ORMVA de Tadla, le suivi de l’évolution de la piézométrie de la nappe et de la qualité des eaux et des sols (salinité et pollution par les nitrates) a été démarré depuis très longtemps. En 1994, le réseau de suivi a été optimisé et une procédure d’archivage et d’interprétation des données moyennant la mise en place des systèmes d’information géographiques et qui ont été créés dans le cadre du projet Management des Ressources de Tadla financé par l’USAID. Il faut signaler que l’ORMVA de Tadla dispose d’une station expérimentale Ouled Gnaou qui est la plus ancienne des stations expérimentales hydro-agricoles de tous les ORMVA. Tous les ORMVA disposent actuellement de bureaux d’environnement qui ont pour mission de suivre l’évolution de l’état de l’environnement dans les périmètres irrigués, principalement les problèmes d’engorgement des sols et de dégradation de la qualité des eaux et des sols.



BESOINS DE DÉVELOPPEMENT DE CAPACITÉS EN DRAINAGE Besoin en personnel de formation dans des domaines spécifiques Le Maroc dispose de plusieurs établissements de formation spécialisés, entre autres, dans le domaine de l’irrigation et du drainage. L’Institut Agronomique et Vétérinaire Hassan II est, de loin, l’organisme de formation qui travaille le plus sur cette problématique. Dans le domaine du Génie Rural (irrigation, drainage, génie civil, environnement) l’IAV Hassan II dispose d’une dizaine d’enseignants-chercheurs qui assurent la formation en irrigation et drainage. Un appui à ces enseignements est apporté par des chercheurs du Cemagref, en particulier, en drainage agricole. Les besoins en personnel de formation ne sont pas évalués actuellement.



Développement de capacités locales Au niveau des ORMVA, les besoins de qualification du personnel en matière de drainage concernent les domaines de conception, de construction, d’entretien et maintenance des réseaux de drainage. Les besoins en formation sont ressentis à quatre niveaux différents:



• Personnel chargé des études, de la gestion et du suivi des réseaux de drainage: Cette catégorie de personnel est composée en majeure partie par les ingénieurs travaillant dans les services de l’équipement et de la gestion des réseaux d’irrigation et de drainage des ORMVA. Certains ingénieurs-conseils des bureaux d’études privés peuvent aussi être intéressés. Vu le niveau de formation élevé de ces ingénieurs, les besoins en formation sont exprimés en termes d’approfondissement des connaissances techniques et spécialisées orientées vers les méthodes nouvelles de conception du drainage, de gestion et d’évaluation des problèmes environnementaux, de méthodes d’évaluation de performances, d’optimisation et de suivi et d’entretien des réseaux de drainage. Les méthodes de gestion et de suivi des nappes souterraines doivent avoir une place de choix dans les programmes de recyclage. La modélisation de transfert des polluants dans les sols et dans les nappes phréatiques est un aspect à ne pas négliger. La formation complémentaire consistera principalement en des sessions de formation permanente, ateliers et séminaires.



• Personnel participant aux projets de recherche: c’est une catégorie composée principalement d’ingénieurschercheurs. Une formation méthodologique et théorique complémentaire est nécessaire, en plus de
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l’acquisition des outils informatique, statistique et de modélisation qui sont indispensables à l’interprétation et à l’utilisation des résultats expérimentaux. Cette formation peut être assurée au sein de l’IAV Hassan II (troisièmes cycles spécialisés ou doctorats ès-sciences agronomiques) en collaboration avec les institutions universitaires et de recherche étrangères associées aux différents programmes de recherche.



• Techniciens de laboratoire et du personnel chargé de suivi des stations expérimentales: le personnel de laboratoire a besoin d’être recyclé pour être capable de manipuler les nouveaux appareils de mesure et d’être au courant des nouvelles techniques de mesure et d’analyse. Le même besoin est ressenti par le personnel chargé de la gestion et du suivi des stations expérimentales qui, de temps en temps, doit participer à des stages de perfectionnement. Les thèmes de formation doivent porter sur les méthodes de prélèvement des échantillons d’eau et des sols, les méthodes d’analyse des eaux et des sols ainsi que sur les méthodes d’estimation des incertitudes de mesures.



• Conducteurs de chantier de drainage: cette catégorie du personnel regroupe surtout une main d’œuvre chargée des travaux d’installation des différents systèmes de drainage et employée par les entreprises privées travaillant dans ce domaine. Souvent, ce personnel ne dispose pas des qualifications professionnelles qui lui permettraient de réaliser convenablement les travaux dont il est chargé.



• Personnel chargé du contrôle des travaux de drainage: ce personnel est composé de techniciens de niveau intermédiaire appartenant aux ORMVA. Dans la majorité des cas, il n’a suivi aucune formation spécialisée avancée dans le domaine du drainage. Un recyclage aussi bien théorique que pratique est impératif et l’accent doit être mis sur l’importance de la qualité de réalisation des projets de drainage, les méthodes nouvelles adéquates permettant de contrôler convenablement cette qualité de pose, les méthodes optimales d’organisation des chantiers. La population cible comprend une quarantaine de personnes. Grande partie de ces besoins de formation de personnel a été exprimée lors d’une mission des experts de l’IPTRID au Maroc en 1991 (IPTRID, 1992). Besoins de participation aux cours étrangers Le Département du Génie Rural de l’IAV Hassan II dispose d’un centre de formation continue, le Centre International de l’Irrigation, qui a organisé depuis 1986 plusieurs modules de formation relative à l’irrigation, au drainage et la gestion des ressources en eaux. Les bénéficiaires de ces cours étaient, soit des nationaux (Ingénieurs et techniciens provenant de différentes structures), soit des étrangers (principalement des cadres provenant des pays du Sud) dans le cadre de programmes financés par des organismes internationaux. Aussi, le besoin de participer à des cours est-il manifeste, même si ça n’est pas nécessairement à l’étranger. Parmi les thèmes qui peuvent être retenus, on peut citer:



• • • • • • • •



Méthodologie d’évaluation des performances des systèmes de drainage. Utilisation conjuguée des eaux de surface et des eaux souterraines. Modélisation des transferts d’eaux et de solutés dans les milieux poreux saturés et non saturés. Pollution par les nitrates. Informatique et nouvelles technologies pour l’information et la communication. Systèmes d’information géographique appliqués à la gestion de l’entretien des systèmes de drainage. Techniques d’optimisation. etc.



Le personnel qui a besoin de ce type de formation, appartient à toutes les catégories: chercheurs, ingénieurs et techniciens. Une grande partie du personnel des ORMVA de l’AGR travaillant sur la problématique du drainage et de l’environnement, a besoin de ce type de formation.
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A l’étranger, il serait plutôt intéressant d’organiser des séjours scientifiques pour profiter de l’expérience étrangère en matière de nouvelles technologies (appareils de mesures, machines, matériaux de drainage, modèles, systèmes d’information géographique[SIG]).



Mise en place de laboratoire et essais in-situ La plus grande partie des ORMVA dispose d’un bureau pédologique chargé du suivi des sols sous-irrigation et drainage, et d’un bureau environnement chargé du suivi de certains paramètres environnementaux. Les moyens alloués à ces deux bureaux sont limités et ne peuvent permettre un suivi régulier et représentatif de tout le périmètre irrigué. L’ORMVA de Tadla dispose d’un réseau optimisé de suivi déjà opérationnel pour la mesure de la piézométrie, de la salinité de la nappe, de la salinité du sol et de la concentration en nitrates des eaux et des sols. Les ORMVA ont besoin ou sont en train de mettre en place des observatoires de suivi de la qualité des eaux et des sols permettant aussi de suivre l’évolution des sols sous irrigation et de suivre les fluctuations de la nappe et du fonctionnement du drainage agricole. La mise en place de ces observatoires doit passer par les étapes suivantes: a. L’Etude Préalable permettant de: • Définir les réseaux de suivi de la qualité des eaux; • Définir les réseaux de suivi des sols; • Définir un réseau piézométrique de suivi de la nappe; • Cartographier des réseaux de suivi identifiés. b. Définition du Protocole de Suivi concernant: • La définition des méthodes, moyens et fréquences d’échantillonnage et de mesure in-situ • La définition des paramètres de suivi de la qualité des eaux et des sols; • La définition de méthodes standard de détermination de ces paramètres et d’interprétation des résultats; • La constitution d’une base de données de suivi de l’évolution des ressources en eau et des sols dans les périmètres irrigués. c. Renforcement des Moyens Humains et Matériels: • Formation du personnel chargé de l’échantillonnage et des mesures in-situ et au laboratoire; • Renforcement de l’équipement du laboratoire des eaux et des sols (acquisition d’équipements complémentaires dont la liste sera déterminée lors de la définition du protocole de suivi).



Les besoins supplémentaires en R&D Comme il a été dit précédemment (cf. 5.1), plusieurs programmes de R&D sont menés actuellement au Maroc sur la problématique de drainage et environnement. Ces programmes sont dirigés par l’Institut Agronomique et Vétérinaire Hassan II en collaboration avec des organismes nationaux (AGR/SEEN et ORMVA) et internationaux (essentiellement français, Cemagref, CIRAD). Ces efforts de recherche dont les thèmes ont été énumérés au paragraphe 5.1. méritent d’être soutenus et renforcés par d’autres programmes. Les besoins additionnels prioritaires en R&D sont les suivants: Etude de performance des systèmes de drainage actuel: Les réseaux de drainage souterrain dans les périmètres irrigués du Gharb et du Loukkos ont été mis en place depuis longtemps. Les performances de ces réseaux (efficacité et efficience) ne sont pas connues d’une
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manière précise. Dans certaines zones, on parle de problème de dysfonctionnement des réseaux de drainage. Le programme d’évaluation des performances, démarré en 1998, par l’IAV Hassan II, le Cemagref et l’ORMVAG, a permis d’obtenir quelques résultats préliminaires très encourageants. Faute de moyens nécessaires pour la mise en place des essais chez les agriculteurs l’étude a été interrompue. Possibilités d’utilisation de techniques de drainage de surface dans le Gharb: Les essais au niveau de la station expérimentale de Souk Tlet du Gharb ont montré que les écoulements de surface participent à plus de 30 pour cent de l’évacuation des excès d’eau de surface. Ce pourcentage est plus élevé dans les parcelles irriguées gravitairement par la raie longue. Compte tenu du fait que les coûts du drainage de surface sont faibles comparés à ceux du drainage souterrain, et du fait que ce type de drainage se couple très bien avec le nivellement pour l’irrigation gravitaire, des programmes de R&D sont nécessaires pour tester les performances d’une telle technique. Modélisation de transfert d’eau et de sels à l’échelle régionale et à l’échelle des systèmes de drainage et d’assainissement: Les périmètres irrigués sont principalement situés dans des plaines alluviales dans lesquelles des nappes superficielles permanentes sont présentes. Ces nappes sont alimentées par les eaux de pluies et les eaux d’irrigation, sont généralement salées, sont drainées par les oueds et les émissaires d’assainissement. Les méthodes traditionnelles de conception ne tiennent pas compte des interactions entre le drainage de ces nappes à l’échelle régionale et à l’échelle locale. L’objectif principal est d’adapter un modèle hydrogéologique régional au fonctionnement local du drainage. Utilisation conjuguée des eaux de surface et des eaux souterraines: Avec la succession des années de sécheresse, on a assisté, pendant les deux dernières décennies, à un développement intensif des pompages individuels privés dans les nappes phréatiques. Si ces pompages sont bénéfiques pour apporter des compléments d’eau d’irrigation aux cultures et pour rabattre la nappe, ils peuvent avoir parfois des effets négatifs sur la qualité des sols lorsque les eaux de la nappe sont de mauvaise qualité chimique. Dans certains périmètres irrigués (Tadla, Moulouya, Tafilalet, Ouarzazate), on commence à assister à une utilisation conjuguée des eaux de surface et des eaux souterraines par les agriculteurs. Les stratégies de mélange des eaux de surface et des eaux souterraines n’ont jamais fait l’objet d’un diagnostic. Il serait donc intéressant de mener un projet de recherche sur l’impact des stratégies d’utilisation des eaux par les agriculteurs sur la production agricole et sur la qualité des eaux et des sols. Elaboration des outils d’aide à la décision pour la prévention des risques de pollution et pour la gestion des ressources en eau: L’objectif est de développer un outil de modélisation couplé à un SIG pour améliorer l’efficience et la durabilité de la gestion de l’eau dans les périmètres irrigués. Cet outil aura pour vocation de tester la pertinence de scénarios de gestion de l’eau et de les comparer pour concevoir des systèmes d’irrigation et de drainage adaptés au contexte des périmètres irrigués. Amélioration des méthodes d’entretien des réseaux de drainage: Ce programme de R&D doit comprendre l’optimisation des méthodes relatives aux exutoires et fossés ouverts d’une part, et l’adaptation de techniques nouvelles pour le diagnostic de fonctionnement et la maintenance des réseaux de drainage enterré d’autre part.
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La mission au Maroc des experts de l’IPTRID en 1991, a proposé plus de 15 programmes de R&D dans les domaines de la salinité et du drainage dont 4 programmes prioritaires. A l’exception du financement par l’AFD de la mise en place de la station expérimentale du Gharb, aucun autre programme n’a fait l’objet de financement.



Besoins en stations expérimentales Au niveau du périmètre irrigué du Gharb , la station expérimentale de drainage de Souk Tlet, est actuellement la station la plus équipée en matériel moderne d’acquisition de données (climatiques, piézomètriques, débimétriques, salinité des eaux et des sols), et elle est considérée comme une station modèle au Maroc. La convention entre l’ORMVA du Gharb, le Cemagref et l’Agence Française de Développement (AFD), concernant le financement des équipements et de la maintenance de la station expérimentale de Souk Tlet a pris fin en 2000. Actuellement, le suivi de cette station est à la charge de l’ORMVA du Gharb et de l’IAV Hassan II. Les moyens disponibles au niveau de ces deux organismes ne permettent pas malheureusement d’assurer un bon fonctionnement de la dite station. D’autres financements sont donc nécessaires pour assurer la pérennité de fonctionnement et d’acquisition de données. Ces besoins doivent permettre de:



• Financer des stages de perfectionnement pour le personnel chargé du suivi de la station expérimentale. • Financer des séjours sur la station expérimentale d’étudiants et de thésards travaillant sur la problématique de drainage et de salinité dans le Gharb.



• Acquérir des pièces de rechange pour les stations automatiques. • Mettre en place de nouveaux essais. • Entretenir l’infrastructure de la station expérimentale. Au niveau du périmètre irrigué du Tadla, la station expérimentale existante, Ouled Gnaou, a la vocation d’être une station de l’hydraulique agricole. Cette station est située dans une zone du périmètre qui ne souffre pas de problème de drainage et de salinité. L’IAV Hassan II et l’ORMVA de Tadla (Maroc), le Cemagref et le CIRAD (France) ont démarré une coopération sur les stratégies d’utilisation conjuguée des eaux de surface et des eaux souterraines et leurs impacts sur la qualité des eaux et des sols et sur la production agricole. Les financements actuellement disponibles ne permettent que l’échange d’experts et de stagiaires entre le Maroc et la France. Malgré l’effort déployé par l’ORMVA du Tadla pour l’acquisition de différents types de données à l’échelle de tout le périmètre (piézomètrie, salinité de la nappe et des sols), le besoin d’avoir une station expérimentale de drainage est ressenti pour avoir des données à des échelles plus réduites (parcelle). Les objectifs qui peuvent être attribués à cette station se résument comme suit:



• Dégager l’efficacité des systèmes de drainage actuels (fossés à ciel ouvert et puits de pompage) dans le rabattement du niveau de la nappe en périodes pluvieuses et l’élimination des sels en périodes sèches.



• Tester d’autres techniques de drainage telle que le drainage par tuyaux enterrés. • Dégager l’impact de la réutilisation des eaux de surface et des eaux souterraines sur la qualité des eaux et des sols ainsi que sur la production agricole. La station expérimentale doit être installée dans une zone du périmètre souffrant en même temps de problèmes d’engorgement des sols et de salinité des eaux et des sols. Les équipements à prévoir pour la mise en place de cette station concerneront:



• La mise en place d’un système de drainage par tuyaux enterrés. • Des dispositifs de mesure automatique des débits, des niveaux piézométriques des nappes, de la conductivité hydraulique.



• Le matériel de mesure de la salinité des sols et d’analyse des sols. • Une station météorologique automatique.
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Au niveau des périmètres oasiens, principalement dans le Tafilalet, des expérimentations ont été mises en place pour tester la tolérance de certaines plantes aux sels. Ces expériences méritent d’être poursuivies pour choisir les variétés de cultures les plus adaptées à ces deux périmètres.
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LISTE DES ABRÉVIATIONS AEP AFD AGR AUEA CSEC CTCAS DGRID DPA GH GPI IAV INRA IPTRID KFW MRT ORMVA PAGI PASE PMH PNI PGRE R&D SAU SEEN STI



Alimentation en Eau Potable Agence Française de Développement Administration du Génie Rural Association des Usagers de l’Eau Agricole Comité Supérieur de l’Eau et du Climat Centre Technique des Cultures Sucrières Département de Gestion des Réseaux d’Irrigation et de Drainage Direction Provinciale d’Agriculture Grande Hydraulique Gestion Participative en Irrigation Institut Agronomique et Vétérinaire Institut National de la Recherche Agronomique Programme International pour la Recherche et la Technologie en Irrigation et Drainage Kreditanstalt Fur Wiederaufbau Management des Ressources de Tadla Office Régional de Mise en Valeur Agricole Programme d’Amélioration de la Grande Irrigation Programme d’Action et de Suivi de l’Environnement Petite et Moyenne Hydraulique Programme National d’Irrigation Projet de Gestion des Ressources en Eau Recherche et Développement Surface Agricole Utile Service des Expérimentations, des Essais et de Normalisation Seconde Tranche de l’Irrigation
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Drainage status and capacity building needs in Algeria SUMMARY The drained area of Algeria is about 56 000 ha but the open-ditch drainage system is old and inefficient. Drainage needs are estimated at 100 000 ha and this area should be significantly increased by future projects. Unlike irrigation, little has been done for the drainage sector and its status will not change while the socioeconomic inputs remain the same. This paper discusses technical aspects relating to drainage installation in Algeria: salinization, water table rise, and seasonal excess water. It also presents the capacity building needs in the fields of engineering, management, projects, education and research.



RÉSUMÉ La superficie drainée en Algérie est d’environ 56 000 ha. Cependant, le réseau de drainage actuel constitué de fossés, est ancien et peu efficace. Les besoins en drainage sont estimés à 100 000 ha, cette superficie pouvant augmenter avec le lancement de nouveaux projets. Au contraire de l’irrigation, peu d’efforts sont déployés pour encourager le drainage en Algérie et ceci risque de continuer tant que les données socio-économiques restent les mêmes. Les aspects techniques (salinisation des sols, remontée de nappe, excès d’eau saisonnier) faisant intervenir le drainage sont en cours de discussion. Les besoins en matière de gestion de projets, de formation et de recherche sont présentés.



INTRODUCTION The Algerian territory of 2 376 391 km2 is marked by longitudinal scheduling: the Mediterranean plains, the Tell Mountains, the high plains, the Atlas Mountains and the Saharan plates. These natural units divide the land into east-west bands (Figure 1). This geomorphologic ordering is reinforced by the north-south ordering of the bioclimatic stages. From Algiers to Tamanrasset one passes successively from climate to climate: Mediterranean, sub-wet, semi-arid, steppe with arid and hyper-arid Saharan. Algeria receives little precipitation and the exploitation of water is difficult because of short-time river flooding, inadequate relief, continuous water table recession, and salt intrusion from the sea. Once mobilized, this resource is reduced by the advanced silting of the dams. The land resource is limited by desert extension, and traditional agricultural areas suffer from salinity and drought.



T. Hartani, Institut National Agronomique, Algiers, Algeria
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FIGURE 1: Map of Algeria



In this natural context, irrigation and drainage are not appreciated in the same way. Farmers generally accept irrigation installations as they are synonymous with future financial income while drainage is seen as just a sanitation supply for the irrigated perimeters. The rural world is unaware of drainage benefits, except in a few regions suffering from water table rise or seasonal waterlogging. This lack of knowledge will continue as long as the decision-makers are not involved in water and land conservation through an integrated approach. Furthermore, project leaders avoid drainage in their new project plans, officially for financial reasons. However, a more profound analysis of the national capacity building will show that the engineering staff in charge of drainage are not prepared for the challenge of the new century. Scientists, researchers and advisory services are needed to solve some specific drainage-related problems: salt inflow through seepage and reconstruction of the drainage systems of the western perimeters; seawater infiltration in the northeast of the country; drained water management in the south; soil contamination by poor quality waters in the cultivated lands of Mitidja, Rhir, Chlef, Guelma, etc. This report presents the status of drainage in Algeria and includes the water sector situation, the terms of reference of hydro-agricultural projects and the implementation of drainage projects. On the basis of recent data, it presents capacity building and examines aspects of project management and education.



WATER RESOURCES Overview of the water budget Table 1 presents the water volumes in Algeria. It distinguishes between the north, where economic activity is especially developed, and the south, which uses only underground waters. The northern resources include winter seepage flow and underground water. In view of the fact that economic activity is especially developed in the north, it is not difficult to understand that water resources there are scarce.
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Water consumption and forecasts



TABLE 1: Water resource estimation



Table 1 shows that agriculture consumes about 80 000 m3 of a total water consumption of about 200 000 m3 (IBRD, 1999). This contrasts with the accepted view that irrigation is the major water consumer and reveals the importance of the country’s water crisis. The annual volume of 80 000 m3 is distributed over an area of 427 578 ha and corresponds to 0.1871 m 3/ha/year, which is up to irrigated agriculture requirements (Ministry of Agriculture, 1995).



Surface freshwater Annual water streaming Storage capacity in 1996 Exploitable volume Dams Storage capacity in 1996 Exploitable volume with the scheduled dams Underground water Estimated volume in the north In exploitation in the north Estimated volume in the south In exploitation in the south Water consumption Agriculture People alimentation, industry and other needs



Volume in m3 1 240 000 470 000 200 000 270 000 180 000 180 000 162 000 500 000 150 000 80 000 120 000



Source: INSESG, 1997.



Water quality Water salinity Durant (1983) published the results of an early investigation into the composition of irrigation waters. The author pointed out the high salinity by comparing different waters through an electric conductivity indicator (Table 2). However, these data need to be corrected because of the hydrogeological context in which the soil salinity has increased. Recent measurements of water salinity along the Chelif River indicated an average value of 4 mmhos/cm (Hartani and Lakehal, 1999). TABLE 2: Irrigation water salinity in mmhos/cm Dams and irrigation reservoirs Zardezas 0.62



Rivers



Foum el Gherza



Kosb



Hamiz



Ghrib



3.57



1.03



0.530



2.43



Bakhda Sarno 2.68



5.16



Beni Behdel



Chelif



0.44



2.40



Sources



Mzi Ain el Fata Skouna 5.56



2.07



Aoulef 2.35



Source: Durant, 1983.



Eight percent of Algeria’s irrigation waters are highly salted (IBRD, 1999). No restriction is reported for 21.3 percent of the waters and 70.7 percent are slightly restricted. However, this classification of irrigation waters is based on FAO norms and not on national ones. Finally, the authors claim that the water salinity consequences in agriculture are not really significant if compared to the water scarcity problem.



Water pollution The water pollution and disposal problems are major consequences of the recent economic and demographic growth. Chemical and biological effluents are in direct contact with freshwaters, water treatment having been neglected in the last twenty years. This constitutes a serious threat to public health. The Ministry of Agriculture (1995) has investigated the use of non-treated wastewaters in agriculture. The study focused on the highlands of Tiaret, Naama, Tlemcen, Saida, Djelfa, Bordj B Arreidj, Msila, Batna and Souk Ahras over an irrigated area of 140 000 ha. According to the investigation the surface which receives wastewaters is 8 percent of the total irrigated area (Hartani, 1998).
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FIGURE 2: The main agricultural regions of Algeria



STATUS OF IRRIGATION AND DRAINAGE The area available for agriculture is 7.5 million ha (3 percent of the country) including 260 000 ha in the south under the Sahara influence (Figure 2). However, the average annual irrigated area is 350 000 ha out of an equipped area of 500 000 ha. The irrigated area includes the irrigation perimeters and the medium and small hydraulic areas. The irrigation perimeters area uses dam water and cover nearly 173 000 ha. However, the real irrigated area is about 100 000 ha because of competition from other water users and the advanced decay of the irrigation systems (Ministry of Agriculture, 1999). The medium and small hydraulic areas account for 300 000 ha. The water comes from sinks, wells and small reservoirs. The cultivated surface is scheduled to reach 530 000 ha in the near future. The agricultural soils of Algeria The soil classes presented here are based on a study by the National Agency of Water Research (ANHR, in IBIRD, 1999) Class 1 This category includes deep soils of average texture that are well structured and drained. The topography is regular with gentle slopes. These soils are suited to all cultures and do not present installation problems. Class 2 These soils are shallow or fairly deep, of average texture, fine and well structured until an average depth. They can present a not very permeable horizon at average depth requiring drainage. These soils are suited to
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all cultures, in particular industrial crops, and present few installation problems. Their surface area is about 390 000 ha. Class 3 This category includes deep or fairly deep soils of average, fine or very fine texture. They are well structured until an average depth and can present salinity or waterlogging characteristics. These soils cover a surface area of 580 000 ha. Class 4 These soils are of variable depth, of coarse to very fine texture, and sometimes salted or waterlogged. They present major drainage and levelling problems. Their suitability is often reduced to that of cereal and fodder culture. However, development in dryness is advised. The surface occupied by this category of soils is 350 000 ha. Class 5 This class includes the non-irrigable areas: insufficient soil depth, presence of crusts to weak depth, inadequate topography. Generally, this category of soils is reserved for infrastructure construction. By this classification, the soils of Classes 3 and 4 are potential zones for drainage while those of Class 2 are partly concerned. Thus, the total surface area of soils requiring drainage lies between 930 000 and 1 300 000 ha.



Irrigation perimeters To understand the status of drainage in Algeria, it is necessary to present the organization scheme of irrigation and drainage. The territory is divided into hydrographic areas delimited by catchments, each one including a number of irrigated perimeters. In Algeria there are 14 irrigation perimeters; 8 are old and 6 are relatively recent. The old perimeters were equipped between 1937 and 1960 and are generally equipped with a drainage network.



Perimeter organization Habra Located in the area of Mohamadia in western Algeria, the perimeter was created in 1942. It covers an area of 28 800 ha and is irrigated by the reserve system of Ouizert-BouHanifia-Fergoug. However, water is scarce and highly salted and farmers are testing alternative solutions: using saline drainage waters, planting olive trees (Lakehal, 1997). The slope of the drainage collectors is not respected and halophyte plants have grown in the drainage ditches and are in competition with the cultures. Sig Located in Mascara in western Algeria, it was created in 1946. Its equipment started in 1860 and the irrigated area covers 8 600 ha, served by the dams of Sarno and Cheurfa 1. Currently, the Sarno dam is intended for the citizens’ water supply. The silting of the Cheurfa 1 dam, built in 1973, with that downstream of the Sarno (1873), has led to its being replaced by the Cheurfa 2 dam. The above comments about drainage in the Habra perimeter apply here too.
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Mina The perimeter of Mina is located in the department of Relizane in western Algeria. It was created in 1943 and its area is about 13 647 ha. Irrigation is ensured by the dams of Sidi Mhamed Ben Aouda and Gargar. Low Chelif The Chelif Valley with its three parts in the centre of Algeria is considered the oldest and consequently the pioneer region in terms of drainage and irrigation development. It includes examples of the situations encountered in all the perimeters of Algeria. The agricultural development of this region faces many constraints relating to climate, soil salinity and particularly the old age of the infrastructures. The Low Chelif perimeter was created in the western Chelif Valley in 1937 over an area of 27 700 ha. However, since 1983 the irrigated area has not exceeded 5 500 ha because of water restrictions and the advanced degradation of the irrigation systems (Hartani and Lakehal, 1999). This perimeter’s drainage needs are considerable. Middle Chelif The perimeter of Middle Chelif is located in the department of Chlef upstream from the Low Chelif. It was created in 1936 and its area is about 25 386 ha. The waters come from the Chlef and Mellouk rivers, from the Gargar dam and from underground. For the same reasons, the irrigated area is about the same as that in the Low Chelif. Upper Chelif The perimeter of Upper Chelif is located in the department of Chlef upstream of the Middle Chelif. It was created in 1941 and its area is about 37 020 ha. The waters come from the Chlef and Mellouk rivers, from the Gargar dam and from groundwaters. Again, for the same reasons, the irrigated area is about the same as that in the Low Chelif. Hamiz The perimeter of Hamiz is located in eastern Mitidja in the department of Algiers. The climatic conditions are typically Mediterranean with irregular precipitation during winter. The perimeter was created in 1937 with an equipped surface of 17 000 ha but only 10 000 ha are in service. Irrigation waters are provided from the Hamiz dam and Lake Reghaia. An old drainage system with earthenware tiles was found during rehabilitation work. Ksob The perimeter of Ksob, located in the department of Msila in eastern Algeria, was created in 1954. Its area is about 13 000 ha but the irrigated area has not exceeded 3 000 ha in the last 20 years. On the other hand, more recent perimeters were equipped between 1970 and 1990 without a drainage network (except West Mitidja). West Mitidja Located in the department of Blida and close to Algiers, the West Mitidja perimeter was created in 1988. The equipped area is 8 600 ha and the irrigation is ensured by waters from the El Motastaqbel dam and the Bouroumi River. Clay soils are present in some plots and require drainage during winter. An old drainage system built of earthenware tiles was found during recent investigations. A pilot subsurface drainage experience was conducted there between 1983 and 1989 but no evaluation of the drainage functioning is available.
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Maghnia Located in Tlemcen and occupying the extreme northwestern region of Algeria, the perimeter of Maghnia was created in 1974. The irrigable area is 5 138 ha but the water is entirely provided from underground. The average irrigated surface in the last ten years has been less than 400 ha. Bounamoussa This perimeter overlaps El Tarf and Annaba in the extreme northeast of Algeria. It was created in 1977 with an equipped area of 16 500 ha. It is the rainiest region of Algeria with precipitation varying between 1 000 and 1 800 mm. The irrigated area has varied from a minimum of 400 ha in 1989 to a maximum of 10 000 ha in 1987. In addition to the excess water that may occur during winter, the northern side of this perimeter is waterlogged by seawater. This phenomenon is due to the low level of the land, and drainage installation is required. Safsaf Located in Skikda in eastern Algeria, the perimeter started functioning in 1992 with an effective area of 1 126 ha. The water resource is ensured by water from the Zardezas and Guenitra dams. Guelma Boucheghouf The perimeter is located in Guelma in eastern Algeria and extends over an area of 12 880 ha. It has not been completely equipped. The irrigation water comes from the Debbagh dam. The other recent perimeters of Arribs, Ain Skhouna and Abadla present the same characteristics described above in terms of water scarcity and drainage status. However, because of its particular climatic context, the focus in the paragraph below is on the Abadla perimeter.



The case of the Sahara The Saharan areas cover more than 2 million km2, of which 90 percent is occupied by rock plates, sandy accumulations and salted depressions. Only 260 000 ha are irrigable soils, and of these 72 000 ha are currently irrigated. Date palms occupy more than 65 000 ha, the remainder being devoted to industrial crops and truck farming. Young plantations account for only 10 percent of the total number of palm trees and more than 20 percent are older than 60 years. Two representative examples of Sahara agriculture are: the Rhir River perimeter, in southeast Algeria not far from the Tunisian border, and the Abadla perimeter, in southwest Algeria near the Moroccan border. The Rhir Valley extends over 16 000 ha and constitutes an economic entity with 50 oases. The climate is typically Saharan with an average precipitation of 58 mm/year. Irrigation is mainly assured by groundwaters. The current use of deep water resources is responsible for water table rise, the depth of the water table ranging between 0.2 and 1 m (Hattali, 2000). The salt concentration in these waters varies between 2 and 10 g/litre and requires an efficient drainage system. The existing drainage network is old and consists of open ditches inside the palm plantations over an estimated area of 5 000 ha. The drainage waters are collected and evacuated into local depressions called chott. An increasing number of drains are being damaged by wild plants such as tamarix, salsola, scutchgrass and reeds. These plants have been growing for many years and consequently the drain flow is restricted at some points. The second case is the Abadla perimeter where 5 400 ha have been equipped since 1972. The agricultural production and the reported drainage problems are similar to those of the Rhir perimeter. Irrigation water is not available and the soils suffer from salinization. The salted soils extend over an area of 1 225 ha, the area overrun with wild plants is 1 829 ha and the area sanding up is 205 ha (Afrique Agriculture, 1999).
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TABLE 3: Water distribution in the irrigated perimeters in 1999 Perimeter



Allowed



Upper Chelif Middle Chelif Lower Chelif Mina Habra Sig Hamiz West Mitidja Bounamoussa Safsaf Guelma B.



9 3 4 5 1 1 1 3 2



100 840 500 650 300 300 090 550 500 870 470



Volume (m 3) Released



Irrigation



5 3 3 4



380 140 270 310 300 850 1 080 1 240



5 2 2 3



060 810 570 080 210 670 790 760 2 940 730 1 220



During transfer 3 720 700 1 230 1 340 0 450 10 330



Volume lost (m 3) Ratio In the (%) network 41 18 27 24 0



3 200 330 700 1 230 90 180 290 480 560 140 1 250



1 20



Ratio (%) 6 10 21 28 30 21 26 39



Source: AGID, 1999.



Water management The local perimeter office collects data on water allowance, equipped and irrigated area, and agronomic yield and sends them regularly to the National Agency for Irrigation and Drainage Infrastructures (AGID). To understand the importance of water scarcity in Algeria, it was decided to focus on the main perimeters in northern Algeria during the period 1987-1997: Chelif, Mina, Habra, Sig, Hamiz, West Mitidja, Safsaf, Bounamoussa and Guelma Boucheghouf. Figure 3 illustrates the critical situation of irrigated agriculture. Indeed, the mean value of water allowance has been about 4 500 m3/ha during the last decade while it exceeded 13 000 m3/ha in 1956 (Durant, 1983). However, the current problem is not only the water scarcity but also the salted waters lost in the cultivated area (Table 3). Leaching requirement practices may represent an opportunity for the drained perimeters of Habra, Sig, Mina, Chelif, etc. The medium and small hydraulic areas In addition to the irrigated perimeters, the water policy includes the equipment of a smaller area called the Area of Medium and Small Hydraulic in the north. This area of 350 000 ha is to be increased in the near future to 530 000 ha (Table 4). It concerns 80 percent of the national irrigated area. TABLE 4: Irrigated area by the Medium and Small Hydraulic Year



1989



Irrigated (ha) 347 000



1990



1991



1992



1993



1994



1995



1996



1997



1998



357 600



388 600



400 400



386 150



369 600



419 500



423 800



423 100



360 800



Source: Ministry of Agriculture, 1999.



In the southern context, the lands are almost sandy and naturally well drained and will not be affected by salinity as long as water is not a limiting factor. The poor quality of these soils makes their exploitation highly expensive. Status of drainage in Algeria A brief history of drainage in Algeria The early history of drainage in Algeria is not discussed in literature but some investigations have revealed the existence of subsoil earthenware drainage systems in the Mitidja region in northern Algeria. These networks probably date back to the beginning of the last century when exploitation of the cultivated area was constrained by excess water.
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FIGURE 3: Water volumes in some representative perimeters



10 2000 5



1000



0 f ou gh



ss ou



Bo



un



uc



am



he



af fs Sa



a



ja itid



Si g



a br



H



tM



a Gu



e lm



C



es



e



iz



Bo



dl



am



W



M



id



if



Mi na



r



l he



Ha



pe



lif



Lo we r



Up



e Ch



Ch eli f



0



In the Chelif Valley drainage began in 1937 and was extended rapidly to neighbouring areas (Mina, Habra and Sig). The drainage practice was based on open ditches and their evacuation to a collector system. Important drainage systems were developed in the Rhir Valley in the 1950s simultaneously with the introduction of drilling technology in the region (Perennes, 1978). The consequences appeared after some years of irrigation when the rising water table damaged a number of plantations. The same holds for the area of Zelfoun in the Ghardaia region in southern Algeria. In recent times, the integration of drainage in economic policy has not been satisfactory. One reason for this is a lack administrative stability with drainage coming under different ministries at different times. In addition to administrative instability with its adverse effects on project preparation and maintenance, the directory council of the National Committee of Irrigation and Drainage has not been renewed since 1995. This has had an impact on all the emerging associated movements.



Basic data The drained area, drainage methods and drainage needs presented in Table 5 were collected from various sources (Hydrotechnic, 1978; IBIRD, 1999; Ouchfoune, 1989; TescoViziterv, 1985; Afrique Agriculture, 1999; engineers, managers, decisionmakers and researchers in the territory). Open ditches are the common method of drainage. The total drained area is 56 000 ha but the system is old and inefficient. Its rehabilitation requires the cutting, burning or chemical control of vegetation and the removal of sediment from the ditches.



TABLE 5: Drained area, drainage methods and drainage needs in Algerian perimeters Watershed



Chelif



Algiers



Perimeter



Upper Chelif



1941/1984



Middle Chelif Low Chelif



Method



Surface in need of drainage (ha)



5 780



Ditch



8410



1938



5 290



Ditch



10 500



1937



12 950



Ditch



16 650



220



+Tiles



1943



7 920



Ditch



9 380



West Mitidja



1988



600



Tiles



7 000



Hamiz



1937



Earthen



2 565



Saf Saf El Tarf



Sahara



Drained area (ha)



Mina



Constantine Bounamoussa



Macta



Date of creation



1991



-



1977



9 000



-



-



Ditches



-



Habra



1940



14 310



Ditches



18 960



Sig



1956



6 850



Ditches



8 500



Abadla



1972



2 141



Ditches



-



5 000



Ditches



-



Rhir valley
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The drainage need is estimated at 100 000 ha and future projects should increase this area significantly (Tables 6 and 7).



TABLE 6: Watershed, irrigation perimeter, water source and estimated area of future projects under study Watershed



Location



Algiers



• The northwest: water scarcity, salinity.



• The northeast: excess water, sea intrusion.



• The centre-north: heavy soils,



Bougara Tissemsilt Bougara Middle Mitidja Blida/Algiers Douera, Mazafra El Harrach Boumerdes Est Mitidja Algiers Hamiz, Issers Keddara, Reghaia Algiers Coast Tipaza Boukourdane Nador Jijel valley Jijel El Agram Collo valley Skikda Beni Zid Bouhalloufa Boulatane El Tarf valley El Tarf Bounamoussa & Cheffia Kebir River Zit Anba Skikda Zit Anba



excess water. table, absence of depressions. The above list is not exhaustive and other cases may arise in the future as the status of the lands moves towards private agriculture (BRL, 2000). Moreover, the current tendency in soil division will not promote drainage.



IMPLEMENTATION OF DRAIN-



Volume (m )



Typology of drainage problems



• The south: salinity, rising water



Water source



3



Chelif



Finally, it can be concluded that drainage is needed most in irrigated agriculture. The situation varies from region to region:



Perimeter



Surface (ha)



550



794



15 300



1 380



14 000



6 030



2 700



2 570



1 850 800 2 000 1 100



4 895 1 500



3 850 2 000 4 500



14 000



8 100 2 600 2 600



11 000 7 000 7 000



4 500



19 600 28 800 8 200 4 000 7 600



7 000



Mahouane Issers



Setif Issers



Ighil Amda Boumerdes



Macta



Habra/Sig



Mascara



Soummam



Ksar Sbahi El Asnam plates



Souk Ahras Bouira



Tafna Isser Hnaia



Tlemcen



Ain Outaya Brezina



Biskra El Bayadh



Tafna



Melrhir Sahara



Djemaa Koudiat Asserdoune Chorfa, Ouizert Bouhanifia Fergoug Foum El Khanga Tilessdit



6 300 3 000 4 900



Tichi haf Sikak Sidi Abdelli 4 600 Hammam Boughrara Recycled waters F, Gazelles 1 350 Brezina 1 150



7 600



880 946



AGE PROJECTS



Drainage projects envisaged Projects under study Some projects are at the study stage. Table 6 presents details of the watershed, perimeter, water sources and areas involved. In these projects, drainage has a low priority except in regions with seasonal water excess, e.g. El Tarf, Collo and Issers. The leaching requirement is not considered; the farmers’ awareness of drainage benefits and the absence of agricultural advisers are the main reasons. In addition, in the new context of privatization, currency devaluation and water scarcity have adverse effects on drainage development.



TABLE 7: Future hydro-agricultural projects Watershed



Perimeter



Location



Source



Constantine



Enkouche



Annaba



Enkouche



Western Annaba



Annaba



Macha-michet



Surface (ha)



Volume (m3)



7 500



5 000



19 000



3 400



Chihem



7 200



Kebir rhumel



Teleghma



Mila



Atmania



4 700



3 600



Medjerda



Meskiana



Tebessa



Meskiana



3400



600



5 500



4 600



Recycled waters Hodna



Hodna (1)



Msila



Hodna (2)



Zeraria Recycled waters



Melrhir



Ain Outaya



Biskra



F, Gazelles



Chott



Batna Toufana



Batna



Koudiat Medouar



Batna



Beni Haroun



Batna



Tili Zerdane



Graret Tarf



Chemmorah



Beni Haroun



880



1 350



7 600



6 400



21 000



17 000
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Projects to be planned Another set of projects has been identified by the national scheme but they are still at the feasibility stage (Table 7). Involvement of national staff in the design and execution of drainage projects There is a clear distinction between project design and project execution. The former is generally decided after confirmation of water table rise or excess water. Except for the excess water case in northeast Algeria, the national staff of engineers in charge of drainage is not trained to solve related problems such as wastewater and drainage water infiltration in the Rhir perimeter, or in irrigation management in a salinization context, which is the case in the northwestern perimeters (Chelif, Habra, Sig and Macta). However, the major problem facing drainage development is financial. For example, in West Mitidja the cost of subsurface drainage (tiles and all additional materials) approached US$4 000 per hectare in 1984 (Ouchfoune, 1989). Today, the cost may have increased with average annual inflation at 8 percent and changes in the prices of materials. This drainage project was the most recent one executed using modern design and management options. Some projects have been stopped after sanitation of the land. This consists in building open ditches around the perimeter. Once water table recession is confirmed, subsurface drainage execution is stopped. This was the case of the 282 ha at the Sidi Mahdi and El Goug plots in the Rhir perimeter. The economic constraints and the authorities’ awareness of the drainage benefits are the main explanations for this situation. Capacity of national staff for operating and maintaining drainage projects Good capacities for organizing, equipping and staffing have been demonstrated in the most recent projects in West Mitidja (1983). However, this case is particular and the new generation of engineers is unfamiliar with drainage practice. The operating and management of future drainage projects will require staff education and training. In the drained lands, weed control and canal cleaning are the major maintenance problems. In the past decade, the technical and administrative organization of schemes has neglected the importance of the operating and maintenance personnel. Today, insufficient budget resources are allocated to this category.



DRAINAGE EDUCATION AND RESEARCH Education The success of drainage schemes depends on the availability of competent technical staff in all areas including the planning, design and maintenance of drainage systems as well as agronomic aspects. Training capacity in drainage is low. This is probably due to the absence of specialists and the little time allotted to drainage teaching. Indeed, except for the Algiers National Institute of Agronomy, drainage is not included in the programmes of the engineering schools. In the departments of agronomy of Chlef, Blida, Mostaganem, Ouargla, TiziOuzou, the hydraulic school of Blida, the Algiers polytechnic school and the land science departments of Skikda, Mascara, etc. drainage design methods are often excluded. In 2000 three students did a graduate thesis in drainage and in the last ten years only five masters’ degrees in drainage have been awarded. Laboratory and national research As the research effort is related to the country’s educational capacity, it can be deduced from the above that the amount of research is limited. Of the 100 research projects actually funded by the Government, few of them concern drainage: water table rise in the Rhir perimeter; or drainage filter behaviour in a sandy soil.
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There are few drainage laboratories and the research effort is currently limited to the following centres:



• The Ouargla station of the ANRH and the Touggourt station of the INRA, which have implemented field experiments in the Rhir perimeter. No satisfactory solution has been suggested to date and the water table rise remains.



• The Relizane stations of the INRA and the INSID, both under the Agriculture Ministry, were designed to supplement data collection and to help in selecting the method for the Low Chelif perimeter. However, to date their contribution has been limited to studying salinity. The field experiment of the West Mitidja (subsurface drainage and plots equipped with piezometers) ended in the late 1980s. Need for courses abroad and research collaboration Many shortcomings have been diagnosed in the drainage sector in Algeria. Key aspects are:



• Educational needs at academic, medium and field levels. A specific international programme on drainage education is necessary including masters and doctorate-level theses.



• Promoting drainage knowledge through an international research-development programme. A national drainage staff gathering specialists from the research, water resources and agriculture sectors should be constituted. The identification of a pilot area should be chosen after a detailed investigation of drainage needs.



CONCLUSIONS For the irrigated perimeters in western Algeria, it may be more advantageous to provide funds for rehabilitating existing drainage networks rather than develop new projects. The cleaning of former drainage systems is suggested for these regions as well as for the southern regions. The cultivated lands not far from Algiers are those most indicated for a pilot scheme in drainage. This is because of the seasonal waterlogging in winter, and the soil contamination after being irrigated with lowquality waters. The short distance between such a site and the administrative centre (the location of national competence in drainage) are among the success factors for any project. Human failings as the cause of salinity have been demonstrated in a set of perimeters. The leaching requirement consideration must be integrated into the water management strategy. An international programme of education in drainage should involve the establishments listed in this report. Such a programme should reflect the particular drainage needs found in Algeria.
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Evaluation de l’état et des besoins en renforcement des capacités en matière de drainage en Tunisie



DRAINAGE STATUS AND CAPACITY BUILDING NEEDS IN TUNISIA ABSTRACT In Tunisia, several irrigated areas are affected by problems of land degradation and decreasing soil productivity caused by a rise of the water table and by the salinization of soils. The worst affected areas are those which drain excess water poorly: the Mejerda Valley in the north and the oases in the south. For a long time, these two regions have needed drainage. Initially, drainage was limited to the oases of the south. However, it has gradually spread to the north, although the drainage needs are not the same. Indeed, while drainage is a general need with irrigation in the oases, in the north there are two seasons of drainage: in winter under rain and in summer under irrigation. Moreover, while the drainage network concept developed on the basis of the same principles, the approach adopted for drainage evolved from the surface drainage of plains towards the land drainage of parcels, and from the implementation of ditches with open canals towards more and more underground drains. The same holds for the technologies utilized with PVC materials replacing pottery, and gravels being used to stabilize the PVC pipes. The development of drainage in the early 1960s was accompanied by research conducted under controlled conditions in experimental stations. This research established reference points for drainage in Tunisia. It enabled the formulation of management rules to prevent excessive salinization and water table rise. The research was also widely used to improve the drainage network in the irrigated areas. However, since the 1970s, drainage research has failed to keep pace with the development and design needs of more difficult areas. The current status of drainage, the challenges and the stakes involved in using drainage waters to ensure the sustainability of irrigated agriculture in Tunisia warrant specialized education and research in order to address specific problems in every major irrigated area. Drainage must be supported by international institutions. In the short term, training should be a priority. In the long term, the support will consist of expertise and a research partnership. Indeed, the increasing problems related to the use of the saline and slightly saline waters in irrigation and to the evacuation of excess water call for new approaches and techniques. Drainage must be better adapted to the current context of water shortage and resource degradation. In addition, the costs and maintenance of irrigation and drainage systems also aspects which need studying. This report presents the status of drainage in Tunisia, identifies its specific problems, and assesses the national capacity and future needs in drainage.
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Evaluation de l’état et des besoins en renforcement des capacités en matière de drainage en Tunisie



INTRODUCTION En Tunisie, plusieurs périmètres irrigués sont soumis à de graves problèmes qui se traduisent par une dégradation des sols et une baisse de productivité, en l’occurrence la remontée de la nappe phréatique, la salinisation des sols et une progressive réduction des rendements. Les périmètres les plus affectés par ces phénomènes sont les régions qui n’arrivent pas à évacuer les eaux excédentaires, à savoir la Vallée de la Mejerda dans le Nord et les oasis dans le Sud. Depuis longtemps, ces deux régions ont été considérées comme prioritaires en matière de drainage. Les expérimentations et les aménagements qui y ont été réalisés ont permis l’établissement de références tunisiennes en matière d’irrigation et de drainage. Actuellement, les problèmes ont tendance à s’aggraver avec la progression des surfaces irriguées, l’aménagement de sols de moindre qualité et les difficultés de maintenance des drains et des fossés. Le drainage des sols s’avère ainsi d’autant plus indispensable qu’il apparaît comme la cause directe de la baisse de production des cultures ou de leur dépérissement. On note au cours du temps une augmentation des superficies drainées et une évolution de la conception (assainissement de plaines, puis drainage de parcelles) et de la technologie du drainage (fossés à ciel ouvert, drains enterrés en poterie, drains enterrés en PVC). Par contre, on ne note pas d’avancée scientifique sur le plan des connaissances théoriques en ce qui concerne le dimensionnement des réseaux de drainage,. Dans ce rapport, on se propose de traiter l’état du drainage en Tunisie, d’identifier les interventions spécifiques nécessaires, et d’estimer les capacités nationales existantes et les besoins futurs dans ce domaine.



ETAT ACTUEL DE L’IRRIGATION ET DU DRAINAGE EN TUNISIE La pérennité des périmètres irrigués est tributaire de la disponibilité et de la qualité des ressources en eau et en sol. Celles-ci, limitées et affectées par le sel, sont essentiellement exploitées à des fins de production agricole. Leur gestion constitue un défi important pour le développement de l’agriculture et la préservation de l’environnement. Etat actuel de l’irrigation Le milieu physique et les ressources en sols irrigables Sur une superficie de 16 400 millions d’hectares, la Tunisie ne dispose que d’environ 4,5 millions d’hectares de surface agricole utile. Les sols ont des niveaux de productivité très différents en fonction de leurs propriétés et du climat. La pluviométrie varie de 1 500 mm au Nord à seulement 50 mm au sud. La partie aride et semiaride reçoit entre 150 et 450 mm/an. Le caractère méditerranéen du climat est très marqué et l’irrégularité des précipitations est de règle. Les sols de la Tunisie sont sensibles aux différentes formes d’érosion hydrique et éolienne, auxquelles s’ajoutent la pollution chimique générée par l’utilisation des eaux saumâtres (salinisation), l’emploi des engrais et la perte de terres arables par l’urbanisation. Les sols les plus fréquents sont peu évolués, d’apport alluvial situés dans les plaines et les vallées: les sols halomorphes dans les dépressions et les plaines littorales, les sols calcimorphes à encroûtement calcaire sur les glacis et les piémonts du Centre du pays, les sols isohumiques dans la Basse Steppe, et enfin les sols à encroûtement gypseux dans le Sud. Les ressources en eau Les ressources en eau sont d’environ 4,67 milliards de m3 dont 2,7 milliards de m3 d’eaux de surface et 2 milliards de m3 d’eaux souterraines. Le volume d’eau mobilisé est d’environ 3 100 millions de m3 (Mm3),
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soit 66 pour cent du potentiel des ressources en eau, à partir de grands barrages, barrages et lacs collinaires, puits de surface, forages profonds, sources et oueds. Les ressources en eau sont inégalement réparties dans le pays avec environ 60 pour cent localisés dans le Nord, 18 pour cent dans le Centre et 22 pour cent dans le Sud (Tableau 1). Les ressources en eau ayant une salinité inférieure à 1,5 g/L sont réparties comme suit: 72 pour cent des ressources en eaux de surface, 8 pour cent des eaux souterraines phréatiques et 20 pour cent des eaux souterraines profondes (Bahri, 1999). TABLEAU 1: Distribution des ressources en eau (Ministère de Agriculture, 1998) Nature de la ressource



Nord



Centre



Eau de surface Aquifères de surface Aquifères profondes Total Pour cent



Sud



Total



%



Mm3



%



Mm3



%



2 190



78



320



38



190



19



2 700



58



395 216



14 8



222 306



26 36



102 728



10 71



719 1 250



15 27



2 801



100



848



100



1 020



100



4 669



100



Mm3



60



18



%



Mm3



22



100



La planification et la gestion des ressources en eau sont définies dans les plans quinquennaux de développement économiques et sociaux du pays. Les objectifs sont de mobiliser la majeure partie des eaux de surface grâce à la construction de 42 barrages, de 203 barrages collinaires, 1 000 lacs collinaires, et 4 000 structures de recharge de la nappe et d’épandage des eaux de crue (Tableau 2). L’infrastructure prévue pour l’an 2010 devrait permettre la mobilization de 87 pour cent du potentiel (4760 Mm3). De plus, les plans soulignent l’importance de la récolte des eaux de ruissellement et de la réutilisation des eaux usées. TABLEAU 2: Volumes d’eau accessibles (A) et disponibles (B) en Tunisie (Mm3/an) pour différents horizons (Ministère de l’Agriculture, 1998) 1996 Grands barrages



2010



2020



2030



A



B



A



B



A



B



A



B



1 340



871



1 800



1 170



1 750



1 138



1 750



1 138



Barrages et lacs collinaires Forages et sources



65



59



100



50



70



35



50



45



997



997



1 250



1 150



1 250



1 000



1 250



1 000



Puits de surface



720



720



720



720



720



620



720



550



Eaux usées traitées



120



120



200



200



290



290



340



340



7



7



10



10



24



24



49



49



3 249



2 774



4 080



3 300



4 104



3 107



4 159



3 122



Dessalement Total



La consommation en eau agricole Environ 25 pour cent de la population tunisienne est associée au secteur agricole et 40 pour cent dépend directement ou indirectement de ce secteur. Les principaux produits agricoles de la Tunisie sont le blé, l’orge, les agrumes, les dattes, l’huile d’olive et les cultures maraîchères. Les principales cultures irriguées sont les cultures maraîchères et l’arboriculture fruitière, chacune couvrant plus de 40 pour cent de la superficie totale agricole irriguée, les céréales représentant 6 pour cent.



TABLEAU 3: Superficies irriguées selon la nature de la ressource Nature de la ressource



1996 (ha)



Irrigation intensive



345 500



Grands barrages, barrages et lacs collinaires



128 000



Eaux usées traitées Forages profonds Puits de surface



6 500 67 000 130 000



Sources et oueds



14 000



Irrigation complémentaire



50 000



395 500 Le volume annuel alloué à l’irrigation en 1996 Total 3 était de 2 115 Mm . Un tiers de l’eau d’irrigation provient des réservoirs de surface et deuxtiers des eaux souterraines. La consommation en eau agricole est très variable d’une année à l’autre selon la pluviométrie. Environ 35 Mm3 d’eaux usées traitées sont annuellement alloués à l’irrigation.
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Les systèmes d’irrigation gravitaire (raie ou bassin) sont les plus utilisés (75 pour cent) suivis par l’irrigation par aspersion (20 pour cent), et localisée (5 pour cent). Au cours du VIIIème Plan (1992-1996), le secteur irrigué, avec 7 pour cent de la surface agricole utile du pays, a contribué pour 32 pour cent de la production agricole totale. En valeur, les périmètres irrigués assurent 95 pour cent de la production maraîchère, 43 pour cent de la production arboricole et 12 pour cent des produits de l’élevage. A l’horizon 2010 et étant données les ressources hydriques de la Tunisie, il est prévu que les superficies irrigables atteignent leur maximum et qu’elles assurent, dans l’hypothèse d’une exploitation optimale de tous les facteurs de production, 50 pour cent de la production agricole. Demande prévisionnelle en eau Le secteur irrigué doit répondre à des objectifs fondamentaux soit le développement d’une agriculture durable, la sécurité alimentaire et la promotion des exportations. Etant donné le contexte de rareté (ressource en eau limitée et aléatoire) et de qualité des ressources en eau d’une part, et la part croissante de la production du secteur irrigué (30-35 pour cent [en valeur]) dans la production agricole totale d’autre part, l’agriculture irriguée se trouve par conséquent soumise à cinq priorités:



• • • • •



Tableau 4: Prévisions de la demande annuelle en eau pour différents horizons (Mm3/an) Année Domestique (U+R)



1996



2010



2020



2030 491



290



381



438



Tourisme



19



31



36



41



Industrie



104



136



164



203



Agriculture



2 115



2 141



2 082



2 035



Total



2 528



2 689



2 720



2 770



(U+R): (Urbain + Rural)



étendre les superficies aménagées pour l’irrigation, augmenter la productivité de l’eau en termes de production agricole, économiser l’eau pour les autres usages, produire avec des eaux de qualité marginale sans impacts sanitaires et environnementaux préjudiciables, mettre en place les actions d’accompagnement nécessaires au développement agricole et à la meilleure mise en valeur des périmètres irrigués par le biais du renforcement de la gestion de la demande.



Au cours de la période 1960-1980, l’effort a essentiellement porté sur la mobilisation de l’eau de surface. Une vingtaine de barrages a été construite en majorité sur l’Oued Mejerda et ses affluents, et dans le Kairouanais. La mobilisation des eaux superficielles atteint actuellement 80 pour cent du potentiel évalué. Quant aux nappes phréatiques, elles sont, dans plusieurs cas, surexploitées. Des problèmes de salinisation et d’intrusion marine menacent actuellement les régions côtières. Les aquifères profonds du sud du pays exploités depuis les années 80, sont des ressources fossiles gérées selon des modèles établis depuis les années soixantedix. Une politique de gestion optimale de l’eau a été mise en œuvre depuis déjà une décennie. Elle se base sur:



• la mobilisation des eaux par un ensemble d’ouvrages de différentes tailles (barrages, barrages collinaires, • • • •



lacs collinaires, etc.); des travaux de conservation des eaux et des sols pour atténuer les pertes en sols et en eau; une stratégie d’économie d’eau afin de diminuer les pertes en eau comprenant des mesures d’encouragement des agriculteurs à se doter des techniques économisatrices d’eau d’irrigation et une tarification de l’eau en faveur des cultures stratégiques; un traitement des eaux usées et leur réutilisation en irrigation; la recharge de certaines nappes surexploitées.



Concernant la qualité des eaux, 30 pour cent ont plus de 3 g/l. Les eaux de moins de 1,5 g/l sont réservées à l’alimentation en eau potable. En agriculture irriguée, les eaux de 2 à 3,5 g/l sont les plus employées. Certains puits de plus de 7 g/l sont également utilisés. Les eaux proviennent essentiellement des barrages dans le Nord et exclusivement des forages dans le Sud. Les puits de surface prédominent dans le Centre. L’irrigation de surface (raie ou planche) reste le
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système d’irrigation le plus employé (environ 80 pour cent). L’aspersion et l’irrigation localisée se développent par le biais des mesures d’encouragement. Les périmètres irrigués En 1960, les périmètres irrigués en Tunisie n’étaient que d’environ 60 000 ha localisés essentiellement dans les oasis et le Sahel. Actuellement, ils couvrent environ 360 000 ha (Figure 1) dont environ 90 000 ha dans la Vallée de la Mejerda. Ils produisent diverses cultures maraîchères et arboricoles ainsi que des cultures fourragères et céréalières. Dans le Sud, 25 000 ha d’oasis produisent des dattes, des cultures industrielles et divers fruits (grenadiers en particulier). Dans le Centre, 100 000 ha sont occupés par diverses cultures maraîchères et arboricoles. Au Cap Bon, environ 13 000 ha sont cultivés pour des agrumes. Le reste, réparti essentiellement dans la région du Sahel, produit des légumes et des primeurs. Les périmètres irrigués avec des eaux usées traitées ne couvrent actuellement que 7 000 ha. Le secteur irrigué fournit actuellement 30 pour cent de la production agricole. Pour atténuer les aléas climatiques, l’objectif est d’atteindre 50 pour cent de cette production (DG/G.R., 1994). Sur le plan foncier, les grandes parcelles ne s’observent que dans les périmètres publics. Le morcellement atteint son maximum dans les oasis traditionnelles. L’intensification est plus élevée chez les irrigants qui disposent d’une surface réduite. Cependant, elle reste tributaire de la disponibilité en eau et de son accessibilité. Le maraîchage occupe environ la moitié de la surface totale irriguée, l’arboriculture 20 pour cent, les céréales et les fourrages 25 pour cent et les cultures industrielles 10 pour cent. Compte tenu de la rareté de l’eau et de sa qualité médiocre, du caractère endoréïque du réseau hydrographique de la Tunisie, de l’aridité du climat, mais aussi et dans plusieurs cas, d’une gestion inadaptée de l’eau d’irrigation, les problèmes liés à la salinisation des terres et à l’engorgement des sols sont assez fréquents. Sur l’ensemble des périmètres irrigués, 50 pour cent en sont affectés dont environ 10 pour cent sévèrement. Mais tous les périmètres sont de risque moyen à élevé de salinisation. Ce risque provient pour certains cas de l’utilisation d’une eau saumâtre, et pour d’autres de la présence d’une nappe phréatique salée à moins de 2 m de profondeur. Etat actuel du drainage Historique du drainage Dans le passé, le recours à l’assainissement et au drainage n’a été ressenti que pour soutenir le développement des cultures dans le Nord et dans les oasis. Mais le drainage au sens classique du terme n’était une technique répandue en Tunisie que dans les oasis du Sud. Dans un certain nombre de régions du Nord, l’assainissement était nécessaire pour lutter contre les excès d’eau pluviale. Cet assainissement traditionnel était constitué essentiellement de billons, de dérayures et de recalibrages d’oueds. Mais la plupart des grands travaux d’assainissement sous forme de déviation d’oued, de barrage de protection, de recalibrage, de ceinture de protection, d’endiguement, de réseau d’assainissement ont démarré avec le protectorat dans la Vallée de la Mejerda et se sont poursuivis après l’indépendance (DEGTH, 1975). Le réseau de drainage traditionnel des oasis, appelé localement « khandag », se compose de canaux à surface libre de forme générale en « U », « V » ou « Y ». Ces canaux sont placés à des distances comprises entre 60 et 300 m et à une profondeur moyenne 1,5 à 2,5 m. Ils étaient creusés et entretenus par l’ensemble de la communauté oasienne et étaient considérés comme le complément indispensable de l’irrigation. Ce qui est remarquable est que leur écartement répondaient correctement aux exigences de l’hydraulique souterraine (en milieu saturé dans les sols à perméabilité élevée et en régime transitoire) (Ennabli, 1993). Les besoins en drainage En Tunisie, le besoin en drainage est destiné à limiter les risques de remontée de la nappe et de salinisation des sols. Cependant et compte tenu de la variabilité des caractéristiques hydro-pédo-climatiques de chaque région (Tableau 5), les besoins spécifiques diffèrent selon les régions:
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FIGURE 1: Les périmètres irrigués de Tunisie (Hachicha, 1998)



En pointillé: les zones drainées affectées par l’hydromorphie.



• Dans le Nord, l’assainissement et le drainage sont pratiqués à l’échelle de vallées et de plaines entières, l’objectif étant la mise en valeur de sols affectés par une nappe superficielle salée, la maîtrise de la nappe sous irrigation et lors des périodes pluvieuses, et le contrôle de la salinité en été.



• Dans le Centre, le drainage est localisé dans les zones littorales et près des sebkhas et des dépressions. Il a pour objectif la maîtrise de la nappe sous irrigation et le contrôle de la salinité.



• Dans le Sud, les zones avales et les zones pré-chotteuses des oasis sont généralement drainées, l’objectif étant de maîtriser la nappe sous irrigation et de contrôler la salinité. A titre d’exemple, lors de la formulation des besoins en drainage au début des années soixante, lors pour la mise en valeur de la Basse Vallée de la Mejerda (Grontmij, 1961), plusieurs options ont été préconisées. Cette étude a établi les critères de calcul de l’écartement des drains basés sur une profondeur de la nappe d’un mètre. Sur les 250 000 ha qui constituent la Basse Vallée de la Mejerda, 65 000 ha devaient faire l’objet de travaux d’assainissement (drainage de surface) ou de drainage dont 33 000 ha situés dans le périmètre irrigable. En procédant à une comparaison des prévisions et des réalisations une quarantaine d’années plus tard (2000), on constate que, sur environ 80 000 ha irrigables, 42 000 ha sont actuellement irrigués soit environ la moitié (Tableau 6). Sur plus de 33 000 ha nécessitant un drainage, environ le tiers a été effectué dans les périmètres irrigués. Il faut signaler que pour les surfaces irriguées comme pour celles drainées, des terres non incluses dans les prévisions de 1961 ont été mises en valeur et inversement.
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TABLEAU 5: Résumé des principales caractéristiques hydro-pédo-climatiques régionales relatives aux périmètres irrigués (Fourchette de variation) Paramètres



Nord



Centre



Sud



Bioclimat



Semi aride



Aride



Pré saharien



Pluie (mm)



300 - 500



150 – 300



50 – 150



ETP (mm)



1300



1500



1800



Argilo-limoneuse à limonoargileuse



Equilibrée à limonosableuse



Sablo-limoneuse à sableuse



salé



Sain et à encroûtement calcaire



Gypseux et à encroûtement gypseux



Texture dominante Qualité du sol CE de l’eau d’irrigation (dS/m)



3-5



4–8



4–8



Vallée et zone littorale



Plaine



Zone pré-chotteuse



Profondeur moyenne de la nappe avant irrigation et drainage (m)



0,5 – 1,5



Inexistante



Inexistante sauf près des chotts



Profondeur moyenne de la nappe après irrigation et drainage (m)



1 – 1,5



1,5 – 2



1–2



CE moyenne de la nappe (dS/m) avant irrigation et drainage



>20



CE moyenne de la nappe (dS/m) après irrigation et drainage



10 - 15



12-16



15 – 20



CE des eaux de drainage (dS/m)



6 – 12



5 – 15



5 – 15



Paysage général de la zone drainée



>20



TABLEAU 6: Comparaison des besoins et des réalisations de drainage dans la Basse Vallée de la Mejerda Besoin de drainage



Estimation des besoins en drainage (Grontmij, 1961); (ha) [1]



Estimation des réalisations en périmètres irrigués (année 2000) ; (ha) [2]



Réalisations en pourcentage (%) [1]/[2]



Drainage requis



33 650



12 070



35,9



Pas de drainage requis à l’exception de circonstances spéciales limitées à des parties basses



17 090



10 000



58,5



Pas de drainage requis



30 420



19 930



65,5



Total



80 160



42 000



52,4



dont 3 000 drainés



Evolution et répartition des surfaces drainées Depuis la fin des années cinquante, on enregistre une augmentation des surfaces drainées. Environ 17 pour cent de la superficie irriguée est drainée (Tableau 7). Depuis la fin des années 80, le drainage enterré se développe (27 pour cent de la superficie totale drainée). Tableau 7: Evolution des surfaces irriguées et drainées (surface approximative) Année



1960



1970



1980



1990



2000



60



100



200



300



360



5



20



30



45



60



Surface drainée par drains enterrés (103 ha)



0,1



2



4



13



16



Surface totale drainée/Surface irriguée (%)



8,3



20



15



15



16,7



2



10



13,3



28,9



26,7



3



Surface irriguée (10 ha) Surface drainée totale



Surface drainée par drains enterrés / Surface drainée totale (%)



Actuellement, environ 90 pour cent des superficies équipées en drains enterrés sont situées dans le Nord (Tableau 8). La conception du drainage Dans le contexte tunisien, la mise en place d’un réseau de drainage est destinée à lutter contre l’hydromorphie et la salinité et, par voie de conséquence, à augmenter les rendements. De nombreux travaux ont été menés sur ce sujet. En 1956, Yankovitch établissait déjà un bilan de l’eau et des sels à partir de l’étude de plusieurs
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Tableau 8: Répartition des surfaces drainées en Tunisie Région



Gouvernorat Basse Vallée de la Mejerda



Nord



Surface équipée en drains



Pourcentage/région



enterrés (ha)



(%)



Ariana



10 670



Bizerte



4 400



Plaine de Mateur



Bizerte



200 en périmètre irrigué + 4 800 en sec



Haute Vallée de la Mejerda



Jendouba Mahdia



Centre



Sud



50



Kairouan



187



Sfax



145



Gafsa



180



Tozeur



966



Kébili



530



Superficie totale des périmètres irrigués équipés en drains enterrés



89,6



2430



19 758



1,9



8,5



100



Source: enquête auprès des CRDA, 1999



assolements conduits en cases lysimétriques et ce, sur une période de 22 ans (Yankovitch, 1956). Dans les années soixante, on enregistre plusieurs travaux sur le drainage et la salinisation des sols. A partir de 1962, le Centre de Recherche sur l’Utilisation des Eaux Saumâtres en Irrigation (CRUESI) entreprenait des études sur le drainage et le lessivage des sols salés et sur les bilans hydrique et salin dans plusieurs périmètres irrigués de Tunisie. La base conceptuelle du drainage est la même partout en Tunisie. L’équation de Hooghoudt (1940 in Ritzema, 1994), établie pour un régime permanent, est utilisée dans tous les calculs de dimensionnement des réseaux de drainage. Actuellement, l’équation de Glover-Dumm (1964 in Ritzema, 1994) conçue pour un régime transitoire est également utilisée. L’équation de Hooghoudt (1940; in Ritzema, 1994):



Q = [(4* Ks1*H2+ 8*Ks2*d*H)/ (L2)] où: Q Ks1 Ks2 d H L



débit de décharge du drain en régime permanent en m/j (LT-1); conductivité hydraulique à saturation de la couche du sol au-dessus des drains en m/j (LT-1); conductivité hydraulique à saturation de la couche du sol au-dessous des drains en m/j (LT-1); profondeur équivalente de Hooghoudt qui dépend de la profondeur du plancher imperméable D, en m (L); hauteur au-dessus de la nappe à l’inter-drain en m (L); écartement entre les drains en m (L).



Dans le cas où les drains seraient placés sur la couche imperméable, la formule devient:



L2 = (4*K s1*H2)/Q. Dans le cas où l’imperméable serait situé au-delà de la côte des drains, le premier terme devient négligeable: L2 = (8*K s2*d*H)/Q. Plusieurs de ces paramètres sont mesurables soit directement ou indirectement, soit fixés comme des conditions aux limites. Ainsi, la conductivité hydraulique a généralement été mesurée par des tests de pompage ou a été estimée à partir des mesures de la perméabilité par les méthodes de Porchet et de Hooghoudt (CRUESI, 1970). Le débit de décharge des drains (Q) a été estimé à de 1/3 à 1/4 de la dose apportée par une bonne irrigation. Les débits de drainage étaient évalués par des jaugeages directs ou par limnigraphe. Le débit moyen retenu servait pour le calcul des écartements des drains. Le temps de rabattement de la nappe
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était supposé varier entre 3 et 7 jours. La profondeur des drains tenait compte à la fois de la couche de sol utile pour le développement des cultures et de la performance des machines. L’équation de Glover-Dumm (1964 in Ritzema, 1994): q(t) = [2*P*K*d*ht)/ (L2)] où: q: K: m: d: ht: L:



débit de décharge du drain en régime transitoire en m/j (LT-1); conductivité hydraulique à saturation de la couche du sol au-dessus des drains en m/j (LT-1); porosité de drainage en pour cent; profondeur équivalente de Hooghoudt qui dépend de la profondeur du plancher imperméable D, en m (L); hauteur de la nappe au dessus des drains en m (L); écartement des drains en m (L).



Les principaux paramètres de drainage utilisés dans les différentes régions de Tunisie et basées sur l’application de la formule de Hooghoudt sont synthétisés dans le Tableau 9. Par mesure de sécurité, les écartements réalisés sont toujours supérieurs aux écartements calculés.



Les technologies de drainage



TABLEAU 9: Résumé des principaux paramètres de drainage utilisés Nord



Centre



Sud



Ks1 (m/j)



Paramètres



0,5 – 1



1



1,0 – 2,0



Ks2 (m/j)



0,05 –0,5



1



0,5 –1,0



2–4



2



1,5 – 2



1,35 – 1,50



0,8 – 1,7



1,40 – 1,75



H (m)



0,5 – 0,7



1,0 – 1,3



0,5 – 1,2



d (m)



2–3



15



3 – 10



D (m)



3–4



60



5 – 20



Rayon des drains (cm)



8 – 15



15



6,5 – 18



Q (10-3 m/j) Profondeur des drains (m)



L calculé (m)



90



250



200



L réalisé (m)



25 – 80



25-50



30 – 110



Le drainage a consisté avant les années soixante, à mettre en place des fossés. Entre 1960 et 1975, les drains enterrés étaient en poterie, de diamètre variable, soit de 100 à 150 mm. La pose des éléments de drains était manuelle. Depuis les années quatre-vingt, les drains sont en PVC (Poly Vinyl Chloroéthylène), le plus souvent d’un diamètre de 65 à 80 mm et leur pose est assurée par des machines draineuses (Tableau 10). Le drainage a ainsi évolué surtout dans le Nord où on est passé de l’assainissement vers le drainage en poterie, puis en drains PVC et actuellement au drainage composite constitué de drains perforés et de collecteurs en PVC lisse également enterré. Dans le Nord, les sols ont été préalablement assainis à l’aide de fossés afin de limiter la stagnation des eaux de ruissellement. Les aménagements réalisés ont permis une augmentation de la production agricole de la Vallée de la Mejerda. La profondeur des drains est en moyenne de 1,5 m et l’écartement des files de drains de 40 m environ. Le faiblement écartement des drains a conduit à un coût des travaux élevé. Dans le Centre, la mise en valeur des sols drainant bien n’a nécessité que des interventions destinées à éviter la remontée de la nappe due à des irrigations surabondantes. Les exploitations partiellement soumises au drainage enterré étaient situées à proximité des émissaires (Melloulèche; Cointepas, 1965). Dans le Sud, l’aridité du climat, les besoins en eau du palmier-dattier, la nature de l’eau et du sol conduisent à l’application de doses d’eau importantes. Dans les parties basses, une nappe tend à s’établir à proximité du sol et les sels tendent à se concentrer en surface. Pour éliminer les eaux excédentaires, les drains au départ n’étaient constitués que de simples fossés à ciel ouvert qui nécessitaient un entretien conséquent et fréquent. La tendance actuelle est à la mise en place de drainage enterré en PVC et de collecteurs en PVC de façon aussi à limiter les opérations d’entretien.
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TABLEAU 10: Ecartement et nature des drains dans les périmètres irrigués de Tunisie CRDA



Périmètre



Ariana



Chougafa Jedeida Hammed



Surface drainée (ha)



Ecartement des drains (m)



Nature des drains



40



60-80



Poterie



1 500



40-60-80



Poterie



950



40-60-80



Poterie



Chaouat



1 200



40-60-80



Poterie



Béjaoua



150



40-45-50-60



Poterie



Guechba



400



80-90-100-110



Poterie



Bordj El Amri



150



100-120



Poterie



Chouigui



400



100-150



Poterie



El Habibia Nord



160



50-60



Poterie



Sidi Thabet Nord



300



40-60



Poterie



Sidi Thabet Sud



50



55-60



Poterie



200



70



PVC



300



50-80



PVC



Cherfech Nord



1 000



70



PVC



El Habibia Sud



120



60



PVC



El Mansoura



350



20-60



PVC



Cherfech Sud



Cebala Bordj Touil



500



70



PVC



Kalaat Landelous



2 900



40



PVC



Utique



1 200



40



Poterie réhabilitée en PVC



Lezdine



1 800



Henchir Tobias



1 400



40



PVC



5 000 dont 200 en périmètre irrigué 2 260



40



PVC



-



PVC



Brahmi



170



-



PVC



Mahdia



Essafet



50



-



-



Kairouan



Ain Bou Morra



1 200



40



-



Sfax



Ramla



85



40



PVC



Mellita



60



40



PVC



187



100



PVC Poterie



Bizerte



Mateur Jendouba



Souk Sebt



Poterie réhabilitée en PVC



Gafsa



Segdoud



Tozeur



Ghardaya



40 ha



100



Drâa Sud



200 ha



100



PVC



Hazoua 3 et 4



316 ha



100



PVC



Chamsa Kébili



90 ha



100



PVC



Ibn Chabbat



320 (836 ha)



100



PVC



Douz Lazala



50



80



PVC



Debabcha



25



80



PVC



Oum Ghoulem Faouar



35 50



80 80



PVC PVC



Gattaya



30



80



PVC



Gomrana



45



80



PVC



Bazma



50



80



PVC



Tarfaya El Ma



45



65



PVC



200



65



PVC



Regim Maâtoug



Source: enquête réalisée en 1999 auprès des Commissariats Régionaux pour le Développement Agricole (CRDA).



L’entretien et la maintenance des réseaux de drainage La maintenance des réseaux de drainage est l’un des grands problèmes du drainage à cause du coût et de la fréquence élevée de retour. Il est autant nécessaire de mettre un réseau de drainage que de préserver la performance des aménagements. Cette opération qui, au début, était réalisée manuellement, tend à être de plus en plus mécanisée, à savoir par exemple l’emploi des hydrocureuses pour les drains enterrés. L’exemple des périmètres du CRDA de l’Ariana qui constituent la majorité des périmètres de la Basse Vallée de la Mejerda permet d’illustrer les problèmes auxquels sont confrontés les services régionaux de maintenance.
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Ainsi les périmètres de l’Ariana qui couvrent 34 000 ha sont équipés par le réseau d’assainissement - drainage suivant (Kchouk, 2000):



•



un réseau principal d’une longueur totale de 135 km formé d’oueds et d’émissaires (au nombre de 9) qui déversent dans l’oued Mejerda ou dans la mer.



•



un réseau de drainage secondaire formé par des fossés à ciel ouvert et dont le linéaire total est d’environ 920 km.



•



un réseau de drainage souterrain constitué de drains en poterie ou en PVC, et dont le linéaire total est de 1 500 km pour une surface équipée de 10 670 ha.



Les principales causes de la détérioration des réseaux de drainage sont l’envasement et le développement des roseaux dans les fossés. La maintenance consiste à entretenir et à réparer les profils des canaux par l’élimination de la vase et de la végétation, la réparation des talus, la maintenance des buses et l’entretien des drains. Les interventions de maintenance sont de deux natures:



• une maintenance périodique: les périmètres sont découpés en 11 zones dont chacune est drainée par un émissaire principal ou oued. La maintenance porte en premier lieu sur l’émissaire principal, puis sur les collecteurs à ciel ouvert, et enfin sur les drains enterrés. Cette procédure est appliquée de zone en zone jusqu’à couvrir tous les périmètres, et accomplir un cycle. En moyenne, 100 km d’émissaires et de collecteurs sont entretenus annuellement pour un coût variant de 2 à 2,5 dinars tunisiens par mètre linéaire. Les travaux sont réalisés par une entreprise.



• des interventions d’urgence à court terme: il s’agit d’activités additionnelles au travail périodique qui sont exécutées d’urgence en cas de besoin. Le maintenance qui était exclusivement manuelle, tend à être de plus en plus mécanisée. Pour lutter contre les roseaux, des produits chimiques ont été utilisés à faible échelle. Cependant, l’aspect de l’impact sur l’environnement est à craindre. De même, des faucardeuses sont employées dans certaines régions. Compte tenu du coût et la nécessité de ces opérations de maintenance pour la pérennité des périmètres, il est apparu indispensable d’impliquer les associations d’agriculteurs dans ces tâches et de les sensibiliser quant à son importance. Cette nouvelle approche participative commence à se concrétiser, selon les spécificités de chaque région, voire de chaque périmètre. On peut citer à titre d’exemple les cas d’El Azima dans la Haute Vallée de la Mejerda et de Jhim 2 et de Chamsa dans les oasis de Tozeur. Les groupements d’intérêt collectif (GIC) prennent ainsi en charge l’entretien des réseaux tertiaires et quaternaires, tandis que les CRDAs assurent l’entretien des réseaux primaires et secondaires. Les expérimentations de référence en drainage Des expérimentations ont été menées dans différents contextes hydro-pédo-climatiques afin de fournir des références pour l’aménagement des périmètres irrigués (Hachicha et Bahri, 1999). On distingue ainsi deux cas de figure selon la région: le Nord et le Sud du pays. Plusieurs thèmes ont été étudiés au cours de ces expérimentations: (i) la profondeur et l’écartement des drains, (ii) les bilans hydrique et salin sous irrigation à l’eau salée, et (iii) les assolements et les niveaux de rendement. Certaines expérimentations ont été conduites sur des périodes relativement courtes, à savoir de une à quatre années, tandis que d’autres ont fait l’objet de nombreuses études s’étalant sur des périodes de plus de vingt ans. Parallèlement à l’expérimentation menée à l’échelle de quelques hectares, des bacs (cases lysimètriques) d’environ 2 m de diamètre, ont permis une détermination précise des paramètres des bilans hydrique et salin (CRUESI, 1968a; 1968b). Les expérimentations réalisées dans une parcelle à Béjaoua et celles entreprises dans le cadre du CRUESI seront passées en revue dans les paragraphes suivants. La parcelle expérimentale de Béjaoua (1962-1963) Au début des années soixante et pour mettre en valeur les sols argilo-limoneux salins et hydromorphes situés au milieu de la Basse Vallée de la Mejerda, il était indispensable de disposer de références pour réaliser leur
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drainage. Des recherches sur l’écartement des drains et sur les plans d’assolement ont été menées dans une parcelle à Béjaoua de 1962 à 1963 (Van’t Leven et Haddad, 1964). Estimant le débit de drainage à 0,002 m/ j, les auteurs ont comparé des espacements de 30 et 60 m. Les essais comportaient les mesures des paramètres des bilans d’eau et de sels et des contrôles du rendement des cultures et de la nappe phréatique. Une batterie de piézomètres permettait de suivre les variations de la nappe. Les quantités d’eau drainées ont été estimées par la mesure des débits des drains. Au cours de l’été, la salinité des eaux de drainage variait entre 6,1 et 7,1 dS/m. L’espacement de 60 m n’engendrait pas de différences significatives sur la salinité du sol et sur les rendements par rapport à l’espacement de 30 m. Les parcelles de référence du CRUESI Les principales stations sur lesquelles furent conduites ces expérimentations sont celles de Cherfech, d’Utique (Basse Vallée de la Mejerda) et de Helba (Oasis de Tozeur). La parcelle de Cherfech Les sols de la parcelle de Cherfech sont formés de couches argilo-limoneuses et sablo-limoneuses se succédant jusqu’à 3,5 ou 4 m de profondeur où apparaît une couche très argileuse correspondant à la couche imperméable. Au début des années soixante, ces sols d’apport alluvial, salins et hydromorphes avaient une conductivité hydraulique estimée à 1 m/j. La nappe fluctuait entre 0,5 en hiver et 2 m en été. La mise en place d’un réseau de drainage était par conséquent nécessaire (CRUESI, 1968a et 1970). L’utilisation de la formule de Hooghoudt a conduit à un écartement des drains compris entre 77 et 89 m en fonction du débit de drainage (Tableau 11). Les parcelles ont, par conséquent, été équipées de drains en poterie espacés de 80 m, posés à une profondeur de 1,5 m en moyenne et de 100 m de longueur. Afin de disposer de plusieurs points de mesure de la décharge des drains dans l’essai portant sur « le bilan de l’eau et des sels », cet écartement a été ramené à 40 m. Les eaux de drainage étaient évacuées dans un fossé à ciel ouvert ayant une profondeur de 2 à 2,5 m, avant d’être pompées pour être évacuées dans le collecteur. Chaque file de drains enterrés était équipée d’un enregistreur de débit. Un réseau dense de piézomètres avait également été installé à des fins d’études et de suivis. TABLEAU 11: Paramètres de drainage de la parcelle de Cherfech (adapté du CRUESI, 1970) Paramètres Perméabilité de la couche au-dessus des drains: K s1 (m/j) Perméabilité de la couche au-dessous des drains : Ks2 (m/j) Débit moyen de drainage : Q (m/j) Porosité de drainage µ (%) Profondeur minimale de la nappe : Z (m) Profondeur minimale des drains : P (m) Hauteur de la nappe : H (m) Profondeur du substratum imperméable : D (m) Profondeur de la couche équivalente : d (m) L2 = (8*K*d*H) / (Q) Ecartement des drains : L (m)



Valeur 1,0 1,00 0,002 4 0,6 1,5 0,50 4 3 6 000 77



(diamètre des drains de 15 cm) (8 000 pour Q=0,0015 m/j) (89 pour Q=0,0015 m/j)



Une expérimentation de lessivage des sels a été menée entre 1964 et 1967. L’eau appliquée provenant de la Mejerda, titrait entre 2,6 et 4,3 dS/m et avait un SAR (Sodium Adsorption Ratio) égal à 6. Au cours des années, la salure de l’eau de drainage et celle de la nappe ont diminué passant de 16,8 dS/m à 10,7 dS/m. La composition chimique de l’eau de drainage a également changé avec une diminution des teneurs en chlore et une augmentation de celles en sulfate et en bicarbonate (CRUESI, 1968a). Au cours de la période d’essai, la quantité d’eau drainée représente 10 à 30 pour cent de la quantité de l’eau d’irrigation. En fonction des irrigations et de la pluviométrie, le lessivage en hiver variait d’une année à l’autre. La salure du sol augmentait en été et diminuait en hiver. La quantité drainée provenant des irrigations et de la pluie était d’environ 75 mm.
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Différentes études ont porté sur le régime des sels. Slama (1975) a observé qu’après une dizaine d’années d’irrigation (1964-1974), un équilibre tendait à s’établir entre l’eau d’irrigation et la solution du sol, sauf pour le calcium dont la quantité perdue par percolation restait relativement importante. Selon Gallali (1980), après cinq années d’irrigation où la proportion d’eau évacuée par drainage était de l’ordre de 27 pour cent, le sol se mettait en équilibre avec l’eau d’apport. En analysant sur une période de 26 années l’effet de l’évolution de la qualité de l’eau d’irrigation de la Mejerda sur la qualité des eaux de drainage et de la nappe et sur le sol, Bahri (1992; 1993) observait une baisse progressive de la salinité des eaux de drainage, de la solution du sol à la base du profil et de la nappe. Le système “eau d’irrigation - solution du sol - eau de drainage - eau de nappe” en équilibre dynamique, évoluait vers l’établissement d’un régime permanent des sels contrôlé par la qualité de l’eau d’irrigation et la fraction de lessivage appliquée. La parcelle d’Utique L’essai de lessivage d’un sol salé à alcali mené dans la région d’Utique située dans la Basse Vallée de la Mejerda (Ollat et al., 1969) a montré qu’avec le drainage, les pratiques culturales contribuent à la mise en valeur des sols salés. La parcelle était située dans une sebkha initialement occupée par une végétation halophile et de taches complètement dénudées. Pour la mise en culture irriguée, la zone a été drainée à 1,40 m de profondeur par des drains en poterie espacés de 40 m. La parcelle a été équipée d’un réseau d’irrigation. L’eau utilisée provenait de l’oued Mejerda qui avait une CE (Conductivité Electrique) de 2,1 dS/m et un SAR de 5,7. Le sol était formé d’une série de dépôts riches en calcaire, alternativement limoneux et argileux dont la perméabilité était bonne. La salure initiale du sol variait de 2 dS/m dans la zone fournie en végétation jusqu’à 60 dS/m en surface dans la zone dénudée. Un premier essai sur sol naturel sans préparation et avec des doses de lessivage importantes apportées en une seule fois, n’a donné que peu de résultats positifs. Un second essai, dans lequel avaient été incluses les variables labour et fractionnement des apports d’eau dans le temps, a permis un lessivage efficace. L’hétérogénéité constatée avant l’expérimentation entre zones avec et sans végétation, avait disparu assez vite; les zones dénudées qui avaient une salure élevée de l’ordre de 50 à 60 dS/m en surface ont pu être ramenées à un taux permettant la culture. Le lessivage de tels sols s’est révélé relativement facile à condition d’associer le travail du sol au fractionnement des apports d’eau et de procéder au lessivage en hiver. Par ailleurs, et grâce à la teneur importante du sol en calcium soluble (CaCO3 et CaSO4) et du SAR de l’eau d’irrigation (6), le Na/T a été ramené à niveau inférieur à 15 dans tous les horizons du sol. Cette expérimentation a donc permis un lessivage et une désalcalisation du sol. La récupération de sols fortement affectés par le sel grâce à l’irrigation et au drainage a été rendue possible du fait du faciès des solutions d’irrigation et de sol, qui évoluait dans la voie saline neutre, et de la teneur importante des solutions en calcium soluble.



La parcelle de Helba Une expérimentation a été menée entre 1964 et 1968 sur une parcelle de 5 ha à Helba, située dans l’oasis de Tozeur en bordure du Chott Jérid (Cruesi, 1968b) sur un sol sablo-limoneux, salin, gypseux à hydromorphie de profondeur. La nappe y était située à entre 0,5 et 1 m de profondeur. Un ancien réseau constitué de collecteurs situés à 1,25 m de profondeur et de drains à ciel ouvert espacés de 20 m à 0,70 m de profondeur, a été remplacé par un nouveau système formé de collecteurs de 2 à 2,5 m de profondeur et de drains enterrés espacés de 40 m et situés à 1,60 m de profondeur. L’espacement de 40 m a été retenu pour disposer d’un nombre suffisant de drains permettant la mesure des débits. Des piézomètres avaient également été installés. L’eau d’irrigation avait une CE de 3,1 dS/m et un SAR d’environ 6,3. La composition chimique était constituée à environ 50 pour cent par des ions sodium et chlorure. La quantité écoulée à travers les drains de la parcelle était égale à environ 20 pour cent de la quantité totale apportée pendant toute l’année (Tableau 12). L’eau de drainage avait au début de l’expérimentation un RS (Résidu Sec) d’environ 15 g/l soit une CE de 18 dS/m et un SAR de 17,3. Cette eau était 7 fois plus salée que l’eau d’irrigation. Quatre ans plus tard (en 1968), la CE n’était plus que de 11 dS/m (10 g/l). De même, la salinité de la nappe avait décru de 17,6 dS/m à 10,6 dS/m.
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TABLEAU 12: Estimation de l’eau drainée à Tozeur (CRUESI, 1970) Période 1965-1968



Total



Quantité d’eau drainée en mm



apporté en mm



par les drains enterrés de la parcelle



par les collecteurs et le Chott



Total



2122



74 ( 19 %)



314 ( 81 %)



388



Bien que les quantités drainées n’aient pas été négligeables, la remontée de la nappe après irrigation était relativement faible; celle-ci s’abaissait rapidement par la suite du fait de la bonne perméabilité du sol et jusqu’à une grande profondeur. La nappe présentait un régime saisonnier caractérisé par une remontée en hiver et un rabattement en été, entraînant un écoulement des eaux de drainage en hiver seulement. La salure très élevée du sol au début de l’expérimentation en 1964, était la conséquence d’une sousirrigation et d’une déficience de drainage. Dès la première année, une réduction très importante de la salinité s’est produite, la CE passant de 55,3 dS/m à 5,7 dS/m dans la couche 0-20 cm. Par la suite, une légère tendance à la diminution a continué à être enregistrée. La plus grande quantité de sels a été évacuée au cours des six premiers mois d’irrigation, soit plus de 137 t/ha. Partant d’un rapport de la concentration de l’eau du drainage à celle de l’eau d’irrigation de l’ordre de 1/5 à 1/7, il faudrait en principe disposer d’une évacuation de l’eau de l’ordre de 15 à 20 pour cent de l’apport total pour assurer un lessivage suffisant permettant de maintenir la salure du sol à un niveau constant. La valeur 5 à 6 dS/m semble être la limite inférieure de CE d’un sol gypseux irrigué avec des eaux titrant 2 g/l. Après 10 ans, le réseau fonctionnait encore de façon satisfaisante. Concernant l’espacement des drains, la distance appropriée était de 200 m. En effet, le palmier dattier exige au moins 1,20 m de sol sain. Pour une profondeur des drains de 1,60 m, la charge est de 0,4 m. Le débit à évacuer est de l’ordre de 1,5 mm/j en été lors des irrigations de pointe. Pour: K = 2 m/j, d = 10 m pour une profondeur D de la couche imperméable au-dessous des drains de 20 m (d’après Hooghoudt pour un rayon du drain de 0,15 m), Q = 0,0015 m/j, Dh = 0,4 m: L2 = (8x2x10x0,4)/0,0015 = 42667 d’où L = 206 m En effet, il a été constaté que la plupart des eaux de drainage était évacuée par les collecteurs espacés de 200 m. Quand la perméabilité des sols est bonne jusqu’à une grande profondeur, on peut donc se limiter à un système de collecteurs profonds. Exemples d’aménagement en drainage Parallèlement aux expérimentations menées dans différents contextes sur le drainage, des aménagements de périmètres irrigués ont été effectués. Ils ont aussi été le lieu de suivis de la salinité et du drainage en conditions réelles. Quelques exemples situés au Nord, au Centre et au Sud du pays seront présentés ci-après. Le drainage des sols argileux des périmètres irrigués de la Vallée de la Mejerda La Basse Vallée de la Mejerda L’aménagement des plaines de la Vallée de la Mejerda à l’aide de grands émissaires, est antérieur aux années cinquante. Le besoin de drainage s’est fait sentir lors de la création de périmètres irrigués dans les années soixante. On peut retenir deux réalisations de référence: le périmètre irrigué d’El Habibia drainé dans les années soixante et celui du périmètre de Kalaât Landelous dont le drainage a été effectué à la fin des années quatrevingt.
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Le drainage du périmètre irrigué d’El Habibia (1960-1965) Le périmètre d’El Habibia d’environ 600 ha est à la croisée de deux oueds: l’oued Chafrou et l’oued Mejerda. Avant aménagement, la partie basse du périmètre était périodiquement inondée. Les sols, de texture argilolimoneuse, y étaient fortement salins et hydromorphes. La nappe y était affleurante dans certains endroits. Le drainage des parcelles situées en zone basse était une condition à la mise en valeur de ces sols. Le réseau de drainage concernant environ 200 ha était constitué d’émissaires principaux reliés à l’oued Chafrou. Ces émissaires recevaient l’eau de collecteurs distants de 250 à 300 m, calés à une profondeur d’environ 1,65 m de profondeur. Dans ces collecteurs débouchaient des files de drains enterrés en poterie, installés à la profondeur moyenne de 1,20 m et distants de 25 à 50 m. De nombreuses études ont été réalisées sur le périmètre, surtout entre les années soixante et quatre-vingt (Hamdane et Memi, 1976). Le drainage a certes permis de contrôler la nappe phréatique, mais les apports latéraux des zones hautes alimentaient continuellement ce plan d’eau, d’où la persistance des problèmes dans la zone basse malgré les tentatives de correction des sols. A partir des années quatre-vingt, le dessèchement d’un lac artificiel, qui, pour certains, était une source d’alimentation de la nappe, la disparition complète des crues de l’oued Chafrou et de l’oued Mejerda et enfin, un recul des superficies irriguées, ont eu pour effet un rabattement de la nappe alors que celle-ci était affleurante au cours de certaines périodes pluvieuses. A l’exception de quelques parcelles couvrant moins de 30 ha sur plus de 600 ha, les sols ont été lessivés d’une grande partie de leurs sels. Un projet de recherche en cours tentera de confirmer cette amélioration de la qualité des sols en quantifiant les paramètres du bilan hydrique et salin à plusieurs niveaux d’approche (périmètre, secteur et parcelles). Le drainage du périmètre irrigué de Kalaât Landelous (1985-1989) Le périmètre de Kalaât est situé en bordure de mer. Avant drainage (de 1953 à 1986), la profondeur de la nappe fluctuait entre 1 m en hiver et 1,40 m en été. La salinité de la nappe était en moyenne de 30 dS/m. La récupération de ces sols n’était pas possible sans un drainage très performant. Le réseau de drainage mis en œuvre entre 1987 et 1991 comprenait des canalisations en PVC annelé de 80 mm de diamètre, distants de 40 mm, placés à une profondeur moyenne de 1,5 m, des collecteurs secondaires à ciel ouvert ayant une profondeur minimale de 1,60 m, et deux émissaires qui acheminent l’eau de drainage vers une station de pompage refoulant l’eau vers la mer (Tableau 13).



TABLEAU 13: Paramètres de drainage des périmètres irrigués de Kalaât Landelous Paramètres Perméabilité de la couche supérieure : Ks1 (m/j) Perméabilité de la couche supérieure : Ks2 (m/j) Débit moyen de drainage : Q (m/j)



Valeur 0,53 0,53 0,00432 (0,5 l/s/ha)



Profondeur minimale de la nappe : Z (m)



0,68



Profondeur minimale des drains : P (m)



1,35



Hauteur de la nappe à l’interdrain :H (m)



0,68



Profondeur du substratum imperméable : D (m) Profondeur de la couche équivalente : d (m) L2 = (4* K1*H2+ 8*K2*d*H) / (Q)



3 2 1 600 [(4*0,53*0,682)+(8*, 53*2*0,68)]/0,00432



Ecartement des drains : L (m)



40



Adapté de AGRAR, 1992



L’effet du drainage s’est traduit par un rabattement de la nappe de plus de 1 m et par une baisse de sa salinité de 30 dS/m à environ 20 dS/m. Ceci a eu pour effet une baisse de la salure du sol (6,5 dS/m en surface en octobre 1989). Après la mise en marche du refoulement des eaux de drainage vers la mer en avril 1990, la salinité a encore chuté à environ 3 dS/m en surface. Depuis la mise en eau en 1992, la nappe se situe en moyenne entre 1,50 et 1,75 m de profondeur. Parallèlement, une baisse de la salinité de la nappe est perceptible. Sa conductivité électrique est actuellement en moyenne de 14 dS/m (Hachicha, 1998; Hachicha et al., 2000). Depuis l’aménagement du drainage (1987), les sols sont, globalement et à l’échelle de l’année, en cours de désalinisation. Au cours de l’année, les sols sont soumis à un régime saisonnier du point de vue salinité: l’un, cumulatif suite à l’irrigation et l’autre, soustractif lors des périodes pluvieuses.
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Evaluation de l’état et des besoins en renforcement des capacités en matière de drainage en Tunisie



La Haute Vallée de la Mejerda (1980-82) Entre Jendouba et Bou Salem, environ 26 400 ha constitués de plaines entourées de collines et de montagnes ont été assainis et irrigués à partir des eaux du barrage de Bou Heurthma. Plusieurs de ces terres étaient périodiquement submergées par les eaux de ruissellement et les eaux de crues des oueds. Le réseau d’assainissement – drainage est constitué de plus de 155 km de canaux à ciel ouvert et de drains enterrés sur plus de 2 430 ha dont 2 260 ha dans le périmètre irrigué de Souk Sebt et 170 ha dans le périmètre de Brahmi. Les paramètres de conception du réseau de drainage sont consignés dans le Tableau 14.



TABLEAU 14: Paramètres de drainage pour le périmètre de Souk Sebt Paramètres



Valeur



Perméabilité de la couche supérieure: Ks1 (m/j) Perméabilité de la couche supérieure: Ks2 (m/j) Débit moyen de drainage: Q (m/j)



0,53 0,53 0,00432 (0,5 l/s/ha)



Profondeur minimale de la nappe: Z (m)



0,68



Profondeur minimale des drains: P (m)



1,35



Hauteur de la nappe:H (m) Profondeur du substratum imperméable : D (m)



0,68 3



Profondeur de la couche équivalente: d (m) L2 = (4* K1*H2+ 8*K2*d*H) / (Q)



2 1600 [(4*0,53*0,682)+(8*0,53*2*0,68)]/ 0,00432



Ecartement des drains: L (m)



40



D’après AHT-CNEA, 1978



Ce système de drainage assure l’écoulement des eaux vers les deux principaux exutoires: l’oued Mejerda et l’oued Mellègue. La nappe qui était à moins de 1 m dans plusieurs endroits, a été rabattue à plus de deux mètres. Les émissaires sont fréquemment envahis par les roseaux et ce, malgré le curage fréquent des fossés. Le développement de ces plantes est rapide (de 1 à 2 mois). Dans le but de déléguer l’entretien des systèmes de drainage aux agriculteurs, une première expérience a été entamée pour la mise en place d’une association d’agriculteurs (GIC: Groupement d’Intérêt Collectif) dans la zone d’El Azima du périmètre de Souk Sebt (CRDA Jendouba, 1999). Les composantes techniques du système de drainage sont consignées dans le Tableau 15.



TABLEAU 15: Composantes techniques du système de drainage des périmètres irrigués de Jendouba Désignation



Quantité (m)



Des mesures du débit et de la qualité des eaux de Emissaires 38 959 drainage ont été effectuées à partir de 1997 au niveau de Collecteur en amiante – ciment 71 273 deux débouchés sur l’Oued Mellègue. Ces débits sont Collecteur en PVC 11 953 très variables, entre 1 et 55 l/s (CRDA Jendouba, 1999). Drains enterrés en PVC diamètre 58/65 571 770 D’autres mesures de la salinité sont effectuées sur les D’après CRDA Jendouba, 1999 eaux drainées au niveau de différents émissaires du périmètre de Souk Sebt. Le résidu sec est plus variable entre les sites qu’au cours de l’année pour un même site de mesure. On constate que les valeurs moyennes des mois d’hiver (octobre à avril) sont généralement plus élevées que celles de l’été, ce qui peut être expliqué par le lessivage des sols par les eaux pluviales et la contamination des eaux de drainage par celles de la nappe salée en hiver (CRDA Jendouba, 1999). La Moyenne Vallée de la Mejerda Le seul périmètre irrigué drainé dans la Moyenne Vallée de la Mejerda est celui de Mejez El Bab. Les sols d’apport alluvial à texture argileuse et peu perméables y sont irrigués par les eaux de la Mejerda. Environ 500 ha situés dans une dépression souffrent de la présence d’une nappe salée superficielle pouvant atteindre 1,25 m. Un plancher imperméable se trouve à environ 5 m. Un réseau de fossés à ciel ouvert a été réalisé en 1984 avec la création du périmètre. Ces fossés ont été curés à plusieurs reprises. Une étude est en cours pour l’assainissement et le drainage du périmètre. Il est prévu de réhabiliter le réseau existant, d’implanter un réseau de drainage souterrain et d’aménager les oueds (CRDA Béja, 1999).
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Le drainage des sols sablo-limoneux des périmètres irrigués du Centre Le périmètre irrigué de Melloulèche A la fin des années cinquante, un périmètre TABLEAU 16: Paramètres de drainage du périmètre de Melloulèche irrigué fut aménagé à Melloulèche située Paramètres Valeur à 50 km au nord de la ville de Sfax en Perméabilité de la couche au-dessus des drains: Ks1 (m/j) 1,0 bordure de mer. Les sols sablo-limoneux, 1,0 Perméabilité de la couche au-dessous des drains: Ks2 (m/j) Débit moyen de drainage: Q (m/j) 0,002 perméables et reposant sur une croûte Profondeur minimale de la nappe: Z (m) 1 calcaro-gypseuse, n’étaient pas affectés Profondeur du substratum imperméable : D (m) 60 par les sels ( 400 mm per year). There are 13 governmental schemes (1 850 000 ha). Irrigated areas account for about 64 percent of total crop production. Drainage system: the irrigation schemes are covered by a network of surface drains of different types, i.e. minor, collector, Escope and protective drains.



• In rainfed areas, the drainage is left to the natural topography of the land. A bedding system is used for surface drainage. Capacity building and training needs The Ministry of Irrigation is responsible for training. There is a training officer within the directorate of administration and finance but there is no separate training unit. Generally, the overall standard of technical training is considered to be declining. Training should take the form of special subject courses, management and trainers courses, and on-thejob supervisory training.
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THE LIBYAN ARAB JAMAHIRIYA Libya has a total area of about 1.76 million km2. The cultivable area is estimated at 2 170 000 ha. Agriculture contributes less than 5 percent to GDP. The population is about 6.5 million inhabitants. Water resources



• • • • • •



Surface water: about 100 million m3/year. Total storage capacity of dams: 686 million m3. Water withdrawal for agriculture: 4 000 million m3/year. Total water withdrawal: 4 600 million m3/year. Groundwater (renewable): 1 000 million m3/year. Capacity of desalinization plants: 10 million m3/year.



Irrigation and drainage



• • • •



Irrigated area: 240 000 ha out of a water managed area 470 000 ha. Area for potential irrigation and consequent drainage: 750 000 ha. There are three different categories of smallholder farmers (1-5 ha). Large state farms irrigate from wells.



Drainage and capacity building Drainage is related to irrigation schemes in Libya. Responsibility for all water resources management and monitoring rests with the General Water Authority. The Agriculture Authority is responsible for irrigated agriculture. There is a special authority for the Great Man-made River Project. For the irrigated areas, a drainage system must be planned. The consultant has proposed a training programme for agriculture drainage.



SOMALIA Somalia with a population of 10 million has a total area of 637 660 km2 and the longest coastline in Africa. The cultivable area is estimated at 8 million ha (13 percent of the total area). Agriculture is the second occupation after nomadic livestock. About 980 000 ha are cultivated with annual crops, with 18 000 ha of permanent crops. In the south the rainfall is 300-700 mm. Irrigation and drainage The development of irrigation and drainage systems is very poor. The main irrigated areas are in the Jube and Shebelli valleys. There is no organized system of water allocation and management. There is a salinity problem. The irrigated potential area is 240 000 ha. Controlled and spate irrigation are practised on 50 000 ha. Drainage management is almost non-existent. Drainage development and capacity building needs There are increasing drainage and soil salinity problems in the Shebelli River area. Maize yields remain low because of the inefficient irrigation and drainage system, limited availability of research, and shortage of technical human resources.
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Status of irrigation & drainage, future developments & capacity building needs in drainage



The main institutions in charge of water resources development are the Ministry of Mineral and Water Resources (MMWR) and the National Water Centre. The future of drainage in general is primarily related to a return to political stability.



ETHIOPIA Introduction Ethiopia is situated physically and ecologically in an environmentally rich region. Its natural resources make it one of the world’s most significant areas in terms of biodiversity (Berhanu, 1997). Ethiopia has 11 major lakes with a total surface area of 7 400 km2 and 12 major river basins with an annual surface runoff of 122 800 million m3. Moreover, the country has 2 560 million m3 of groundwater. The use of this vast resource is still at an insignificant stage. The country’s present drive towards agricultural development and the impact of a continuous drought over a number of years make it imperative that water resources schemes be developed in order to ensure food security and self-sufficiency. The country’s present thrust is towards both small-scale and medium to large-scale irrigation schemes to generate food surpluses as a safeguard against times of drought. Although there are many irrigation schemes, there are not many drainage schemes except for some small-scale pilot projects for the next stages of large schemes in agricultural drainage. In Ethiopia, the need for environmental impact assessment (EIA) has gradually been realized. As a result, environmental considerations are increasingly becoming important components of water resources projects. An example of environmental considerations (mainly the impact of pre-existing salinity, flooding, erosion and weather constraints as affected by irrigation) is the Machela medium-scale project which is irrigated from the Betto River (a tributary of the Blue Nile River). Land use will be affected by salinity and waterlogging problems as well as other environmental impacts in terms of water quality and the disposal of drainage water. Health status and social issues will also arise. Agriculture in Ethiopia has been dependent on rainfall. Therefore, there is a need to develop its irrigated agriculture potential. The technology used in agriculture is of a very low level, and as a result most of the population relies on subsistence farming. The level of national drainage development depends on the type of areas; highlands cover 50 percent of the total area, and 90 percent of the country’s economic activities are concentrated there. The technology base for drainage is still low, so the need for such development is essential. The development of irrigation and drainage in the country depends on technological capabilities and the assistance of bilateral and multilateral organizations for the transfer of experience and know-how and for technical cooperation and training. Such technology transfer should be an integral part of the implementation of national action plans. Climate Ethiopia occupies a central position within the Horn of Africa and on the eastern edge of the Sudan Sahelian Zone. The highlands receive a moderate to high rainfall (800-2 800 mm per year), although it diminishes rapidly in the adjacent low-lying areas of the Rift Valley and eastern lowlands (mean annual rainfall of 200-800 mm). The climate in the plateau is mild while to the east temperatures can reach 40°C. The water volume mentioned above is produced from rainfall falling mostly in a single rainy season of three to six months. Even with this rainfall, the distribution of the rainfall in terms of volume, space and time is uneven. This results in serious crop failures and water shortages.
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Water resources potential Table 1 shows the area and annual discharge of the 12 river basins in Ethiopia. The country is naturally endowed with a substantial water resources potential, though the distribution and occurrence of water through time and space is erratic. Surface water and groundwater are generally plentiful; rivers such as the Blue Nile and Awash have a high potential for regional development. The demands on water resources by municipalities and the industry, energy and agriculture sectors will increase substantially. Groundwater potential As no hydrogeological study of the whole country has been undertaken, groundwater resources have not been fully ascertained. However, the groundwater potential is estimated at no more than 2.56 million m3.



Irrigation and power potential Ethiopia can experience local water shortages in many places. Tables 2 and 3 summarize the irrigation and the hydroelectric generation potentials of the country’s 12 major river basins. The developed portion of the country is only 3 percent, while in the Nile basin it is 0.2 percent. Extensive irrigation development is the challenge if Ethiopia is to achieve its objective of sustainable food security. In recent years, the combination of land degradation, inadequate rainfall and increasing population pressure has caused serious crop failures. Irrigation techniques need to be improved in order to modernize farming and develop research and training. Individuals on private enterprises that grow sugar cane have practised irrigation of cotton in some highland areas. The Wonji Sugar Co., situated 110 km southeast of the capital, has introduced irrigation systems. The hydropower potential is estimated as 161 000 GWh/year. To date only about 2 percent of the potential has been developed and utilized.
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TABLE 1: The area and annual discharge of Ethiopia’s river basins Area (km 2)



River basin Tekeze (Atbara) Merab Abbay (Blue Nile) Baro-Akobo (Sobat) Oma-Ghibe Rift Valley Genale-Dawa Wabi-Shebelle Ogaden Awash Denakil Aysha Total



90 5 204 75 79 52 171 202 72 112 62 2 1 129



001 900 000 912 000 739 042 697 121 696 882 223 092



Volume of water (109m 3/year) 8.20 0.65 52.62 23.24 17.96 5.63 5.88 3.16 4.60 0.86 122.80



Source: Countrywide Resources Master Plan, 1990.



TABLE 2: Irrigation potential Basin



Potential gross irrigable area (ha)



Abay (Blue Nile) Rift Valley Lakes Awash Omo-Gibe Genale Wabi Shebelle Baro Tekeze Mereb Ogaden Afar Aysha (Gulf of Aden) Total



977 915 122 300 204 400 450 120 435 300 204 000 748 500 312 700 37 560 None 3 000 None 3 495 795



Net area under irrigation (ha) 21 010 12 270 69 900 27 310 80 20 290 350 1 800 8 000 None None None 161 010



% utilized 2.1 10.0 34.2 6.1 0.02 9.9 0.05 0.57 21.3 0.0 4.6



Source: based on Gizaw & Zekaria, 1989.



TABLE 3: Hydroelectric generation potential Basin



Generation potential Utilized (GWh/year)



a. Basis draining to the Mediterranean Sea: Abay (Blue Nile) Tekeze Baro Merab b. Basins draining towards the Indian Ocean: Genale Wabi Shebelle c. Rivers forming closed Internal drainage basins: Awash Omo Rift Valley Lake* Afar Ogaden Total



%



70 036 8 969 19 826 Not available



715 -



1.0 0.0 0.0 0.0



12 508 6 143



543



0.0 8.8



5 589 Not available 12 240 135 311



440 1 698



7.8 0.0 0.0 0.0 0.0 1.25



* This figure only refers to the Bilata-Segan part of the Rift Valley Lakes Basin. Source: based on Gizaw & Zekaria, 1989.
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Status of irrigation & drainage, future developments & capacity building needs in drainage



Water for agricultural production and rural development Water is an important factor in food production for both domestic uses and export. Over 90 percent of the food grown in Ethiopia is rainfed and only about 3 percent of the available irrigable land is presently under irrigation. Ethiopia’s agriculture is structurally deficient and backward although it plays a dominant role in the economy, above all as a source of food production. The failure of agriculture to supply the country’s food needs has made it necessary to depend on food imports. In the highlands, arable vertisols are extensively cropped, with little land left fallow for long. Families are large but the average farm size is about 2.0 ha. Crop and livestock subsystems are highly integrated. Crop residues provide a major share of the livestock feed, while milk, meat and manure are major livestock outputs. Crops grown are: wheat, teff, dura (maize), sorghum, oats, barley, faba and rough bean, lentils, chick-pea, and linseed. Future developments in irrigation The MOWR in Ethiopia provides a nucleus for the development of water works in the country. The MOWR is the highest federal authority for all water affairs. It has an overall planning policy and regulatory role in largescale irrigation projects. The Eastern Nile Subsidiary Programme provides an opportunity to develop the water resources of the Eastern Nile basin.



TABLE 4: Proposed Ethiopian irrigation projects Ser. No.



Project title



Irrigated Water Budget area requirement (US$ million) (ha) (BCM/year)



1



Tamr-Beles Irrigation



142 00



0.420



5 495



2



Numere Irrigation



42 900



0.429



1 565



3



Didessu Irrigation



53 483



0.534



787



4



Angar Nekemte



25 670



0.256



511



5



Metame Irrigation



24 000



0.260



35



6



Nesh Irrigation



11 153



0.111



94



7



Baro Irrigation



50 000



0.500



63



Table 4 shows the proposed Ethiopian 8 Gilo Irrigation 46 900 0.469 432 irrigation and hydropower generation Total 396 106 3.959 8 982 projects. These irrigation projects are part of Water requirement is estimated at an average of 10 000 m3/ha in the Blue the MOWR’s irrigation policy and are Nile Basin. planned for implementation in coordination with the other Nile basin countries (Egypt and Sudan). A drainage system will be a part of the scheme. These projects include different programmes that have major objectives. Table 5 lists their location, activities and training requirements.



National drainage development and research Drainage of highland areas The plateau in the centre of Ethiopia occupies more than half of the country. It is 2 100-2 400 m above sea level and slopes sharply to the eastern lowlands and gently to the western low areas bordering Sudan. Drainage and drainage type vary from highland to lowland areas. The highlands of Ethiopia cover about 40 percent of the land mass but account for about 95 percent of all cultivated land and are home to 88 percent of the total human and 70 percent of the livestock populations. The type of drainage also depends on the type of soils. Vertisols are the fourth most important soil order in Ethiopia, constituting over 10 percent of the Ethiopian land mass; of which 7.6 million ha are in the central highlands. In the highland vertisols the rate of precipitation greatly exceeds the infiltration rate during most of the main rainy season (July and August) and the water ponds on the surface. This results in a poorly aerated root environment and water runs off when it exceeds the surface detention capacity. The concentrated runoff results in soil erosion, a critical problem in the highlands of Ethiopia. During the post-rainy season, crops
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TABLE 5: Projects proposed for the Eastern Nile Subsidiary Action Programme Cooperation Ser. No.



Programmes



1



Integrated soil and water conservation



Subtotal Ecological 2 conservation



Subtotal Soil and water 3 conservation, research and training



Subtotal Natural 4 resources development, conservation & utilization



Subtotal Detailed study 5 and design of programmes



Subtotal Total



Objectives



Location



Activities



No. of projects



To conserve soil and water, and to increase the sustainability of water uses



Tekeze, Abbay, Baro-Akobo and Mereb river basins



Soil conservation, afforestation, strengthening of extension activities and construction of physical and conservation measures, etc.



10



Conservation of ecosystem elements such as soil, water, vegetation, etc. to promote their natural functioning



Different parts of the basin and specifically for the Lake Tana area



Feasibility study management, regulations and conservation



3



To support the conservation efforts with scientific findings, to improve the capacity of personnel involved in conservation and research



One selected site in each of the three basins and two in Abbay, and training in each of the basins



The research activity to be carried out in collaboration with the EARO, establishment of satellite research stations running of pilot trials, extrapolation of findings



3



To decrease causes of erosion and environmental degradation, through alternative energy sources and improving natural resources management



All over the four Design, production, basins dissemination and awareness creation



The proposed projects and programmes are at the reconnaissance level. Thus, the objective of further study is to make detailed plans



Cost in birr (million)



Cost in US$ (million)



29 925.83



3 649.49



400.00



48.78



160.26



18.32



1 297.80



158.27



206.00 31 979.88



26.12 3 899.98



8



4



28



suffer from drought, and establishment of sequential crops is often difficult without supplemental irrigation. Therefore, land drainage or a combination of irrigation and drainage are important inputs to improve yields per unit of arable land. Consequently, surface drainage systems are important for resource management both to avoid excess water and to facilitate the harvest of runoff for use as supplemental irrigation or for human and livestock needs during the dry season. Vertisol productivity is constrained by shrink/swell properties that include severe waterlogging and moisture deficit during the main rainy season. A surface drainage technology known as broad bed furrow has been introduced. This was developed after on-station and on-farm research in various vertisol areas of the country suggested broad bed furrow gave better yields than did flat seedbed. The surface drainage practices of this type allow early crop establishment, so ensuring surface cover to mitigate rainfall and runoff impacts.



128



Status of irrigation & drainage, future developments & capacity building needs in drainage



In the vertisol areas no drainage is practised except some simple surface drainage techniques on smallscale pilot areas. In other areas of the highlands, no special type of surface drainage is reported. Surface drainage is practised on an ad hoc basis depending on rainfall type, intensity and duration, and on whether supplementary irrigation is practised or not. In some rainfed areas agriculture is virtually impossible without supplementary irrigation (Belachen, 1999). The wettest part of the country, with more than 60 percent of the country’s potential irrigation area of 3.5 million ha, is found in the Ethiopian portion of the Nile River basin. Consequently, drainage is needed and Ethiopia will need to implement irrigation and drainage projects in the various integrated watershed management areas in coming years. Drainage of lowland areas A drainage master plan was conducted in 1984 on an area of 17 000 ha of the Amibara Irrigation Project (implemented between 1979 and 1986) in the middle valley of the Awash River in eastern Ethiopia. The plan classified the area into three development and rehabilitation phases. The classification took into account the abandonment of lands due to salinity and the rate of encroachment of rising saline groundwater on the remaining productive lands. Stage 1 of the plan was designated the Amibara Drainage Project I and included those areas that required drainage within the five years following 1984. Areas with groundwater above 3.0 m depth and areas where groundwater was at 6.0 m depth were abandoned. The gross area was identified in two separate areas of a total 5 450 ha. The three stages are:



• Stage I - On the Melka Sedi side and on the Amibara side. The net irrigable area is 4 740 ha. • Stage II - The areas expected to be affected by rising saline groundwater within 13 years after 1984. The area included is 5 550 ha.



• Stage III - The areas that will be affected within 20 years after 1984. The net drained area is 3 910 ha. The first stage was studied in detail to establish drainage criteria for the subsurface drainage system. The criteria adopted were used for the implementation of a subsurface drainage system in the other two stages. By 2000, the two stages of drainage areas were provided with surface and subsurface drainage systems. Table 6 presents a summary of the subsurface drainage design parameters adopted in the drainage master plan. Organizational aspects and capacity building needs The present organizational set-up The organizations that are responsible for irrigation and drainage design in Ethiopia are:



• the MOWR; • the MOA. The main organization that deals with soil and water within the MOA is the EARO. The Soil and Water Research Directorate deals with research and pilot areas in surface drainage (no subsurface drainage research to date). It has four departments:



• • • •



Soil fertility; Soil and water conservation (responsible for field drainage research); Agricultural management; Soil and water characteristics evaluation.
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TABLE 6: Subsurface drainage design parameters adopted in the drainage master plan Criterion 1



Assigned value



Drainage rates Cotton Bananas



2.5 mm/day 3.4 mm/day



2 3 4



Minimum pipe gradient Siltation allowance Maximum length of pipe



0.1% 20% reduction in capacity 400 m



5



Minimum depth of drains, at ahead of 1.6 m lateral or low point along lateral Pipe filter surround 75 mm minimum thickness



6 1



2 3 4 5



Collector Pipe Drains Drainage rates Cotton 2.5 mm/day Bananas 3/4 mm/day Minimum pipe gradient 0.05% Siltation allowance 20% reduction in capacity Maximum length of pipe run, between 300 m inspection chambers Areal reduction factor 225 & 300 mm (id) 0.7 150 mm (id) 0.8



Design consideration Drainable excess from irrigation, including canal Siltation and laying tolerance small diameters Pilot drainage scheme results. FAO Irrigation and Drainage Paper No. 38



Access for maintenance, practical limit Water table/salinity control



Enhanced hydraulic entry/soil stability As above



Siltation and laying tolerance FAO Irrigation and Drainage Paper No. 38 Access for maintenance, practical limit FAO, Irrigation and Drainage Papers Nos. 28 and 38



Source: Mekonen, 1991.



The soil and water laboratories assist those. There are two large soil and water laboratories, one in Addis Ababa on an area of more than 1 500 m2, and another at the Research Centre of Holetta, Debre-Zeit. Research centres There are seven research centres spread around the country. Each centre has multidisciplinary activities in the field of crop science, animal science, soil and water agro-economics, crop protection and forestry. Each centre has its own staff of about 100-150. The soil and water centre has its own soil and water laboratory.



Capacity building issues Capacity for managing water resources comprises numerous components. The different components of agricultural drainage are summarized below. Human capacity Capacity building depends on adequate institutions that in their turn depend on human resources. Human resources in the field of agricultural drainage in Ethiopia are at a very low level. The educational aspects at the level of universities and related institutions call for an increase in the number of professionals coupled with the enhancement of the technical and managerial skills and better conceptual and strategic capabilities. Many drainage-related educational and research programmes can be commissioned from local universities and other institutions. The international training programme can assist the country in its efforts. Training and staff development should be a high priority. Technical capacity In Ethiopia, the organizations that deal with drainage lack the technical ability to measure and predict current and future drainage problems. Some technical information about surface and subsurface drainage is available through some small experimental stations. Without enhanced technical capacity, no increase in food production should be expected in areas in need of drainage.
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Financial capacity When cost-effective and where appropriate technologies are available, local governments and individuals may only require short-term credit to implement a drainage system. However, this financing is often unavailable. Organizational capacity In Ethiopia, there is no clear or specialized organization dealing with agricultural drainage. The plan of the Soil and Water Research Directorate is to have a department that deals with irrigation and drainage management at farm level. Institutional capacity The research centres focus on soil conservation rather than drainage, especially for the highlands. The current level of research and training is not sufficient to cope with the drainage problem. Conclusions Agricultural drainage involves data collection, analysis, planning, design, monitoring and operational aspects. It requires expertise, manpower, equipment and training at different levels for technicians, engineers and senior staff. The training to be provided will depend on the country’s strategy for water resources management. International organizations have a role to play in assisting the country in technology transfer through well designed training courses.



THE SUDAN Introduction Sudan occupies the largest part of the Nile Basin area among the ten riparian countries. Sixty-two percent of the northern part of the country lies in the desert and arid zones and suffers from an unstable rainfall regime. Rainfed agriculture is practised throughout Sudan and constitutes the country’s major source of food production. Sudan’s population is expected to increase from about 27 million (1998) to about 56 million by 2025, thus putting more pressure on already strained water resources, particularly those of the Nile River. The predominant activity is agriculture, which contributes about one-third of GDP and two-thirds of export proceeds (excluding livestock). Due to the vagaries of the rainfall, people rely on irrigated agriculture.



TABLE 7: Government irrigation schemes in Sudan Scheme



Area (ha)



Gezira and Managil



870 750



White Nile pump schemes



192 375



New Halfa



152 280



Rahad



121 500



Blue Nile pump schemes



112 590



Gash Delta



101 250



Northern pump scheme



41 715



Suki



35 235



Status of irrigation and drainage



Tokar Delta



30 780



Guneid Sugar



15 795



Sudan’s irrigated sector consists of large public irrigation schemes. These cover 1.9 million ha and are irrigated mainly from the Nile River and its tributaries. They include flush irrigated areas (the Tokar and Gash deltas) and the limited areas irrigated with groundwater from small tube-wells. Table 7 lists the 13 government schemes and their area.



Assalaya Sugar



14 175



Sennar Sugar



12 960



Khashm El Girba Subtotal Other areas Total



18 225 1 719 630 143 370 1 863 000
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The irrigated sector plays an important role in Sudan’s economy and irrigation represents the single most important input for agriculture. Although the irrigated area constitutes less than 15 percent of the country’s cropped area, it produces around 64 percent of the total crop contribution to Sudan’s GDP. Wheat, sugar, vegetables, fruits and almost all the cotton come from the irrigated sector, which employs more than one-quarter of the country’s labour force. The drainage system in Sudan Most of the drainage system in Sudan is surface drainage. There are surface drainage systems in all the irrigation projects in Sudan. There are four types of drainage channels:



• • • •



Escape drains, which are designed to take excess irrigation water from main canals. Interceptor drains, which divert water from high lands to low-lying lands. Collectors, which convey water from fields to tertiary surface drains. Tertiary surface drains, which run parallel to irrigation canals and receive excess water.



The total length of these drains is about 15 000 km. There is no subsurface drainage in most irrigation projects. Water for agricultural production and rural development Different measures for the best usage of irrigation water have been given on one of the schemes in the Gezira. The Gizera scheme accounts for 50 percent of the irrigated area in Sudan. It has been chosen as a model for the other schemes. The Gizera scheme is a vast plain of clay soil which lies between the Blue Nile and White Nile rivers. The land is suitable for gravity irrigation. The nature of the impervious clay soils implies that seepage losses are very low and suggests no canal lining. The net cultivable area in the whole Gezira scheme is about 880 000 ha. Cultivation follows a fourcourse rotation. The main crops are: extra-long and median staple cotton, sorghum (dura), groundnuts, wheat and vegetables. There are some problems in the area:



• The overlapping of crops makes the required discharge exceed the design capacity of the two main canals. • Siltation of the whole irrigation network. • Weed growth. • The irrigation and drainage networks need rehabilitation. Training for water management To improve the management and operation of the Gezira scheme, both irrigation service staff and agriculturists will need training. Irrigation agency staff will require both theoretical and practical training to increase their knowledge, skills and capability to operate and maintain the system efficiently. Professional labourers need to be trained by staff to increase their understanding for proper discharge measurement (provided that all measuring structures are functioning properly). Tenant farmers should attend local training to learn the best water usage practices. This training coupled with proper and oriented extension can solve the problems affecting the Gezira scheme.
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Capacity building and training needs Introduction The emphasis in water management has been to attempt to synthesize private needs, i.e. what staff need, and public needs, i.e. what management needs to increase productivity, into a synergistic model where both the organization and the individual can maximize their priorities and potential. The Ministry of Irrigation and Water Resources (MOIWR) has two major roles:



• Advise the Government of Sudan and ensure policy compliance through direct supervision of development, monitoring and information gathering.



• Undertake practical operational activities such as the design and construction of schemes and the O&M of irrigation canals. To achieve the above objectives, the MOIWR has to train its staff. However, the training and research facilities available in the country are inadequate to meet the challenges. Moreover, the identification of the training needs has not been based on actual data.



TABLE 8: Goals, objectives and activities of the Ministry of Irrigation and Water Resources Goal:



Maximizing the potential benefit of Sudan’s resources to irrigated agriculture



Strategic objectives:



1. Ensure compliance with Sudan’s obligations under international treaties covering Nile offtake 2. Plan and regulate overall system of water usage (schemes) and retention (dams and reservoirs)



Tactical objectives



Supporting activities



Operational activities I



Operational activities II



Overall approvals to ensure consistency with strategic objectives



Activities which are necessary to ensure that overall approvals are complies with



Activities which are allied to the supporting activities and are carried out by the MOIWR



Activities currently carried out by the MOIWR which could be (and in some cases already are) carried out by other bodies.



I. Approve outline design of new schemes and new structures.



Supervise GOS contracts: New dams



1. Design new GOS schemes & structures



1. Studies and designs of new schemes or parts of schemes



Canals



2. Supervise contracts



Irrigation Structures



3. Research



Installation of equipment



2. Construction or parts of schemes rehabilitation works (parts suitable) for letting of contracts)



Maintenance



3. Supervision of construction



II. Approve criteria for 1. Operate strategic dams operation of strategic and reservoirs dams and reservoirs 2. Supervise contracts for maintenance of strategic dams and reservoirs



1. Carry out maintenance of strategic dams and reservoirs



III. Approve water 1. Extraction of water to supply quantities for ensure supplies are each scheme provided in the required quantities throughout each scheme.



1. Operate headwork



1. Studies, inspection and supervision of works required for dam safety



2. Carry out dam safety obligations 1. Carry out maintenance of headwork 2. Operate water distribution system 2. Operate water distribution: major, mains 3. Research 3. Supervise contracts for maint.: majors; mains; minors 4. Carry out maintenance: majors; mains; minors 5. Research



IV. Monitor water levels 1. Measure water loss and flows in Nile through evaporation and major rivers, 2. Measure water volumes and water and silt and flows in Nile and major quantities taken on rivers and in the schemes to scheme. 3. Measure silt volumes and flows in Nile and major rivers and in the schemes.



1. Measurements as listed 2. All or some of the activities under supporting activities listed under operational and related research activities II
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The organizational structure of the Ministry of Irrigation and Water Resources Figure 1 presents the overall organizational structure of the MOIWR as at August 1993. The structure consists of headquarters in Khartoum comprising the offices of the minister and advisers. The office of the first under-secretary, to whom the operating under-secretaries of the MOIWR are responsible, is located at Wad Medani. Responsibility for rural water resources was placed under the MOIWR with its own under-secretary. Table 8 presents details of the MOIWR’s goal and objectives. Training development and needs There is a training officer within the directorates of administration and finance (Figure 1) who runs training courses mainly for junior and clerical staff. The training committee, chaired by the director general for administration and finance, includes union representative and acts as a forum for agreeing placements for training. There is also a training unit. The MOIWR traditionally sent graduates with professional training to Europe. Senior staff were also sent for post-graduate studies on a rotational basis. However, with recent foreign exchange restrictions, this has become more difficult and opportunities for overseas training are limited to scholars. Generally, the overall standard of technical training is considered to be declining. On-the-job training A great deal of on-the-job training takes place. Table 9 details the different kinds of on-the-job training that the engineers involved in the design, construction and operation of irrigation systems receive.



TABLE 9: On-the-job training Under-secretariat



On-the-job training



Dams



Instruction on: gate opening, gauge reading, use of limpet coffer-dam.



Projects



Undertake systematic instruction in design (canals and structures), contract documents preparation, architecture.



Research training



Irrigation affairs, mechanical & electrical



Gate operation, weed control, machining, welding, store keeping.



The only directorate that undertakes research is the hydraulic research station. This station was established in 1974 and its main objective is to provide assistance in resolving irrigation-related engineering problems. There are two types of staff: graduate engineers and technicians.



Hydraulic research station



Flow measurements, design and calibration of physical models, use of computers in hydraulics.



Water resources



Flow measurements, use of computers in hydrology.



Table 10 shows the types of trained engineers, with a higher number of PhD holders compared to other under-secretariats.



Future training needs A practical training programme to improve the performance of technical staff is required. The problem is severe in terms of the training needs of irrigation affairs. Therefore, training should take the form of specialist subject courses, management and trainers’ courses, and on-the-job supervisory training. This can be achieved through a combination of overseas university courses, overseas study tours and conferences, in-country courses and tailored in-house courses. The head of the present training unit should be a coordinator with certain functions:



• • • •



receive and review training proposals from each under-secretariat; identify priorities; draw up and present a consolidated forecast programme for each project year to the First Under-secretary; monitor the progress of the consolidated programme to ensure timely and effective implementation;



Feasibility appraisal studies



PLANNING



Hydrology data



WATER RESOURCES



Op. Maint. of dams



Reg. of Nile



Engineering Design



DAMS



NILE WATERS RAMAD & GIRBA



Operation of Canal Systems



Construction & main. of canals & drains



Research



HYDRAULIC RESEARCH STATION



Construction & main. of structures & buildings



Admin. Training



ADMIN. & FINANCE



EARTHMOVING CORPORATION



Op. Maint. of Pumps, machinery



MECHAN. & ELEC.



PUBLIC CORPORATION FOR IRRIGATION WORKS & EARTHMOVING



PERMANENT JOINT TECHNICAL COMMITTEE FOR NILE WATERS



IRRIGATION WORKS CORPORATION



PUMP IRRIG. PROJECTS



FIRST UNDER-SECRETARY



FORMERLY IRRIGATION OPERATION DIRECTORATE



& MANAGIL



GEZIRA



Contract Administration



Form. Projects Direct.



PROJECT SUPERVISION



Recently



ADVISER - MECHANICAL



Urban and Rural Waters Corporation



ADVISER - CIVIL



MINISTRY OF IRRIGATION AND WATER RESOURCES



Figure 1: Ministry of Irrigation and Water Resources, organizational structure
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TABLE 10: Training level of MOIWR technical staff, October 1998 Under-sec. Planning Nile Waters &/or directorates Level of training



Dams



Irrigation Affairs



Projects



Mechanical Electrical



Finance & Admin.



Hydraulic Research Station



Eng Tech. Eng. Tech. Eng. Tech. Eng. Tech. Eng. Tech. Eng. Tech. Eng. Tech. Eng. Tech. . Eng. Eng. Eng. Eng. Eng. Eng. Eng. Eng.



Total no. of technical staff



6



-



Short course



*



-



MSc



15



6



*



-



5



15



3



*



-



5



36



150



44



26



50



70



-



*



-



*



-



*



9



3



12



-



6



3



43



12



10



* 1



-



*



1



-



4



Post-grad. diploma



2



6



1



1



1



Doing postgrad. (Dip1, MSc or PhD)



1



-



-



-



-



1



-



2



-



-



-



-



-



3



-



PhD



2



-



-



-



-



-



-



-



-



-



-



1



-



4



-



* Most of those who did postgraduate study had short-course training.



• allocate and control the use of training facilities and equipment in order to obtain the maximum use from them; • maintain contact and cooperate with training organizations and educational foundations inside and outside the country; • negotiate and specify training to be given to the MOIWR by outside agencies. In each under-secretariat there should be a training representative, a person qualified in the main department functions. This person should be capable of: obtaining objective training need assessments from all sections of the under-secretariat; and presenting these in the form of training proposals. Other qualified staff at all levels down to skilled labourers should receive in-service training in instruction methods so that they can act as occasional trainers.



THE LIBYAN ARAB JAMAHIRIYA Introduction Libya has a total area of about 1.76 million km2. It is bordered in the east by Egypt and Sudan, in the south by Chad and Niger, in the west by Algeria and Tunisia, and in the north by the Mediterranean Sea. Four physiographic regions can be distinguished:



• The coastal plains, which run along the Libyan coast and vary in width; • The northern mountains, which run close to the coastal plains and include the Jabal Nafusah in the west and the Jabal al Akhdar in the east;



• The internal depressions, which cover the centre of Libya and include several oases. • The southern and western mountains. About 95 percent of the country is desert. The estimated cultivable area is 3.8 million ha (about 2 percent of the total area). In 1987, the total cultivated area was estimated at 2.28 million ha, with annual crops accounting for 1.93 million ha and permanent crops for the rest. The total population is about 5.4 million (1995). The annual demographic growth rate was 4.1 percent between 1980-91. The average population density is 3 inhabitants/km2, but varies between 50 inhabitants/ km2 in the northern regions of Tripolitania and Cyrenaica to less than 1 inhabitant/km2 elsewhere. Agriculture
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contributes less than 5 percent to GDP, although it provides employment for approximately 13 percent of the active population. Climate The climatic conditions are influenced by the Mediterranean Sea to the north and the Sahara Desert to the south, with an abrupt transition from one type of weather to another. The following broad climatic divisions can be made:



• The Mediterranean coastal strip with dry summers and relatively wet winters. • The Jabal Nafusah and Jabal Akhdar highlands with a plateau climate with higher rainfall and humidity and low winter temperatures, including snow on the hills.



• Moving southwards to the interior, pre-desert and desert climatic conditions prevail, with torrid temperatures and large daily thermal amplitudes. Rain is rare and irregular and diminishes progressively towards zero. The average annual rainfall is 26 mm, with more than 100 mm/year over only 7 percent of the land surface. The highest rainfall occurs in the northern Tripoli region (Jabal Nafusah and Jifarah Plain) and in the northern Benghazi region (Jabal al Akhdar). These two areas are the only ones where the average annual rainfall exceeds the minimum value (250-300 mm) considered necessary to sustain rainfed agriculture. Rainfall occurs during the winter months, but great variability is observed over space and time (year to year). Water resources Surface water The total mean annual runoff calculated or measured at the entrance of the wadis in the plains is estimated at 200 million m3/year, but part of it either evaporates or contributes to the recharge of the aquifers. Therefore, the surface water resources are roughly estimated at 100 million m3/year. Sixteen dams, with a total storage capacity of 387 million m3 and with an expected average annual volume of water controlled of the order of 60 million m3, had been constructed by 1991. Additional dams are planned, to achieve a total storage capacity of 686 million m3. This difference between the average annual runoff and the storage capacity of the dams is so that the runoff water of exceptionally wet years can be stored. Groundwater Currently, aquifers are recharged only in the northern regions, namely in the northwestern zone (Jabal Nafusah and Jifarah Plain) and in the northeastern zone (Jabal al Akhdar). Renewable groundwater resources are estimated at 800-1 000 million m3/year, but part (perhaps 50 percent) now flows out either to the sea or to evaporative areas (sabkhas). Not all the renewable groundwater can be abstracted without affecting the environment, because of the deterioration of water quality by saline water encroachment. For this reason, the safe yield has been estimated at 500 million m3/year. South of the 29th parallel, an important development of Palaeozoic and Mesozoic continental sandstone enabled water to be stored safely during the long period of the late Quaternary, before the climate turned extremely arid. Most water used in Libya comes from these huge fossil reserves. Through the Great Man-made River Project, about 2 000 million m3/year of fossil water is transported from the desert to the coastal areas, mainly for irrigation but part will be used for the water supply of the major cities. Desalinated water and treated wastewater A number of desalination plants of different sizes have been built near large municipal centres and industrial complexes. The total capacity of installed plants is approximately 140 million m3/year, but sections of them
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are either not in use or only partly operational. It is estimated that only 70 million m3 of water is desalinated each year. The present level of wastewater treatment is estimated at about 100 million m3/year. Water withdrawal Total water withdrawal for agricultural, domestic and industrial purposes was estimated at 4 600 million m3 in 1994, which is almost eight times the annual renewable water resources. About 87 percent of total water withdrawal is used for agricultural purposes. All desalinated water is currently used for domestic and industrial purposes, and all treated wastewater for agricultural purposes. Trends in water resources management Over-extraction of groundwater in the coastal regions has led to a continuing decline in the groundwater level and seawater intrusion is estimated to be advancing at a rate of 100-250 m/year. If this over-extraction is not stopped or reversed, it is expected that these intrusions will lead to the contamination and pollution of all productive aquifers by 2000. Irrigation development in Libya is linked to the implementation of the project to transport fossil water from the aquifer below the desert. The Great Man-made River Project consists of five phases:



• Phase I, which has been completed recently, is expected to supply the north-central and northeastern zones extending from Benghazi to Sirt with a total of 700 million m3/year at a continuous flow rate of 2.0 million m3/d. Water will be produced by two well fields, Sarir and Tazirbu. • Phase II, which is under construction, will deliver 800 million m3/year at a rate of 2.5 million m3/d to the northwestern part of the country (Jifarah Plain) from more than 500 wells distributed in several well fields located in the northern and northeastern part of the Murzuq basin. • Phase III will add about 500 million m3/year to Phase I at a rate of 1.6 million m3/d from an additional well field within the Kufra basin. • Phases IV and V will not involve any additional water production. Instead, the conveyance lines of Phase I will be extended farther east to reach Tobruk, and farther west to link with the Phase II pipelines. Part of the water transported will be used for the water supply of the major cities on the coast: Tripoli, Benghazi, Sirt and Misratah. In addition to the development of both groundwater and surface water, a further increase in water supplies could be achieved through expanding the re-use of treated wastewater and/or adopting desalination technology.



Irrigation and drainage development The irrigation potential has been estimated at 750 000 ha. However, the development of this potential would have to rely mainly on the use of fossil water. Considering renewable water resources, it is estimated that a maximum of 40 000 ha could be irrigated in the coastal areas. The total water managed area is approximately 470 000 ha, all equipped for full or partial control irrigation. Because of the sandy soils prevailing in most areas of Libya, sprinkler irrigation is practised on almost the entire area. Of the total area of 470 000 ha, only 240 000 ha were actually irrigated according to figures from several years ago (Table 11).



TABLE 11 : Irrigation and drainage Country



Population (million)



Country area (million km2)



Surface water Groundwater (million m3/year)



(million m3/year)



Total (million m3/year)



Ethiopia



61



1.13



123 000



2.56



123 003



Sudan



33



2.51



1 050



--



1 050



Libya



6.5



1.76



100



1 000



1 100



10.6



0.64



6 000



---



6 000



Somalia
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There are three different categories of farming in the irrigation subsector:



• Smallholders, generally on 1-5 ha plots, receive substantial state support for water equipment, energy and agricultural inputs. This type of farming represents approximately 30-40 percent of the total irrigated area but is mostly concentrated in the traditional development areas, i.e. the Jifarah Plain, Jabal al Akhdar and the Murzuq basin.



• Large-scale state farming, mainly located in the southern areas, where new irrigation schemes have been set up based on highly productive deep wells supplying water to blocks divided into small plots and cultivated by small-scale farmers.



• Large-scale state farming, mainly located in the desert areas (usually pivot systems), operated by state technicians and workers. Institutional aspects Responsibility for all water resources assessment and monitoring rests with the General Water Authority, while the Secretariat of Agriculture and Animal Wealth is responsible for the development of irrigated agriculture and the implementation of major projects. A special authority, the Great Man-made River Water Utilization Authority, is responsible for the use for agricultural purposes of the water transported from the desert to the coast. The Secretariat of Municipalities is responsible for water supply to urban settlements. Future renewable water resources Libya’s water use exceeds its renewable supplies. Despite Libya’s increasing use of desalination and water recycling, rapid growth in the country’s demand for water has led it to rely on groundwater mining. The country’s southern area, a desert region with few inhabitants, overlies two of the largest groundwater basins in the world. Libya has used oil revenues to fund one of the world’s largest water engineering projects: a giant pipeline to ship water from these reserves to the more densely populated north. However, with Libya’s 1990 population of 4.5 million expected to increase to 12.9 million by 2025, water demand could outstrip the groundwater reserves of the southern desert within the next few decades.



Soils The soils of the Al-Jifarah Plain and the Nafusah Plateau are fertile, although they have become saline from over-irrigation. In the east, the soils of the Barce Plain (which stretches between the Akhdar Mountains and the sea) are light and fertile. Rich alluvial soils are found in the coastal deltas and valleys of large wadis. The rest of the country is covered by wind-eroded sand or stony desert. The soils in these areas are poorly developed and contain little organic material. On the margins of the Sahara Desert, the soils are seriously depleted from cultivation and overgrazing. The salt-affected soils in Libya amount to 2 457 000 ha.



Agriculture Agriculture is limited by the environment and by labour shortages. Only 1 percent of the total land area is cultivated, mostly on the Al-Jifarah and Barce plains and about one-tenth of that is irrigated. An additional 8 percent of the land is in pasture. Land reclamation and irrigation is a government priority. The largest projects are located at/in:



• • • •



the Al-Kufrah Oasis; Tawurgha and Sarir; the Al-Jifarah Plain; the Akhdar mountains.
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The Great Man-made River Project will also carry water from wells in the southern Sahara to the AlKufrah Oasis. Drainage There are no perennial rivers in Libya. The numerous wadis that drain the uplands are filled by flash floods during the rains and then quickly dry up or are reduced to a trickle. The largest wadi systems are the Wadi Zam Zam and Wadi Bayy al-Kabir, both of which reach the western coast of the Gulf of Sidra. Other large wadis drain the interior basins of Surt, Zaltan and the Fezzan. However, there is also extensive underground water. Numerous oases are watered by wells and springs, and artesian wells tap large deep fossil aquifers in the Fezzan and southeast Libya. Along the coastal strip there are several salt flats formed by the pounding and evaporation of water behind coastal dunes. The principal salt flats are those of Tawurgha, Zuwarah and the Benghazi Plain.



SOMALIA Introduction Somalia, with a total area of 637 km2, has the longest coastline in Africa; in the north on the Gulf of Aden and in the east on the Indian Ocean. It is bordered by Kenya in the south, by Ethiopia in the east and by Djibouti in the northeast. The cultivable area was estimated at about 8 million ha in 1985, or 13 percent of the total area. In 1984, it was estimated that about 980 000 ha were cultivated with annual crops, i.e. 12 percent of the cultivable area. About 19 000 ha consisted of permanent crops in 1993. The total population is about 9.23 million (1995), of which 74 percent is rural. The average population density is about 15 inhabitants/km2. The annual demographic growth rate is approximately 3.1 percent. After nomadic livestock grazing, agriculture is the second traditional occupation for most Somalis. Some 70 percent of the working population was engaged in agriculture in 1991 and this sector accounted for 65 percent of the country’s GDP, including forestry and fisheries. Bananas are the principal cash crop, accounting for 40.3 percent of export earnings in 1988. Climate The climate of Somalia is arid to semi-arid, with an average annual temperature of 27°C. It is hotter and drier in the interior and on the Gulf of Aden, but cooler on the Indian Ocean coast. The annual rainfall is less than 250 mm in the north, about 400 mm in the south, and 700 mm in the southwest. On average, the country receives 253 mm of rainfall per year. Rainfall distribution is bi-modal. It falls mostly in the gu (mid-April to June) and the der (October to December) seasons. The country is regularly subject to periods of drought. Water resources The total internally produced water resources are estimated at 6 000 million m3/year, and the incoming surface water resources at 9 740 million m3/year. Water resources in Somalia are dominated by surface water. Along the Gulf of Aden, there is a mountainous zone with rugged relief which is subject to torrential flows. This causes considerable erosion. The land slopes down towards the south and the south-flowing watercourses peter out in the sands of the desert. The rest of the country consists of a plateau. This is crossed by the two main rivers of Somalia: the Shebelli and Juba rivers. These originate in the Ethiopian plateau and drain in a southeasterly direction towards the Indian Ocean. Over 90 percent of the discharge of these rivers originates from runoff in the Ethiopian highlands and there are large annual variations in discharge. Within Somalia, the discharge decreases
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rapidly, due to losses by seepage, evaporation, and overbank spillage during the early part of the year. Contribution to river flow from inside Somalia occurs only during heavy rainfall. The contribution of other drainage basins to surface water is generally insignificant. This normally consists of occasional runoff in seasonal watercourses. The groundwater potential is limited because of the limited recharge potential. In the northern region, some subsurface flows in the wadis are tapped for small irrigated farms (1-25 ha). However, studies are required for the exploration of groundwater resources. Dams There are no dams on the Shebelli River within Somalia, but off-stream storage exists at Jowhar (200 million m3), upstream from most of the irrigated lands and downstream of the Jowhar sugar estate. A second offstream storage reservoir, which could store 130-200 million m3, has been proposed for Duduble, upstream of Jowhar. Another proposed dam is the Baardhere dam on the Juba River, primarily for hydropower, but which should also provide maximum water control and storage in the Juba Valley irrigation projects. Soils Vertisols occupy less than 20 percent of the Bay Region of Somalia, yet virtually all the crop production in the region occurs on these soils. The other soils of the region are suitable for rangeland. The combination of soil types supports an established, stable, and well adapted agropastoral system that integrates livestock and crop activities. Constraints include unreliable rainfall, labour shortages and low soil fertility. Irrigation and drainage development Despite the importance of irrigation for the main cash crops (bananas and sugar cane), the development of irrigation and drainage systems is very poor. In the main irrigated areas in the Juba and Shebelli valleys, there is no organized system of water allocation and management and there is a salinity problem. The irrigation potential is estimated at 240 000 ha. In 1984, the total water managed area was about 200 000 ha, of which 50 000 ha had reasonably controlled irrigation; the rest being spate irrigation entirely for maize production. In 1984, about half of the full or partial control irrigation schemes were traditional, small-scale schemes and half were medium and large private and state schemes. Irrigated farms supported some 135 000 people. For irrigation water management and drainage, services are almost non-existent. The lack of an effective water authority or management system is one reason for the low (20-25 percent) irrigation efficiency and deteriorating performance. Farmers, individually or in groups, abstract water from rivers or canals regardless of crop rotation or crop water needs. Water use is governed by proximity to the distribution outlet and extraction upstream. The major irrigated crops are maize (spate), sugar cane (mainly state farms) and bananas (mainly private farms). Official statistics show, for the period 1970-1986, a slight decrease in area and a static yield for bananas, while there was an increase in areas and a considerable drop in yield for sugar cane. This can be attributed mainly to the increasing drainage problems and soil salinity at the Jowhar sugar estate on the Shebelli River. Maize production increased sharply due to the wide expansion of the planted area (from 102 000 ha in 1971 to 350 000 ha in 1985), while yields remained low. In irrigated areas, maize yields remained low because of the inefficient irrigation system, limited availability of research, the absence of higher yielding varieties, and a shortage of inputs. Institutional environment The main institutions in charge of water resources management and development in Somalia are the MMWR and its National Water Centre. The Water Development Agency is responsible for operations exploiting groundwater resources for domestic water supply.
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Drainage development Agricultural drainage is related to:



• Irrigation; • Soils; • Soil salinity and waterlogging problems. Drainage services are almost non-existent. The lack of an effective water authority or management system contributes to drainage problems. The World Bank (1987) has outlined a strategy for the development of drainage and drainage management. Drainage needs in terms of capacity building FAO cites the loss of livelihoods due to recurring droughts, the long-term effects of civil insecurity, the long-running civil war, and lack of investment in the economy as serious problems related to irrigation and drainage. The main institutions in charge of irrigation and drainage management need to be strengthened through a well designed management and training programme. Training in drainage is essential for this country.



CONCLUSIONS AND RECOMMENDATIONS General Water resources Table 12 presents the figures for water resources (excluding rainfall) in Ethiopia, Sudan, Libya and Somalia, and Table 13 presents the per caput water availability as reported by FAO.



TABLE 12: National water resources, 1998 Country



Ethiopia



Population



Country Surface Groundwater area water (million (million (million) (million km2) m3/year) m3/year) 61



1.13



123 000



2.56



Total (million m3/year) 123 003



Sudan



33



2.51



1 050



--



1 050



Libya



6.5



1.76



100



1 000



1 100



10.6



0.64



6 000



---



6 000



Somalia



Irrigation and drainage Irrigation systems have existed for almost as long as settled agriculture. Table 14 presents the irrigation potential in the four countries under consideration. Although only about 20 percent of the cropland in these areas is irrigated, it produces over 30 percent of the food, making it roughly 2.5 times as productive as rainfed agriculture. In spite of the pressing need for expansion, less new land is being bought under irrigation. This is because of the shortage of suitable land, the rising cost of constructing irrigation systems, and the scarcity of water in some of these countries.



TABLE 13: National per caput water availability, 2000 Country



Ethiopia



Renewable Including rivers water resources from other (m3 per caput) countries (m3 per caput) 20 000



--



Sudan



905



3 923



Libya



108



108



1 086



1 086



29



934



Somalia Egypt



TABLE 14: Irrigation potential



Waterlogging and salinity Waterlogging and salinization have sapped the productivity of nearly 50 percent of the irrigated land. Unless irrigated fields are properly drained, salts will build up in the soil and make the land infertile. Table 15 presents the salt affected soils in



Country



Irrigation potential areas (ha)



% utilized



Ethiopia



3 495 795



4.6



Sudan



2 000 000



15.0



Libya



470 000



50.0



Somalia



240 000



20.0
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these four countries as reported by FAO. However, assessment of salinization at national levels is a difficult enterprise and little information on the subject emerged during the survey.



TABLE 15: Salt affected soils Country



Saline, solonchaks (000 ha)



Ethiopia



10 608



Sudan



Drainage



2 138



Libya



2 457



Somalia



1 564



Strategies to improve the situation should be defined. Drainage of the above areas should be considered as a priority in most of these countries. Drainage combined with adequate irrigation enables leaching of the salts and increases the productivity of the land. Some of the irrigated areas have been provided with drainage facilities varying from 0 to 3 percent of the affected salinized areas. Capacity building issues and needs



• Human capacity. Human resources in the field of drainage are of a low level. Training and staff development • • • •



should be a high priority. Technical capacity. There is a lack of technical ability to measure and predict future drainage problems. Financial capacity. Financing is often unavailable. Organizational capacity. There is no specialized organization dealing with agricultural drainage. Institutional capacity. Research centres are not directly involved in agricultural drainage.



Recommendations Agricultural drainage requires expertise, manpower, equipment, financing and, most important of all, training at different levels. International organizations need to assist in this field.
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Institutional and human resources capacity in research, development and technology transfer in agricultural drainage in Egypt



INTRODUCTION In developing countries, institutional weaknesses and malfunctions are major causes of ineffective and unsustainable water services. This requires urgent attention to build institutional capacity at all levels. The need to manage overall water resources more coherently and to facilitate the allocation of water among all users requires an expansion of national integrated planning. The critical new institutional challenge is to develop policies, rules, organizations and management skills that can address both needs simultaneously without constraining the major aims of each. Each country and region has its specific characteristics and requirements with respect to its water resources situation and its institutional framework. Therefore, operational strategies for water sector capacity building must be tailor-made. Such strategies should be long term and their main objectives should be to improve: the quality of decision making; sector efficiency; and managerial performance in the planning and implementation of water sector programmes and projects. This paper examines the capacity in R&D and technology transfer in agricultural drainage in Egypt.



WHY CAPACITY BUILDING Capacity building is a global concept and a strategic element in the sustainable development of the water sector. It is a long-term ongoing process that has to penetrate all activities in the sector. Capacity building is viewed as the process of gaining technical, managerial and institutional knowledge and insight in relation to the socio-economic structure, cultural standards and values of the society concerned (Hamdy, 1999). It aims to increase the flexibility of institutions and society to adapt to the changing circumstances. Specifically, capacity building encompasses the country’s human, scientific, technological, organizational and institutional capabilities. A fundamental goal of capacity building is to enhance the ability to evaluate and address the crucial questions related to policy choices and modes of implementation among development options. It is based on the understanding of environmental potentials and limits and on needs as perceived by the people of the country concerned. It aims to foster: an enabling environment with appropriate policy and legal framework; institutional development including community participation; human resources development (HRD); and stronger managerial systems.
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Capacity could have different meanings for different people. It is currently used, often interchangeably, with other terms like education, training and institutional development. However, the emphasis given to specific issues by individuals or institutions could be significantly different. Many failures in water resources management are the result of weak institutions and a lack of trained staff. Capacity building has been identified as the missing link in African development (Alearts et al., 1991). The lessons learned during the past decade are that technical solutions alone cannot provide the world’s population with a secure water supply and proper environmental sanitation. According to Hamdy (1999), many national and local institutions responsible for water management and water delivery do not work efficiently or effectively because of:



• • • • •



inappropriate policies for water management and unclear definition of the mandates of the institutions; lack of resources (inadequate funding and human resources); an environment that is not conducive for institutions and inhibits job satisfaction; inadequate education and training facilities; lack of participation and commitment from communities and customers.



Therefore, countries constantly need to adapt their policies and associated strategies to new circumstances and challenges. To build capacity, the process of formulating a water sector strategy is perhaps as important as the resulting strategy.



INSTITUTIONAL ARRANGEMENTS IN THE DRAINAGE SECTOR In Egypt, the MWRI is responsible for the development of water resources and the construction and maintenance of the irrigation and drainage systems. The development of the drainage subsector in Egypt involves several parties: the EPADP, the DRI, the contractors and the end-users (farmers). The Egyptian Public Authority for Drainage Projects The EPADP implements the policy of the MWRI towards land drainage for drainage projects. It is a semiautonomous organization responsible for the design and implementation of all drainage works including the O&M of the main and field drainage systems. Five regional departments undertake the construction and maintenance of field activities: Upper Egypt, Middle Egypt, East Delta, Central Delta and West Delta. Each regional office consists of a number of directorates for the implementation of pipe drains, remodelling of open drains and maintenance. The EPADP also includes four departments at its Cairo headquarters for research and design; planning and follow-up; electrical and mechanical aspects; and administration and finance. The Drainage Research Institute With the need to adapt international drainage technology to the Egyptian setting, the DRI was established as one of the 12 research institutes that form the NWRC of the MWRI. It is responsible for carrying out applied research in the field of agricultural land drainage and related subjects. Article 3 of Presidential Decree No. 830 of 1975 and Article 17 of Presidential Decree No. 316 of 1994 specified the main tasks and responsibilities of DRI as follows:



• To develop and test appropriate methods and technologies for the planning, design and implementation of drainage systems for waterlogging and salinity control for irrigated agriculture;
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FIGURE 1: Division of Drainage Research Institute staff by discipline Drivers 14%



Senior Researchers 3% Senior Engineers 12%



Junior Engineers 19%



Labourers, cleaners, etc. 26%



Technicians, observers, secretaries 26%



• To identify the most convenient and economic methods of O&M of subsurface drainage systems, leading to maximum possible lifetime;



• To develop specifications for drainage materials; • To determine and evaluate the technical and economic effectiveness of drainage projects and their effects on soils and crops;



• • • • •



To develop strategies and criteria for the rehabilitation of subsurface drainage systems; To establish drainage coefficients and develop principles for the planning and design of open drains; To determine drainage water quantity and quality and the potential of re-using drainage water in irrigation; To develop criteria and guidelines of the re-use of drainage water in irrigation; To carry out environmental impact assessments of the implementation of drainage systems and re-using drainage water.



The DRI employs 166 people, of whom more than 70 are research staff (Figure 1). The research staff of the DRI are well qualified and trained. The research staff work in four departments: the Covered Drainage Department; the Open Drainage Department; the Special Studies Department; and the Laboratory Department (Figure 2). The budget is paid by the Government of Egypt, based on the DRI’s five-year plan. This plan lays down the DRI’s main research themes and activities. Contractors Several Egyptian contracting companies have actively participated in the construction of both tile and subsurface drains as well as the construction and renovation of open drains and pumping stations. The execution of tile drainage was started initially by large public-sector companies, and gradually several privatesector companies have also evolved. Farmers The direct beneficiaries of the drainage works are the farmers. Under Egyptian law, farmers have to pay for the system costs over a 20-year period, without interest, starting one year from the date of system completion.
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FIGURE 2: Organizational structure of the Drainage Research Institute Board of Directors
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LAND DRAINAGE PROJECTS IN EGYPT The implementation of the recent national drainage programme was started in 1970 by the EPADP under a new project planning policy. It included the widening and deepening of the existing main open drains, the excavation of new main drains, the construction of their structures, the construction of new pumping stations and the rehabilitation of old ones. It included the installation of subsurface drainage systems of laterals and collectors in gridiron layout. The average field drainage depth is 1.35 m and the minimum depth of water level in the main drains is 2.5 m (Abdel Dayem, 1986). The total target of the surface drainage is 3 024 000 ha, of which 2 058 000 ha in the Nile Delta and 966 000 ha in Upper Egypt. The area covered by improved open main drains as at the end of 1997 was about 2 800 000 ha for a total cost of LE1 060 million. The rest of the target area will be completed during the five-year plan 1997/98-2001/02 (Table 1).



TABLE 1: Areas of surface drainage projects Region



Target area



Area completed 31/12/1997



Expected area to be completed 1997/2002



(ha) Nile Delta Upper Egypt Total



2 058 000



1 938 000



966 000



859 000



120 000 107 000



3 024 000



2 797 000



227 000



The implementation of subsurface drainage consists of the installation of covered field TABLE 2: Progress of implementation of subsurface collectors of cement or plastic corrugated pipes drainage and the installation of buried lateral drains of Region Target area Area Expected area completed to be completed corrugated PVC pipes with envelopes. The total 31/12/1997 1997/2002 area to be provided with subsurface drainage is (ha) 2 688 000 ha, of which 1 932 000 ha is in the Nile Delta 1 932 000 1 369 000 252 000 Nile Delta and 756 000 ha in Upper Egypt. The Upper Egypt 756 000 563 000 84 000 total executed area as at 31 December 1997 was Total 2 688 000 1 932 000 336 000 1 932 000 ha, of which 1 369 000 ha is in the Nile Delta and the remainder is in Upper Egypt. The total cost so far is LE1 796 million. In the next five-year plan (1997-2002) it is proposed to implement tile drainage for an area of 336 000 ha, some 252 000 ha in the Nile Delta and the rest in Upper Egypt (Table 2). Farmer complaints and maintenance difficulties are important factors in deciding on the need for rehabilitation. The total rehabilitated area was 154 560 ha at the end of 1997, for a total cost of LE199 million
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(Hamza, 1998). For the current five-year TABLE 3: Implementation plan for rehabilitation plan, a reserve has been set aside to Area completed Expected area to be completed during at 31/12/1997 rehabilitate field drainage in another 1997/2002 2002/2007 2007/2012 147 000 ha in both the Nile Delta and (ha) Upper Egypt at a total cost of 155 000 147 000 168 000 210 000 LE340 million (Table 3). This is equivalent to rehabilitating 29 400 ha per year. The rate will increase in the period 2002-2007 to 33 600 ha per year at a total cost of LE130 million per year. This will be increased again in the period 2007-2012 to 42 000 ha per year to be rehabilitated at a total cost of LE170 million per year. Foreign loans and international agreement with the EPADP The drainage projects in Egypt need high levels of investment in order to achieve their goals. Many agreements have been signed with several foreign donors to finance the drainage projects. Some of these agreements are soft loans and others are grants. Tables 4 and 5 show the areas and investments of drainage projects for completed and current agreements respectively. The Egyptian Government has financed the rest of the drainage project areas.



EXECUTION OF DRAINAGE SYSTEMS IN EGYPT The EPADP has acquired considerable experience in design, procurement and implementation during the last 30 years. It prepares designs based on semi-detailed field investigations. Designs include soil mechanical analysis, hydraulic conductivity, water table depth, soil salinity and chemical composition.



TABLE 4: Completed agreements Ser. No.



Agreement



Total area



1 2 3 4 5 6 7 8 Total



Nile Delta I (WB) Upper Egypt I (WB) Dutch Project (NL) Nile Delta II (WB) Upper Egypt II (WB) Nile Delta V (WB) ISAWIP (CIDA) Islamic Bank



Open drainage (ha) 399 000 126 000 326 000 210 000 59 000 35 000 1 155 000



Loans



Subsurfac e drainage (ha) 399 000 126 000 18 000 168 000 194 000 195 000 25 000 32 000 1 157 000



(millions) US$24 US$35 Dfl10.4 US$54.3 + DM50 US$65 US$63 + Dfl10 C$27.5 + US$11 US$11



TABLE 5: Current agreements Ser. No.



Agreements



Financing agency



Total area Open Subsurfac drainage e drainage (ha)



(ha)



Loan or grant (millions)



1



Upper Egypt V



(ADB, ADF)



49 000 + 59 000



36 000 UA27.83



2



National Drainage Project



(IDH, IBRD, KFW, NL)



202 000



311 000* US$160



3



Rehabilitation



ADF



Total



42 000 352 000



42 000 UA19.342 389 000



* = Includes rehabilitation of 63 000 ha.



The EPADP prepares working ADB = African Development Bank; ADF= African Development Fund; CIDA = International Development Agency; IDA = International Development drawings and bills of quantities for each Canadian Association; KFW = German Bank for Reconstruction; NL = Netherlands drainage project. These works are central Government; WB = Word Bank. activities that follow a well-defined work plan. The EPADP’s central department also prepares bidding documents for: the procurement of equipment, spare parts, and PVC powder; the installation of pipe drains; the remodelling or construction of open drains; and the construction of pumping stations. In addition, the EPADP produces and provides the PVC tubes required for the field drains. Contractors and contracting procedures Public-sector organizations carry out the execution of the field drainage systems. Many of them are now in the process of converting to the private sector. Currently, about 30 private contractors are working in field
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drainage construction throughout the country. Primarily, public sector contractors implement open drains. Quality control related to field works is a mutual responsibility of the EPADP’s supervisory staff and the contractor’s implementation staff. Standards and specifications The generalized selection criteria for areas to be drained are the water table depth, the soil salinity or areas where declines in yields are observed. Any one or combination of these factors can affect the priority of drainage implementation in areas with an improved main system. The current implementation rate is 63 000 ha/ year, divided among contracts. Each has an area of between about 3 000 and 4 500 ha. Improvement in the implementation rate has been achieved through: the use of more pipe-laying machines, the use of laser equipment for depth and grade control, the introduction of plastic tubing, the intensive training of machine operators and mechanics, and the improvement of construction planning and management. However, it has been realized that the size of the present contracts is small, with a duration not exceeding two years. Therefore, they are not attractive to contractors because the recovery of equipment costs and spare parts in such a brief period leaves a negligible amount for normal operating revenues. As a result of this cash flow problem, many contractors are unable to meet their commitments. Thus, it is essential to review the project implementation procedures and make the necessary revisions to promote more efficient performance by contractors. Cost and cost recovery Egyptian law specifies full recovery of the investment costs of field drainage over a 20-year period, without interest, starting one year from system completion. Cost is computed as the sum of: the installation contract value, the cost of the pipes supplied by the EPADP, farmers’ compensation for crops destroyed during installation, and an administrative charge of 10 percent of the installation contract.



OPERATION AND MAINTENANCE The EPADP is responsible for the O&M of all completed drainage works. However, during construction and for one year following the completion of a contract unit, the contractor is responsible for the maintenance of the subsurface drains. Maintenance centres belonging to the EPADP carry out the subsequent O&M. Maintenance of the main open drains is performed entirely by contractors according to a plan prepared by the EPADP regional departments and inspected under their supervision. Provision is made for the indirect recovery of maintenance costs through the revision of the annual land tax following the introduction of the drainage project.



MONITORING AND EVALUATION PROGRAMME Monitoring and evaluation of the implemented drainage projects and determination of their impact on the water table, soil salinity and crop yield is carried out by the EPADP’s Department of Planning and Followup. Baseline monitoring in sample areas is undertaken prior to drainage installation. It is then repeated one year after field drainage construction and continued for at last three more years.



DRAINAGE MATERIALS Corrugated PVC tubes (80 mm in diameter) are used for lateral field drains. These have replaced the cement tiles used until the late 1970s. In addition to easier handling and transportation, they have improved the
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performance of the covered system. Although the raw materials for producing PVC tubes are locally available in Egypt, local production has not been enough to meet demand, and raw materials have sometimes been imported from abroad. Concrete pipes are still in use for the larger-sized collector drains. However, highdensity polyethylene tubes have recently been produced to replace the concrete pipes, especially in unstable soils. The envelope material currently used is a synthetic envelope. It is used for soil that has a clay content less than 30-40 percent (the higher percentage requirement applies to the clay soils affected by sodicity). Difficulties in obtaining the right grading and in transporting and applying the gravel envelope have been experienced throughout the implementation of drainage projects. Most of the past drainage projects were implemented in structurally stable soils. Thus, envelope materials have not been used on a wide range of soils. Many of the new project areas will be within areas characterized by unstable soils.



THE ROLE OF THE DRI IN LAND DRAINAGE RESEARCH AND TECHNOLOGY TRANSFER Research on drainage design criteria For each region in Egypt where drainage projects are planned, the adequate design criteria are processed and verified on the basis of intensive field investigation and data collection. The design criteria include drainage coefficients and water table depths (which express the targeted controls of waterlogging and salinity under the prevailing irrigation practices), cropping patterns and soil characteristics. Hydrological conditions also play an important role in the determination of the criteria where natural drainage or upward seepage has appreciable effects. Another design issue is the procedure used for determining the appropriate drain depth and spacing. Analytical spacing equations have been developed for varying conditions. A more integrated approach based on the simulation of water management in irrigated fields is also considered. The simulation model DRAINMOD-S was developed to determine the drain spacing on the basis of crop yields as a function of moisture and salinity stresses in the rootzone. The model is also used to evaluate the performance of drainage systems under varying conditions of irrigation practices, irrigation water quality and cropping patterns. Many researchers in the DRI have studied this concept for their PhD. They have trained others how to use the model. The DRI is the window through which modern technologies are introduced into Egyptian drainage practices after testing, and in many cases, after adaptation to local conditions. During the past two decades, plastic tubing has replaced pipes and pre-wrapped synthetic envelopes have been gradually introduced into local practices. The DRI investigates new cost-effective techniques and evaluates their suitability. Trenchless technology was tested successfully in 1996 in areas with unstable soils as well as in clayey soils. Training course and field visits have been held in the Netherlands to improve researchers’ capability on these topics and to enable them to provide guidance in transferring this technology to Egypt. Pipe connections, manholes, flushing structures and other drainage system components have been also subject to research to improve their quality and method of construction. Quality control methods and equipment are always subject to consideration as part of the process of assuring the quality of constructed systems. Maintenance equipment and procedures are another area of interest for research. The DRI studies drainage in special conditions, such as areas subject to artesian pressure, unstable soils and areas with rice in the crop rotation. Traditional procedures for testing new design concepts and technologies in pilot areas are implemented through coordination between the DRI and the EPADP. These pilot areas are equipped with instrumentation that provides data about the climate, discharges, water levels, salinities and soil moisture.
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FIGURE 3: The drainage system and monitoring locations of the Nile Delta Mediterranean
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The performance of drainage systems is the measure of their success against the relevant design objectives. Monitoring the performance of the existing drains is therefore a key factor for evaluating their design, construction and maintenance. While the DRI carries out a lot of monitoring activities for research purposes, the development of performance indicators for evaluation is still a subject for research. This is especially important in decisions on the rehabilitation of existing systems. The economic and environmental impacts of drainage systems are also matters of concern at the DRI. Research work on crop yield as a function of water table depth and soil salinity is carried out under varying climatic and soil conditions. The most economic system under certain prevailing conditions is a target of research. Salts, nutrients and pesticides leached by drains are determined through close field monitoring. The transport and fate of these pollutants are subject to careful monitoring and study along the passage of water from the soil surface to the drain outlet. Research on drainage water re-use The formulation of an appropriate strategy to ensure optimum utilization of available water resources to meet the demands of different sectors, including agriculture, has acquired the utmost urgency because of the mismatch between water resources availability and growing demands. The re-use of agricultural drainage water for irrigation purposes is considered to be an important component of the MWRI’s strategy to supplement fresh water supplies. However, there is a need to develop tools that help in drawing up long-term plans and suitable guidelines for decision-makers at different levels, including farmers, on how to irrigate with drainage water while maintaining a sustainable agriculture. The DRI has invested considerable resources in designing, establishing and operating regional networks to measure the drainage water quantity and quality and to monitor their spatial and temporal variations in the Nile Delta and Fayoum. A routine measurement programme has been formally established and maintained since 1984. A well-sustained database has been established and developed into a GIS. While salinity and salt ions were the main components of the quality-monitoring programme until 1994, the increasing trends in water pollution from agricultural, industrial and domestic sources have led to the inclusion of toxic and biological pollutants. The monitoring network is being upgraded to measure the heavy-metal, pesticide, bacteria and pathogen loads in the drainage water. The present drainage monitoring programme consists of 140 monitoring locations on the main drains in the Nile Delta and Fayoum. These are monitored regularly on a monthly basis for 34 water quality parameters (Figure 3).
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FIGURE 4: Number of trained staff at the Drainage Research Institute 40
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A sound strategy for the re-use of drainage water in irrigation requires the ability to predict future changes in drainage water quantity and quality due to varying scenarios of water management and cropping patterns. The development of the Simulation of Water Management in the Arab Republic of Egypt (SIWARE) model has opened new horizons for researchers, water managers and planners. It enables them to thoroughly analyse the behaviour of the hydrological and agricultural systems as influenced by the water management and irrigation practices adopted and to predict the consequences. The SIWARE mathematical model, which was developed for Egyptian conditions, has become an important planning and decision-supporting tool at the MWRI. The DRI continues to develop the model and use it as an intelligent user-friendly research tool. Sound water management, dependent on agricultural drainage water for irrigation, entails proper awareness of the causes of salinization and knowledge about how to control or prevent its occurrence. It also requires knowledge about crop tolerance to salinity, water requirements for leaching salts, and the more important harmful effects of drainage water irrigation on soils, crops, groundwater, human health and natural habitats. In order to develop such knowledge, the DRI continues to carry out studies that develop guidelines for drainage water irrigation. These are based on technical, agronomic, economic and environmental aspects. The field monitoring, experimental work and modelling activities carried out by the DRI have helped in developing a national strategy for the re-use of drainage water in irrigation on a sustainable basis. Tailor-made courses (national and international) have been held to improve staff skills and knowledge in the above topics and technology. Figure 4 shows the number of staff trained at the DRI between 1978 and 2000. Special research and studies Building on its ongoing research activities, the DRI is very active in responding to the requests made by different departments of the MWRI as well as other external institutions to carry out specific studies. Reclamation of salt-affected heavy clay soils, canal seepage, water quality and drainage water re-use related issues have been the most common problems of the past few years. The research work carried out by the DRI has been instrumental in helping clients solve their problems. The DRI is gaining a reputation both nationally and internationally for reliability and for doing quality work for different clients. The following are some examples of special studies carried out by the DRI in recent years:
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PLATE 1 Trenchless V-plow machine



• Re-use of drainage water as part of water security in Egypt (a study carried out for the Planning Sector of the MWRI).



• Water quality problems and source of pollution in the waters of the Max and Tabia pumping stations (a study carried out for the Mechanical and Electrical Department of the MWRI within a World Bank financed project).



• Seepage effects on the irrigation canals and drains in the Tina Plain of Sinai (a study carried out for the North Sinai Development Authority).



• Reclamation of saline-sodic soils of the Tina Plain in Sinai and development of leaching curves and procedures on an economic basis (a study carried out for the North Sinai Development Authority).



• Monitoring drainage water quality in the Bahr El-Baqar Drainage System, a study carried out for the Overseas Development Agency (ODA), the United Kingdom.



• Development of GIS for drainage water in the Nile Delta (a study carried out for the Academy of Science, Egypt).



• Water and salt balance for El-Beheira Pilot Area (a water conservation study for the USAID financed project on strategic research). Collaborative research and networking Within its main priority themes for research, the DRI conducts a wide range of activities in collaboration with many national and international research institutions and universities for technology transfer, joint research, training and exchange of experience. The DRI was one of the first research institutions to respond to the IPTRID initiated by the World Bank and the International Commission on Irrigation and Drainage (ICID). This yielded a joint research agenda with the IWASRI in Pakistan. It also produced a number of technical assistance projects in Egypt, two of which are carried out by DRI. The Netherlands and the African Development Bank have provided the financial support to these research programmes. For more fruitful and productive cooperation, the DRI has signed two memoranda of understanding with the ILRI and the Winand Starring Centre - DLO in the Netherlands. The DRI is also a member of the International Network on Waterlogging and Salinity Control. In addition, it is the host of the Academic Link between the NWRC and the Institute of Irrigation Studies of Southampton University, the United Kingdom. The DRI also hosts the National Network of IPTRID and the Secretariat of the Egyptian National Committee on Irrigation and Drainage.
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FIGURE 5: Rates for different types of drainage machines 650
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Examples of research work by the DRI Trenchless drainage technology As part of the Egyptian-Netherlands technical cooperation an experiment with the use of a Trenchless Vplow machine (Plate 1) was implemented in Egypt in the period April-July 1996. The objectives of the trenchless experiment were:



• • • • •



To determine the feasibility of trenchless installation under Egyptian irrigated conditions; To facilitate installation in unstable soils; To reduce drainage installation costs; To introduce the trenchless technique to the public and private sectors in Egypt; To reduce the risk of piping and smearing due to improper blinding and backfill of laterals.



A total length of 142 km of field drains was installed in (heavy) clay and loamy sand soils, at drain depths of between 1.20 and 1.70 m below the soil surface. Intensive monitoring of the construction showed that the production per hour of the V-plow was 1.6 times higher than the average production of trenchers with a comparable age (Figure 5). Moreover, the installation cost per kilometre of drain was 17 percent lower. The average daily production during the experiment was 2 724 m per day. Calculations show that the Vplow costs US$257/km (including an excavator), while the trencher costs US$309/km (without an excavator). Thus, US$2.73 million per year could be saved by using trenchless technique for installing subsurface drainage systems in Egypt. Controlled drainage and farmer participation A large-scale programme of land drainage has been implemented in Egypt. Some areas have been planted with rice and provided with subsurface drainage system. The presence of rice as a wet-foot crop in the crop rotation requires that the farmer close the subsurface drain during the summer season. This creates a problem of water table rise in neighbouring areas cultivated with maize and cotton (dry-foot crops) if served by the same collector. The modified drainage system was proposed for rice areas to prevent this problem by consolidating rice areas on selected sub-collectors. Pilot area research and monitoring activities have revealed that there is considerable water saving when the modified system principles are applied. Before 1992 farmers were required to apply consolidated cropping (summer crops concentrated in blocks of 10-20 ha). This made the modified system principle possible. Since then cropping has been liberalized with farmers free to plant any crop. This has created difficulties in operating and managing the modified drainage system. Farmers need to appreciate the importance of collective efforts to operate the system according to the modified drainage system principle.
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PLATE 2 People involved in a collector user group



A study was conducted in three areas located in the Behaira and Kafr El Sheik governorates to involve farmers in operating the drainage system during the rice season according to the modified drainage system principle. Along some collectors, farmers were organized on a voluntary basis to consolidate the rice areas and the collectors were provided with closing devices. Observations were also made along other collectors where farmers did not consolidate rice areas. The results revealed the confidence of farmers with grouping in forms of collector user groups (Plate 2). The key persons in the villages played a vital role during the course of the study and the formation of farmer groups. The following results were achieved from this study:



• The average amount of irrigation water used for rice areas with controlled drainage was 3 420.5 m3/ha compared with 5 922.6 m3/ha for the area under conventional drainage. This means that applying controlled drainage saved about 42.25 percent of the irrigation water for the rice fields compared with the conventional drainage in an area provided with the Irrigation Improvement Programme (IIP).



• In area which is not provided with the IIP, the amount of irrigation water used for rice fields under controlled drainage was 4 298 m3/ha compared to 7 545 m3/ha under conventional drainage. This means that applying the IIP concept saves about 20 percent of the irrigation water.



• The combined effect of the IIP and controlled drainage would reduce the irrigation water requirement from about 7 500 m3/ha to about 3 500 m3/ha, which is a saving of more than 50 percent.



• The overall saving in terms of money due to controlled drainage was 37 percent. The price regulation of irrigation water should be demand based to encourage the farmers to apply the modified drainage system.



TRAINING CENTRES IN ON-FARM WATER MANAGEMENT IN EGYPT The Training Centre of 6 October The MWRI training centre provides specialized training to help the 6 000 professionals and 80 000 nonprofessional staff who work in the irrigation and drainage sector. The training centre also organizes courses, seminars, and conferences for Asian and African countries, particularly those sharing the Nile River basin. Objectives The objectives of the training centre are to:



• Train a cadre of senior supervisors, executive and middle managers with comprehensive knowledge of water resources management.



• Train engineers and other professional staff for their present responsibilities and for future targets. • Create and execute training programmes for sub-professional personnel to develop their range of practical skills.
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• Facilitate training opportunities for African, Arab and Mediterranean countries in the fields of irrigation, • • • •



drainage and management according to their needs. The training centre contains the following departments: Department of Planning and Programme Design; Department of Evaluation and Follow-up; Department of Administrative and Financial Affairs. In addition, a technical office for publishing and information has been established.



Types of courses The training centre runs a range of main courses. Technical courses for engineers and technicians Courses include up-to-date knowledge on: • Design of irrigation and drainage projects. • O&M of irrigation and drainage systems. • Specific technical courses. • Mechanical and electrical works. Course for technicians



• • • •



O&M of irrigation and drainage systems. Water measurement. Surveying. Laboratories for quality control and materials.



Courses for engineers



• Computer courses. • English courses (three levels). • Management and administration course. Other courses



• • • • •



Administrative affairs. Financial affairs. Storage and purchasing. Principles of management. Decision making.



Foreign training The training centre offers special training courses at national and international level. The courses deal with issues involving water, the environment or the physical infrastructure. The courses consist of lectures, workshops, case studies and study tours to projects in Egypt. Over the last 16 years the training centre has become a highly experienced institution, training 21 670 participants through 1 065 training courses. The Drainage Training Centre in Tanta The Drainage Training Centre in Tanta has been operational since 1991 under the supervision of the EPADP. Its main objective is to improve the quality of executive works of the network of drainage systems through
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FIGURE 6: Number of trainees during the period 1991-2000, Tanta Training Centre Number of trainees, their organizations, visits and seminars at DTC 900 800



No. of trainees



700 608 600



548



543



500 419 400 300 231 200 100



296



270 206



98 51



... ..



Contractor Companies



-------



-------



EPADP



Through I.S.T.



00 /2 -6 99



----------



7/



99 /92 /91 /9 3 /9 5 /96 /9 8 /94 /97 6/ 1 -6 1-6 2 -6 4 -6 5-6 7 -6 3-6 6-6 87 /9 1/9 7 /9 7 /9 7/9 7 /9 7/9 7/9 /9 7 Training years



0



0



Visits



Seminars



a well-designed training programme for both field engineers and private sector contractors, engineers, mechanics, operators and supervisors. Facilities The centre has well-equipped classrooms, three training workshops that include electrical and mechanical models, and a large yard for field demonstrations with pipe-laying machines, excavating machines, weedcontrol machines and laser equipment. Types of programmes There are many programmes for each category of trainees. Courses for engineers



• • • • • •



Execution programme. Maintenance programme. Laser operation. Hydraulic structures construction. Surveying techniques. Field operation training.



Courses for supervisors and surveyors



• Drainage project supervision. • Laser O&M. • Surveying technology at field level. Courses for mechanical engineers



• • • •



Equipment and machines. Lateral and collector laying machines. Maintenance equipment. Diesel and hydraulic motors.
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FIGURE 7: Permeameter set-up at the Drainage Research Institute
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Courses for mechanics and operators



• • • •



Machines and equipment for drainage construction. Maintenance machines and equipment. Welding machines. Excavators and backhoes.



Other courses



• Storekeeping. • Administration and finance. Computer programming For engineers. English language programme As required for said categories. Figure 6 shows the number of trained persons and different categories of training for the period 19912000.



LABORATORY FACILITIES The Drainage Envelope Laboratory at the Drainage Research Institute Drainage envelope materials have a dual function in the efficiency of subsurface drainage systems. They are used to protect drain tubes against massive soil particle invasion and to facilitate the flow of water into drainpipes by creating a more permeable zone around drains. Laboratory experiments started in 1987 at the DRI with upward flow permeameters in which various soil-envelope combinations were tested with unstable soils. In September 1989 investigations of potential synthetic envelope materials for the Haress and Mit Kenana pilot areas were started. The permeameter used consists of a vertically mounted plexiglas cylinder which is partly filled with soil (Figure 7). The plexiglas cylinder has a height of 250 mm and a diameter of 100 mm. Upward flow is
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applied. A screen covered by a fine filter material to prevent soil particles from falling to the bottom of the permeameter supports the soil, the envelope material, and an open-folded and flattened section of drainpipe. Cut circular pieces of envelope material of about 250 mm in diameter are placed on top of the soil packed. The envelope material and drainpipe are fixed between flanges and sealed with silicone. A spring beneath the supporting screen keeps the soil slightly in contact with the envelope, or the drainpipe. A movable reservoir with an overflow enables the setting of the hydraulic gradient. A piezometric tube is situated above the drain and another just below the envelope material. Other piezometric tubes are installed every 30 mm throughout the soil column. Soil is repacked in the cylinders to a height of 100 mm, and to a bulk density of 1.4 g/cm3. On each plexiglas cylinder, the following parameters are measured:



• hydraulic head at each piezometer; • discharge from the cylinder; • temperature of the water discharging from the permeameter cylinder. All the parameters are measured twice per day. When the head at the inlet of the cylinders is changed, 24 hours is allowed for the system to reach equilibrium after removing the air bubbles. Each run is measured in four replicates for about 15 days. Darcy’s equation is used to calculate the permeability of the soil and envelope material. The Central Laboratory for Environmental Quality Monitoring The establishment of a modern central laboratory with advanced equipment operated by highly qualified staff can offer solutions to a wide range of environmental problems. The Central Laboratory for Environmental Quality Monitoring (CLEQM) includes five major analytical departments: ecotoxicology and environmental indicators, organic chemistry, inorganic chemistry, microbiology and soil. Each department houses a number of up-to-date and fully automated analytical instruments that are capable of handling large number of environmental parameters. To ensure the production of high-quality analytical results, the CLEQM coordinates its activities with local, regional, national, and international agencies involved in water, soil, and plant analysis.



• The CLEQM’s major functions are to: • Accommodate all analytical requirements of the NWRC on physical, chemical, organic, inorganic, microbiological, and/or contents of water, soil, and plant tissues.



• • • •



Provide timely, high-quality analytical services. Generate and publish basic information which can be used by decision-makers. House a data bank that is accessible to decision-makers. Assist with the development of water quality protection guidelines based on specific monitoring research tasks.



• Assist with the development of regulations and standards for future pollution and control measures.



FUTURE DEVELOPMENTS OF LAND DRAINAGE IN EGYPT The present design concept of controlling water table levels below the crop rootzone has greatly simplified the multi-variable conditions of the irrigated cropping system in Egypt. Initially, the mixed crop pattern and the cropping calendar implied that several crops are sequentially grown in the same field. Each crop has its own water management requirements, root depth and tolerance to moisture and salinity stresses. Therefore, if the design drain depth and spacing satisfy the needs of one crop, they will not do the same for other crops. Under water-scarcity conditions, the drainage system would increase the drought effects on some crops due
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to the lowering of the water table faster than the irrigation cycle could compensate for the moisture deficit in the rootzone. This would be aggravated by the fact that irrigation is the sole source of moisture supply for the corps. Another shortcoming in the present design concept concerns the quality of drainage water with respect to pesticides and nutrient loads. This issue has become more crucial with the increasing trend to mix drainage water in irrigation canals for re-use. As irrigation canals are a source of drinking water for humans and cattle, there is increased concern about the water being a serious health hazard. As a result, the quality of drainage water is receiving more attention. Recent research developments in design procedures and computational tools will come into play when drainage systems are designed. A drainage system should be designed with three objectives:



• To maximize the net economic yield of crops; • To contribute to irrigation water saving; • To minimize the pollutant loads (pesticides and nutrients) in the drainage water. Achieving these sometimes conflicting objectives requires a powerful design tool and a certain flexibility in drainage system operation. While mathematical models provide the means for handling a complicated agro-hydrological system with many variables, the success of any design will ultimately depend upon how the system is operated and maintained. The cumulative effects of over-wetting, drying and salinity in the rootzone determine the total crop yield during the growing season. The degree of effects depends on the growing stage. Crops are usually more sensitive during the germination and flowering stages. However, crops have different tolerances to wetting, drying and salinity. Therefore, the type of crop is an important factor in the success of the agricultural cropping system. However, the agricultural water management system should be designed and managed to address different crop needs. The drain depth and spacing should be determined on the basis of the performance of the irrigation, irrigation water quality, crop type (root depth and tolerance to stresses), and soil and atmospheric conditions. The combination that will produce the maximum crop yield under the prevailing conditions should be selected. In a flexible system in which irrigation scheduling can be adjusted and the crop calendar can be changed, there will be many alternatives for maximizing the economic benefits resulting from the drainage system. On the other hand, for rigid irrigation practices and a given crop pattern, the drainage system should be designed to produce the optimum yields under those conditions. Water saving aspects In Egypt, with its increasing population and its constant need for water resources, there is a state of water scarcity. Water supplied for new land and reclaimed areas will be at the expense of water supplied to lands already cultivated. In order to reduce the irrigation water allocation, it will be necessary to take maximum advantage of a shallow water table. At the same time, the water table should sometimes be allowed to fall to a sufficient depth to allow leaching of salts outside the soil profile. This can be achieved by controlling the water level in the drainage outlet. Thus, the concept of conventional drainage should be replaced by the controlled drainage concept. In the latter case, the water table should be managed to provide a sufficient portion of the crop evapotranspiration demands through an upward movement. A weir with a movable wall in the outlet drainage channel, or open drain, may provide the tool for managing the water table. However, there are also several engineering alternatives that can provide controlled drainage. Controlled drainage is successfully practised in humid areas to reduce drought stress during dry periods (Evans et al., 1989). In arid zones, deep drainage is a common practice for alleviating salinity problems. This holds true in areas with low cropping intensities and extended fallow periods. Egyptian agriculture is characterized by very intensive cropping and the fields are irrigated continuously throughout the year. This condition results in a net downward flux that maintains low salinity in the rootzone. Under such conditions,
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controlled drainage is not expected to develop salinity problems if properly managed. The simulation of root development in an irrigation water management system helps to determine the water table depth that provides the maximum contribution of upward flux to the evapotranspiration demands of the plant. Drain spacing A more comprehensive approach for drain spacing is envisaged for future designs. It will take into consideration the on-farm water management, climatic conditions and soil characteristics in order to predict the water table depth and soil salinity changes over a long time-period of cropping rotation. Moreover, it will predict the crop yields as a function of stresses due to wetness, drought and salinity. It will also be possible to predict the salinity distribution in the soil profile and the salinity of the drainage water for given water management practices and drainage designs (Kandil et al., 1992). Pollution control Agricultural drainage water contains salt, pesticide and nutrient concentrations. Hence, drainage water may cause deterioration of the quality of the final disposal water bodies. All the drainage water of Upper Egypt is discharged into the Nile River. The drains in the Nile Delta discharge their water either in the northern brackish lakes or to the Mediterranean Sea. Few drains in the Nile Delta have their outlet flow into the Nile River branches. Drainage water in the Nile Delta is recycled for irrigation by mixing part of the main drainage system flow with water in the main irrigation canals. The agricultural chemicals in the drainage water create an environmental hazard that has to be evaluated and controlled. Most pesticides cause toxicity even at very low concentrations. Fertilizers often promote excessive growth of algae and other aquatic plants. They may cause health problems, especially to infants, if mixed with drinking water. High intensity drainage by close drain spacing and deep drains increases the nutrient concentration in the drainage water. Controlled drainage is effective in reducing the potential transport of nutrients to the receiving surface water (Evans and Skaggs, 1987; and Evans et al., 1989). The reduction in nutrient transport is nearly proportional to the reduction in drainage outflow caused by drainage control. The careful management of the water table can reduce the pollutant loads in the drainage water.
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CURRENT STATUS OF IRRIGATION AND DRAINAGE Irrigation in Morocco The useful agricultural area is about 8.7 million ha, unequally distributed between different Moroccan agroclimatic regions. The irrigable potential is estimated at 1 664 000 ha: 1 364 000 ha of permanent irrigation (of which 880 000 ha in large-scale perimeters and 484 000 ha in small and medium-scale perimeters) and 300 000 ha in seasonal irrigation. The irrigation sector in Morocco consists of two subsectors: large-scale irrigation, and small and mediumscale irrigation. Large-scale irrigation relates to the major irrigation perimeters situated in the main plains and valleys of the country: Gharb, Moulouya, Tadla, Haouz, Doukkala, Souss, Loukkos, Draâ and Tafilalet. Generally exceeding 5 000-10 000 ha, these perimeters are supplied by water regulated by large storage dams or by pumping from the water table. The large-scale irrigation perimeters are managed by ORMVAs. Small and medium-scale irrigation concerns small (less than 100 ha) and medium-sized (rarely exceeding 5 000 ha) perimeters. They are generally supplied by water resources which are rarely regulated. The majority of these perimeters are traditional and equipped and managed directly by users. Such perimeters can be located in zones which come under the ORMVAs or ones under the Direction Provinciale d’Agriculture (DPA). Drainage in Morocco With the diversity of climatic conditions, the total area estimated to be affected by or at risk of suffering from the shortcomings of surface and subsurface drainage and from water and soil salinity is about 350 000 ha. The Gharb perimeter represents about 57 percent of this area. The problems of drainage and soil salinization vary with the climatic, geological and pedological context of every region. In the north and northwest (Gharb and Loukkos), regions with significant rainfall, the problem is mainly one of waterlogging due to excess rainfall or irrigation water. However, in the south and east (Tadla, Moulouya, Ouarzazat and Tafilalet), regions with arid to semi-arid climates, the prevailing problems concern waterlogging due to a rising water table caused by irrigation water percolation, and to the salinization of soils by irrigation water and/or by the rise of water table. About 90 000 ha are equipped with drainpipes (respecting appropriate drainage-system installation norms). About 80 000 ha are in the Gharb perimeter and 10 000 ha in the Loukkos perimeter. These networks were designed on the basis of foreign criteria and not adapted to Moroccan context. In the other irrigated perimeters, the excess of water and the salinity are due to the rise of the water table (Tadla, Moulouya and Doukkala) and the drainage is achieved by open ditches. These ditches are mainly deepened tailwater ditches. These networks were installed when waterlogging problems arose, caused by water table rise. In these perimeters the setting up of the drainage systems did not follow any scientific design methodology.



Ali Hammani, Ministry of Agriculture, Moussa Touil, Centre de Experimentation, Morocco



170



Morocco



In certain perimeters, such as Tadla and Moulouya, vertical drainage by pumping has been recommended to draw down the water table level. In the Tadla irrigated perimeter, 12 pumping stations, managed by the Tadla ORMVA, have been installed in some zones in the east of the Beni-Moussa irrigated perimeter to draw down the originally shallow water table. In addition, farmers have installed about 9 000 individual pumping wells to provide supplementary irrigation water during drought periods. Re-use of drainage effluent What happens to the drainage effluent depends on the context of each irrigated perimeter. In the Gharb and Loukkos irrigated perimeters the drainage water is routed via natural or artificial channels toward the Atlantic Ocean. In the Gharb perimeter the drainage water has a mediocre salinity and cannot be re-used in irrigation. Most of the drainage water of these perimeters supplies some humid zones near the Atlantic Ocean, with consequent ecological risks. In the Tadla and Moulouya irrigated perimeters the drainage water (from pumping) is used directly in irrigation. When the groundwater quality is bad, farmers generally try mixing it with surface water of better quality. The drainage water extracted by open ditches flows directly into rivers. This can affect other downstream perimeters, as in the case of the Tadla perimeter. In the irrigated oasis perimeters (Tafilalet and Ouarzazate) groundwater extracted by pumping or by underground galleries (so-called khattaras) is used directly in irrigation. Waterlogging and salinity After being equipped, the arid and semi-arid Moroccan irrigated perimeters have experienced problems of water table rise. These are due mainly to water losses generated by low irrigation efficiencies. Water table rise causes problems of waterlogging and soil salinization capillary rise. In certain perimeters, such as Gharb and Loukkos, the waterlogging is due to excess rainwater in the winter. However, the most worrying problem is the secondary salinization of soil caused by using poor-quality irrigation water. The effects of waterlogging and salinity on crops and yields Agricultural production is sometimes limited by water and soil salinity and by water table rise. Thus, in certain irrigated perimeters (mainly Moulouya, Tadla and Tafilalet) land has become uncultivated or unsuitable for certain crops because of a deterioration in soil quality as a result of irrigating with poor quality water. In other perimeters (Gharb and Loukkos) the excess water in the winter prevents seedling growth and development if rainy periods follow each other. A survey of the impact of drainage on agricultural production in the Gharb perimeter, conducted by the IAV and CEMAGREF (Zimmer et al., 1999), showed that conditions of excess water and of drought have a negative impact on crop production. In the case of continuing excess water, winter crops (mainly cereals) are replaced by summer crops such as litmus. The survey also showed that equipping areas, in particular for drainage, seems to benefit production.



FUTURE DEVELOPMENT Projects for the water sector Since 1993 the Moroccan government has implemented a National Programme of Irrigation (PNI) which involves:



• The extension of the irrigated area to 250 000 ha. • The rehabilitation of 200 000 ha of old perimeters. • The equipping of about 360 000 ha for permanent irrigation: 208 620 ha in large-scale perimeters and 152 000 ha in small and medium-scale perimeter. About 50 percent of the areas to be equipped in largescale perimeters are concentrated in the Gharb perimeter.
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Water scarcity In Morocco the available water resources limit the irrigable potential more than land availability does. Overall, the territory receives an estimated 150 000 million m3 of rainfall. This is unequally distributed across the regions with 15 percent of the total area of the country receiving about 50 percent of the rainwater. In addition to spatial variability, there is a temporal variation in rainfall. The utilizable hydraulic potential in the technical and economic conditions is 20 000 million m3/year; 16 000 million m3/year of surface water and 4 000 million m3/year of groundwater. Thus, the utilizable volume will pass from 833 m3/year per inhabitant in 1994 to less than 500 m3/year per inhabitant by 2020. This places Morocco in the category of countries which are poor in terms of water resources. Groundwater table rise under irrigated agriculture and immediate drainage needs The climatic conditions of the last two decades have been characterized by a dominance of drought years. Therefore, the perimeters that have suffered from water table rise and salinity problems immediately after their equipment (Tadla and Moulouya), now suffer only from groundwater salinity and soil salinity and alkalinity problems. The Gharb irrigated perimeter still suffers from problems of excess water in winter. In the Doukkala irrigated perimeter there is a future risk of water table rise because of the intensification of irrigation (mainly with the equipment of the high service perimeter). More than 100 000 ha are yet to be equipped in the Gharb and Loukkos perimeters to alleviate winter waterlogging. Most of the subsurface drainage networks need rehabilitation to ensure their proper good functioning. The immediate drainage needs also concern perimeters at risk of salinity. These are mainly perimeters where pumpings are used intensively in irrigation (Tadla, Moulouya, Ouarzazate and Tafilalet). Study and research should strive to achieve a conjunctive use of surface water and groundwater in a strategy to preserve water and soil quality. Water quality and pollution The hydro-agricultural equipment has had some negative environmental impacts on irrigated perimeters. The problems of pollution and water quality deterioration are:



• Surface water salinization downstream of irrigated perimeters. • Nitrate water pollution. • Urban and industrial pollution. To attenuate the deterioration of water quality and pollution the MOA has launched an environment programme of action and monitoring financed by the World Bank. This programme proposes certain actions to improve water and soil quality. Effluent management and disposal problems Drainage effluent is regulated in Morocco by the Water Law (95-10). This law lays down penalties for polluters. Purification stations are planned to treat domestic and industrial wastewater. In the case of drainage effluents, solutions are being looked for and studies are underway to alleviate negative environmental impacts. The downstream impacts of drainage effluent are pronounced both in the Gharb and Loukkos irrigated perimeters, which reject their waters into the humid zones, and in the Tadla perimeter, where the drainage waters are evacuated directly into the Oum Er Bia River. This river is the main affluent of the El Massira dam that irrigates the Doukkala irrigated perimeter. The solution to these problems is delicate because there are no other possible outlets for these perimeters. Studies are underway to find solutions for disposal problems in all the irrigated perimeters.
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IMPLEMENTATION OF DRAINAGE PROJECTS Capacity and involvement of national staff in drainage projects The management and the maintenance of drainage networks is assured by the ORMVAs through their irrigation and drainage network management departments (DGRIDs). In irrigated perimeters with excess water in winter, national and international private engineers design the drainage projects. The drainage works are carried out by national enterprises with adequate experience. At the time of the design of hydro-agricultural projects in semi-arid and arid irrigated perimeters, problems of drainage were not apparent and drainage systems were deemed unnecessary because of the high depth of the water table and the good soil quality. It is only since the equipping of these perimeters that water table rise and soil and water quality deterioration have been observed. Open ditches have been dug to alleviate these problems. Awareness of modern design and management options Until 1990 user involvement in irrigation management consisted of farmer participation in administration, irrigation programming, water distribution and the manual maintenance of irrigation networks. Since 1990 agricultural WUAs (AUEAs) have been created. While the management transfer of the internal equipment (from the tertiary canals) to the AUEAs is obvious for the irrigation, it is less so for drainage networks because they are managed directly by the ORMVAs. Awareness of environmental aspects and consequences of drainage In the past agricultural drainage projects failed to consider environmental impacts. It is only during the past decade that the AGR (with the support of the World Bank) has launched two environmental assessment projects in the irrigated perimeters: the first called Environment Programme Action and Monitoring; and the second Water Resource Management Project. Other environmental assessment projects have been undertaken in certain ORMVAs, such as the Tadla Management Project (financed by the USAID) in the Tadla perimeter, and the environmental survey and assessment project (financed by the KFW, Germany) in the Loukkos perimeter. Otherwise, although farmers are sometimes conscious of certain environmental problems (deterioration of water and soil quality), they remain little sensitized to the environmental impacts of irrigation and drainage. Status of irrigation and drainage management integration The ORMVAs have two specialized departments. The Hydro-Agricultural Equipment Department is in charge of the preparation and implementation of hydro-agricultural projects (irrigation and drainage). The Irrigation and Drainage Network Management Department is in charge of the exploitation and maintenance of irrigation and drainage networks.



NATIONAL DRAINAGE CAPACITY Policy initiatives to address deteriorating water quality The Water Law (95-10), promulgated in September 1995, provides the legal and political framework for water resources development. This law assigns to the Committee of Water and Climate (CSEC) the role of formulating the general guidelines of national policies on water resources and the climate. A major innovation of the Water Law is the creation of basin agencies for every watershed or set of watersheds. However, legislation on the re-use of industrial and agricultural effluents is incomplete and insufficient. Dispositions on wastewater control are dispersed in several texts. The legislative dispositions concerning soils and their protection inside irrigated perimeters are numerous and dispersed.
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National expertise and foreign assistance Morocco has several R&D structures working in various drainage-related sectors: the IAV, the National Institute of Agronomic Research, the National School of Agriculture of Meknes, the AGR, the ORMVAs, etc. The IAV conducts the main drainage R&D programmes, working in close collaboration with international research organisms. Gaps Drainage issues are a lower priority than irrigation. Thus, studies, tests and research on drainage issues remain limited. These limits result in gaps that include:



• Limited staff in exclusive charge of drainage issues; • Limited research logistics; • Lack of testing and standardization of drainage materials made in Morocco. At an institutional and legislative level, the law governing drainage water re-use is insufficient. Inventory of drainage education and R&D The IAV is the main player in drainage training and R&D. Its rural engineering and soil sciences departments assure most of the education and R&D in drainage issues. The National School of Agriculture of Meknes participates in training and R&D through its soil sciences and rural equipment departments. Other work is undertaken at the level of the third-cycle thesis in the Moroccan universities, often in close collaboration with drainage and soil sciences teams of the IAV. The National Institute of Agronomic Research conducts R&D on waterlogging and salinity issues and also on plant tolerance to salts and excess water. Pilot projects Morocco has several pilot projects that study drainage and the environmental impacts of irrigation:



• • • • • •



The drainage experimentation station of Souk Tlet in the Gharb perimeter. The hydro-agricultural experimentation station of Ouled Gnaou in the Tadla perimeter. The large-scale irrigation improvement project (PAGI). The environmental action and monitoring programme (PASE). The Tadla Resources Management Project (MRT). The environmental survey and assessment project in Loukkos.



The Ministry of Agriculture The MOA contributes to R&D through the AGR and the ORMVAs. Through the Experimentation, Testing and Standards Service, the AGR supervises a certain number of tests undertaken by the ORMVAs in the experimentation stations. The ORMVAs undertake R&D in collaboration with national and international education and research organisms.



CAPACITY BUILDING NEEDS Staff training in specific fields Morocco has several specialized education establishments that are active in the fields of irrigation and drainage. The IAV plays a major role in education in these issues. It has about ten teachers/researchers,
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specialized in different fields, who provide training in irrigation and drainage. Foreign researchers sometimes provide support to this training effort. Local capacity building In the ORMVAs, staff training needs relate to the design, construction and maintenance of drainage networks. Training needs exist at various levels:



• • • • •



Staff in charge of studies and the management of drainage networks; Staff participating in research projects; Laboratory technicians and staff in charge of experimentation stations; Drainage yard managers; Staff in charge of drainage network installation; In 1991 an IPTRID mission in Morocco identified most staff training needs.



Courses abroad It is not necessary for personnel to undergo training abroad. The IAV’s Rural Engineering Department can ensure continuing education through its international irrigation centre. The staff who need this type of training come from all categories: researchers, engineers and technicians. Most of the ORMVA and AGR staff working on drainage and environmental issues require this type of education. It could be interesting to organize some periods abroad in order to take advantage of foreign experience in new technologies.



Laboratory facilities and outdoor testing grounds Most ORMVAs have both a pedological unit in charge of soil monitoring, under-irrigation and drainage, and an environment unit responsible for monitoring certain environmental parameters. The resources allocated to these two units are limited and unable to permit a regular and representative follow-up of all the irrigated perimeter. With the exception of the Tadla ORMVA (where an optimized network of collection points is operational), the ORMVAs are setting up observatories on water and soil quality.



National research effort for drainage related R&D The IAV’s efforts in terms of the above-mentioned drainage R&D programmes warrant support and strengthening with other programmes on the following aspects:



• • • • •



Drainage system performances; Possibilities of using surface drainage techniques in the Gharb perimeter; Modelling of water and salts transfer at the regional and drainage-system scales; Conjunctive use of surface water and groundwater; Development of integrated tools (models, GIS, data bases) to help decision-makers in pollution risk prevention and water resources management;



• Improvement of drainage network maintenance techniques. The 1991 the IPTRID mission proposed more than 15 programmes of R&D in salinity and drainage issues (including 4 priority programmes). Except for financing of the Gharb experiment station by the Agence Française de Developpement (AFD), no other programme has been financed.
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Field experimentation Three aspects of drainage need field experimentation:



• The hydraulic and hydrologic aspects of subsurface and surface drainage in the heavy soils of the Gharb perimeter. The experimental station of Souk Tlet has obtained some interesting results. However, the station needs more resources if it is to continue its work.



• Strategies of conjunctive use of surface water and groundwater and their impact on water and soil quality. It would be interesting to install an experimentation station in the Tadla irrigated perimeter to analyse the pumping practices of farmers and their impact on water and soil salinity. In oasis perimeters it would be interesting to conduct tests on plants’ salt tolerance.
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As the technical paper presented at the Workshop did not differ materially from the one included in the chapter on country assessments, refer to the paper on Algeria in Part II B.
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Tunisia INTRODUCTION In Tunisia, the irrigated area is expected to increase from the current 360 000 ha to 400 000 ha by 2006 and to contribute about 7 percent to national agricultural production. However, soil salinity is having a negative impact on production levels in some irrigated perimeters. To combat this problem, drainage networks have been implemented in several irrigated perimeters. Drainage was originally implemented in the oases in the south of the country before being extended progressively to the northern regions. However, in the oases, the aim of the drainage is to prevent soil obstruction in winter and the capillary rise of salts in summer. This report provides a review of drainage in Tunisia and proposes orientations for its future development.



STATUS OF DRAINAGE IN TUNISIA Before the 1960s drainage consisted of open ditches. Between 1960 and 1975 buried drains made of pottery were used. Since the 1980s, PVC drains have been introduced. Since the end of the 1980s, the drained areas have expanded as the irrigated areas have grown. At present the area served by buried drains is 20 000 ha, mainly in the north of the country. In Tunisia, drainage is generally needed to limit the risks of water table rise and soil salinity. However, the specific drainage needs vary from region to region. In the north, the clayey soils are affected by a superficial and salty water table that is raised by the low spacing of the drains. Their average depth is about 1.5 m and the line spacing is about 40 m. Generally, the PVC drains are surrounded by a gravel filter to prevent obstruction and to permit water circulation. In the southern oases, palm-tree water requirements, water quality and sandy soil result in the application of considerable volumes of water. Significant volumes of water are lost underground. The simple open ditches were only intended to remove the excess water. Nonetheless, this type of drainage requires frequent maintenance. Indeed, the main problem of open drainage networks is the high cost of their maintenance. Whereas in the past maintenance work was a manual task, it is now becoming increasingly mechanized. For the buried drains, pressure cleaning machines are usually used. The drainage networks in the irrigated perimeters generally consist of:



• a main network of emissaries that flow to the sea or a chott (salty depression); • a secondary network of open ditches; • (sometimes) a network of buried drains.



Mohammed Hachicha, INRGREF, Najet Gharbi, Direction Generale du Genie Rural, Tunisia
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The networks can extend for hundreds of kilometres. The main causes of network deterioration are: silting up, reed growth in the ditches, and bank collapse. Maintenance consists in maintaining and repairing channel profiles. There are two types of maintenance intervention:



• medium-term or periodic maintenance; • short-term emergency interventions. Considering the cost of such maintenance operations, it appeared necessary to establish farmers’ associations to take responsibility for these tasks. This participative approach has started to be implemented in several perimeters. Because of the high cost of pumping drainage waters at some oases, the development services intend to conduct an experiment whereby open ditches will be partially covered with concrete to prevent reed growth. Thus, the maintenance and even operation costs will perhaps be reduced. Drainage research has examined various contexts in order to provide references for implementing irrigated perimeters. The experiments have studied various aspects including:



• drain depth and spacing, • water and saline balances under irrigation with salty water, • crop rotations and yields. Some experiments have covered relatively short periods (one to four years) while others have continued for 20 years. The National Institute of Research in Rural Engineering, Water and Forests (INRGREF) has two R&D projects that include drainage. The general aim of these projects is the improvement of water and soil management in Tunisian irrigated perimeters. In particular, the projects aim to identify the causes of the rising water table and the risks of soil salinity and to evaluate the needs for efficiency improvements in the drainage and irrigation systems. The approach entails:



• Understanding the operation of the water management systems and the origins of water table and salinity rises on different levels.



• Establishing a methodology for the diagnosis and follow-up of systems performances and problems of water table and salinity rise in irrigated perimeters.



• Training engineers and technicians in the regional departments in the management of water, water tables, drainage and salinity.



DRAINAGE DEVELOPMENT Future irrigation development will continue to improve irrigation efficiency through the use of irrigation efficiency facilities. Drainage development will concern buried simple or composite drainage extensions. Maintenance will be increasingly mechanized, using pressure cleaning machines for buried drains. Farmers associations will progressively take over responsibility for maintenance after the disengagement of the state. Furthermore, drainage networks could be installed in the saturated northern plains. In view of the difficulties in finding outlets for water evacuation in oasis perimeters, more suitable methods such as vertical drainage could be the subject of future studies. The disposal of drainage waters will constitute the main problem in the oases. The recommended technical solutions are:



• reduce losses of irrigation water, • make the fullest use of the drainage waters,
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• divert the drainage waters toward another system for concentration. However, some of these solutions require specific research work.



NATIONAL CAPACITY AND NEEDS IN DRAINAGE TRAINING The level of national expertise in drainage, network design and the use of marginal water is not high. For the enhancement of zones affected by a salty surface water table, foreign technical assistance contributes to the definition of the drainage design. Some foreign experts participate in the training of engineers, in the strengthening of networks and in the operation, monitoring and maintenance of the systems. On the planning side, the General Department of Rural Engineering has overall responsibility for drainage projects. However, projects are increasingly being conceived and followed up in the regions by the services concerned. In research, the INRGREF is responsible for drainage research, but its limited number of researchers needs strengthening. Several high schools provide training courses on the theoretical aspects of drainage. The private sector (consultants) needs better qualified personnel.



CONCLUSION The growth of irrigated areas has been accompanied by an increase in drained areas, spreading from the oases of the south to the regions of the north. The present state of drainage and the challenges it presents to the sustainability of irrigated agriculture in Tunisia call for specialized training and research to address the specific problems of the irrigated perimeters. More training is needed for personnel involved in R&D and for private organisms involved in drainage. It is important to address these needs if the national policy on water conservation is to be successful. Indeed, important financial incentives have been introduced to promote more efficient facilities, such as drip and sprinkler irrigation, and improved surface irrigation to reduce water losses on farmers’ plots. The needs concern several aspects of drainage: university programmes, training for engineers working in the field (development structures and the private sector). Specialized support from foreign institutions is still necessary and teacher training remains a need. Finally, the problems concerning the utilization of saline water and the evacuation of excess water call for new approaches and techniques. Furthermore, the cost aspects of installing and maintaining drainage networks require further study.
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THE GREAT MAN-MADE RIVER PROJECT The Great Man-made River Project is one of the largest civil engineering/water supply projects in the world today. It carries groundwater in buried precast concrete cylinder pipes (up to 4.0 m in diameter) from well fields in the desert to reservoirs, tanks and turnouts at various locations along the coast. These supply municipalities and large agricultural reservoirs. The agricultural reservoirs then provide water to new farms at each location through networks of distribution pipes. The system of agricultural reservoirs and farms is currently being expanded under the control of the Great Man-made River Water Utilization Authority. Preliminary conceptual studies of the scheme were followed by investigations for agricultural zones, well fields and pipeline routes. To establish the water demand, potential agricultural areas were identified. Soil surveys were carried out to check soil chemistry and permeability to prevent excessive salt build-up and to select crops that could tolerate the conditions and the water quality to be provided. These surveys and the positions of existing communities determined the end points for the system. Water demand was reviewed for each location, based on factors such as planned crop type, area to be irrigated, proposed irrigation system and soil permeability. This planning process required the identification of water sources able to provide a sufficient quantity of acceptable quality for agricultural use. Groundwater quality was also checked against municipal guidelines for potability because the increased salinity of coastal aquifers meant that alternative municipal supplies were also needed. The levels of chloride in the coastal aquifers were affecting taste and had accelerated corrosion in much of the water supply network of the coastal cities causing increased water loss and a greater maintenance burden. The outcome of these investigations was a design to supply from desert well fields an initial 2.0 million m3 of water per day through the eastern system (Phase I) to the coastal demand areas from Sirt to Benghazi. The western system (Phase II) is to provide up to 2.5 million m3 of water per day to the coast from Misratah to the west of Tripoli and to the Jebel Nefusa, south of Tripoli. Both Phase I and Phase II are already supplying water to the main cities and population centres along the routes of the pipelines. Phase III, which has begun, will interconnect Phases I and II, and studies are underway to increase the flexibility of the system interface. A later part of Phase III will provide an additional 1.68 million m3 of water by branching off southwards from the pipeline at Sarir and extending it into the Kufra basin where another well field will be constructed. Future phases are in the planning stage or under design. A well field situated in the Ghadames region in the west will pipe 0.25 million m3 of water per day to the coast at Zuwara. A supply to Tobruk of 0.13 million m3 of water per day from a future well field near Al Jaghbub, approximately 300 km south of Tobruk, is being designed. In the south, investigation has been underway to assess the Sarir Tibesti as a possible source from which to pipe water to Sirt. The total cost of Phase I and Phase II is of the order of US$12 000 million. However, when compared to providing desalinated water in similar quantities, the unit cost of water is only 5-25 percent of that of desalinization, the cost varying with the difference in the infrastructure costs of the relative schemes. This project already incorporates about 900 wells and well pumps, over 3 000 km of 4.0 m diameter precast concrete cylinder pipe, 1 000 km of collector pipeline, 4 000 km of haul road, a 90-MW power Abdel-Rahman Ali, Water Utilization Authority, Ali Alagab, Water Utilization Authority, Tawfik M. Ismail, Water Utilization, Authority, The Libyan Arab Jamahiriya
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station, a multiproduct fuel pipeline, over 4 000 km of transmission and distribution power lines, 5 major pump stations, water treatment plants, flow control stations, regulating tanks and reservoirs with 35 million m3 of storage, 100 supply points, agricultural reservoirs and water distribution systems, 9 telemetry control stations interlinked with microwave radio and fibre-optic networks, telecommunications and 9 O&M complexes with accommodation and office buildings for the operating body, the Great Man-made River Authority. The water from the Great Man-made River is to be utilized to realize the national development plan. This plan aims to achieve the highest possible degree of self-sufficiency and to reduce dependence on imports to the lowest possible level. It also aims to increase the productive capabilities of the labour force and of the capital investments in the agricultural sector, and to produce raw materials for food processing industries. Whilst food security is the principal objective, the plan also recognizes the importance of providing more employment and family occupation and of encouraging and supporting agricultural settlement. The Great Man-made River Water Utilization Authority is responsible for providing the ways in which the water can be efficiently used in agriculture. Consequently, they are responsible for determining the necessary plans for the implementation of the agricultural projects based on this water. The agricultural allocation of water from both of the main phases of the project is about 1 200 million m3 per year, which represents about 70 percent of the total flow. Some 500 million m3 per year from Phase I will be used in agriculture to develop more than 50 000 ha (as a net irrigated area) in many locations along the area between Sirt and Benghazi. The Phase II agricultural water allocation is about 700 million m3 per year. This water will develop the zone around Tripoli area to irrigate a net area of about 90 000 ha. In addition, the extra amount of water provided to the system by Phase III will be used to develop some more areas in the far east or far west of the country and also the area between Sirt and Tripoli. The agricultural development concept depends on land utilization either as large or small farms. Food security will be addressed by the development of large-farm projects. Employment and family occupation will be provided by the development of small-farm projects. The small-farm projects will comprise both existing and new farms. Water will be provided to some of the existing farms in the coastal plain (which suffers from shortages in water supply either in terms of quantity or quality). In addition, the plan aims to establish new small-farm projects in order to encourage the agricultural settlement of some promising areas. The total number of farms which will benefit from the water from Phase I and Phase II exceeds 20 000, for a net irrigated area of more than 105 000 ha. The large-farm development plan aims to implement large-farm projects with a net irrigated area of about 35 000 ha. These projects will help to achieve the highest possible rate of self-sufficiency in some of the strategic crops. The utilization plan will be associated with manpower planning systems for the preparation of the skilled manpower required. The prospective training programme will include main subjects such as soil management and reclamation, drainage, irrigation, water quality, agricultural extension and agricultural project management.
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To date the Sudan has had no problems of subsurface drainage and all the country’s experience is in surface drainage systems. The main factors governing the design of the drainage systems are:



• • • •



topography; hydrology; soil type; method of irrigation.



TOPOGRAPHY Generally, the Sudan slopes from the south to the north, but there are: (i) the Red Sea hills that run parallel to the Red Sea coast and slope towards the Red Sea; (ii) the Jebel Marra Mountains in the west of the country; and (iii) the Nuba Mountains in the southwest of the country. There are three drainage basins:



• Drainage from the Red Sea hills to the Red Sea to the east outside the country. • Drainage to Lake Chad to the west outside the country. • Drainage to the inside of the country to the Nile tributaries in the north of Sudan. The total amount of drainage water for the three basins is 1 540 million m3 (600 000 m3 for the Red Sea area; 800 000 m3 for Lake Chad; and 1 400 million m3 for the Nile Basin tributaries in northern Sudan). In the southern equatorial region of Sudan the amount of rainwater is calculated to be 3 260 million m3, all draining in Nile Basin. The groundwater table ranges from 5 m near river floodplains to 50 m for very dry areas. Hence, the water table does not reach the rootzone of crops to cause waterlogging. This is the reason why subsurface drainage is not practised in Sudan.



HYDROLOGY Rainfall is the main source of water, which may flow in rivers, khors and wadis to seas or recharge the groundwater to raise the water table. Some is used by the natural vegetation and rainfed agriculture. Rainwater is used in irrigated agriculture and as drinking water for people and livestock. The rainy season in Sudan is from July to October in the north and from June to December in the south. The rainfall distribution ranges from 1 400 mm in the south to 0 mm in the desert in the north. Five percent of the rain falls in the desert and semi-desert areas, which cover 45 percent of the area of the Sudan, while 50 percent of the rain falls on 25 percent of the area with an average rainfall of more than 800 mm.



Ahmed Abdel-Wahab, Ministry of Irrigation, Faisal Aballah, Ministry of Irrigation, The Sudan
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SOIL TYPE All the irrigation schemes in Sudan are designed around the Nile River and its tributaries. Generally, the soil in the schemes is low-permeable clay soil whose penetration ratio may reach zero.



METHOD OF IRRIGATION In Sudan, gravity irrigation is used either: (i) by building dams on the Nile River and its tributaries to raise the water level and by gravity transferring the irrigation water into the irrigation system; or (ii) by pumping from sources of water into the irrigation system. The irrigation systems are designed to take water form the dam or pump station by main canal and then to transfer the water to major canals, minor canal, field ditches (called abu 20) and finally to the cultivated areas. Most of the irrigation schemes are constructed in rainy areas. Hence, when irrigation is followed by rain, there is a need to remove the excess water from the crops. Experience has shown that when an irrigation system is designed, a parallel drainage system also needs to be designed.



DRAINAGE SYSTEMS Rainfall and sometimes the misuse of irrigation water mean all the irrigation schemes need a drainage network to remove any excess water from the cultivated areas. In low areas, minor drains and collector drains are designed to remove this excess water by gravity into cutout low areas or into natural drains. Sometimes, pumps are used to take water from lowlands into areas outside the scheme. During and after the rainy season the irrigation water is transferred, sometimes up to about 33 million m3 per day. This large volume of water may damage the irrigation system. Escape drains are constructed along the main canal to take this water to the nearest river or natural drain. Most of the irrigation schemes are constructed around river valleys. Protective drains are sometimes constructed around these schemes to prevent any water from penetrating the schemes. The drainage systems consist of:



• • • •



Minor drains. Collector drains. Escape drains. Protective drains.



DRAIN DESIGN In order to construct a scheme, it is first necessary to prepare a contour map of the area in question. The network of the irrigation system is then designed using the contour map. Next, the network of the drainage system is designed. Generally, all the drains are open channel ditches dug in the earth. These ditches are laid just upstream or downstream of the hydraulic structures used. The formula used to calculate the capacity of the drain is: Q = CA2/3 where Q is the discharge passed along the drain; and A is the coefficient calculated depending on the rainfall, type of soil, evaporation sector and vegetation cover, e.g. in the Rehad Scheme it ranges from 150 to 270.
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To design the cross-section of any drain, the Manning formula is used: V = R2/3 S1/2 n where V is the velocity Q/a; R is the hydraulic radius area/m; S is the surface slope (5-50 cm/kg); and N is the Manning coefficient (0.025). From the above equation, it is possible to calculate the depth to which the area of the trapezoidal crosssection of the drain should be dug out. Some hydraulic structures are used along the drainage system: pipe bridges, heavy traffic bridges, syphons, and sometimes pumping stations.



STATUS OF IRRIGATION AND DRAINAGE IN SUDAN The total area under irrigation in Sudan can be broken down as follows:



• Gezira and Managil Irrigation Scheme: Irrigating from the Sennar and Roseries dams with a total area of about 1 million ha cropped with cotton, groundnut and sorghum. The average production is 2 t/ha for groundnut and sorghum.



• Rahad Irrigation Project: Irrigation from the Rahad River by gravity irrigation and from the Blue Nile River using pumps. The total area is 150 000 ha. The crops are cotton, groundnut and sorghum and the yields are similar to those in Gezira.



• Suki Scheme: Irrigation from the Blue Nile River with an area of about 30 000 ha. Same crops and yields as above.



• Khashm El Girba Scheme: Irrigation from the Khashm El Girba Dam on the Atbara River with an area of abut 200 000 ha. Same crops and yields as above. Sugar schemes Gunied Sugar Project: In Gezira with an area of about 201 000 ha of sugar cane irrigated using water pumped from the Blue Nile River. Northwest Sennar Sugar Project: 20 000 ha of sugar cane irrigated using water pumped from the Blue Nile River. Khashm El-Girba Sugar Project: 20 000 ha cultivated with sugar cane irrigated with water from the Khashm El-Girba Scheme. Drainage needs The above projects fall in the area of annul rainfall of 400-600 mm. The drainage problem is due to rainfall in the months of July to October. Due to a lack of funds, the funds available are only allocated to the maintenance of irrigation canals. This is because the availability of water is considered more important than removal of excess rainwater. In addition, drainage problems occur every 3, 4 or 5 years depending on the quantity of rain from season to season. When the rainy season is good, Sudan may lose 25-50 percent of the area under irrigation, with consequent crop damage. Rainfed agriculture Rainfed agriculture is practised on an area of more than 2 000 000 ha in the southern half of Sudan where the rainfall exceeds 400 mm/year. The drainage is left to the natural topography of the land. The sheet flow
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collects in natural water drains which end in the rivers. There are no waterlogging or subsurface drainage problems. The type of farming practised in rainfed agriculture is mechanized. Bedding systems are used for surface drainage with terraced fields to minimize erosion. Present and future developments in drainage in Sudan There is no separate department or institute for drainage in Sudan. The time has come to focus more attention on drainage issues and to minimize the misuse of water.
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Ethiopia (paper I) BACKGROUND Et-hiopia is located in the Horn of Africa with a total land area of 110 million ha. This area is divided into different land use types: arable and permanent crops (13.93 million ha), permanent pasture (42.75 million ha), forest and woodlands (26.37 million ha) and other (24.55 million ha), which comprises lands that are unused but potentially productive, built-up areas, wastelands, and barren land. The land area under arable land and permanent crops is the land under temporary crops, temporary meadows, fallow or idle, and those lands under long-period crops such as coffee and fruit trees. Agriculture in Ethiopia is predominantly rainfed and currently covers an area of 10 million ha. Although Ethiopia has more than 50 years’ experience with irrigation, the actual irrigated area is only 3-4 percent of the potential total. Ethiopia has fertile land and climatic conditions that favour both the cultivation of a large variety of crops and the raising of livestock. Its variety of climatic conditions means that practically all tropical and temperate crops can be grown somewhere in the country. The most important climatic limitation is the amount and distribution of rainfall. In large areas of the country the rainfall is so low that it produces desert conditions. Rainfall ranges from 2 200 mm in Gore to less than 50 mm at Asseb on the Red Sea coast. Rainfed agricultural production is an ancient tradition in Ethiopia and is the economic activity on which over 80 percent of the population directly depend. It provides 40 percent of the country’s GDP. Ninety percent of Ethiopia’s exports are agricultural products. Most of the manufacturing industries use agricultural raw materials. The total cultivated land in Ethiopia is about 14 percent of the total area of the country. The major food crops produced in the country are cereals, pulses and oilseeds. Land degradation is a key constraint to agricultural development in Ethiopia. The causes of land degradation include deforestation, excessive human population and recurrent drought conditions, which result in soil erosion, desertification, etc. Of all the countries situated in the Sahel Belt, Ethiopia probably has the greatest environmental problems. The Ethiopian highlands cover 43 percent of the country and are home to 88 percent of the human population and around two-thirds of its livestock (Constable, 1985). These areas receive more than 90 percent of the total rainfall and were by nature favourable for rainfed agriculture. They have been settled for more than 5 000 years with widespread deforestation starting around 2500 BC (Hurni, 1982). Since the beginning of deforestation, forest cover has fallen from about 40 percent of the country to less than 3 percent at present. Despite major afforestation activities by the Government, the rate of deforestation still exceeds the rate of afforestation. The annual sediment loss from the highlands has been estimated at more than 1 000 000 000 t, or about 20 t/ha. Measured soil erosion rates from slopes are much higher than this approximation.



Abera Mekonen, Ministry of Water Resources, Mogesic Ayele, Ministry of Water Resources, Ethiopia
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The other serious problem of the rainfed agriculture areas is the management of vertisols. These are soils of good fertility but of very low permeability which exhibit swelling characteristics when wet. This makes them difficult for farming. They are found in depressions and valleys where agriculture is practised intensively. The farmers use these soils mostly for grazing. Using them for growing high-value crops requires surface drainage infrastructures and adequate time for land preparation and planting. It is estimated that there are about 10 000 000 ha of vertisol lands in the central highlands of the country. Among the constraints hindering irrigation development in Ethiopia are environmental problems (salinity and irrigation-related diseases). These problems have led to the abandonment of affected land in various areas. For example, in 1976 the abandoned farmland in Melka Sedi was 213 ha. By 1985 it had reached 895 ha. Survey results of 1990 show that in the Middle Awash 1 640 ha were totally abandoned and that 2 400 ha had reduced productivity due to salinity.



ASSESSMENT OF ACTUAL STATUS OF IRRIGATION AND DRAINAGE In a sectoral brief in 1998, the MOWR disclosed that the total estimated area currently under irrigation in Ethiopia is 161 136 ha. This means a developed area of a mere 0.25 ha per 100 Ethiopians, compared to an irrigation potential of about 4 ha per 100 Ethiopians. Despite its considerable irrigation potential, Ethiopia has been facing persistent drought and famine, aggravated by underdeveloped irrigation infrastructure. Surface irrigation is widely used in Ethiopia. Furrow irrigation is the most popular, followed by the basin and border methods. Gravity supply of irrigation water is the most widely used means of water abstraction. The pumping of irrigation water is practised on some farms. There are four categories of irrigation schemes in Ethiopia: traditional schemes, modern communal schemes, public schemes and private commercial schemes. Traditional irrigation schemes are small-scale irrigation schemes built under a self-help programme for peasant farmers. These schemes range in size from less than 50 ha to 100 ha and are operated and maintained by the farmers themselves. The waterworks are simple and mostly temporary. Water application to the field is by means of guided flooding, and water distribution is uneven. As a result, irrigation efficiency tends to be low. The schemes generally achieve less than half of their potential production capacity. Cereals, pulses, oil crops, coffee, enset, chat, vegetables, sugar cane and fruits are the main crops irrigated under this class of scheme. As such schemes are built, operated and maintained with the full participation of the beneficiaries, they tend to be more sustainable than schemes built with government or NGO support. It is estimated that there are more than 64 000 ha under traditional irrigation, spread over 1 309 schemes in different parts of the country. A major drawback of these schemes relates to a flawed system of irrigation stemming from a lack of technology and know-how. The consequences are chronic water shortages, inadequate water distribution and drainage systems, farm input shortages, and inadequate irrigation extension services. Such constraints have been the cause of the low productivity of the traditional schemes. Normally, government constructs modern communal irrigation schemes, preferably with the participation of farmers, but in practice with little or no involvement of the beneficiaries. The schemes range in size from about 20 ha to 200 ha. The idea of modern communal schemes had its origin in the severe drought of 1973. Their main objective is to enhance food security and to improve the livelihood of peasant farmers by providing cash income through the production and marketing of vegetables, as conditions allow. Waterworks include simple masonry headworks and distribution systems, with little land development work. In principle, scheme O&M should be executed by beneficiary farmers supported by local governmental bodies. On-farm irrigation methods are meant to be based on furrow irrigation, but are actually similar to those of traditional irrigation schemes. Hence, irrigation efficiency is probably less than 40 percent. In addition, the agricultural productivity of modern communal schemes is not more than 50 percent of its potential. Crops grown under these schemes include food crops such as corn, fruits, vegetables and sugar cane. There are



Capacity building for drainage in North Africa



191



about 288 modern communal schemes in the country capable of irrigating more than 30 000 ha, exclusive to modern small-scale schemes constructed by NGOs. However, the extent of these schemes is limited and does not exceed 3 000-4 000 ha. Out of the 30 662 ha of modern communal schemes, 20 832 ha (68 percent) covering 237 schemes were constructed as part of the first five-year development programme (1996-2000). These irrigation schemes are characterized by a low level of utilization. Lack of farmer awareness of irrigation benefits and non-participatory scheme planning have been cited as major causes for the abandonment of modern communal schemes. The projects have been implemented through a top-down approach where the schemes were identified, planned and implemented without the full participation and support of the farmers. Modern private commercial irrigation schemes are built and operated by entrepreneurs, and their size ranges from a few hectares to several thousand hectares. There are 18 modern private irrigation schemes now operational, covering about 5 414 ha. The crops cultivated by such schemes generally include cotton, maize, oil crops, vegetables, cut flowers and fruits. Irrigation water conveyance and distribution is through earthen channels. The method of water application is mostly by means of furrows. As land levelling is viewed as an expensive undertaking, it is not performed on these schemes. As a result, low irrigation efficiency is the norm. However, farm production on such schemes exceeds 50 percent of the potential. Public irrigation schemes are generally larger than 3 000 ha. Currently, these schemes constitute an estimated area of about 61 060 ha. These schemes are owned and operated by government enterprises. The main crops grown in these public schemes are cotton (42 percent), sugar cane (36 percent) and horticultural crops (16 percent). Conveyance and distribution are through open, gravity canals. Furrow irrigation is the norm for water application except for some small areas of sprinkler irrigation on sugar estate schemes. Generally, irrigation efficiencies on sugar estates are higher than on state farms cultivating cotton and horticultural crops where the irrigation efficiency is about 40 percent. This low efficiency has been attributed to the inadequate system of irrigation, which is lacking land levelling, water control and water measuring devices. Surface irrigation is an inefficient method that uses very large amounts of water relative to the amount the crops need. Some of the factors which contribute to the ineffective use of water in Ethiopia are lack of water measurement and inadequate control of the water applied in relation to soil moisture holding characteristics and crop water requirements.



FUTURE DEVELOPMENT The second five-year plan of the Government has been TABLE 1: Future projects, within five years Name of scheme Area (ha) River basin effective as of July 2000. Sectoral plans for the coming five Alwero 10 000 Baro-Akobo years have also been adopted by the Government as guiding Omo Rati 10 000 Omo Gibe the activities of the respective sectors. In the water sector, a Gode 7 000 Wabi Shebele number of projects have been proposed in all subsectors, viz. Koga 6 000 Blue Nile irrigation, water supply and hydropower. Irrigation development is carried out at two levels depending on the mandate assigned to the competent federal and regional agencies. Under the existing regulations, regional agencies are mandated to carry out the development of small and medium-scale (up to 3000 ha) irrigation schemes. The large-scale (> 3000 ha) schemes come under the mandate of the MOWR. The small and medium-scale schemes planned in the regions are too numerous for inclusion in this assessment. The MOWR has identified a number of projects for feasibility study, design and implementation during the coming five years (Table 1).
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Some other projects are candidates for consideration under the Eastern Nile subsidiary action programme. The development horizon covers the coming 20 years. Table 2 lists the possible schemes in the Blue Nile, Tekeze and BaroAkoba basins.



TABLE 2: Possible schemes, next 20 years



In parallel, a sector development programme is currently underway. The programme covers sectoral projects that will be implemented in the coming 20 years. The programme is being prepared in line with the recommendations of the National Water Management Policy. The programme is expected to include sector projects in all the river basins of the country.



Name of scheme Area (ha)



River basin



Tana-Beles



Blue Nile



299 000



Anger-Nekemt



25 600



Blue Nile



Didessa



53 400



Blue Nile



Neshi



11 150



Blue Nile



Humera



42 900



Tekeze



Metema



13 000



Tekeze



Gilo



46 900



Baro-Akobo



Baro



50 900



Baro-Akobo



The sources of moisture that account for almost all rains in the country are the Indian and Atlantic oceans. Southeasterly winds in February-May carry moisture from the Indian Ocean into most of the country, while southwesterly and southeasterly winds bring moisture from June to September, the main rainy season. During the main rainy season, moisture gradually penetrates into the country from the southwest, as the Inter Tropical Convergence Zone (ITCZ) progresses northward with the equatorial trough. As a general rule, rainfall should decrease as one moves from the south to the north of the country. However, this situation is somewhat modified by the topography of the country; rainfall maximums are found in the southwest of the country, and minimums in the northeast and southwest. Rainfall is the most important climatic element that influences Ethiopian agriculture. For example, crops fail primarily because the rains are late, the rainfall season is too short, or the amount of rainfall received is insufficient for good crop growth. Another factor to be considered is the effective precipitation, that is the amount of water which actually becomes available for crop growth. This is basically the rainfall less the portion lost to evaporation and runoff. These losses are particularly large in regions where rainfall occurs in violent and infrequent episodes. An important characteristic of Ethiopian rainfall is that it exhibits high variability in time and space. This variation is largely due to orographic effects and to other water extremes affecting the country. In Ethiopia, climatic variability, including the occurrence of drought, is not unusual. However, during the last two decades the frequency and intensity of droughts have increased. Although not systematically documented, the history of famines (in many cases suspected of being caused by drought) stretches back to the eleventh century. Rainfed agriculture has been unable to meet the food requirements of the Ethiopian population. The annual per caput consumption of cereals and pulses in the country is 140 kg compared to the UNICEF standard of 240 kg and the average for developing countries of 239 kg. Table 3 shows the required growth of irrigated agriculture in Ethiopia. It can be seen that although the production from the rainfed agriculture is TABLE 3: Planned growth of irrigated agriculture in Ethiopia Population (million) Annual per caput food consumption (kg)



1990



2000



2010



2020



2030



49.40



67.10



91.10



121.90



161.50



2040 215.20 240.00



142.00



160.00



180.00



200.00



220.00



Total requirement of cereals, etc. (million t)



7.015



10.760



16.398



24.380



35.530



51.648



Production from rainfed cultivation (million t)



6.992



7.990



8.990



10.987



13.984



17.979



Balance of production from irrig. agriculture (million t)



0.023



2.746



7.408



13.393



21.546



33.669



Production rate for irrig. agriculture (t/ha)



6.000



7.000



7.500



8.000



8.500



9.000



Required area under irrig. agriculture (million ha)



0.004



0.392



0.988



1.674



2.535



3.741*



41



4 212



10 609



17 980



27 224



39 915



Required water for irrigation (million m3) * Limit of irrigable area.
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expected to grow from 7 million t to 18 million t by 2040, an additional 34 million t will be required to meet demand. This production will have to come from the irrigation subsector. In order to achieve this objective nearly all of the 3.7 million ha of irrigable area available in the country will need to be developed by 2040. A total of about 40 000 million m3 of water has been allocated for this purpose. Investment should be carried out to enable the development of small and medium-scale irrigated agriculture in the highlands with a constant rate of large-scale development in the lowlands. Such investment would consist primarily of improvements to existing irrigation facilities, the construction of intakes and small and medium-sized dams, improvements to storage capacities of natural lagoons and ponds, the drainage of pasturelands, and some protection against flooding. These rationalized investments will have a number of advantages in the light of current conditions and government objectives to improve food production to eliminate some of the deficits of national food supply. Reasonable economic and social infrastructures already exist (especially in the central highland areas), thus reducing the cost and uncertainty of development. Smaller projects involving the active participation of local farmers in the highlands generally have shorter gestation periods. Improved farming conditions through highland irrigation are expected to mitigate the rainfall shortages. The quality of the irrigation water is an issue in the Awash basin, where more than 40 percent of the potential is developed. The data collected in the basin show that salinity, measured as electrical conductivity, increases from the upper down to the lower valleys, rising from a lowest value of less than 150 mmhos/cm to about 740 mmhos/cm in the middle valley (the latter value is an extreme value and thus not strictly comparable). Middle valley values generally exceed 300 mmhos/cm. The data from Melka Warer show a progressive increase in maximum salinity over the period 1970-1985: from about 400 to 800 mmhos/cm. The overall trends are reflected in the classification of irrigation waters along the river. Upstream, the waters are low salinity, low sodium hazard, while by the time the waters reach the tower valley they are essentially high salinity, low sodium hazard. It would seem most probable that the increasing salinity results at least in part from the irrigation activity, where return flows often contain salt concentrations 3-4 times that of the incoming water. Many schemes in the Awash Valley and Rift Valley Lakes basin are threatened by salinity. It is believed that these areas need the implementation of drainage facilities. The schemes threatened by salinity are: Amibara, Metehara-Abadir sugar cane farms, Awara Melka, Merti-Jeju, Nura Ersa, Bilate-Abaya, Arbaminchsille, and farms in the Tendaho Agricultural Enterprise. There is clear evidence of gross industry and domestic pollution of all major rivers and streams in the upper Awash basin. The evidence suggests that the pollution comes from sources within Addis Ababa and the factories along Awash River. Visual inspection of several of the streams draining the city shows gross pollution, the growth of sewage fungus and deposits of faecal and other waste materials. At the same time, these streams were observed to be used for livestock watering, domestic irrigation and watering. No one was observed taking drinking water from the streams though this cannot be ruled out. The provision of sewerage and sewage treatment to a part of Addis Ababa will have done something to alleviate the scale of domestic sewage pollution, though such facilities are still beyond the reach of the majority of the city’s inhabitants. No industrial effluent is discharged to sewers for treatment, and the pollution load imposed by industry continues to grow with economic expansion. Within the treatment cycle, the role of Lake Abasamuel (an abandoned hydropower reservoir) has been shown to be critical. It has effectively been acting as a huge oxidation lagoon, effecting a substantial degree of purification to the wastes of the upper basin. Retention of this facility is essential to the immediate future of water quality in the upper Awash River. The major contributor to pollution in all other areas of the country is the poor level of sanitation. The 1994 census estimated that 87 percent of the country’s population did not have sanitary toilets.
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While the centres of the towns and improved areas liable to flooding have storm water ditched drains, many of these systems do not function property because the ditches have become deformed, are choked by debris, or are of poor design. In all cases storm water is discharged to the rivers directly.



IMPLEMENTATION OF DRAINAGE PROJECTS In Ethiopia the drainage projects comprise two main components: the external drainage system and the internal drainage system. The internal drainage system is primarily designed to drain the development land system safely, and its alignment follows the supply canal system. The external system is intended to safely drain the surface runoff of the external neighbouring area. Where available, the natural waterway in the command area is used as a main drain to remove the external and internal drainage back to the downstream part of the source river. The drainage networks in Ethiopia are allied with the irrigation schemes. The traditional and modern private irrigation schemes lack complete drainage systems, while the modern communal and public irrigation systems are provided with open drainage circuitry to drain external and internal excess water. Owing to the absence of appropriate monitoring of the irrigation and drainage systems, the drainage efficiency in the schemes is very low. The traditional and private commercial farms in the country do not posses a formal drainage system. The frequently cited drawbacks of open drain systems are: loss of productive land to waterways, requirement of numerous crossing and other structures, bank erosion and weed growth, all of which require frequent costly investment and maintenance. Excess or rejection flows are spread over lands at the lower end of the canal system. The net return flows from such areas are effectively nil. In cases where the complete open drainage system is available (public and modern communal schemes), the excess flows are usually diverted to nearby existing watercourses, which then join the main river. Based on the limited information available on irrigation schemes with surface drainage facilities, the estimated overall return flow is 10 percent of the gross irrigation diversion. Waterlogging and salinization are crucial issues in some public irrigation schemes. The contributory causes are:



• Excess application of irrigation water irrespective of crop demand. • Failure in O&M of open drains. The drains are not maintained and inspected as well as the irrigation canals. As a result, the drains fill with sediments, weeds, bushes and other obstacles that impede performance. Due to their small size, traditional and modern communal irrigation schemes are little affected by the adverse environmental impacts of waterlogging and salinization. Most of the traditional schemes are laid out on sloping ground and hence problems associated with poor drainage are rare. The environmental impacts of public and modern private irrigation are clear. The main impacts identified around such schemes are:



• Groundwater rise and topsoil salinization, which cause productive land to be abandoned. • Schistosomiasis, bilharzia and malaria are the most prevalent diseases associated with poor management of drainage systems. These harmful environmental effects are caused particularly by the absence of safe drainage escapes for used water and by breaching of the irrigation canals. In the early years of implementation of the Amibara irrigation scheme (one of the public irrigation schemes), it was observed that most of the irrigation fields were affected by a rising groundwater level and salinity. The origin of the salinity was secondary salinization, from the saline water table built up by intensive irrigation practices.
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The findings of the soil and groundwater study indicated that a subsurface drainage and land reclamation programme should be instituted upstream of the Amibara area. However, prior to the implementation of this programme the study recommended the establishment of a pilot reclamation and drainage scheme on an affected area of about 35 ha. The purpose of the pilot scheme area is to verify the drainage design parameters and to formulate the drainage and leaching criteria and practical and economical reclamation procedures for the project area through accurate and close monitoring of events. Expatriates carried out the detailed design of the pilot scheme while local staff participated in the data collection, problem identification and data processing activities. Along with this it was envisaged that local drainage construction and reclamation work experience would be gained. The MOWR and the Institute of Agricultural Research jointly monitored the pilot scheme. Valuable data were obtained for the design and implementation of subsurface irrigation systems for more than 15 000 ha. However, only 4 000 ha have so far been equipped. The design, supervision and construction of the subsurface drainage were carried out by foreign consultants and contractors in association with local staff and contractors. National staff are capable of undertaking the design and implementation of open drainage system. Subsurface drainage system design is undertaken by expatriates. Many national contractors are competent in the construction of subsurface drainage systems.



NATIONAL DRAINAGE RESEARCH AND DEVELOPMENT CAPACITY One of the objectives of the Ethiopian water resources management policy is the conservation, protection and enhancement of water resources and the overall aquatic environment on a sustainable basis. The main thrust of the protection aspect, as articulated in the policy, is to protect the water resources of the country from pollution and depletion so as to maintain sustainable development and utilization of water resources, and establish standards and classification for various uses of water in terms of quality and quantity. It also aims to establish procedures and mechanisms for all actions that are detrimental to water resources including waste discharges, source development and catchment management. With regard to drainage, the policy emphasizes the need to integrate issues within the field of water resources management and to establish guidelines and regulations for the development of storm drainage and sewerage in urban areas and field drainage on irrigated farms. The issue of water quality management is also being properly addressed by:



• developing water quality criteria, guidelines and standards for all recognized uses of water and ensuring their implementation;



• forming receiving water quality standards and legal limits for pollutants for the control and prevention of indiscriminate discharge of effluent into natural watercourses.



• developing appropriate water pollution prevention and control strategies pertinent to the Ethiopian context. Ethiopia is now facing an unprecedented shortage of skilled manpower. The regional administration structure of the country has exacerbated the situation by stretching the limited resources. The free market economy that has resulted in the proliferation of private enterprises has also created a new competition for the limited resources. Increasing numbers of experienced people are leaving the country for better opportunities in Africa, America and Europe. The scarcity is all embracing and no profession is immune. Ethiopia will continue to rely on foreign technical assistance for years to come. Foreign expertise is necessary at all levels of irrigation and drainage development. In the water sector the four important stages are: master planning, feasibility, design and supervision. In some cases, the funding for the implementation of such projects is from external sources and thus the use of foreign expertise is mandatory. Foreign consultants/contractors are also engaged in projects funded locally in situations where the projects become too complex to handle with national consultants/contractors.
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INVENTORY OF DRAINAGE RELATED EDUCATION AND RESEARCH AND DEVELOPMENT The water resources potential of the country, which faces problems related to its spatial and temporal availability and distribution, pre-supposes a good scientific and technical capability for its judicious and sustained development. Ethiopia, with its very limited experience in irrigation, hydropower, reliable water supply and other areas of water resources development, needs to exert concerted and systematic effort to raise its national capability in water resources R&D. Water resources development without the appropriate R&D capacity cannot be sustainable from an environmental or from a socio-economic perspective. In this regard, the Ethiopian Science and Technology Commission in collaboration with the MOWR has recognized that Ethiopia cannot afford to be hesitant in its endeavours to raise local R&D capacity in the water sector. To this end, a study was launched on 17 July 2000 which will ultimately recommend capacity building needs to address the R&D needs of the water sector. The main objective of the study is to provide recommendations for the development of R&D capacity and its institutionalization in the water sector. The study will determine the utilization of R&D potential and the creation of an enabling environment with an appropriate policy, legal and organizational framework for the sustainable development of the country’s water resources. The evaluation of sector R&D needs recommended adaptive research priorities in areas of: climatic characteristics, surface water hydrology, groundwater hydrology, water supply and sanitation, rainwater harvesting, irrigation and rainfed agriculture, irrigation, drainage, water supply for livestock, watershed management and sedimentation, hydraulic structures, issues in social sciences, water resources management, research on research, and the establishment of information systems. In 1986, a joint research programme on multi-purpose water resources development was initiated. The programme was undertaken by the Department of Civil Engineering of the Addis Ababa University, Addis Ababa, and the Department of Hydraulic Engineering of the Royal Institute of Technology, Stockholm. This programme started with research based training which led to three PhD degrees. Since then, the programme has continued with a modified approach which leads towards research in line with comprehensive and integrated water resources management. Although detailed information is not available, there is some information available on the research based training programme being undertaken by the Arbaminch Water Technology Institute in conjunction with foreign universities. The Melka Werer Research Station is the main station for irrigation research and is located in the middle Awash Valley, some 250 km from Addis Ababa. It has approximately 350 ha of land, of which over 200 ha are under irrigation. At Melka Werer much work has been done on the water requirements of cotton and to lesser extent on a range of crops including kenaf, sesame, groundnuts, banana and capsicum. The Melka Sadi pilot drainage project is the only one of its kind in the country. It was set up in 1982 with the objective of undertaking subsurface drainage and reclamation trials in an area badly affected by high water tables and salinity. PVC perforated pipe drains were installed on a 35 ha area at centres varying from 25 m to 100m at a constant depth of 2 m below ground. Detailed monitoring of water tables and salinity was carried out by the Amibara PCC. The results were reported in 1985. These trials were successful both in providing design criteria for subsurface drainage and in establishing the viability of reclamation leaching without ameliorative measures. Following its reclamation, the pilot area was planted to bananas. Further monitoring of the soils and drains has been carried out for some time. The pilot project has been out of service for the last two years due to clogging of the pipe systems as a result of flooding of the area in the last two rainy seasons.
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NATIONAL DRAINAGE RESEARCH AND DEVELOPMENT CAPACITY NEEDS Capacity building in irrigation and drainage research is a fundamental tool to address the issues of the sector and to enable the adoption of appropriate technologies. The efforts made in the past were restricted to addressing problems associated with specific sites or areas. However, the current problems are of countrywide dimensions. The MOWR is aware of the needs and there are articles of the water management policy that cater to research requirements. There is also an ongoing effort to institutionalize R&D in the water sector under a joint undertaking of the MOWR and the Science and Technology Commission. It is necessary to carry out capacity building programmes, especially in skilled manpower development. In the MOWR, staff development in the following areas is considered essential:



• • • • • • • •



Irrigation and drainage experts. Watershed management experts. Irrigation agronomists. Water resources engineers. Environmental experts. Soil experts. Water and environmental engineers. Hydrologists.



As the volume of work has not been identified yet, it is not possible to give the exact number of each type of expert required. Manpower capacity development should focus on national experts. Foreign experts could be required during the initial phase of the R&D programme. National experts could be recruited from the market or from colleges on the basis of mutual agreements between the institution and the recruits. Overseas training is indispensable as local training in the specialized areas is not available. The level of training will be determined on the basis of research needs. Career development is an issue that needs to be addressed under the institutionalization process of R&D in the water sector. It will be based on the existing civil service rules and regulations. At present the government gives special consideration and support for research institutions. Laboratories that cater solely to the requirements of the water sector are not available under the custody of the MOWR. Such soil and water (environment) laboratories are necessary tools that must be made available in the initial phase of R&D in the water sector. The necessary premises with the equipment and skilled manpower, transport, etc. should be made available. The existing pilot scheme at Melka Sedi for subsurface drainage should be rehabilitated and should continue to be used as a source of data and demonstration for the sake of replicability elsewhere in the country where there are similar problems. It should also be used as a training facility for university students who could be interested in undertaking research in the water sector. Pilot schemes for surface irrigation and drainage at the Melka Werer research station should be expanded or other similar pilot schemes should be initiated in other areas. Activity is underway to establish a pilot drip irrigation scheme on the premises of the Arba Minch Water Technology Institute as a joint undertaking with other bodies. As this will have an indirect impact on preventing waterlogging and related problems it needs to be strengthened further so that it can make a positive contribution towards achieving the objective. The International Livestock Research Institute has been running pilot vertisol management schemes for more than 10 years. The results from these research centres have been invaluable in improving the management of these soils in many areas of the country. However, the pilot schemes are now abandoned as the funding agencies have stopped providing funds. The continuation of these pilot schemes is very important and they should receive the necessary assistance in terms of finance, equipment, etc. These schemes will be used in training extension agents and all other stakeholders.
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The existing pilot water and soil conservation schemes should be strengthened with manpower and equipment. New ones in all of the ecological zones of the country should be established. For the benefit of research, the data collected from previous research should be processed in any of the MOA or MOWR data base systems.



REFERENCES Abate, Z. 1990. Water resources development in Ethiopia: an evaluation of present experience and conception of future plans. Biswas, A.K. 1986. Land use in Africa. Constable. 1985. Ethiopian Highlands Reclamation Study. Summary. Degefu, W. Some aspects of meteorological drought in Ethiopia. DHV. 2000. National water supply and sanitation mater plan. Phase one report. Data collection and review. Volume One. Main Report (Draft). Environmental Support Project. Component 3. EVDSA. 1991. Environment and development issues in Ethiopia from the perspective of the Ethiopian Valleys Development Studies Authority. Hurni, H. 1985. Erosion-productivity-conservation systems in Ethiopia. Paper Presented for IV International Conference on Soil Conservation. Maracay, Venezuela. MCE. 2000. Study on research and development activities in the water sector. Inception Report. Sir William Halcrow and Partners. 1989. Master plan for the development of surface water resources in the Awash basin. Volume VII.
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Ethiopia (paper II) STATUS OF IRRIGATION AND DRAINAGE • • • • •



Area irrigated: about 161 000 ha. Method of irrigation: mainly furrow type. Method of drainage: mainly surface. Re-use of effluent: commonly not practised. Main irrigated crops: cotton and horticultural crops. The effect of waterlogging is confined to limited areas where irrigation is the principal means of production. • Areas affected by waterlogging/salinity: not known exactly.



FUTURE DEVELOPMENT • Projects in the water sector: The present trend is to develop as many irrigation projects as possible in parts of the country where chronic drought is a problem. • Water scarcity: water availability vs. future requirements. • Water is becoming a scarce resource in many parts of Ethiopia. Hence, action is being taken to conserve water for human and livestock consumption. • In the Awash Valley, where large irrigated plantations are distributed, water table rise is becoming a problem in a few areas, particularly where flooding occurs.



IMPLEMENTATION OF DRAINAGE PROJECTS • Involvement of national staff in R&D and technology development in drainage: Until now protection has been the practice adopted but the discipline lacks skills, facilities and technologies. The capacity of national staff for implementing drainage pilot projects is low and should be upgraded. • Awareness of modern technology and management options: Very limited. • Awareness of environmental aspects and consequences of drainage: Awareness is there for the large irrigated areas but in the small-scale irrigated areas awareness is very low. • Status of integration of irrigation and drainage practices: Very low; a lot remains to be done.



NATIONAL DRAINAGE RESEARCH AND DEVELOPMENT CAPACITY National policy initiatives to address future problems of deteriorating water.



• Quality (salinization and pollution): Under study.



Abera Mekonen, Ministry of Water Resources, Mogesic Ayele, Ministry of Water Resources, Ethiopia



200



Ethiopia (paper II)



• Available national expertise as related to input by foreign technical assistance: Little national expertise and no foreign technical assistance. Foreign technical assistance is required.



• Fields of expertise required for drainage research: Civil engineering, water quality management, irrigation engineering, drainage engineering, control and management of salinity agronomy.



• The research organization has very little such expertise. • Existing R&D gaps: Research in irrigation and drainage is conducted at one centre, the Werer Agricultural Research Centre. The centre is located within the major irrigated agriculture area of the country. The centre still has a critical shortage of skilled manpower and facilities. Efforts are being made to strengthen its manpower and facilities. Most other research centres do not have irrigation specialists, although there is a pressing need for them. The integration of irrigation and drainage technology into the farming system has not been institutionalized yet.



INVENTORY OF DRAINAGE RELATED EDUCATION AND RESEARCH AND DEVELOPMENT • University faculties, laboratories: The Arbaminch Institute of Water Technology is the only institution giving undergraduate study in water technology. The number graduates is very limited compared to demand. Alemaya University used to train students in agricultural engineering but has now stopped. Mekele University graduates BSc students in soil and water conservation (with work on hydrology). The Awassa College of Agriculture graduates BSc students in agricultural engineering who could also work on drainage and irrigation.



• National research institutions: The only research institution that is engaged in irrigation and drainage is the EARO. The Werer Agricultural Research Centre is the centre of excellence in irrigation and drainage research for this organization. However, its capacity is very limited.



• The MOWR and the MOA: The former is mainly engaged in water resources planning, study, design and assessment. It is also engaged in the construction of irrigation dams and drainage structures. The MOA is also involved in the development of small-scale irrigation. The responsibility of developing micro-dams and small-scale irrigation projects is tasked to the regional governments.



CAPACITY BUILDING NEEDS • Staff training in specific fields: Five junior researchers (these are BSc holders); five diploma holders; four MSc graduates (two in irrigation and two in drainage).



• Local capacity building: The focus so far has been on the irrigated area. However, Ethiopia has over 10 million ha of vertisols and other vertic soils. These are the highly cultivated soils. The main seasonal rain is concentrated from June to mid-September, and farm operation is very difficult on these soils from land preparation until flowering during the rainy season. The drainage management of heavy soils, particularly in rainfed agriculture, is of paramount importance in the Ethiopian case. Capacity building in manpower and the development of appropriate drainage systems are of vital concern. This calls for a multidisciplinary approach that treats the whole hydrological unit of the community.



• Need for attending foreign courses: Currently, there are not many practical courses on offer in Ethiopia. Therefore, attending courses in drainage and irrigation is important.



• Career development: This is also important as drainage and irrigation research is now being developed. • National research effort and experimental farms: Drainage system research facilities need to be established on vertisols in the rainfed areas. This requires technical assistance, training and facilities (basic laboratory and field equipment). The ongoing drainage research at the Werer Agricultural Research Centre should be strengthened, particularly by training researchers, technicians and engineers in drainage and irrigation.
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Annex I Opening and closing addresses



OPENING REMARKS SHADEN ABDEL-GAWAD, DIRECTOR DRAINAGE RESEARCH INSTITUTE Dear Colleagues and Guests, I have the honour and the privilege to welcome you all to this workshop on capacity building for drainage in North Africa. At the beginning of this event, I would like to thank you for accepting our invitation to represent your countries and to contribute to this important topic. The importance of research for development needs no emphasizing. Despite overwhelming evidence of the importance of water management for increasing crop production, research in irrigation and drainage has lagged behind in many countries. In particular, drainage in many African countries is still not viewed as a priority issue. However, it remains an important issue in sustainable agriculture. Sooner or later, the sustainability of irrigated agriculture in Africa, whether large-scale or small-scale, will be threatened by land degradation and environmental problems if drainage continues to be neglected. For this reason, and under the IPTRID initiative of capacity building for research and development and technology transfer in drainage in Africa, IPTRID contracted the DRI to undertake the following activities:



• An assessment of the status of drainage in general and national capacity (institutions and human resources) to handle R&D and technology transfer in drainage in selected African countries, including Morocco, Algeria, Tunisia, Libya, Egypt, Sudan and Ethiopia.



• The conducting of a regional workshop on capacity building in R&D and technology transfer in drainage in Africa, which is our focus for the coming five days. The objectives of the workshop are to:



• present the national drainage R&D capacity in each selected country; • prepare the national capacity building needs on drainage for each country; • highlight capacity in R&D in international organizations. Throughout the coming days, this workshop will focus on your inputs to assess the current status and to identify the needs of R&D in drainage in your countries. I am confident that this workshop will act as a forum for brainstorming and exchanging views and that together we can draft the strategy document on national capacity building on drainage and build a better future at the beginning of the new millennium. I sincerely hope the workshop meets your expectations. Most importantly, I hope that this is the start of a process of a continual dialogue among the North African countries to exchange experience and knowledge. In the context of this event, I would like to express my sincere appreciation for IPTRID’s initiative in sponsoring this workshop. My appreciation also extends to the IPTRID theme manager in drainage and to the ILRI and CEMAGREF representatives for their contribution. Finally, thank you all for honouring us with your presence and participation in the workshop. I wish you a successful workshop and enjoyable stay in Cairo.
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MOHAMED BAZZA, SENIOR REGIONAL IRRIGATION AND WATER RESOURCES OFFICER, FAO REGIONAL OFFICE FOR THE NEAR EAST, CAIRO On behalf of Dr. Atif Bukhari, FAO Assistant Director General and Regional Representative for the Near East, I am happy to welcome all participants in this workshop, particularly those coming from far away. I would also like to thank the Government of Egypt and the authorities of the DRI for organizing and hosting this important workshop which addresses a key issue for the Near East Region. As you are all aware, FAO’s priorities include the promotion of agricultural development and enhancement of food security, while ensuring the sustainable use of natural resources. These objectives can be achieved only if the technologies used are technically appropriate, economically viable and socially acceptable. It is also of the utmost importance that water users and their associations be fully involved from the outset of programmes. In working towards increased agricultural production, the world relies heavily and intensively on irrigation, which occupies over 17 percent of the total arable lands and produces nearly one-third of total food production. Over 50 percent of the increase in food supply during the last 25 years has been met through irrigation. The rate is expected to be much higher in the future to meet the continuing increase in food demand from irrigated agriculture, particularly in developing countries. In Egypt and other countries of the Region where almost all agricultural lands are under irrigation, this is absolutely crucial. While irrigation has been extremely beneficial as a means of increasing food production, it unfortunately also has a high potential for possibly causing major environmental problems. These can ultimately lead to partial or even complete and irreversible land and water resources degradation unless adequate measures are taken at the appropriate times. Examples of the failure to achieve adequate irrigation water management are currently widespread in many parts of the world and their number is likely to rise, threatening food security and environmental degradation, unless firm and sound measures are implemented. Agriculture’s share of water resources is becoming smaller as a result of competition from other sectors. The possibility of harnessing new resources is either nil, particularly in most countries of the Near East Region, or cost prohibitive. To face this shortage and still be able to meet the challenge of increasing food production, irrigation has only two options:



• Increase water use efficiency or productivity per unit of water. This is by far the most important option in terms of the potential amount of water that can be saved and the lower hazards associated with it.



• Use non-conventional water resources that are of lower quality, including domestic and industrial wastewater, return and drainage flow from irrigation and saline water. Both options require a great deal of technical knowledge and skills and are given high priority by FAO in its programmes and activities. The Near East Region is particularly vulnerable to rapid degradation, waterlogging and salt accumulation, resulting from inadequate irrigation and agricultural practices. Countries of the Region have invested a great deal in harnessing their water resources and in developing irrigation. However, more effort is needed in terms of both investments and policies to improve the performance of the irrigation schemes, ensure sustainability and achieve better management of these resources. In the process of irrigation development, very little attention has been given to drainage, except in a few countries, despite the resulting high threat to the environment. The consequences are already visible:



• In some countries, water tables have risen by as much as 60 m in only 30 to 40 years. • In other cases where water tables were initially shallow, the rise has reached crop roots, preventing cultivation and crop growth.



• Groundwater quality has been degraded by the accumulation of highly contaminated drainage water. • In other situations, soil and water salinity (resulting from evaporation) have reached intolerable levels.
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Already, in some areas the situation has reached stages that can only be reversed at very high cost. In working with its member countries, FAO is monitoring the situation and alerting governments to potential threats. Moreover, several programmes and projects have been developed, at various levels, to address the hazards of soil and water degradation resulting from the misuse of water resources and irrigation. In the field of drainage, FAO has been very active in the creation of IPTRID, which is currently hosted at FAO headquarters in Rome, Italy. The Programme has the full support of FAO and it is through it that all activities related to drainage are carried out and coordinated. Joint activities have been numerous and their outputs are benefiting several countries, particularly in Africa, the Near East Region, Asia and Latin America. They have also given rise to an important data base and several technical and scientific forums for scientists and researchers in these regions. In addition to the provision of technical assistance and lobbying, FAO is also helping member countries of the Region to elaborate policies aimed at these issues. This workshop is extremely useful for the Region as it will build upon previous achievements by IPTRID and countries of the Near East. You will have the opportunity to assess success stories and failures, and to exchange experience and knowledge. Our expectation is that you will also look forward by developing a strategy and recommendations that fit the needs of the Region as well as guidelines for their implementation. It is FAO policy and belief that its mission can be achieved in part through the efforts put forward jointly with its partners, particularly national and regional institutions such as the DRI, to reach its member countries and work together for better coordination and exchange. The transfer of skills and technology through networking, regional projects and collective capacity building, such as this workshop, are considered important means of providing assistance to member countries and of giving opportunities to decision-makers, researchers and field staff to meet and share expertise. I take this opportunity to express FAO’s appreciation of the role the DRI is playing as a regional centre of excellence in drainage in the Near East Region, and I have no doubt that the workshop will benefit the Region and be valued by participants. I wish you every success in this important event and look forward to your recommendations, which we will support and follow up very closely. I also look forward to more collaboration with all of you in the future. Thank you all.



HARRY DENECKE, IPTRID THEME MANAGER, “DRAINAGE AND SUSTAINABILITY”, FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS (FAO), ROME In his presentation Mr. Denecke pointed out:



• IPTRID’s mission and objectives were explained. IPTRID has now identified more than 100 R&D projects worldwide over the past 10 years. In the field of “drainage and sustainability” several examples were presented from research conducted in semi-arid and arid regions in Pakistan, India, North China, Central Asia and North Africa. He indicated that drainage needs were not sufficiently recognized in most of the North African countries.



• The mechanism of why waterlogging and salinization occurs: o o



normal and unavoidable irrigation losses cause the groundwater table to rise; depending on the location, after a few or many years (even up to a century or more) of irrigation, and in the absence of sufficient natural or internal drainage, the negative effects of the groundwater table rise may be felt. Waterlogging and salinization of the rootzone occurs, causing a decline in the yield of crops.
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• Options to delay investment in drainage include: o



o



o



agronomic measures (growth of shallow rooted crops, salt tolerant crops, single season cultivation, land preparation measures) water management measures (more efficient irrigation therefore less losses, reduce water availability to the existing irrigated area e.g. by rapidly expanding area irrigated, improving natural drainage, shallow groundwater table management) land retirement (e.g. of the most saline areas)



However, the options to delay investment can never fully compensate for the lack of drainage.



• The normal solution to control waterlogging and salinization is to install a subsurface drainage system to control the level of the groundwater table and to be able to leach the salts from the rootzone: o the subsurface drainage system can be a horizontal system consisting of buried pipes or open ditches, or a vertical system consisting of pumped tubewells; o recently more attention is being paid to biodrainage whereby the evapotranspirative power of vegetation, notably trees, is used to keep groundwater tables deep; o the effluent produced by the subsurface drainage system must be disposed of in an environmentally friendly way.



• For the disposal of effluent several options may be considered: o o o o o



reuse (blend with water of better quality prior to reuse); purify by using wetland water purification systems; serial biological concentration (grow increasingly salt tolerant crops, on-farm drainage management); dispose of in evapotranspiration ponds; dispose of into outfall drains (conveying the effluent to the sea).



• Investing in drainage is a major decision, which includes many aspects during the phases of preparation, construction and implementation: o identification and assessment of present and future drainage needs; o socio-economic aspects (farming community, crops to be cultivated, marketing of crop produce); o design aspects (engineering capabilities, farmer involvement); o environmental aspects (safe disposal of effluent); o construction aspects (factories for production of equipment, such as drain pipes, structures, capable contractors); o implementation aspects (drain water management, farmer participation) o institutional aspects (dealing with above aspects, O&M of systems, integration of water management)



• Investing in drainage may be very feasible: o



o o



construction cost per ha often varies between US$200 to US$800 (compared with cost of new irrigation projects that may be tenfold the cost of drainage) projects often have high internal rate of return, yields may double in 2 to 3 years; expansion of irrigated areas may be retarded (expansion of irrigation often is at the expense of the environment).



Points raised during the discussion



• The drainage cost mentioned is the cost paid for the drainage system implementation at the farm level and does not include the cost of the major infrastructure for irrigation or other elements.



• Surface (to prevent the erosion due to water runoff after heavy rainfall) and subsurface drainage systems can play a role in preventing waterlogging. In rainy areas surface drainage must be considered to remove the heavy surplus of rainfalls, combined with subsurface drainage.
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• It is important that the design of the drainage system should take into account o o o



erosion control (due to runoff after heavy rainfall) excess rainfall during the off-season (winter) the need to prevent capillary rise in the summer season.



• Biological concentration should be carried out in large-scale projects.



CLOSING REMARKS General conclusions and recommendations Conclusions A summary of the issues presented by the participants during the workshop is as follows:



• Irrigated areas in the world are 17 percent of the total arable lands and have produced 50 percent of the increase in food supply in the last 25 years.



• The countries of North Africa face water scarcity because of the arid climate. • The Near East faces rapid soil degradation and drainage problems due to inadequate and inefficient irrigation and agricultural practices.



• Very little attention has been given to drainage in the countries of the Near East Region, except in a few of them, and this has resulted in severe consequences.



• Irrigation in semi-arid regions is a major cause of drainage problems. • The Region faces many technical, economical and social challenges in sustaining irrigated agriculture. Consequently, important capacity building efforts are required to cope with these challenges.



• Design criteria should be adapted to local conditions, not only for a country but also for the different regions within that country.



• Capacity building in irrigation and drainage research, development and technology transfer is a fundamental tool for assessing the issues of the water sector, and it can play an important role in addressing these issues.



• Capacity building has to depend mainly on the use of local knowledge, institutions, methods and materials. • Joint work is greatly enhancing the technical and social research capacity of all involved. • The re-use of drainage water in irrigation is an important element in water management. • Many aspects of water management are liable to change. Therefore, drainage design needs to be sufficiently flexible.



• In most countries of North Africa: There are deficiencies in terms of local experience and references suited to the specific conditions of the countries. Human capacity in the field of drainage is of a low level. There are no real strategies for drainage development. There is no specific capacity for agricultural drainage. There are deficiencies in terms of technology capacity. Financing capacity is often unavailable. There are failures in the O&M of drainage systems.
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Recommendations A set of general recommendations related to the previous concerns were reached. The specific recommendations for each country are presented in the strategy document.



• Enhance cooperation between the countries of the Region, and between them and the international organizations.



• Establish the proposed African Drainage Centre as soon as possible to cope with the severe drainage problems in African countries.



• • • • •



Strive for improved planning, operation and sustainable and integrated water resources management. Develop a broader and more integrated view of drainage and salinity. Develop country-specific references. Promote national and international networks. Disseminate locally validated information through a network. The information should provide the knowledge needed to develop country-specific drainage design criteria and to accurately assess the drainage needs.



• Develop an integrated view of irrigation and drainage and take account of the continuous evolution of the drainage context in irrigated perimeters.



• • • • •



Improve farmers’ knowledge of water and salt management. Enable national drainage experts to develop their country-specific experience. Enable them to develop and/or be involved in pluridisciplinary networks. Change from traditional research to research required by farmers or that benefits farmers. Address the essential needs relating to education, training and improvement for staff working in the field of drainage in most of the countries of the Region.



• Undertake research in subjects relevant to drainage, in particular into the maintenance and performance assessment of drainage systems. Closing remarks Dr. Shaden Abdel-Gawad closed the workshop by stating that the workshop presentations and discussions had been open, focused and constructive and that they had produced solid recommendations. They had reinforced the initial belief in the importance and relevance of the capacity building needs in R&D and technology transfer in drainage for North Africa. The participants had presented a clear picture of their national needs. A review of the results of discussions and presentations indicated that although national concerns are many, weaknesses can be dealt with and threats can be turned into opportunities for success. Cooperation in research work between the countries and with regional and international organizations should be emphasized and strengthened. Dr. Shaden indicated that IPTRID would look into the workshop recommendations to accommodate the concerns raised by the different participants during the workshop. This may brighten the future for water resources management in North Africa. At the end of the workshop, Dr. Shaden thanked all the attendees for their active participation during the previous five days and recognized the efforts of the individual participants in preparing for the workshop.
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Time



Topic



Saturday, March 10, 2001 Opening Session 10:00 – 10:15 Welcome by DRI Director 10:15 – 10:30 Remarks by FAO



10:30 – 11:00 11:00 – 11:45 First Session 11:45 – 12:30 12:30 – 13:15 13:15 – 14:15 14:15 – 15:15 15:15 – 16:15



Remarks by IPTRID Theme Manager in Drainage Coffee break ILRI presentation on capacity in R&D CEMAGREF presentation on capacity in R&D Lunch Presentation of assessment on capacity in R&D DRI institutional human resource capacity in R&D and technology transfer in agricultural drainage in Egypt



Speaker



Dr. Shaden Abdel-Gawad (Egypt) Dr. Mohamed Bazza (Senior Regional Irrigation and Water Resources Officer, FAO Regional Office for the Near East) Mr. Harry W. Denecke (IPTRID)



Mr. Henk P. Ritzema (ILRI) Mr. Daniel Zimmer (CEMAGREF) Dr. Mohamed Hassan Amer (Advisor DRI) Dr. Mohammed Bakr Abdel-Ghany (Deputy Director DRI)



16:15 – 16:45 Discussion Sunday, March 11, 2001 Second Session: Country Presentations 09:00 – 10:00 Ethiopia Abera Mekonen 10:00 – 11:00 Tunisia Mohamed Hachicha 11:00 – 11:30 Coffee break 11:30 – 12:30 Morocco Ali Hammani 12:30 – 13:30 Algeria Tarik Hartani 13:30 – 14:30 Lunch 14:30 – 15:30 Libya Ali Alagab 15:30 – 16:30 Sudan Ahmed Abdel-Wahab 16:30 – 17:30 Discussion Monday, March 12, 2001 Field Trip: Tanta Training Centre Pipe factory Drainage implementation site Tuesday, March 13, 2001 Morning: (09:00 – 12:00) Preparation of draft strategy document on national capacity building on drainage (prepared for each country by respective participants assisted by resource persons) Lunch (12:00 – 13:30) Afternoon: (13:30 – 15:30) Visit to: Irrigation Museum DRI NWRC Central Laboratory for Environmental Quality Monitoring (CLEQM) Wednesday, March 14, 2001 Closing Session Presentation of the draft strategy document on 09:00 – 11:00 national capacity building on drainage Group Discussion 11:00 – 11:30 Coffee break 11:30 – 12:00 Formulation of conclusions and recommendations 12:00 – 12:30 Follow-up actions 12:30 – 13:00 Closing Mr. Harry W. Denecke (IPTRID) Dr. Shaden Abdel-Gawad
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