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Introduction
The Concept of Desertification

Desertification has come to the forefront of global concerns, as demonstrated in the number of international conferences and conventions, most recently, the Convention to Combat Desertification. The Convention defines desertification as a process of land degradation resulting from various factors including both climatic variation and change and human activities. Land degradation occurs in the forms of impoverishment and depletion of vegetative cover, loss of biophysical and economic productivity through exposure of the soil surface to wind and water erosion, and through salinization and waterlogging leading to deterioration of physical, chemical and biological soil properties. 

The drylands of the world are considered the most threatened by desertification. Comprising  hyper-arid, arid, and semi-arid regions with annual moisture deficits greater than 50%, the drylands are estimated to cover 34% of the earth’s surface. Drylands are associated in the popular view with desertification, partly because of the association of the term with hyper-arid environments and partly because of recent attention to the phenomenon of sand dune encroachment in agricultural areas. Although invasion by moving sand is a particularly dramatic form of desertification, relatively few people have been affected and the focus on arresting sand movement has, unfortunately, detracted from the more important and widespread issue of general degradation in drylands, of which desert encroachment is only a small part. In this regard, it should also be noted that more humid environments can also be affected by desertification through deforestation and subsequent erosion of soils.

It is estimated that some 9 million square kilometers of the world’s drylands have been turned into unproductive deserts in the past half century, directly affecting the livelihoods of some 80 million people. FAO (1995) estimates that today half the world’s irrigated land is so badly salinized or waterlogged that crop yields are reduced. Some 1 to 1.5 million hectares, mostly prime agricultural land, is newly subjected to salinization each year. The continual acceleration of vegetation loss through salinization and human removal not only depletes the biodiversity, but it also reduces the ability of the natural environment for carbon sequestration, with the consequent long-term effects of global warming and climate change.

Although some desertification is attributable to natural causes (long term climate change, droughts, and localized weather events), most instances can be attributed to human activity. Drylands are characterized by limited availability of arable land, limited and highly variable rainfall and scarcity of water resources.  The demands placed on land and water resources by  rapidly expanding populations, through agricultural intensification, urbanization and industrialization have combined to intensively exploit these natural resources.  The principal direct causes of degradation in the drylands are: 

· Removal of vegetation through cutting and uprooting trees and shrubs, plowing previously uncultivated and marginal land for annual cropping, poor soil management practices following harvest, overgrazing natural rangelands, and

· Intensification of cultivation using inappropriate cultural practices that degrade soil fertility and encourage erosion and through overuse of irrigation and poor drainage, leading to rising water-tables, waterlogging and salinization

Assessment of Degradation 

Investment in reversing degradation/desertification, whether in research, technological interventions, or national policies, requires knowledge about the state of the land (the degree and extent of degradation), including what forces affect productivity, whether productivity is declining under present management, and whether degradation can be reversed and productivity restored.  Whether investment is warranted by a particular government, or in a particular location, depends on the outcome of this assessment and also on consideration of what may be the costs of not investing in reversing degradation.

New tools for the 21st Century

Newly developed tools such as remote sensing, GIS, and computer-assisted expert systems can contribute to the planning and implementation of concrete measures to combat desertification that also greatly improve dryland productivity. Capitalizing on the positive sunshine and temperature aspects of dryland environments, the provision of water for irrigation allows the economic production of crops and other agricultural products on lands reclaimed from the desert areas. Reclamation often requires heavy investments in earth moving and irrigation infrastructure construction. That such efforts are feasible is demonstrated in Egypt, where almost 1 million hectares have been reclaimed from the desert. In other areas, non-conventional sources are needed. Desalinizing seawater using innovative energy sources such as solar power, tidal movement, or even bio-gas offers interesting opportunities for development in areas without renewable sources of surface or groundwater.

Since heat, moisture stress, and salinity are the major abiotic constraints to vegetative grown in arid and semi-arid environments, enhancing the ability of introduced plant species to withstand these constraints is a major concern in reclamation and rehabilitation efforts. Genetic engineering and other biotechnology tools offer considerable promise, together with improved conventional plant breeding methods. At the same time, there is need to develop appropriate land and water management techniques to prevent erosion, fertility loss and salinization so that the production system becomes sustainable. 

Desertification in West Asia and North Africa (Wana)
Root Causes: Interaction between Social and Economic Change and Limited Environmental Resources
The vast area broadly defined as West Asia and North Africa (WANA) stretches from Morocco in the west to Afghanistan and Pakistan in the east, and from Turkey in the north to the Arabian Peninsula in the south. It constitutes the single largest contiguous dryland region in the world. The region has only limited natural resources suitable for agricultural use. Rainfall is erratic in space and time; only a few favored spots receive enough precipitation to be classified as humid or sub-humid, and the length of rainfed growing period is almost everywhere less than 180 days. There are few permanent rivers, and much of the area is mountainous with shallow and infertile soils. The majority of the land consists of arid deserts that bisect WANA from west to east, from the Sahara in Africa to the Thar desert of southern Pakistan and the Karakum on the northeastern Iranian frontier. Only 14% of the land area, to the north and south of the desert zone, is deemed suitable for rainfed cropping, with much of this only appropriate for extensive land use practices. Despite its dryness, WANA is an important center of biodiversity. Many of the world’s major food crops, pasture species, herbs and medicinal plants originated either in the Mediterranean and continental climates (winter rainfall) to the north of the desert arc or in the semi-arid tropics (summer rainfall) lying to the south of the deserts. 

Demographically, WANA has one of the fastest population growth rates in the world. In the early 1960's the total population stood in the region of 200 million people, by 1990 the figure had reached 470 million, and it is projected to approach 930 million by the year 2020. The struggle to feed the rapidly expanding population has been a major strategic concern of almost all the countries in the region. Despite heavy public and private development investments, the amount of land and water resources available for agricultural production has not kept pace either with population growth or consumer food demand. By 1990, only Turkey was a net food exporter, and the rest of WANA combined constituted the single largest food importing region in the developing world, and the regional food self-sufficiency ratio has continued to fall by an average of 1% per year (El-Beltagy, 1997; Nordblom and Shomo, 1995). While agricultural production failed to keep pace with demand, rising incomes derived from other sectors of the economy, particularly in urban areas, have triggered a change in consumption patterns towards greater emphasis on meat and milk products, fruits, and vegetables. In order to meet the ever rising costs of living, farmers and pastoralists have responded to these changing demographic and economic circumstances by seeking to intensify production through greater exploitation of their limited resource base of soil, water, and natural vegetation.

Across WANA are locations where it is possible to utilize surface and underground water resources to intensify agricultural production through irrigation. In the past 30 years, governments have invested heavily in large-scale irrigation works to capture and manage surface flows from the few perennial rivers. National projects have been supplemented by individual farmer investments in drilled wells which tap underground water supplies. By 1991, about 35% of total cropped area in the region was under irrigation. However, sustained  productivity through irrigation development is threatened by over-exploitation and poor management of water application and drainage, leading to declining water quality and depleted aquifers, often resulting in salinization and loss of soil fertility.

In the higher rainfall areas receiving more than 400 mm, intensification has typically followed a pattern of  increased inputs, diversification, and attention to higher value crops. A major trend has been the spread of permanent crops, particularly fruit and nut trees and vines, with a 64% increase in the area devoted to these crops in WANA in the past 30 years. It is in these more favored, higher potential areas that intensification poses the least risk of desertification, although soil erosion on slopes and hilly land is a persistent problem.

The threat of desertification is greatest in the zone lying approximately between the 100 and 400 mm rainfall isohyets. This area represents about 80% of the land area outside the hyper-arid desert environments of WANA. These semi-arid areas have been regarded historically as marginal for human existence and the population pressure has been relatively low, although they have always been an important support and natural resource for the extensive small ruminant production systems of the region. Traditional systems of extensive cereal cropping and pastoralism in these areas of marginal productivity were well adapted to the physical environment and its constraints, but they are no longer adapted to the evolving circumstances in which intensified exploitation of the limited resource base of land and natural vegetation is an economic imperative for the local population. 

The areas most threatened with desertification represent two distinct land use patterns. Lying approximately between the 200 mm and 400 mm rainfall isohyets is an area traditionally used for extensive cereal cultivation combined with animal production. Recent intensification here is marked by increased annually cropped area, pushing the frontier of cereal cultivation into drier and drier areas and poorer and poorer soils while, at the same time, drastically reducing the area under annual or longer-term fallows. Much of the estimated 9% increase in total WANA annual cropped area has occurred in these marginal agricultural environments. Plowing for cultivation has removed natural vegetative cover, destroyed potential use as rangeland, and reduced biodiversity (Rodriguez, 1997). In years when rainfall is not sufficient to produce a cereal crop, the expansion of the cultivation frontier has resulted in significant wind erosion and depletion of the soil resource. Complete removal of crop residues following harvest in order to feed livestock leaves the soil surface exposed to wind erosion and further degradation.

Below about 200 mm of annual rainfall are vast areas, used as permanent pasture and rangeland, where precipitation is insufficient for arable agriculture. In these areas intensification has simply been increasing grazing pressure with more animals using the range for longer periods of time. The total small ruminant population in WANA, now is about 400 million sheep and goats, many of which are based in the rangelands and adjacent cereal producing areas. Movements of livestock within the rangelands in the past were regulated by seasonal availability of water and forage; they could stay on the natural pastures only as long as grazing and water were available.  Water for livestock, rather than seasonal vegetative cover, was the main factor determining the duration of the grazing season. The modern use of vehicular transport by sheep herders has disrupted the traditional grazing cycle and effectively intensified the exploitation of natural grazing.  The additional mobility provided by vehicles means that animals can be transported quickly over long distances to take advantage of new pasture.  In addition, the ability to transport water to the herds enables them to longer stay in any given area.  Thus, early grazing and overgrazing are common.  In effect, the range is subjected to larger numbers of animals for longer periods of time each year than ever before in history.  

Approaches to Reversing Desertification in Wana

Research Strategy and Agenda
Arresting, and perhaps reversing, desertification in the extensive marginal agricultural and rangeland areas requires a whole range of different strategies to develop more appropriate biophysical technologies and production techniques and associated socio-economic institutional arrangements and policy actions. ICARDA, which has a world-wide responsibility for research and human resource development for sustainable agricultural productivity in sub-tropical and continental dryland environments, has been tackling the issue of desertification through an array of research efforts in collaboration with national program scientists. The goal of the research effort is integrated  management strategies incorporating appropriate technologies for agriculture in the drylands that satisfy the triple requirements of increasing production, sustaining the natural resource base, and satisfying the needs and capabilities of the human population that will use them. 

The essential research problem is to devise better methods of management of the land surface and its vegetative cover that are technically feasible, socially acceptable, and sustainable. ICARDA has developed simple and easily applied methods to measure soil erosion effects in the drylands in order to quantify factors promoting erosion, test simple methods available to farmers to control erosion in their lands and identify the areas at risk of desertification. Satellite imagery is being used by ICARDA to identify erosion-prone areas. The methods include use of a computer program that takes user-identified sample areas of known type (e.g., wind-eroded units) and generates statistical criteria that are then used to identify similar areas on the wider satellite image. Developing these techniques and the maps they produce allows estimates of the magnitude of degradation while simultaneously permitting assessments of present and future impacts of rehabilitation efforts.

Over the last four years, ICARDA has undertaken germplasm collection in the desert- margin zones to safeguard valuable legume species from genetic erosion and disappearance through overgrazing or cultivation of former rangelands. The germplasm from these areas is often highly drought- and salinity-tolerant. Over 250 accessions have been collected from desert margins below the 300 mm isohyet in Jordan, Tunisia, Libya, Pakistan (Baluchistan) and Morocco. They are presently under rejuvenation and evaluation by national program and ICARDA scientists.

The agenda for developing sustainable systems of land use that can reverse the effects of desertification can be conceived as a matrix along two axes: resource management and production systems. Within the cells of the matrix are located individual activities addressing specific degradation problems with their biophysical sustainability and socio-economic concomitants. The resource management axis is based on the recognition that, everywhere in the drylands, water is the most constraining resource. Reversing the process of desertification requires making the best use of water available from different sources. 

Best use may often include the conjunctive (or complementary) use of different water sources, since each source has its special problems. The sources include rainfall, surface flows (perennial and intermittent), groundwater from shallow (rechargeable) and deep (fossil) aquifers, and unconventional sources such as de-salinization plants. Water management is distinguished by two themes: direct use of rainfall at the time and place where it falls and indirect use of captured and/or stored water. This latter theme includes rainfall capture through water harvesting and storage either in the soil profile or in reservoirs and water that is stored by nature in aquifers and river basins.

Table 8: Research Matrix

Production Systems
Water Resource Management




Direct Rainfall
Water Harvesting
Surface and Ground Water

Rangeland and Pastures
Rehabilitation, grazing management and shrubs
Micro-catchments  for shrubs


Rainfed Agriculture
Legumes in rotation and soil surface management
Micro-catchments 

for tree crops


Irrigated Agriculture

Reservoirs for supplemental irrigation of crops
Water use efficiency and optimization of productivity

The production systems’ axis reflects predominant land-use patterns in the drylands: rangeland grazing, rainfed farming, and irrigated agriculture. Each cell within the matrix combines a water management strategy with the production and utilization of vegetation in an integrated and sustainable way. Soil conservation and management are addressed within each cell of the matrix, as appropriate. There are additional aspects of specific importance to desertification in a number of cells. For example, at the intersection of direct use of rainfall and rangeland are located concerns with the ex situ and in situ conservation of dryland biodiversity of wild plant and animal species. Similarly, at the intersection of river and groundwater use and irrigated cropping are the issues of combating salinization and waterlogging. The discussion of research progress that follows is organized according to the matrix as represented in table above presented.

Range rehabilitation using direct rainfall

Rainfall is the most precious of renewable natural resources.  However, only a tiny fraction of rainfall becomes usable soil moisture: only 1-10% of the rainfall that falls in the drylands ends up in the tissue of natural vegetation and crops of economic significance. Most of the water is lost through  surface runoff, deep drainage, evaporation from the soil surface and deep cracks, and transpiration by weeds.  Techniques must be found to reduce water losses and so increase the moisture available for vegetative growth.

On rangeland, proper grazing management and other measures are essential to preserve sufficient vegetative cover to capture rainwater in the soil profile, prevent serious runoff, and efficiently utilize the water infiltrated into the soil.  Research here is concerned with the re-establishment and maintenance of suitable natural plant cover and devising systems that balance animal productivity with rainfall capture.

Efforts to increase the productivity of rangelands and to reverse resource degradation have been carried out in many parts of the region.  Measures include fencing off and/or reseeding degraded rangeland to allow it to regenerate, planting of fodder shrubs or trees, and the introduction of appropriate systems of grazing management. However, many of these measures have been applied without regard for resource users’ current strategies, economic efficiencies, and integrated strategies. ICARDA recognizes that many of these techniques have a role to play in reversing desertification in rangelands, but they must be applied in an integrated manner well adapted to local environmental, social, and economic circumstances. Closing off grazing land may have positive effects on the regeneration of certain types of vegetation, but protecting the land for too long can have negative effects on productivity by favoring the development of more vigorous, but unpalatable, species that supplant more valuable species such as certain annuals.  Grazing, if properly managed, is a positive contributor to the improvement of rangeland productivity. Reseeding or encouraging self-regeneration with native species is also valuable in rehabilitating the degraded rangelands. ICARDA has developed a pitting machine through which the re-establishment of native vegetation can be enhanced. The machine makes pits breaking through the hard surface or sub-surface crust typically found in degraded calcareous soils in WANA; seeds are deposited in the pits where rainwater can collect and moisture conditions favor their successful germination and growth.

Palatable shrubs and trees can provide important fodder reserves while stabilizing the soil surface and reducing wind erosion in degraded rangeland areas. However, attempts to establish plantations of fodder shrubs or trees have not always been successful, due to mistakes in plant density, size of areas planted, inadequate choice of species, etc..   Failure or poor performance of shrub plantations can often be attributed to the poor ecological adaptation of selected species that are unable to regenerate by natural reseeding and eventually disappear.  Inappropriate grazing management, particularly in protected plantations, means that shrubs and trees may attain a size where they are either unpalatable or ungrazable.

ICARDA, with its partner the Steppe Directorate of the Syrian Ministry of Agriculture and Agrarian Reform, has been evaluating the use of Atriplex spp and Salsola spp. for rehabilitating rangeland in areas receiving less than 200 mm. Livestock performance, biodiversity and shrub growth are being measured on improved and native rangelands under different grazing regimes. The data collected will be used to construct models of environmental, vegetation and management interactions for application both in Syrian conditions and elsewhere. ICARDA has conducted similar work with the Arid Zone Research Institute in Quetta, Pakistan that shows promising results with Atriplex spp.

For successful use of fodder shrubs and trees, detailed studies are needed to identify appropriate and well adapted species and their agronomic requirements. ICARDA is coordinating a CGIAR system-wide initiative on Production and Utilization of Multi-purpose Fodder Shrubs and Trees with other CGIAR centers (ICRISAT, ILRI, and ICRAF) and the national research systems of WANA and the African Sahelian countries. The objective of the initiative is to improve the production and utilization of feed resources in a sustainable manner. Attention is focused on the identification of shrubs and trees adapted to the harsh environments of areas of low rainfall and shallow, often crusted, soils, together with the appropriate management of these species and their integration into existing livestock production systems. In addition to being important feed reserves for livestock on the rangelands, shrubs and trees serve as windbreaks to control soil erosion and as a source of fuelwood for the pastoralists.

Within the cultivated marginal drylands, there are many areas where soil is too shallow, stony or sloping to be used for cultivation. These areas are generally intensively grazed by small ruminant flocks based in the farming villages. Overgrazing is a pervasive problem and severe soil erosion is commonplace. Research conducted at ICARDA on these lands over the past decade has demonstrated that an annual application of a small dose of phosphate fertilizer (25 kg P2 O5 per ha) can increase the productivity of these lands and reverse the process of degradation. Application of phosphorus in P-deficient land encourages the establishment of legumes and increases the carrying capacity for grazing. In addition, reseeding using native forage legumes such as annual medics and trifoliums has been effective. ICARDA has developed simple, hand operated machines that collect native pasture species seeds, and their use has been demonstrated to farmers. Through a participatory research approach with village communities, phosphate application and  reseeding, when combined with appropriate grazing times, has proven to be an effective package of technologies for reversing degradation at a number of different sites in Syria and Lebanon.

Improving Direct Use of Rainfall in the Driest Cropped Areas 

Expansion of the cultivation frontier into the rangelands bordering the desert, together with  replacement of extensive fallows in previously established cropping areas by continuous cereal monocropping, for livestock feed,  have been major contributors to declining soil fertility and wind erosion. One way of combating degradation resulting from cereal monocropping is the introduction of adapted forage legumes, such as vetches (Vicia spp.) and chicklings (Lathyrus spp.), into the farming system. These crops are indigenous to the Mediterranean basin and can augment soil fertility when properly managed in rotation with cereals. The crops have the additional benefit of multiple-use options: they can be used for green grazing during winter, harvested for hay in the spring, or for grain and straw at full maturity. The high nutritional quality of the plants is of great value to small ruminant flocks dependent on degraded range vegetation and cereal crop residues. Increasing forage production in areas adjacent to rangelands may have a positive impact on the rangeland vegetation by reducing local problems of quality feed supply and allowing the deferment of rangeland grazing until vegetation has reached the growth stage most suitable for grazing.

ICARDA has assembled extensive collections of vetch and chickling species, evaluated them for environmental adaptation, and made selections of types with superior agronomic characters suitable for dryland cropping systems. A number of ICARDA vetch and chickling selections have shown excellent performance in the low rainfall arable farming areas of the northwest coast of Egypt. They are also becoming increasingly popular with farmers in the critical low rainfall barley production zones of Syria, Lebanon, Jordan, and Iraq.

The challenge in dryland rainfed crop production is to coordinate the use of water-efficient cultivars, crop rotations and land management to increase biological and economic output per unit of water. The development of drought-tolerant, or more water-use efficient cultivars, particularly through the advances made in biotechnology and genetic engineering, contributes to this goal. At least equal contributions may be achieved from improved soil, crop and cropping system management.  The objective is to integrate the use of water-efficient cultivars, crop rotations and land management in a sustainable production system that increases biological and economic output per unit of water. Water-use efficiency in rainfed agriculture depends on the maintenance of a permeable surface and the establishment of crop canopies that maximize productive transpiration relative to losses through weeds and surface evaporation.  Well-timed tillage operations, in some cases including contour ridging or mulching, combined with skilled, locally adapted crop husbandry may double the percentage of water used productively.   

Water Harvesting and Irrigated Agriculture

In many locations, direct rainfall is insufficient for crop growth and increasing the amount of water available through water-harvesting techniques is the most appropriate way to ensure sustainable production and to reverse desertification.  Water harvesting concentrates rainfall by allowing and encouraging it to run off catchment surfaces in a controlled way and then storing the harvested water for subsequent use. Water may be stored in a number of ways: small dams, cisterns, shallow aquifers, or in the soil profile. It is then made available to a target crop, shrub, or tree.

Water harvesting has deep historic roots in the WANA region.  Many ancient systems, long fallen into decay ,need to be revived and adapted for use in the modern world and new systems more adapted to modern social and economic circumstances devised.  This is not easy. Developing the right system and adapting it successfully to local conditions is rarely straightforward. An inevitable degree of unreliability in supply requires careful choice of target crops. Moreover, water harvesting systems will not be maintained unless they command the full confidence of their users. Using land as catchment often involves opportunity costs and may adversely affect current users, and it may have important environmental implications.  Intercepting run-off flows higher up  in larger catchments may have hydrological, social and economic consequences for downstream users.

Water-arvesting techniques may be grouped into two categories. Techniques that directly supply water to target crops and store water not immediately transpired in the soil profile around the root zone may be considered micro-catchment techniques because the catchment area is small and no artificial storage structures are required. The other category are macro-catchment techniques that concentrate run-off flows and store them in prepared reservoirs for subsequent application to the target crop. The application of stored water can be considered a form of supplemental irrigation, in the sense that the harvested run-off water is used to supplement the rainfall that directly falls on the target crop. The choice of technique and target crop depends on local circumstances, including topography, soil type and depth, rainfall characteristics (amount, distribution and variability), and run-off coefficients. ICARDA and its national partners are following a combined strategy in water-harvesting technique decision-making. Research is being conducted in selected sites in a number of countries in developing and refining individual water harvesting techniques and establishing their performance parameters. At the same time, on a much broader geographic scale, remote sensing and GIS technologies are being applied to assess and select suitable areas for large-scale water harvesting applications within the drylands of WANA. Digitized sets of satellite images, topographic information, soil types, vegetation, hydrology, and meteorology are combined with specific water harvesting techniques to provide an expert system for decision making for large-scale development investments.

A decade of work in Jordan and Syria has demonstrated that micro-catchment techniques such as contour ridges for fodder shrub and pasture production has great potential for revegetation and combating degradation in rangelands. Where rainfall is less than 150 mm, micro-catchments economically support almond, pistachio and olive trees without supplemental irrigation. In the same area, water harvested and stored in small earth dams was used for the seasonal production of field crops. Rainfall use efficiency can be very high using properly designed and managed water harvesting systems. Overall system efficiency for small basin micro-catchments in Jordan reached over 86%.  If the system is ill-designed and not properly managed, the efficiency drops to about 7%. These results reinforce the importance of combining technology development with the perceptions, needs, and capabilities of the land users who will implement water harvesting (Oweis, 1997).

ICARDA is the convening center, within the CGIAR, for an ecoregional research programme in On-Farm Water Husbandry in West Asia and North Africa, linking scientists from ICARDA and national programs in WANA and  established recently to focus precisely on these issues.  The research programme addresses four main themes:

· Description and analysis of indigenous systems (past and present), with particular focus on the human dimension.

· Development of methods for appraisal of sites for water-harvesting potential. 

· Optimizing the utilization of the harvested water.

· Disseminating new techniques to land users.

Although supplemental irrigation using harvested rainwater may be the only way of ensuring annual harvests of field crops in the driest cultivated areas, modern supplemental irrigation can play a much wider role in sustaining water resources. Using groundwater from shallow aquifers to supplement rainfall during the growing season has always been a widespread phenomenon throughout WANA. Over the past half century, however, new technologies have increased the capacity to extract, move and use water, resulting in use exceeding supply in many areas. In fact, the popularity of well irrigation is so great that in many locations water extraction is exceeding recharge, and many shallow aquifers have been depleted to the point of exhaustion. Over pumping goundwater in coastal areas leads to the intrusion of sea water and salinization of soil. Sea water intrusion is of particular concern in Libya, Oman, and Yemen. The challenge in maintaining, and perhaps restoring, vital groundwater resources, and thereby ensuring sustained production improvements, is to use the available water to the highest degree of efficiency possible.

ICARDA has a substantial program of supplemental irrigation research targeted to agricultural areas receiving between 250 and 500 mm of annual rainfall. Research has concentrated on improving water-use efficiency in supplemental irrigation by determining the optimum amount of water to apply across a range of environmental circumstances rather than achieving the highest possible yields. Maximizing yields usually results in overuse of water per unit of production. Judicious application of small amounts of supplemental irrigation in Syria when rainfall does not exceed 250 mm showed that 200 mm of irrigation applied at the proper time increased the grain yield of wheat from 0.5 ton/ha to 4.0 ton/ha. When rainfall exceeded 500 mm, 70 mm of supplemental irrigation improved wheat yield by over 1.5 ton/ha.

It has been found that the water use efficiency of supplemental irrigation is much higher than full irrigation in low rainfall areas. A cubic meter of supplemental irrigation water produced on the average over 2 kg of wheat, whereas under full irrigation a cubic meter of water produced only 0.5 kg of wheat. 

In long-established irrigated areas and in newly reclaimed irrigated lands throughout WANA there are serious degradation issues. To a greater or lesser extent, these lands are threatened by changes in water quality and quantity, rising water tables and salinity, increased disease incidence, and pollution of soil and water from heavy use of chemicals and fertilizers. Moreover, FAO estimates that as much as 60% of water diverted or pumped for irrigation is wasted through leakage, system faults, and mis-application. Through its Nile Valley and Red Sea Regional Program, ICARDA has joined in partnership with the Egyptian national program to implement a research project designed to address resource management and sustainability issues in the long established and newly reclaimed irrigated areas. A number of sites, each selected for representative environmental conditions and identified resource degradation threats, have been established for a series of long-term trials and on-farm resource management studies.

Conclusion

Desertification is a reversible process, but action must be taken immediately to reverse the process in areas where the threat is greatest before the process reaches its conclusion and there is no longer the chance of recovery. In the drylands of WANA and the arid and semi-arid zone has the highest priority because it is here that removal of natural vegetation and inappropriate cultivation methods are degrading and depleting valuable and limited biological, soil, and water resources at the fastest rate.

ICARDA is firmly committed to addressing and seeking to reverse desertification in the drylands through research to develop sustainable agricultural systems that integrate crop and animal production, appropriate resource management practices, and the needs and capabilities of the human population. ICARDA and its national and international partners are working together to utilize the scientific and technological tools available to achieve this objective. The research effort is producing an array of applicable and proven approaches to combat desertification, including rangeland rehabilitation, grazing management, farming systems development, water harvesting and on-farm water husbandry practices. As we move into the 21st century, the future looks promising, so long as the research effort is sustained.
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