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Overview

B

reaking the vicious circle of poverty, famine, need for grazing and cropland, and environmental degradation factors that lead to desertification, is inevitable if the humankind is to continue to exist on the planet earth.  Although overpopulation is one of the major causes of the processes leading to desertification, as we cannot reverse the exponential growth rate easily, we have to develop a strategy which may make at least a dent in the circle. 

Water shortage is pushing large masses to the brink. This is true for both the xeric and mesic environments.  Not only the developing countries feel the pressure, but also the advanced nations as well, of course in different contexts.  While water, no matter how impure, is a heaven sent gift for some desert inhabitants, an abundance of polluted water is menacing the industrialized countries.  Flooding wreaks havoc on all nations.  No country is immune to this nature's whim.  Drought is another ever-present threat to the very existence of people who have to produce their food on land.

Prudent water management is the key to many aspects of desertification control.  As floodwater and “wastelands” are the two most precious but overlooked resources in the deserts, the logical utilization of these blessings in disguise is a means of providing a more fruitful life for some desert dwellers.

Placing all of these issues into one frame and contemplating their inter-relationships brings out a unique solution to many of these problems: Floodwater spreading as a sustainable practice.  The status of our knowledge, as far as the resources which have been at the author's disposal could convey, has been presented in this paper; myriad of unanswered questions still remain, however.  Consider the following:

1. Irrigation with floodwater is the oldest method of watering field crops, perhaps learned from the nature. The author is not aware of any methodological research in this field.

2. The qanat technology has been around for a few millennia and it has been disseminated from Iran to many parts of the world. Hydraulics of qanat, particularly in relation to its artificial recharge, is relatively unknown. Why is it so? I advance some thoughts; certainly there are others.

Centralization of advanced research in Europe and the USA. Needless to say, what makes a name for a researcher is dazzling the scientific community with the discoveries.  Floodwater spreading is an old hat!  These are three examples in irrigation optimization:

a. As about 99% of the water consumed by vegetation is transpired, a small reduction in the transpiration rate could amount to a considerable saving in water.  The bright idea of application of biochemicals to the leaf surface to partially close the stomata (Zelitch, 1969) and its limitations (Gale et al., 1967) have not died completely (Kramer, 1983, p.412-414).

b. As carbon is the building block of the organic material and CO2 is used in the photosynthetic processes, increasing CO2 concentration in the plant environment is under careful consideration (Tinus, 1974; King and Greer, 1986; Allen, Jr., 1990; Chaudhuri et al., 1990).  Applicability of this idea is an open question. 

c. As sea- water is practically limitless a few investigators have claimed success using the highly saline water for irrigation of certain crops (Boyko, 1968; Epstein and Norlyn, 1977). Apparently, others have not been able to verify their findings!

The mean annual precipitation of North America (including Central America but excluding the Canadian Archipelago) is 670-mm, of which 287-mm (2000 billion m3) runs off to the oceans; somewhat similar situation is prevalent in Europe.  Therefore, it is logical that European and American scientists should not be concerned about water shortage as much as the people of the arid and semi-arid lands should.  Another reason is the mentality of most of these scientists and their sponsors who look for spectacular and expensive projects, quite the opposite of what is needed by the developing nations.

With this background, it is encouraging to know that the US Congress (OTA, 1983) seriously considers the use of water harvesting techniques.  This may lead to some basic research that could eliminate some of the obstacles.

It is of vital importance to realize that the era of cheap water is over. Therefore, tremendous intellectual and financial resources should be directed towards solving the water crisis. As many people consider flood a curse it is logical to harness it and posses its water! There are three distinct areas in floodwater spreading (FWS) research needs: Technological, biological and sociological, which are discussed briefly below:

Technological Research Needs

1. Hydraulics of FWS consisting of diversion weirs, aprons, sand excluders, turnouts, inundation canals (ICs), conveyance-spreader channels (CSCs), level-silled channels (LSCs) and gaps. It is important to realize that flood is an unsteady, nonuniform flow and its spreading undoubtedly follows the same conditions;

2. Hydraulics of irrigation with floodwater (IF);

3. Hydraulics of sediment transport in the FWS systems;

4. Design optimization in ICs, CSCs and LSCs for sedimentation reduction in them, and a uniform FWS from the CSC overflowing sill;

5. Design optimization for LSCs with regard to their location in the FWS systems;

6. Spacing optimization for the LSCs with regard to their function (IF, sedimentation basins, SBs);

7. Design optimization for the recharge ponds (RPs) and SBs with regard to their geometric shapes and local conditions;

8. Fixation of the moving sand by the fine-grained sediment (warping) and strip cropping in the FWS systems;

9. Construction of diversion weirs, turnouts and wasteways with regard to the materials and methods;

10. Construction of sand excluders;

11. Desiltation of the IC and the channels, and utilization of the sediment for leveling and reclamation of eroded land and brick manufacturing;

12. Groundwater hydrology and hydraulics in the artificial recharge of groundwater (ARG) systems and mapping the phreatic surface for utilization optimization;

13. Contingency groundwater reserves for drought periods and prevention of salt- water intrusion into freshwater aquifers;

14. Characterization of clay species in the contributing watersheds, their translocation into aquifers and their probable transformation into other minerals in the ARG systems;

15. Design and construction of the ARG and FWS systems with regard to the development of clean cities (Desert Utopias).

Biological Research Needs

Irrigation with floodwater (IF) or runoff farming (ROF) is an intermediate stage between the irrigated and dryland farming. If floods occur at the opportune time and at the right rate the watered crops behave as they would in irrigated agriculture.  On the other extreme, the crops respond to a floodless season as in the rainfed systems.  In an average year, however, they receive less water than in the former and more water than in the latter.  Therefore, application of the results obtained in both types of agriculture to runoff farming is a mistake and implementation of comparative studies is inevitable if dependable results are expected.

Acceptance of the rooting - zone as the water reservoir is the starting point in the ROF; therefore, characterization of the physical, chemical and biological properties of the soil on which crops are grown is essential.  Selection and/or breeding of the species and varieties adapted to the ROF are another point to consider. 

It is extremely important to realize that root distribution in the soil is dependent on the interaction of the genetic characteristics of the plant with the physical, chemical and microbiological properties of the soil and the microclimate in the plant canopy. It is only under favorable environmental conditions that a plant expresses its full potential in growth and reproduction (Brown and Scott, 1984). Therefore, the plant and its growth medium have to be studied as an integral system. 

As water is the most limiting factor in arid and semi-arid agriculture, and just one watering at the right time dictates the difference between success and failure, it is logical to start with the adaptation trials of the available stock in the FWS systems.

Breeding plant varieties, particularly cereal crops, for use in the FWS systems is the next step in optimization of IF.  As reliable results are obtained only if the cultivars and lines are selected under irrigation with floodwater, therefore, the routine breeding process, in which plants are watered regularly, is not applicable to this activity.  Hurd (1976) believed that as a plant yield is related to its response to the environment, therefore, its water use efficiency and the products of its photosynthetic processes are specifically related to that environment and cannot be repeated somewhere else.  As evidence, he mentioned a variety of spring wheat, which had produced the highest yield under irrigation but the lowest yield in the dryland farming.  Another example was the similar growth rate of some German wheat varieties at the -5 bar potential with some American varieties at -14 to -25 bar potentials (Kaul, ibid.).  It is obvious that the drought tolerance of the American varieties could not have been realized in an irrigated treatment, the accepted practice of plant breeders!

As the main objective of such applied research is to solve the urgent problems which should lead to a sustainable agriculture for the desert inhabitants, it is essential to break the molds and follow the lines of thought which might differ radically from the conventional scientific disciplines.  For instance, range managers prefer perennial forage to the annuals; therefore, they recommend that 40-50% of the crown cover should be saved from grazing so that their growth rate would be sustained in the coming years.  As annuals may be grazed to the soil surface and FWS ensures soil water recharge in most of the lean years, the establishment of annuals should be encouraged at the cost of perennials if the lack of vegetative cover does not enhance soil erosion.  This calls for a methodical study.

Having deep, extensively branched roots is a drought avoiding mechanism of some xerophytes. The carbohydrates diverted from the canopy to sustain root growth may be consumed in usable plant yield. The question is: What is the right shoot/root ratio for such plant species?

Water use efficiency (WUE) of the C4 plants is more than that of the C3 species. For example, WUE of sorghum is twice that of wheat (Dewit and van Keulen as reported by Fishcher and Turner, 1978). Is not growing Panicum antidotale Retz., a C4 forage (Tinus, 1974), and probably an N-fixer, more economical than growing alfalfa which has a very high rate of evapotranspiration? Could not we replace wheat and barely with sorghum as our staple food?

The above questions and many more wait for answers.  It is only through painstaking research that we could eliminate such doubts. A few topics for research are discussed below. It is obvious that they are not exhaustive and more may be added to the list.

1. Identification of or Breeding for Wheat and Barley Varieties with Long Roots

As the concentration of "working roots" in the moist soil is a drought avoiding mechanism, breeding varieties which are more efficient in utilizing soil water and nutrients has been suggested a long time ago (e.g., Danielson, 1967).  However, these roots should not be very active at the beginning of the growing season to absorb most of the available water, thus causing a lush growth, but do not leave enough reserve to supply the plant during the reproductive stage. Passioura (1972) has presented an interesting concept regarding the effect of root geometry on the yield of wheat growing on stored water. The xylem's resistance to flow is a mechanism by which water absorption rationing takes place.

2. Enhancement of Nutrient Absorption

A very interesting and advantageous property of floodwaters is the nutrients carried by them in solution or absorbed on the suspended load.  The organic matter carried by floodwaters in the form of livestock dung or litter is another nutrient source.  Composition of rocks on the watershed and their rate of weathering dictate the nutrient concentration in the floodwaters.  A good example in this case is the concentration of nitrate and ammonium, which is on the average 59 and 23- ppm, respectively, in the floodwater of the Bisheh Zard Basin used for the FWS - ARG in the Gareh Bygone Plain, Iran.

As the surface soil is usually the most fertile part of the profile, and the active roots absorb nutrients to their potential, therefore, addition of fertilizers to the topsoil does not affect those roots very much. On the other hand, since mass-flow and diffusion supply almost all of the nutrients absorbed by the roots, and these activities are water-mediated, therefore, drying of the soil surface in the deserts deprives the plant of nutrients except those which are in immediate contact with the root hairs.  This is very important in the dryland farming during the reproduction stages, thus points to the importance of placing fertilizers in horizons which are moist to the end of the growth period.  Another alternative is the selection or development of varieties, which may absorb nutrients abundantly when the soil is wet and assimilate them gradually as the rooting-zone dries up. Selectivity of the roots for immobile elements is another desirable mechanism for rainfed crops.  As nitrate leach to the lower horizons and potassium is sufficient in the soils of Iran we limit the discussion to phosphorus.

As P translocation towards roots takes place by diffusion (90-95%) and mass-flow (1%) in the soil solution (Barber, 1980), the presence of water is essential for P nutrition of plants. Therefore, as the soil surface loses its water P absorption by the roots gradually comes to a stop.  However, since the deeper layers usually dry up later than the surface soil P absorption takes place there. Of course other mechanisms may be involved too.

Pothuluri et al. (1986) have shown in a laboratory experiment that hybrid sorghum-sudangrass absorbs more P from the subsurface layer than the surface soil when the P-supplying capacity of the former was high.  Although droughty surface soil in dryland farming and irrigation with floodwater necessitate placement of P in the moist horizons, duplication of the cited research and that of Ozanne (1980, quoting Ozanne and Sewell) under FWS and with adaptable crops is recommended.  Benefiting from the genetic potentials of certain varieties is another strategy.

Danilckuk and Yatsenko (Hurd, 1976) have reported that the ‘Odessbaya’ wheat has the potential to store P during soil water availability then consume it when the need arises.  Apparently, Agropyron intermedium (Host.) Beauv. has the same characteristic (Viets, Jr., 1972). Trial of the known varieties suitable for cropping in the FWS system and breeding for special traits, which enables the crop to produce higher yields in such systems, is a research priority. 

An interesting research topic is the nitrogen accumulation by the leguminous and nonleguminous pioneer trees planted in the FWS systems. Phosphorus and K transportation to the soil surface by these trees, along with a deeper rooting-zone in the sedimentation basins, prepares the land for cropping cereal (Kowsar, 1998a).  Tree-cereal crop rotation is a good subject for investigation.

3. Crop Production in Fat and Lean Years

Contrary to the argument put forward by Adelman and Berck (1989), the Prophet Joseph's policy is still valid today in the deserts: Produce and store in the time of plenty and consume commensurate with the needs. This means cropping high yielding varieties in the FWS systems and hoping for the fat years.  As these stocks require timely and sufficient irrigation, fertilization and pest and disease control, they show poor results when and where these inputs are lacking.  On the other hand, local varieties, which are drought enduring, produce a respectable yield in the good years and some yield (more than the high yielding cultivars) in the lean years. Genetic engineering might resolve this dilemma by developing varieties that respond to flood irrigation but are not complete failure if floods do not arrive.

The artificial recharge of groundwater is a variation on the same theme where potential aquifers exist. Store waters underground and irrigate crops during the lean years. 

4. Plants' Response to Sediment Deposition

Floodwater spreading on rangeland is not an unsullied blessing; turbid floodwaters may deposit thick layers of sediment on the spreaders.  However, plants differ markedly in their response to sedimentation. Western wheatgrass (Agropyron smithii Rydb.) tolerated an annual silt deposition of 30-cm for 5 consecutive years (end of observation), while blue grama [Bouteloua gracilis (Wild. ex Kunh) Lag. ex Griffiths] could not tolerate even 25-mm of sediment (Hubbell and Gardner, 1944).  Although eradication of poisonous whorled milkweed (Asclepias  galioides H.B.K.) is advantageous due to sedimentation in New Mexico, USA (ibid.), barley and wheat seedlings cannot break through the hard crust formed by the fines deposited on them.  Adaptability of local and exotic forage plants and agronomic crops should be ascertained.  An important outcome of these experiments is the selection of suitable rhizomateous species for making a dense sod in the gaps, on the spilling sills and in the channels susceptible to erosion.

5. Weed Control

The seeds carried directly by floodwater or in the livestock dung are broadcast on the spreaders where they may grow vigorously. Although flood-mediated introduction of plant species into the FWS systems maybe advantageous, as the propagation of Artemisia sieberi Besser and Atriplex leucoclada Aell. in the previously loamy sand of the Gareh Bygone Plain in southern Iran has proven to be, one has to be concerned with the possibility of weed infestation of the system, particularly if food and forage crops are planted in them.

A thorough identification of plants on the watershed whose runoff or base flow is utilized in the FWS system is advised. Eradication of potential weeds, particularly noxious plants on the basin, may prove advantageous. Trifolium alexandrinum (L.) can eradicate many weed species in southern Iran. Other environmentally friendly techniques may be implemented to control weed infestation of the floodwater-irrigated fields.

6. Adaptability Trials of the C4 Species 

As the C4 plants are efficient users of CO2 and water, their introduction into the FWS systems is a right move. Since these plants are adapted to the tropical areas where periods of abundant precipitation alternate with extreme droughts, thus they are able to compete with mesophytes in rainy years and still survive droughty seasons (Laetsch, 1974), their adaptability to the site of FWS should be tried.  A very beneficial characteristic of some of these C4 plants is their symbiotic nitrogen fixation. Paspalum notatum (cv. batatais), Brachiaria humidicola and B.decumbens provided 20-45-kg N ha-1 yr-1 in Brazil (Miranda and Boddey, 1987); contribution of Panicum maximum Jacq. in the Brazilian summer (Dec. - Apr.) was 5-10- kg N ha-1.

As Panicum antidotale Retz., a possible nitrogen fixing grass( Neyra and Döbereiner, 1977), has shown a wide range of adaptability (it has survived the -14°C winter of Sabzevar, NE Iran) its trial in the FWS systems is strongly recommended. A short list of C4 plants is presented in Table 1.

Table 1.   A short list of C4  plants (after Tinus, 1974; 

Berry and Björkman, 1980).

	Family
	Tribe
	Species

	Poaceae
	Maydeae
	Zea mays

	
	Andropogoneae
	Andropogon scoparius

	
	
	Andropogon virginicus

	
	
	Saccharum spp.

	
	
	Sorghum spp.

	
	Paniceae
	Panicum antidotale

	
	
	Panicum maximum

	
	
	Panicum miliaceum

	
	
	Panicum texacum

	
	
	Digitaria decumbens

	
	
	Digitaria sanguinalis

	
	Chlorideae
	Cynodon dactylon

	
	Festuceae
	Eragrostis curvula

	
	Agrostidae
	Sporobolus poiretii

	Graminae
	
	Spartina towensendii

	Amaranthaceae
	
	Amaranthus edulis

	
	
	Amaranthus retroflexus

	Chenopodiaceae
	
	Atriplex confertifolia

	
	
	Atriplex lentiformis

	
	
	Atriplex nummularia

	
	
	Atriplex rosa

	
	
	Atriplex sabulosa

	
	
	Atriplex spongiosa

	
	
	Atriplex vesicaria

	
	
	Hamada scoparia

	
	
	Kochia spp.

	
	
	Salsola spp.

	Euphorbiaceae
	
	Euphorbia spp.


7.  Macro- and Microbiology of the Floodwater Spreading Systems

Aggradation of environmental quality, an inevitable outcome of FWS in the deserts, provides a new medium for the invasion of adaptable macro- and micro- species. Appearance of truffle (Terfezia ssp.), three years after the installation of the FWS systems in the Gareh Bygone Plain in southern Iran, heralded a good turn in the life of a desert. Invasion of a sowbug (Hemilepistus shirazi Schuttz), 10 years after the start of FWS in the GBP, was the glad tidings for the designers and builders of the systems. This isopod, which forages on the leaves of Atriplex lentiformis (Torr.) Wats., a C4 plant, burrows deep into the sediment and facilitates infiltration into the very thick crusts (Rahbar and Kowsar, 1997).  There has been a 5-fold increase in infiltration rate (IR) of the sedimentation basins following the sowbug appearance.  We find it advantageous to plant this forage species and propagate sowbugs to keep an almost constant IR in the FWS systems. A thorough study of the micro- and macrofauna and flora of the FWS systems is recommended.  Identification of mycorrhizae species is particularly important. 

8. Inundation Tolerance of Plants

High infiltration rate (IR) is a great advantage in sedimentation basins and recharge ponds in the artificial recharge of groundwater (ARG) systems.  As root channels formed by the deep-rooted, adapted species could maintain acceptable IR in the ARG systems, such plants should be identified and tried for utilization in the projects.  Inundation tolerance, particularly for the young, short plants is a desirable trait. Furthermore, these species should be drought tolerant and survive long, rainless periods. Eucalyptus camaldulensis Dehnh., whose roots have been observed to a depth of 23- m at the Kowsar FWS and Aquifer Management Research, Training and Extension Station in the GBP, is a suitable species for mild and warm places.  Alfalfa (Medicago sativa L.), which explore the soil profile to a depth of 10-m (Peterson, 1972) is worth trying. It is probable that Acacia salicina Lindl., which grows along with Euc. camaldulensis Dehnh. in the GBP, should have roots as long as those of that eucalypt.

9. Water Balance of the FWS and ARG Systems

As water is the most precious commodity in the deserts, and the FWS systems are usually planted to food crops and range plants, the evaporative demand of the crops intended for planting should be determined.   This is especially important where no potential aquifer exists under the FWS systems, because irrigation beyond the rooting-zone in the nonsaline soil and with fresh water is the waste of water.  On the other hand, planting of phreatophytes, where the ARG is the sole purpose of FWS, is contrary to the objective.  As planting the deep-rooted species enhances the infiltration rate, therefore, one has to strike a balance between the advantages and disadvantages of having such trees in the system.

Shelterbelts and windbreaks offer many advantages including evaporation reduction; therefore, more water is utilized in transpiration.  Establishment of windbreaks around wheat fields in the Kamennaya Plain of the former Russia increased transpiration rate from 48% in the control to 63% and doubled the yield (Lvovitch, 1971).

Irrigation of range grasses with floodwater should be matched with their water requirements, because species such as Agropyron desertorum (L.) Gaertner., Ag.smithii Rydb., Ag. trachycaulum (Link) Malte, Bouteloua gracilis Willd. ex Lag. ex Griffiths and Stipa viridula Trin. do not use as much water as legumes and pasture grasses, thus storing large amounts of water in the soil for them is the waste of a precious commodity (Fairbourn, ,1982). Therefore, it is better to spread a limited amount of water on a larger tract and produce more forage.

10. Carbon Sequestration

Global warming, mainly through the production of the“ greenhouse gases”, specifically CO2, has attracted the attention of concerned individuals to the role of vegetative cover in carbon sequestration. As forests, with their relatively long lives, can store large amounts of CO2, their protection and expansion have become a worldwide environmental priority. Eucalypts(Eucalyptus spp.) offer a potential plant material for ameliorating the environment through carbon sequestration.

A very high rate of survival and a considerable rate of growth of Eucalyptus camaldulensis Dehnh. in the Gareh Bygone Plain(GBP) in southern Iran have made this species the tree of choice for CO2 sequestration. Survival rate of this tree at the age of eight has been 86%.  The annual increment of the same has been 7.76-m3ha-1. Assume that these two values are valid for a 10-year coppice rotation (Kowsar et al., 1996). Further assume that 70% of the yield is stemwood.  Therefore, approximately 50 tons of CO2 are taken out of circulation by the wood industry, and semi-permanently removed from the atmospheric pool from each ha every 10 years. Probably the same amount is also sequestered in the roots.  These need to be quantified and used as a commodity in the international market of the clean environment.

11. Phytoremediation

Phytoremediation, to paraphrase the American Academy of Microbiology, is the use of plants to reduce or eliminate environmental hazards resulting from accumulation of toxic chemicals and other hazardous wastes.  Eucalyptus camaldulensis Dehnh.,an evergreen tree with no apparent rest period, has proven to be an excellent NO3 and NH4 remover from an alluvial aquifer in an ARG system in the GBP in southern Iran.  The roots that occupy the entire 23-m thick vadose zone consume some of the dissolved and exchangeable NO3 and NH4, thus help to decontaminate the water (Mohammadnia and Kowsar, 1999).  This is a fertile area for further research.

12. Resource Use Optimization: Establishing Desert Utopias

Water is the scarcest commodity in the deserts. Arable land is going to attain the same status by the end of the 21st century, if not sooner.  Therefore, if the Homo sapiens are to continue inhabiting the planet earth they have to optimize the use of resources at their disposal. Large cities, with their peripheral slums that are mostly occupied by the landless peasants and nomads, are fast losing their urban qualities. Deserts are the last resort for the people who desire to inhale fresh air and enjoy their daily activities without the fear of being run down by the urban malaise. The Desert Utopians realize that their survival depends on respecting the natural resources. Water will replace money in our Desert Utopias. Water will be valued according to its availability, purity, temperature, subterranean flow rate and other attributes. Water – use optimization is the key to the Desert Utopias’continuing prosperity.

 A hydro-agro-silvo-pastoral economy–not necessarily in that order– is the tenet of our Utopias. We have to do whatever possible to conserve the available water and keep it clean. Utilization of solar and wind energies are but only two of the mechanisms which could replace fossil fuel-produced electrical energy with all its pollution potential (Kowsar, 1998b).

13. Animal Husbandry

Although eucalyptus species are notorious for their unpalatability, livestock browse their leaves and twigs in the Gareh Bygone Plain, Iran, particularly those of Eucalyptus camaldulensis Dehnh. with no apparent ill effects.  As feed production is vital for the herdsmen in the deserts, and this species leafs profusely, inclusion of its leaves in the livestock ration requires investigation.  Fodder trees, such as Acacia salicina Lindl., Ac. cyanophylla Lindl. and Ac.victoriae Benth. could carry a limited number of livestock in severe droughts. However, we know very little about the longtime effects of consuming the meat products raised on these species.

Acacia salicina Lindl. is in flower from October through March, and provides nectar and pollen for honeybees. Very few plants are in flower during fall and winter in southern Iran.  As eucalyptus, other acacias and native vegetation are in flower for spring and summer apiculture should be considered as an important enterprise in the FWS systems in the warm environments.  As the extreme summer heat is a deterrent to raising the exotic breeds, the local (wild) bees should be studied, and if possible, domesticated. Various combinations of pollen and nectar producing species should be tried for concocting different flavors and tastes in honey.

14. Environmental Quality

Stagnant waters in mild climates make excellent breeding ground for anopheles mosquitoes that transmit malaria.  Some freshwater algae produce odors and taste, which decrease the drinking water quality (Nightingale and Bianchi, 1977).  Farmers do not appreciate the birds and rodents, which gather around the standing water. Although none of these might materialize where floodwater is used in the ARG systems, one should beware of the problem if the rainfall regime leads to a prolonged base flow utilized for the artificial recharge (e.i., Ziaran, Qazvin. Tchenaran, Khorasan). The above mentioned problems might happen in the clogged recharge ponds too.  As pesticides and herbicides adversely affect the water quality their use in the ponds is prohibited, certain species of fish, which forage on the aquatic plants, and mosquitofish (Gambusia affinis) that eat the larvae should be released into the problem areas.

Sociological Studies

Provision of clean water and sanitation in the “Decade of Water” (1980-1989) to every corner of the world is a long way off. Sedentarized nomads, who used to chase stagnant waterholes, should develop a special attitude in groundwater utilization, grazing of flood-irrigated rangeland, and particularly maintenance of the FWS systems and woodlots.  It takes years before these excellent herdsmen become average farmers. A thorough and deep understanding of their traditions and values are required if they are to manage the FWS systems that the governments provide for them. Our 18 years of experience in the Gareh Bygone Plain, southern Iran, has shown that there is no short cut in communicating with these free souls!

1. Economic Justification

As social dividends of floodwater spreading, particularly for the artificial recharge of groundwater, far outweigh monetary gains, discussion of economic feasibility may sound irrelevant (how much does a human being drowned by flood is worth?).  However, as the government authorities, who approve and finance the projects, and the people whose way of life might be disrupted by the new methods of doing things, must be convinced of the soundness of a proposed plan, a thorough study of an operating project helps them to decide on the merits of FWS in certain areas.  Book keeping on the expenses and incomes, particularly the volume of water diverted and the benefits accrued in flood mitigation and employment opportunities, could be a great help in convincing the skeptics (Kowsar, 1991; Bakhtiar et al., 1997ab).

2. Land Ownership

Although self-help is a crucial element in our desertification control strategy, convincing sedentarized nomads, even some farmers, to pay for the FWS systems, or to contribute their manual labor for their construction, is very hard indeed. They usually claim that since the land is not theirs, therefore, they do not waste their resources on an uncertain enterprise. However, as soon as the "wasteland" becomes arable and its aquifer productive following the implementation of ARG on it, the very same people claim ownership! This is a very sensitive problem and requires legislative actions; Therefore, legal minds should devote a considerable amount of time to it and develop an equitable law that could be enforced with a minimum of hustle.
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