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bstract. Floodwater irrigation has been practiced for millennia in Egypt, Iran and many other countries. The renovation of the old, traditional system in Iran has been actively pursued in the past 25 years, where the irrigated fields are underlain by the coarse – grained alluvium, the artificial recharge of groundwater takes place simultaneously with floodwater irrigation. Therefore, given the limited water supply, we prefer to flood – irrigate farms, which have potential aquifers underneath. This entails a cropping system that should harmonize with an environmentally friendly water management scheme. This is a phase of an integrated approach towards desertification control.

Intelligence of Homo sapiens has enabled him to adapt to harsh environments. Realizing that floodwater from ephemeral streams is the only source of water available for irrigation, where rain -fed agriculture is nearly impossible; he has chosen floodwater spreading as the mainstay of his life. Numerous flood-based communities are found in many deserts of Iran. An epitome of the flood-based civilization may be found in the Izadkhast Plain in southern Iran. Flood-irrigated cooperative farms, sometimes up to 300 ha in extent, occupy 40,000 ha of the plain. Floodwater for each cooperative is diverted from an ephemeral river by a hand dug canal up to 3 km in length. The soil texture is silty clay loam to clay loam; the general slope of the land is 3-4 0/000. Short earth ridges form basins, which are planted every year to wheat and barley. Scratching the moist surface by fast disk - plowing to cover the already germinated seeds with some soil is the only works done for seed-bed preparation and planting. On good years, the mean yield is 2.5 tons ha-1 of grain. The highest recorded yield has been 6 tons ha-1 which occurred in 1994 and 1995. Placing the lower bank of the basins on the contour, moldboard plowing, erecting windbreaks using Eucalyptus and Acacia species, artificial recharge of groundwater and construction of cisterns on the fields shall improve the living conditions of these hardy farmers. 
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Introduction

The exponential growth in human population requires an exponential growth in production to meet the exponential demand in food. The net population gain in 1993 was 87 million, roughly equal to the population of Mexico in the same year (Postal, 1994). At the lowest consumption level this extra population needed 17.4 million tons of grain (Brown, 1994) the mainstay of the human diet that required at least 4 million hectares of fairly well managed irrigated land. This is about the yearly increase in the area of irrigation projects in the world. However, as the anomalous of irrigated land due to salinization is about 2 million hectares (Umali, 1993), the net gain is perhaps 2 million hectares, which cannot possibly support the exponentially increasing food demand. 

Geological and morphological settings in many places are the determining factors in the manner their early settlers chose to live. While numerous civilizations were started on the riverbanks and deltas, and some were eventually washed away by the very life-giving streams, the early settlers of some deserts discovered that they had to harness the flow of ephemeral rivers if they wanted to continue living there. Numerous prosperous settlements are found in the Khorasan, Baluchestan and Fars Provinces of Iran where floodwater spreading is the mainstay of the hardy and resourceful people who occupy them. The Izadkhast (The Decree of Allah) Plain (IP) settlers are an epitome of one such desert dwelling people who, by their mere existence, have proven the adaptability of Homo sapiens to harsh environments. This intelligent people live in a place which has a limited amount of shallow water resources, and where ordinary rain-fed and irrigated agriculture are nonexistent. The floods irrigators have to divert floods when they come, and live by their food reserves in the lean years. The following is a brief account of the plain and the techniques employed by the farmers to survive. 

Method and Material

Description of the Area

The IP is a long, narrow flat land, 669 Km2 in area, 90 km to the SW of Darab in the Fars Province;( 28 27 – 28 29 Lat.; 53 49 – 54 46 Lon; 1091-1947 m above mean sea level). A mountainous watershed, covering 730 km2 rings the plain. The IP follows the general trend of the Zagros Mountain ranges (NW - SE). The surface is covered by a fine grained soil-silty clay loam to clay loam - which is believed to be extraordinarily deep, since the very formations that contributed the sediments, which formed the soil, continue supplying the IP with the same materials. Nine villages with a total population of 10000 are scattered on the plain, namely: Duborran,Shahr-e-Peer, Dareh Shoor, Deh Now, Tchah Zebr, Bon Dasht, Gel Kooyeh, Naseer Khani, and Panj Tchah. The main occupation of these people is flood - irrigated farming and livestock rising. Flood- irrigated palm groves and small gardens and orchards are also seen in some villages. Drinking water is supplied from hand-dug wells whose water tastes bitter to saline. It is reported that 2 or 3 bore holes drilled to more than 300 m supply domestic water for some farms. Tankers carry water to the livestock grazing the stubble in the summer and all. There is no meteorological station on the plain. The mean annual precipitation is estimated to be less than 200- mm. winters are mild and summer is hot. High velocity winds blow the year round, particularly in the spring and summer, causing soil erosion.

 Geological Setting 

Geologically, this region is in the zone of the simply folded belt of the Zagros Ranges. The exposed formations of the area are as follows; Stocklin and Setudehnia (1977):

 A.Hormoz Salt Formation (Cambrian - Intracambrian): A gigantic salt plug is exposed on the northern limit of the plain. Salinity of the runoff of this plug is deleterious to the soil and groundwater quality. 

B. Bangestan Group (Albian - Campanian): This group includes the Kazhdumi, Sarvak, Surgah, and Ilam Formations.

- The Kazhdumi is composed of marl at the top, which is followed downwards by a succession of dark, argillaceous limestone, and marls. 

- The Surgah consists mainly of light and dark gray, pyritic, low-weathering shale with interbreeds of yellow-weathering, fine-grained limestone. 

- The Sarvak consists of dark gray, fine - grained argillaceous, nodular - bedded limestone.

- The Ilam consists of well-bedded, gray and light gray, white - weathering, fine - grained, argillaceous limestone with 12 - 2 inch gray - black shale partings. 

C. Gurpi Formation (Santonian - Plaeocene): This formation consists mainly of low-weathering soft, bluish - gray marl and shale with subordinate argillaceous limestone bands. 

D. Tarbur Formation (Late Companian - Maestrichtion): This formation consists of resistant, mainly massive, shelly, cliff - forming partly anhydritic limestones.

E. Jahrom Formation (Paleocene - Late Eocene): The bottom cosists of massive, gray and brown -weathering dolomites, the lowest beds of which are brecciated. The top consists of massive, feature forming, buff - tan dolomitic limestones. 

F. Asmari Formation (Oligocene - Miocene):  It consists of cream to brown - weathering, feature forming, well-jointed limestones with shelly intercalations. 

G. Razak Formation (Early Miocene): This formation is low - weathering multicolored unit consisting of red gray and green silty marls, interbedded with subordinate silty limestones and minor sandstone ribs. 

H. Guri Limestone Member (Mishan Formation, Lower to Early Miocene): This member consists of brown - weathering, feature - forming, hard, cream, fossiliferous limestone with bands of rubbly marlstone and marl. 

I. Mishan Formation (Early to Middle Miocene): This formation is composed of shelly "worm bed" limestone alternating with gray marls in the base, and soft, low - weathering gray marls alternating with bands of more resistant shelly limestone on the top. 

J. Agha Jari Formation (Late Miocene to Pliocene): This formation consists of brown to gray, calcareous, feature - forming sandstones and low-weathering, gypsum - veined marls and siltstones.  

K. Bakhtyari Formation (Late Pliocene - Pleistocene): It consists of chert and limestone conglomerates interbedded with sandstones. 

L. Terraces and alluvia of the Quaternary age. 

      Runoff producing potential of the Razak, Mishan and Agha Jari Formations, which cover most of the mountainous watershed area, provides the plain with abundant floodwater; the main reason for the occupation of the IP by the early settlers. 

The main ephemeral rivers entering the IP are: Angebineh, which enters the plain from the NW; Tchah Zebr, which enters the plain from the N; Gel Kooyeh, which enters the plain from the S. Some other minor waterways bring floodwater to the plain as well.

. The highest momentary peak flow of Angebineh has been estimated at 300 m3 s-1. It is imperative to note that sedimentation of the fine - grained suspended load, carried by these rivers, and in a deep trough has formed a very smooth and level plain with a slope of 3-4 0/000. Although there should be debris cones suitable for artificial recharge of groundwater, we have not studied them yet. This is the objective of our next excursion. 

The traditional floodwater spreading techniques

Floodwater spreading is practiced on about 40,000 ha of the plain. The spreaders are called Qoraa (lot). Each lot is a cooperative of 3-10 farmers who share their duties by drawing lots. The lots are rectangular plots of up to 300 ha which are irrigate by an inundation canal, sometimes about 3 km long. Water enters each lot through the openings made in the lower bank of the canal (Fig. 1).  There is no intake structure for the canals. 

Three short to medium high earth embankments, forming basins on each lot, have been surveyed: 

- Ta, a ridge about 30 cm high; 

- Gotack, a ridge about 50 cm high; 

- Gaband, a bank about 80 cm high.

The first two are made by hand tools; bulls are used in breaking the land and providing spoil for the third (Ga is a short form of Gaav, meaning bull).  

The low permeability of the soil requires that water be pounded on it for a relatively long time; therefore, these ridges and banks prevent open drainage after the floods terminate. It takes less than 24 hours for about 60 cm of water to enter the soil. The surcharge of each lot is drained into the lower one; that of the lowest enters Lake Moghaili, a 300-400 ha pond at the lowest point of the plain, and evaporates, leaving some salts behind. 

Planting is usually done in the fall following the first rain. The seed - grain is usually stored in shallow dry wells on the lot. The germinated seeds are sown by hand on the fields and covered by a disk thin layer plows of soil using. Moldboard plowing and fertilizing are not considered feasible due to uncertainty about the occurrence of floods. The grains are harvested in early May. Wheat and barley grain yields range 700-6000 kg ha-1, with the mean of 2500 kg ha-1 in a good year. The odds of getting a good yield is 1:5; medium yield, 2:5; poor yield, 1:5; no yield at all, 1:5.The farmers plant every piece of their land year after year in the hope of getting a good yield. 

Conclusion

Refinding and old practice: A new design

Implementation of a few simple techniques may revolutionize the flood irrigation practiced, perhaps for millennia; of course after proving their merits to the farmers in the research and extension stations:

1. Setting the lower border of each basin on the contour;

2. Planting Eucalyptus camaldulensis Dehnh. seedlings on the borders and along the strategic roads perpendicular to the direction of the dominant wind. Acacia salicina Lindl. and other adaptable species are also recommended for starting a honey - bee enterprise. These trees could utilize a vast reserve of soil water, increase the infiltrability of the fields and ultimately prevent the useless evaporation of water in the lake by providing empty spaces to be replenished year after year;

3. Moldboard plowing of the basins to increase their infiltrability and ensure a minimum of yield in the lean years;

4. Moving towards debris cones to use the sediments for soil building, recharging the potential aquifers and irrigating the fields with desalted water; 

5. Construction of cisterns on strategic points for provision of drinking water for the livestock.
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