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Abstract

Desertification, if continued at the present rate, will take most of the world’s cropland out of production in the 21st century. Clear cutting of forests for industrial and fuelwood, and later conversion to cropland, destroys another life support system. Plowing of the rangeland to replace the desertified cropland completes a vicious cirlce. However, there is a hope. Aquifer management, which is based on the artificial recharge of groundwater (ARG), not only replenishes the empty aquifers on the debris cones, but builds soils that will be used for growing food, feed, fiber and fuelwood. Harnessing annually 42 km3 of floodwater to recharge aquifers under 14 million ha (mha) of the ARG systems will provide water for irrigation of 6 - 8 mha in the deserts of  Iran while providing employment for 4 million people.

Introduction

The United Nations Conference on Environment and Development (UNCED) adapted the following definition of desertification at Rio de Janeiro, Brazil, in June 1992: “Desertification is land degradation in arid, semi-arid. and dry sub-humid areas resulting from various factors, including climatic variations and human activities” (Anon., 1997). Soil erosion annually takes 5 - 6 million hectares (mha) of cropland out of production  (Doos, 1994). Salinization makes 2 mha of irrigated land unfit for agriculture every year (Umali, 1993). These, plus the land made useless for crop production due to compaction, inundation, toxification, burial by the moving dunes and conversion to airfields, roads, building sites etc., annually amount to 14mha. Assuming that cropland of the world covered 1444 mha in 1990 (FAO, 1992), therefore, man will be out of most of the present cropland before the arrival of the 22nd century. Clear cutting of forests, to the tune of 13.4 mha a year (FAO 1992, 1993), principally for conversion to cropland, is an exercise in futility. This also happens to untold mha of rangeland which are put under the plow but left to nature after a few years due to erosion and loss of fertility. In conclusion, human activities are making wastelands out of our irreplaceable life support systems. 

More importantly, as a net importer of food, feed and forest products Iran will be most affected by the outcome of land degradation on the global scale.

As we are approaching the 21st century water is taking a prominent position in geopolitics. And we, in the Middle East, will be at the cutting edge of the conflict. As water is the most precious resource in drylands, it is logical that we should manage our meager water resources properly to be able to live comfortably in the near future. And since groundwater supplies about 60 % of our water requirements its prudent management is of paramount importance.

Debris Cones: The Habitat of Ingenious Desert Dwellers

It is greatly to the ancient Persians’ credit that they chose the debris cones for living. They not only benefited from the permanent and temporary springs which issued from the apices of the cones, but spread the nutrient rich floodwaters on their permeable land irrigating their crops while simultaneously replenishing the underlying aquifers. The artificial recharge of groundwater (ARG) lead to the invention of qanat, the most appropriate technology for water collection and delivery in the deserts underlain by the coarse - grained Quaternary alluvium. The very low gradient of the qanant tunnel, about one in thousand, in sloping cones facilitated the construction of underground aqueducts at different levels, each draining the upstream aquifer and recharging the downstream one. These highly efficient systems irrigated the fertile alluvial fans.

The flood-irrigated fields are actually the sedimentation basins (SBs) and recharge ponds (RPs) of the ARG systems. As soon as an SB or an RP is filled up with the  suspended load it is converted into a cropping field irrigated with floodwater. Thus, the farmers add to their holdings as the time goes by. It is obvious that soil building is a natural outcme of the ARG, the most practical and the least expensive method to reclaim the drastically disturbed land.

The Alluvia of Iran: An Astronomical Wealth

The geological setting and climate of the Iranian Plateau are conducive to the ARG and discouraging to the construction of large dams. The deposition of thick argillaceous lacustrine layers during the Miocene and  Pliocene ages, and the filling up of the basins with alluvial deposits during the Pleistocene age, formed the Central Plateau aquifers which may be up to 400 meters (m) thick (Stoecklin, 1965; Issar, 1969). The gypsiferous marls of the Miocene age make the basins in the Zagros Mountain Ranges impervious. These basins are filled up with the coarse - grained, calcareous alluvium and chert which may hold water of good quality for millenia. The very same tectonic movements that formed our mountain ranges are still continuing today, but at slower rates. The damsites in the defiles are mostly formed by faults, some of them active. Moreover, outcropping of the highly erodible Miocene formations in the watersheds produce enormous sediment loads which eventually fill up the man - made reservoirs in a relatively short time, and make the large dams useless. The mean annual evaporative demand of the deserts in Iran is about 3m; therefore, an enormous volume of the precious water is wasted from the surface reservoirs. These, and the very great expenses incurred during the study and construction phases, make the large dams uneconomical for most of the land of Iran.

According to the latest survey this country is blessed with 43 mha of debris cones, alluvial fans and colluvial soils suitable for the ARG. Assuming that the average thickness and specific yield of these potential aquifers are 100m and 10%, respectively, they may store 4300 km3 of water, 10 times the mean yearly total precipitation of Iran. The entire volume of the reservoirs built in Iran in the modern times is less than 30 km3. The average cost of 1m3 of space behind large dams is $0.20 at the current official exchange rate. Therefore, the present value of the space in the aquifers, if utilized for water storage, is 860 billion dollars. The total cost of the ARG system construction on this 43 mha is approximately 3.5 billion dollars. Considering that the benefit: cost ratio of an ARG project implemented at the Gareh Bygone Plain in southern Iran was 20 (Bakhtiar et al. 1997), the real financial rewards of aquifer management come into focus. It should be emphasized that the losses of life and property due to floodings, the enhancement of environmental quality, such as carbon sequestration, and other intangible benefits were not included in arriving at the B:C ration of 20. Could these items be quantified and added to the benefits the B:C ratio would have certainly risen.

Floodwaters and coarse - grained alluvia of good quality are two of the most precious treasures for the desert dwellers.

Gareh Bygone Plain : A Reclaimed Desert

An ARG project, which was implemented during the 1983-1986 period, coveres 1365 ha of a 6000 ha sandy desert in southern Iran. Fixation of the moving sand through deposition of the suspended load in the SBs and RPs has virtually eliminated the dust storms on the site (Kowsar, 1991, 1992). The nutrient rich sediment in eucalyptus stands have provided a fertile soil for growing flood-irrigated cereals (Table 10). 

Table 10: Selected physico - chemical properties of the 0-30 cm soil of the Gareh Bygone Plain Artificial Recharge of 

Groundwater Project site.

Soil property
Control


Flooded

For 6 years

  Sand, %
73.2
23.0

  Silt, %
14.5
60.0

  Clay, %
12.2
17.0

  Saturation, %
23.4
61.0

  Organic C, %
0.17
2.06

  Total N, %
0.034
0.208

  EC, mmhos cm-1
0.47
1.40

  Available K, ppm
156
250

  Available P, ppm
4.5
45.6

  CaCO3 , %
38.28
38.00

  pH (saturated paste)
7.96
7.50

Eucalyptus camaldulensis Dehnh., planted at 3x3m spacings, yielded 7.765 m3 of wood per ha per year at the age of 8 (Kowsar, et al. 1996). The number of irrigation wells has increased 10-fold to 120, and the area of irrigated farm has increased 20.7- fold to 3482 ha (Kowsar, 1998). The yearly yield of the indigenous forage has increased 11- fold  to 900 kg per ha; however, the fodder yield of plots planted to Atriplex lentiformis (Torr. Wats.), Acacia salicina (Lindl.) and A.cyanophylla (Lindl.) has increased more than 30-fold. Barley production on the reclaimed sand irrigated with floodwater has ranged from 1.0 to 2.3 tons per ha per year with the growing season rainfall of 153 to 313 mm, respectively (ibid). Water salinity, as measured by electrical conductivity, has decreased from 20 to 69%. The average honey yield of 20 beehives kept at the site was 14.5 kg for a 4 month period during March - June 1997; however, the average yield of beehives of two commercial growers were 10.0 and 8.5 kgs for a 30 and 45 day periods in the spring of 1997, respectively.

A detailed proposal has been submitted to the government of the I.R. Iran to implement the ARG projects on 14 mha of the most suitable aquifers, annually recharging 42 km3, providing adequate water for the irrigation of 6 - 8 mha of cropland, while planting the SBs and RPs to fruit trees, industrial and fuelwood, forage, cereals, etc., and providing employment for 4 million people.

Epilogue

Aquifer management is the prudent utilization of two usually wasted resources, floodwaters and debris cones. It is only through the intellingent utilization of the natural resources, mainly soil and water, that man may continue to live on the planet earth for the foreseeable future.
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