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Abstract

Nitrogen deficiency ranks right behind water as the second most constraint to crop production in the coarse - loamy sand of the Gareh Bygone Plain (GBP) in southern Iran. As better resource utilisation is essential to wise energy management, contrary to the reported cases, surface water pollution by N may be a boon in the GBP. The Agha Jari Formation, in which the Bisheh Zard Basin (BZB) that supplies the GBP with floodwater has been formed, contains NO-3 and NH+4 in its sandstone, siltstone and marl components. Therefore, it is expected that some of the geologic N dissolved in floodwater, and carried by the suspended load, reach the watertable, and also supply the plants coming in contact with the water and/or sediment.
To study the origin of N in the BZB, and investigate the fate of the dissolved and adsorbed N as it travels from the watershed to the watertable, 13 rock samples, 7 floodwater samples and 71 soil samples were collected and analysed for NO-3 and NH+4. The NO-3 concentration was higher than that of NH+4 in all of the samples: 77 ppm vs. 38 ppm in the floodwater; 47 ppm vs. 20 ppm in the soil; and 22 ppm vs. 12 ppm in the rocks. Assuming the mean annual inflow of the GBP floodwater spreading system in 10 million m3, the system receives 370 metric tons of NH+4 and 770 metric tons of NO-3 which exceed the N requirement of the small grains if this system is planted to them.

As the U.S. Environmental Protection Agency has declared the maximum contaminant level of NO-3 - N at 10mg per litre (44.4 mg NO-3 per litre), and its concentration in floodwater in the GBP is 1.73 fold that amount, purification of the water is in order. High NO-3 consuming plant species might offer an environmentally friendly technology to decrease the deleterious effects of N containing floodwater. The study concerned with the flow of N towards groundwater will be reported later.

Introduction
Nitrogen, the most important crop nutrient, is deficient in the soils of arid and semi-arid lands; therefore, application of N containing chemical fertilisers to cropland is a common agronomic practice in such environments. Utilisation of non-renewable, dwindling resources for production of fertilisers is not prudent however, in a world facing an energy crisis: 1.7 m3 of natural gas, or 1.1 litres of petroleum, is used to manufacture one kg of N (Anon., 1980; Liang and Mc Hughen, 1987). Therefore the very high price, which is directly related to the previous argument, puts fertilisers out of reach of the subsistent farmers unable to meet the costs of increased inputs.
Legumes have been supplying N to the companion or subsequent crops from time immemorial. Unfortunately, they cannot replace more than 50% of the N needs of the current high-response varieties with N2 from symbiosis under the best of circumstances (Heichel and Barnes, 1984); therefore, other economical N sources have to be found.

Geologic nitrogen, the N associated with certain geologic formations of plutonic, sedimentary and metamorphic origins (Stevenson, 1959; Strathouse et al., Dahlgren 1994) offers a viable alternative to this pressing problem. This becomes doubly attractive where the floodwater used for irrigation is charged with dissolved N, and also the N-containing suspended load. The exceptional, verdant growth of eucalyptus trees and range plants in the coarse-loamy sand of the Gareh Bygone Plain’s (GBP) artificial recharge of groundwater (ARG) systems attested to an N source carried by the floodwaters. As the relatively small amount of livestock manure on the watershed could not possibly supply the transported N, the Agha Jari Formation (AJF), in which the Bisheh Zard Basin (BZB) that discharges the floodwater diverted to the systems has been formed, was probably the source rock.

As some of the geologic N is in the form of nitrate, and the dissolved NO-3 contaminates groundwater and causes methemoglobinemia, and perhaps stomach cancer (Hill et al., 1973) and non-Hodgkin’s lymphoma (Robins and Kumar, 1987), this places us in a dilemma. Although the United States Environmental Protection Agency (USEPA) has designated 10 mg L-1 of NO-3 - N as the maximum contaminant level (MCL) in drinking water (Spalding and Exner, 1993), the validity of such a limit for the Iranians and under our environmental conditions is an open question.

Geologic N is found in rocks of different ages and in various forms, depths and amounts. Stevenson (1959) reported the presence of fixed ammonium in silicate minerals contained in Paleozoic shales and granite rocks. Power et al. (1974) discovered exchangeable NH+4 in the Paleocene shale, which contained 40 - 70% montmorillonitic clay and up to 15% CaCO3, below a depth of 10m in North Dakota and eastern Montana; above 10m, NH+4 was nitrified in situ. They attributed the paucity of NO-3 below 10 m to the lack of nitrifying bacteria and the probable lack of O

. Boyce et al. (1976) detected up to 87 ppm NO-3 at a depth of about 7 m, which continued to an unknown depth in excess of 30 m in the Pleistocene loess of Nebraska. Stratouse et al. (1980) have reported on the presence of high ammonium concentration and high charge smectite in the Ortigalita Creek Basin of the San Joaquin Valley, California. Moreover, they discovered up to 1200 mg/g of organic N in the Cretaceous sediments of the Cantua Creek Basin in the same valley. These high concentrations of nitrate was considered a geochemical hazard in California. Groundwater pollution with NO-3 has been the main concern of the above reviewed literature. However, complete eradication of vegetation in one case has been attributed to the oxidation of NH+4 released from the mica schist bedrock in the Klamath Mountains of northern California, generating high levels of nitric acid (Dahlgren, 1994). 

As the tertiary sedimentary outcrops, which may contain NO-3, cover vast areas in western Iran, and they generate most of the runoff used in the ARG projects, we have to know the N forms and their fate as they enter the hydrologic cycle to optimise their utilisation and to mitigate their hazards.

The objectives of the study reported here were to (I) discover the source and extent of N containing rocks in the AJF, and (ii) quantify the concentration of dissolved and seiment load carried N in the floodwater of the BZB of the GBP, Fasa, Iran.

Areal distribution of NO-3 - N concentration in groundwater in the GBP and the probable health hazards associated with it will be reported in a separate paper.

Materials and Methods

Setting

The study area is located 200 km southeast of Shiraz, Iran in the 192 km2 BZB and on the debris cone formed by the Bisheh Zard River which drains the basin. The BZB is a northwest - southeast trending syncline formed by the tectonic movements of the Zagros Mountain Ranges during the Mio - Pliocene time in the AJF. This formation consists of rhythmically interbedded calcareous sandstones, and low weathering, gypsum-veined red marls and grey to green siltstones (James and Wynd, 1965). Scattered patches of the Plio-Pleistocene Bakhtyari Formation, a cherty conglomerate, are also found in the BZB. A more detailed geologic and geomorphic description of the watershed has been given by Kowsar (1991).

The debris cone is covered with a layer of the drifting fine sand ranging in thickness from a few mm to several cm. The soil of the site has been classified as a coarse-loamy, over loamy skeletal carbonatic (hyper) thermic Typic Calciorthids. Detailed descriptions of the soil present on the debris cone are reported elsewhere (Kowsar, 1991; Naderi et al., 1999). Elevation of the site ranges from 1585 m in the BZB to 1140 m in the lowest sedimentation basin (SB).

Rock Sampling

Thirteen surface rock samples were collected on 25 July 1995 on the southern flank of the BZB on the S 340W transect from the axis of the syncline to the western bluff. These samples consisted of the three main rock types of the basin, namely marls, sandstones and siltstones. Sampling was based on the abrupt change of the outcrops. The alluvium or decomposed rock material was cleared from the outcrop surface to collect samples which were not exposed to atmospheric conditions. The actual distance between the sampling sites was measured to the closest metre for future references. The samples were placed in properly marked plastic bags and were spread on plastic sheets for air drying in shade within 6 hours after collection.

Soil Sampling

Each of the 6 strips of the Bisheh Zard one (BZ1) ARG system, including 5 SBs and one infiltration pond was divided into 4 roughly equal sections. A hole was drilled with a 3 cm diameter soil auger in each section, and a composite sample was taken from 0 - 25, 25 - 75 and 75 - 125 cm from of each hole. Moreover, 9 samples were also collected form the same depths from the outside of the ARG system as the control. Sampling was performed on 4 and 5 January 1995. The samples were collected in 15x 30 cm properly labelled plastic bags and transported to the laboratory in Shiraz and air-dried for 30 days in shade.

Rain and Floodwater (FW) Sampling

Rain and floodwater samples were collected in 750 cm3 clean glass bottles, each containing 5 cm3 of concentrated H2SO4 to prevent denitryfiying bacteria’s activity. The runoff producing storm related to this study began at 17:30 on 3 Jan. 1995 and continued for 48 hours. The first FW sample was collected at 08:30 on 4 Jan, 1995, 10cm below the surface at the Bisheh Zard River crossing. Six other samples were also collected at the same depth, 4 - 5 m from the stream side, upstream towards the BZB at different locations. One composite sample was taken from the rainfall. Each bottle was immediately closed with a tight-fitting plastic cap and kept in the ambient temperature which was below 4°c.

Nitrogen Content Determination

Exchangeable ammonium and NO-3 were determined by the semi - micro - Kjeldahl method (Keeney and Nelson, 1982), all expressed as ppm of water, dry soil or rock. Organic N, fixed NH+4 and NO-2 were not determined.

Statistical Analyses

Analysis of variance of the soils related data assumed a split-plot experimental arrangement with the flooded and control as the main plots, the six spreaders as the subplots, and the three soil sampling depths as the sub-subplots. The MSTAT-C program and a personal computer were utilised in performing these analyses.

Results and Discussion

The NH+4 and NO-3 contents of the rock samples along 2700m of the transect did not follow a definite trend going from the older to the younger strata. The NH+4 content ranged 4 - 44 ppm with a mean of 12ppm; the þ NO-3 content ranged 8 - 87 ppm with a mean of 22 ppm. The NO-3 concentration was higher than the NH+4 concentration in 10 samples, the ratio ranging 1.2 - 12.42. However, this ratio for three samples ranged 0.25 - 0.88.

The concentration of NH+4 and NO-3 dissolved in floodwater ranged 13 - 48 ppm and 31 - 84 ppm, respectively. The concentration of NH+4 and NO-3 dissolved in floodwater and carried by the suspended load ranged 18 - 56 ppm and 66 - 98 ppm, respectively. The mean concentration of NH+4 and NO-3 in floodwater were 37.71 and 77.43 ppm, respectively. It is worth mentioning that the concentration of NH+4 and NO-3 in only one rainwater sample were 10 and 18 ppm, respectively. The only weak trend observed in this respect was a decrease in NH+4 concentration as the sampling was done further down the river.

The mean NH+4 and NO-3 concentration in the 0 - 75 cm soil of the control on which no floodwater had been spread were 13 and 30 ppm, respectively. These for the samples from the FWS systems were 20 and 47 ppm, respectively. It is interesting to note that the ratio of NO-3 : NH+4 concentration for these two treatments are equal to the first significant digit: 2.3.

The highest concentration of both NH+4 and NO-3 was found in the 0 - 25 cm, 22 and 55 ppm, respectively. The lowest NH+4 concentration was observed in the 75 - 125 cm depth (18 ppm), and the lowest nitrate concentration at the 25 - 75 cm depth (42 ppm). The highest concentration of NH+4 and NO-3 were detected in the infiltration pond: 26.66 and 50.75 ppm, respectively. This may indicate that the prolonged detention time in the sedimentation basins favours the separation of NH+4 and NO-3 from the suspended load and their dissolution in water. 

We did not detect a significant correlation between NH+4 and NO-3​ in the 0 - 25 cm depth. However, a highly significant correlation was found between the two in the 25 - 75 depth. The correlation between NH+4 and NO-3 was significant at the 5% level in the 75 - 125 cm depth.

Conclusions

We are facing a dilemma that only a very comprehensive, multifarious research project might resolve. People have been living from time immemorial in the GBP, and for that matter in western Iran, where the AJF covers a very large area. Although we are not aware of any systematic sampling to identify the cancerous cases, we have not met any cancerous person in the GBP.

Assuming the annual mean flow of 10 million m3 of floodwater to the FWS - ARG systems, we receive 370 tons of NH+4 and 770 tons of NO-3 every year.

It is probable that the eucalyptus trees and the native vegetative cover at the site are prodigious N consumers as we have detected very low concentrations of NH+4 and NO-3 in a 20m soil profile. Further research will illuminate this concept.
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