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Abstract: The artificial recharge of groundwater has been judged an appropriate technology in mitigating an
impending water crisis in the I.R. of Iran. Clogging is an inevitable outcome of spreading turbid floodwater in
recharge basins. Although our soils are calcareous and our floodwater contains some calcium sulfate, we
hypothesized that an abundance of free Ca2+ may cause coagulation of clay minerals and prevention of their
translocation in the unsaturated zone. Therefore, effects of raw gypsum (<500 µm) on infiltration capacity
enhancement were investigated. The treatments were arranged in a completely randomized design. The
experimental plots consisted of 150 cm long polyethylene cylinder with 30 cm inside diameter. Ten cm of coarse
sand was used as a filter at the bottom of each cylinder. Then 40 cm of sieved soil (<4 mm) from a recharge basin
was placed on the filter and 95 cm of recharge water was added to the cylinder. The treatments were 1. Control
(without gypsum application), 2. Gypsum mixed with 15 cm of the top soil at 0.5 kg/m  (of the cylinder area)2

before the addition of recharge water, 3. Gypsum mixed with 15 cm top soil at 1 kg/m  before adding recharge2

water,  4.  Gypsum  suspended at 0.5 kg/m  after the addition of recharge water and 5. Gypsum suspended at2

1 kg/m  in water after the addition of recharge water. Infiltration rate was determined by daily measurement of2

the water level recession in each cylinder. These data were later converted into infiltration rate. The data were
analyzed using the MSTAT-C software; the means comparisons were carried out by the Duncan’s Multiple
Range Test. The results showed that an addition of 0.5 kg/m  gypsum to recharge water significantly increased2

infiltration rate (P<0.05) in comparison with the control and other treatments on the first and second day after
application (28.5 and 23.4%, respectively). Therefore, we recommend the addition of 0.5 kg of gypsum per m2

of the recharge basin area to recharge water to enhance the infiltration rate.
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INTRODUCTION showers producing highly turbid floods on degraded

The Land of Iran, as many other dry lands of the underground reservoirs is called the artificial recharge of
world, is suffering from water scarcity. This shall be groundwater (ARG). This water may later be extracted and
further intensified as the population growth exceeds the used for the timely supplemental irrigation of crops.
limited resources. The annual per capita water allocation A major hindrance of  the  ARG is  a  sharp  decline
of Iranians, which was 2200 m3 in 1990, will be reduced to in the infiltration capacity of the recharge basins.
726-860 m3 in 2025. It is predicted that Iran will be Translocation of minute particles, particularly clay
amongst water-short countries even before 2025 [1]. minerals of the nanometer size, clogs the pores and
Deficient rainfall during the latter part of the growing impedes the flow in the unsaturated zone. Clogging takes
season  is one of the outstanding features of arid and place through 3 distinct processes: 1) mechanical
semi arid areas with the Mediterranean precipitation (settlement of suspended material in water, transportation
regime. The scant precipitation usually occurs in the cold of air by water and release of dissolved gases); 2)
part of the growing season when the water demand of chemical (dispersion and swelling of clays due to cation
crops is the lowest. Therefore, supplemental irrigation is exchange, sedimentation of alkaline or alkaline earth
necessary for obtaining a respectable yield. It is ironic element salts); and 3) biological (bacterial and algal
that the same limited rainfall sometimes occurs as intense proliferation, production of chemicals) [2].

watersheds. Collection of this precious resource in
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Decreasing infiltration rate from 4 m/day to 2 m/day this readily available resource in precipitating some
in 3 months in Varamin and from 3 m/day to 2 m/day in suspended load from the turbid recharge water. This
Garmsar has been reported [3]. In addition, it is found that required a small-scale laboratory experiment prior to
sedimentation in recharge basins in Ramshae had reduced implementing the larger-scaled fieldwork. The main
infiltration rate from 2 m/day to 0.5 m/day during the first objective of our study was to find a simple and
period of operation in Ramshae and reported that economical method for increasing clogged recharge
infiltration rate in the Kahrouyah project was reduced basins' infiltration rate.
from 1.5 m/day to 0.6 m/day [3]. It is observed that
sedimentation had decreased infiltration rate by 80 % in a MATERIALS AND METHODS
recharge  pond  [4].  Removal  of  the crust to a depth of
15 cm, increased the infiltration rate only to 70-80 % that Research Site: About 0.5 m  of the dried crust was
of the initial rate. However, plowing or removing the collected from the bottom of a representative recharge
heavy crusts formed at the bottom of recharge basins to basin in the Sarvestan Plain, 80 km southeast of Shiraz of
increase  infiltration rate is not recommended, as clogging Iran. A critical groundwater shortage, the outcropping of
is not limited to the plow depth [2, 5]. Clay accumulation the gypsum-containing Razak Formation in the eastern
at a depth of 7.5 m in a sedimentation basin has been area of this plain, the availability of X-ray diffraction
reported [6]. It is reported that covering the bottom of a (XRD) analysis of the clay minerals of the plain and the
recharge basin with well graded filter of sand and cotton proximity to our laboratory were the main reason for our
husks increased infiltration rate; covering with compost sampling site selection. The crusts were ground and
gave the best results after crust removal [7]. Addition of passed through a 4 mm sieve.
coagulants such as potash alum, ferrous sulfate, iron
chloride and planting inundation tolerant grasses at the Selection of Raw Gypsum: As the bulk, gypsum from the
bottom of sedimentation basins to increase infiltration rate Fasa mine had shown the highest purity (88.9%), we
have been successfully tried [8]. Application of gypsum secure  the needed  amount  and  passed  it  through a
phosphate in a sandy loam soil with an exchange sodium 500 micrometer sieve.
percentage (ESP) of 10; increased the infiltration rate from
7.5 to 12 mm/hr and in another soil with an ESP of 11.6 and Treatments and Experimental Design: Effects of
infiltration rate increased from 6 to 10 mm/hr [9-11]. Whit application this mineral on water infiltration of a recharge
subject to structural crusts, the same authors have basin was studied using a completely randomized design
reported that application of gypsum phosphate at higher with 5 treatments and 3 replications. Polyethylene
electrolyte concentration significantly increased cylinders of 30 cm inside diameter and 150 centimeter in
infiltration rate. They further reported that application of height were used in this study. Ten cm of coarse sand
gypsum, gypsum phosphate and waste material of filter was placed at the bottom of each cylinder then 40 cm
phosphorus fertilizer manufacturing increased electrical of crusted soil from the bottom of a recharge basin, which
conductivity of water, caused flocculation of clays and had been passed through a 4 mm sieve, was placed on the
increased porosity of sediments. The results of an filter. Subsequently, 95 cm of floodwater was slowly
experiment showed that the initial irrigation with 12 me/l poured into each cylinder. Treatments were: 1. control
gypsum in comparison with freshwater, increased the without  raw gypsum; 2. mixture of 0.5 Kg/m  gypsum in
infiltration rate of clay soils [12]. This improvement was 15 cm of top soil of the recharge basin before watering: 3.
mainly due to an increase in total porosity and void ratio mixture of 1 Kg/m  gypsum in water of recharge basin; 4.
ranging from saturation to oven dry conditions. adding 0.5 Kg/m  gypsum to water of recharge basin; and
Dispersion of clays and clogging of soil pores are the 5. adding 1 Kg/m  gypsum to water of recharge basin. For
main reasons of destroying soil structure and slowing adding gypsum in cylinders of treatments 4 and 5, first
down the infiltration rate [13]. Application of phosphate gypsum was mixed with some water of cylinders then the
gypsum to soils containing high smectites with low ESP suspension was added to the cylinders. Infiltration rate
increased the infiltration rate [14, 15]. As outcrops of the was determined by daily measurement of the water level
gypsiferous Gachsaran and Razak Formations cover a recession in each cylinder. These data were later
vast area in southwestern Iran, their runoff contains converted into infiltration rate. Each cylinder was capped
dissolved calcium sulfate and they are usually side-by- to reduce evaporation. Although some researchers have
side of the calcareous basins, it is logical to benefit from given a detailed report of the clay minerals in the
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Sarvestan Basin, where our study was performed, we in the soil (Table 1) is not soluble enough to flocculate the
decided to characterize them in the recharge basin clay particles. Effect of experimental treatments on water
sediment. These minerals were characterized by the infiltration rate is shown in Figures 1-6.
powder X-ray diffraction method. The identified minerals Figures 1 and 2 indicate that gypsum treatment
were quartz, calcite, dolomite, plagioclase, feldspar, albite, significantly increased IR on the 1st and 2nd day the
chlorite, mica (illite), kaolinite, hematite and amphibole. experiment, of which application of 0.5 Kg/m  of gypsum

Data Analysis: Infiltration data were analyzed using the rest. This increase in the IR rate was still significant
MSTAT-C  software  and the means comparisons at relative to control in the 3rd and 4th day, too (Figures 3
statistical level of 0.05 were carried out by the Duncan’s and 4). Infiltration rate in the 5th day was the same for all
Multiple Range Test and using the EXCEL software for treatments. IR in the 0.5 Kg/m  mineral gypsum after
drawing the graphs. watering treatments for the 1 , 2 , 3  and 4  day were

RESULTS AND DISCUSSION were 28.5, 23.4, 15.8, 9.8 percent increase in IR (Figure 6).

Tables 1-3 present the results of physical and increased the IR 10.6, 13, 14.9 and 4.9 percent for the 1 ,
chemical analysis of the crust of the recharge basin, the 2 , 3  and 4  day. However, application of 1 Kg/m
chemical analyses of raw gypsum and water from the gypsum after water addition reduced the IR by 26.7, 6.4, 11
basin, respectively. Table 1 indicates that the soil is of and 12.3 percent. Average increases in the IR for the first
heavy texture (clay loam) and high density (apparent two days, for the first three days and for the four days
specific gravity is 1.54 g/cm ). Since the reaction of the after application of 0.5 Kg/m  gypsum after watering in2

soil  is  alkaline,  the surplus amount of calcium carbonate comparison   with control    were   26,   22.6   and  19.6 %,

2

after watering was statistically greater (P<0.05) than the

2

st nd rd th

10.22, 5.59, 3.89, 3.13 mm/hr, respectively. Therefore, there

Application of 0.5 Kg/m  gypsum before watering2

st

nd rd th 2

2

Table 1: Physical and chemical analysis of soil from the bottom of recharge basin
Characteristics Quantity Characteristics Quantity
Dissolved Ca 9.19 meq/lit Sand 35.68%+2

Dissolved Mg 6.16 meq/lit Silt 34.00%+2

Dissolved Na 0.42 meq/lit Clay 30.32%+

Dissolved K 0.51 meq/lit Texture Clay loam+

Equivalent Calcium Carbonate 36.12% Initial soil water content 30.72%
Sodium Adsorption Ratio 0.152 Bulk density 1.54 g/cm3

CO 0.00 meq/lit Electrical Conductivity 1.50 dS/m3
-2

HCO 3.94 meq/lit pH 7.493
-

Cl 2.57 meq/lit Organic matter 1.63%-

SO4 4.69 meq/lit Total nitrogen 0.0815%-2

Table 2: Physical and chemical analysis of mineral gypsum of Fasa
Characteristics Value
Purity 88.90%
EC 2.45 dS/m
Dissolved Na 0.22 me/L+

Dissolved K 0.12 me/L+

Dissolved Ca 33.60 me/L+2

Dissolved Mg 1.12 me/L+2

HCO 0.62 me/L3
-

Cl 0.50 me/L-

SO4 34.00 me/L-2

Table 3: Chemical analysis of soil from bottom of the recharge basin
Me/L
----------------------------------------------------------------------------------------------------------------------

Characteristics pH EC (dS/m) Na K Ca Mg SO Cl HCO CO SAR+ + 2+ 2+ 2- - - 2-
4 3 3

Quantity 7.50 0.14 0.04 0.09 1.20 0.014 0.23 0.25 1.28 0.00 0.049
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Fig. 1: Effect of mineral gypsum on infiltration rate in soil Fig. 5: Effect of mineral gypsum on infiltration rate in soil
of recharge basin (1  day) of recharge basin (5  day)st

Fig. 2: Effect of mineral gypsum on infiltration rate in soil
of recharge basin (2  day)nd

Fig. 3: Effect of mineral gypsum on infiltration rate in soil Davidson and Quirk [20] reported that application of
of recharge basin (3  day) gypsum during irrigation increases IR of arduous soilsrd

Fig. 4: Effect of mineral gypsum on infiltration rate in soil of  suspended  clay  particles decreases their entrance
of recharge basin (4  day) into  soil  pores.  Therefore,  extended  application  of thisth

th

Fig. 6: Effects of different treatments on infiltration rates
in soil of recharge basin

respectively. Rangasamy [16] reported that the presence
of free electrolyte could improve soil characteristics in
respect to dispersion. Rousta [17] reported that
application of 9 metric ton of gypsum per hectare caused
an increase in IR as compared with the control. McKenzi
[18]  and McKenzi and So [19] have shown that
application of 7.5 t/ha gypsum to a Vertisols (clay=72%;
ESP= 7.0) increased the IR 2.5 times that of the control.

[21].

CONCLUSION

Mixing 1 Kg/m  of <500 µm gypsum with the crust of2

recharge basins in the Sarvestan area before the recharge
activities, or addition of 0.5 Kg/m  of the same material to2

the recharge water, significantly increases the IR. This is
probably due to cation exchange, i.e., sodium replacement
by calcium ions that abound in the solution. Flocculation
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technology is recommended. This is economically 9. Shainberg, I. and M.J. Singer, 1985. Effect of
justified as well. It is postulated that the addition of electrolytic  concentration on the hydraulic
1Kg/m  of gypsum after watering causes clogging of some properties of depositional crusts. Soil Sci. Soc. Am.2

pores. Therefore, crust removal is effective only after the J., 49: 1260-63.
gypsum treatment of the basin bottom or the recharge 10. Shainberg, I. and M.J. Singer, 1986. Suspension
water. Thus, the large-scale application of this financially concentration  effects  on depositional crusts and
viable technology is recommended. Economics of the soil  hydraulic  conductivity.  Soil  Sci. Soc. Am. J.,
scale decides the applicability of one of the two methods 50: 1537-40.
[20-24]. 11. Southard, R.J., I. Shainberg and M.J. Singer, 1988.
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