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Abstract 

     Desertification control through floodwater spreading for artificial 

recharge of aquifers is a logic improve action that not only improve 

groundwater reserves but also degradated     lands due to suspended load in 

the flood artificial recharging of groundwater through floodwater in Gareh 

Baygan plain caused to improve environmental condition and provided a 

good situation for animal and plant societies geological of Iran watershed 

cause to produce runoff with a lot of turbidity and high suspended loud. 

clay and fine particles in flood decrease infiltrability of sedimentation basin 

most of artificial recharging ponds  that constructed with a great costs faced 

with decreasing in infiltrability. infiltration decreasing in floodwater 

spreading systems happen less than other recharging ponds    because of 

wide sedimentation and areas nevertheless after several years infiltration 

rate decreasing is certain make a hard layers and clays and particles fine 

size especially Pallygorsgite shorten the life of artificial recharging 

systems. Root channels that form by Eucalyptus increase infiltration rate in 



 

sedimentation basin and recharge ponds, despite thick crust layer, 

infiltrability of soil finally decrese. In this case study we investigated 

infiltration rate in floodwater spreading system in Kowsar research training 

and extension station by double ring method application. Results showed 

that infiltration rate in first plot of Bisheh Zard 1 decreased from 10.33 

cm/h to 2.13 and in second and thirth plot in this system decreased to 2.49 

and 7.47 cm/h respectively. Infiltration decreasing happen mainly in first to 

thirth plot. Floodwater spreading system in Gareh Baygon Plain after 25 

years old are active and useful.  

Key words: Infiltration, floodwater spreading, Gareh Baygan plain fasa. 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

Introduction 

 

Desertification control through floodwater spreading for artificial recharge 

of aquifers is a logic improve action that not only improve groundwater 

reserves but also degradated lands due to suspended load in the flood. 

Artificial recharging of groundwater through floodwater in Gareh Baygan 

plain caused to improve environmental condition and provided a good 

situation for animal and plant societies. Geological of Iran watershed cause 

to produce runoff with a lot of turbidity and high suspended loud, then 

produce a lot of sedimentation. 

 Soil building in sedimentation basins, the integral part of the ARG 

systems, has converted 1365-ha of a moving sand menance into a fertile 

land in the Gareh Bygone Plain (GBP) in southern Iran (Kowsar, 1991, 

2005). One of the main theoretical constraints of this successful project was 

the inevitable impermeability of the ARG systems due to deposition of the 

suspended load onto the sedimentation basins and recharge ponds, and the 

downward migration of fine clay particles, specifically those of chlorite, 



 

palygorskite and smectite through the soil profile (Mohammadnia and 

Kowsar, 2003). One of the disadvantage of using turbid floodwater is the 

eventual impermeability of the vadose zone. Clogging of fine pores by the 

very minutr particles, particulary by the clay mineral, as mentioned above, 

terminate life of artificial recharge of groundwater systems.There are a 

little research about floodwater spreading system in Iran. In this study we 

assessment the changes of infiltration rate in a sedimentation basin In a 

floodwater spreading system in Gareh Bygon plain, Iran thate is about 25 

years last of its life.  

 

Description of the study area 

The research site is in Gareh Baygon Plain, a 6000 ha. sand desert in 

southern Iran lies between latitude 28˚ 35 and 28˚ 41  N and longitude 

53˚ 55  and 53˚ 57  E on a debris cone, 1116 –1160 m above mean sea 

level. This plain located 50 km to the southest of Fasa in 200 km from 

Shiraz. There are 4 villages in the Gareh Baygone Plain, such as Ahmad 

Abad, Rahim abad, Bisheh Zard and Tchah Dowlat. 

 

Geology 

The experiment is being conducted on a debris cone deposited by the 



Bisheh Zard River, an ephemeral stream that is a tributary the shur (salty) 

River of Jahrom and that drains a sub – basin of the mond River basin. The 

Bisheh Zard Basin which is 192 Km
2
 in extend.  

The Bisheh Zard Basin is a northwest to southeast syncline formed by the 

tectonic movement of the Zagros mountain Ranges during the miopliocene 

time in the Agha Jari formation. The Agha Jari formation, one of the most 

widespread geological formation in south – southwestern Iran, ranges in 

age from late Miocene to Pliocene. This formation consist of rhythmically 

interceded brown to gray, calcareous, feature – forming sandstones and low 

weathering, gypsum – veined, red marls and gray to green siltstones. The 

Agha Jari formation lies conformably over the gray marls and limestones of 

the Mishan formation which is of early to middle Miocene in age .  

Although the Agha Jari formation is usually capped uncomfortably by the 

plio – pleistocene Bakhtyari formation, severe erosion during the 

Quaternany period has left only small, scattered patches of the Bakhtyari 

formation on the Bishe Zard Basin . The Bakhtyari formation, which 

mainly consist of pebbles and cobbles of cretaceous, Eocene, oligocene 

limeston and dark brown, ferruginous cherts has provided the bulck of the 

alluvium in the debris cone. The known thickness of the alluvium ranges 

from practically none on the eastern margin of the debris cones to 43 m, 4 



 

Km downstream from the gorge which forms the outlet of the Bisheh Zard 

Basin. The depth to the water table ranges from 17 m in the west to 26 m in 

the east. 

Assuming the extent of the area, the average thickness and coefficient of 

storage of the aquifer to be 50 Km
2
, 20m and 10% respectively. It is 

possible to store 100 million m
3 
of  water in the debris cone and manage 

it properly.  

Soil  

The debris cone is covered with a layer of drifting fine sand ranging in 

thickness a few mm to several Cm. A structures coarse sandy loam with 

average sand, silt and clay contents of 70, 18 and 12% respectively , forms 

the A horizon, 10-20 Cm thick. The stony C horizon lies directly under the 

A horizon. This soil characterized and according to soil survey staff is 

Typic Calciortids, course-loamy over loamy skeletal, carbonatic,  (hyper) 

thermic.  

Climate  

The Gareh Bygone plain climate is characterized by a very low and highly 

variable winter rainfall which is brought in by clouds originating over the 

Mediterranean sea, and summer dryness. However, occasional downpours 

on the Bisheh Zard Basin produce major floods during August and 



September. Whether these torrential rains are connective or are the tail ends 

of the Indian monsoon is not known with certainly. However, the 

circumstantial evidence gives support to the connective nature of the 

events, on at least three occasions the recording rain gauge installed in the 

Gareh Bygone Experiments station, 4 Km down stream from the Bisheh 

Zard Basin outlet, has registered only 0.2 to 2 mm for the flood – 

producing rains which occured on the watershed. 

Since it has been observed that a minimum of 5 mm hr
-1

 is required to 

initiate any measurable runoff, the depth of rainfall on the Bisheh Zard 

Basin should have been more than 5 mm on these occasions.  

The mean annual precipitation and mean annual evapo – transpiration of 

the Gareh Bygone plain are estimated to be 150 and 2860 mm respectively. 

The mean annual temperature is 19
o
C  and absolute minimum and 

maximum temperature are –70
o
C and 43

o
C (July ) hot,  dry winds which 

usually blow from the southwest during late spring and summer raise the 

temperature to around 50 
0
C in the shade. 

   Native vegetation 

The original vegetation of the area appears to have been Mediterranean 

type dominated by Amigdalus scoparia (Spach) and Pistacia atlantica 

(Desf.), of which a very few single stem have survived  the ravage of man 



 

by being located in inaccessible places on the Bisheh Zard Basin. A few of 

Populus euphratica (Oliv.), Tamarix aphylla (L.) and many shrubs of 

willow leaved boxthorn (Lyceum depressum (stoks)) live by the stream 

banks on the basin. The forty day grasses (Carex stenophylla) is the most 

common plant species in the plain. Scattered bushes of Ziziphous 

nummularia and Pteropyrum aucheri are found by the stream banks and 

Astragalus glaucacanthos occupy the eroded, silty clay soils on the eastern 

margin of the debris cone, while Helianthemum, salifolium, Alhagi 

camelorum, Cynodon dactylon are prevalent on the debris cone. 

 

Water Resources 

Water is one of the most scarce natural resources in the Gareh Baygone 

plain. Therefore, it should be considered as a highly precious commodity. 

Deficiency of surface waters in the Fasa Basin and the accelerating rate of 

water table in that region, which in some localities is followed by 

salinization of the groundwater, have prompted the water – related 

authorities to proclaim the Fasa Basin as a prohibited area implying that the 

permitted for digging or drilling of new wells would not be issued and 

deepening of the existing wells, or extension of the qanats are allowed only 

under special circumstances.  

Pumping water out of aquifers at a rate of replenishment lowered the water 



table about 10 m in less than 20 years, drying three qanats and forcing the 

abandonment of many wells prior to 1982, when there were only 16 low 

yielding wells which could be operated from 1 to 20 a hours day. The 

quality of the groundwater in 1982 was from fair to saline. There are at 

least two floods in the Gareh Baygone plain per year, one in the summer 

and one in the winter. 

 Floodwater Spreading System 

The floodwater spreading system in the Gareh Baygone plain were 

designed, laid out and constructed according to the procedure suggested by 

Phillips (1957), Newman (1963) and Quilty (1972) with some modification 

(Kowsar, 1991). 

The floodwater spreading project in the Gareh Baygone plain consist of 8 

system. The Bisheh Zard river supplies only one. Eight floodwater 

spreading systems ranging from 25 to 365 ha in area with a total coverage 

of 1365 ha were designed and constructed between 1983 and 1987 on the 

intermediate zone of the debris cone (Fig. 1). 



 

 

Fig. 1: Plan of sedimentation basins with embankments and a recharge pond. B. 

Longitudinal cross- section of a sedimentation basin.  Level-silled channel is 

at the upstream end, and a gap (spillway) is at the downstream end (Kowsar, 

1995) 

 



 

                Fig.2: Gareh Bygon Plain, Field study 

 

A floodwater spreading system consist of, diversion canals, conveyor – 

spreaders channels, level - silled channels and tail drains. After carry out 

the project of floodwater spreading in Gareh Baygone plain that was a 

desert area before floodwater spreader, the feature of this desert 

completely changed. This project had some advantages such as follows:  

1- Augmentation of groundwater deposits and its effect on irrigation 



 

agriculture 

2- Survival and growth of Eucalyptus camaldulensis seedlings 

3- Stabilization of the drifting sands 

4- Improvement of forage production  

5- Aggradations of environment quality 

6- Barley production 

7- Flood damage mitigation 

8- Soil fertility 

9- Migration reversal 

10- Economic feasibility 

Although from flooding irrigation pass about 5000 years old, nevertheless 

there are a little research about this choice. This study was implemented to 

discover some measurable changes in a Infiltration rate which have 

occurred during the 1983- 2010 preiod.   

 

 

 

 



Materials and Methods 

The measure of infiltration of water into the soil is an important indication 

concerning: the efficiency of irrigation and drainage, optimizing the 

availability of water for plants, improving the yield of crops and 

minimizing erosion. 

The double ring infiltrometer is a simple instrument that is used to 

determine the rate of infiltration of water into the soil (fig.3).  



 

 

 Fig.3: Double ring infiltrometer, complete set 

 

As vertically infiltrated water runs away to the sides, the outer ring of the 

infiltrometer serves as a separation. The measurements exclusively take 

place in the inner ring through which the water runs virtually vertical. 



There are about 8 floodwater spreading systems in Aquifer management 

station of Kowsar in Gareh Bygone plain, that designed and constructed 

from 1983 -1987, about 1365 ha in extend.  

There are different methods for determining of infiltration of water to soil. 

In this research we have chosen Double Ring method for infiltration rate 

measuring. From 8 floodwater spreading system, I have chosen one of them 

named BZ1. Every plot divided to three equal part. 

 Infiltrability of 3 paired plots (with and without the sowbug burrows) 

were determined utilizing the double ring method (Anon., 1990), in this 

systems.  

In every parts have done 3 infiltration rate test by double ring method and 9 

infiltration rate test in every plot for tree time as replication. Infiltration rate 

test also carried out in control site (without floodwater spreading) for 

comparison with treatments. Results analysised with SAS and SPSS and 

EXCELL software. 

 

 

 

 



 

Results  

The results of data is as following in tables 1,2,3,4, 5. and 6. and figures of 

1 to 3. 

Table. 2 : The means comparison of the depths characteristics of soil 

factor A1(0-15) A2(15-30 A3(30-45) Significant 

effects 

% Zn 0.701 a 0.591 a 0.701 ns 

% Cu 0.131 a 0.025 a 0.084 a ns 

% S 0.023 a 0.021 a 0.019 a ns 

% Mn 0.185 a 0.209 a 0.180 a ns 

% K 0.539 a 0.802 a 0.475 a ns 

% Fe 1.278 a 1.772 a 0.475 a ns 

SP 28.758 a 26.938 a 27.590 ns 

EC 0.557 a 0.381 ab 0.289 b 0.004** 

pH 7.929 a 8.105 a 8.129 a ns 

% O.C. 0.400 a 0.356 a 0.130b 0.007** 

% NT 0.034 a 0.031 a 0.011 b 0.008** 

CCE 40.747 b 45.181 a 47.043 a 0.001** 

SAR 0.620 a 0.759 a 0.589 a ns 

Ca++ 2.710 a 1.650 b 1.305 b 0.005** 

Mg++ 1.837 a 1.247 b 1.305 b 0.010* 

Na+ 0.963 a 0.901 ab 0.574 b 0.009** 

HCO3
- 2.742 a 1.517 ab 1.250 a 0.001** 

Cl- 1.183 a 1.083 a 0.617 a ns 

SO4
= 1.476 a 1.202 a 1.044 a ns 

C:N 11.736 a 11.671 a 11.507 a ns 

% Sand 52.673 b 85.817 a 86.950 a 0.021* 

% Silt 13.393 a 9.500 ab 8.583 b 0.006** 

% Clay 3.933 a 4.683 ab 4.467 a ns 

 

 



 

 

Table 3: treatments mean comparison with Dancan test in 1% level for 

replications and different plots of BZ1 floodwater spreading. 

treatments BZ1  (1) BZ1  (2) BZ1  (3) 

Plot1 2.162+1.018 C 1.913+1.251 B 1.506+1.213 C 

Plot2 2.490+0.184 C 1.574+0.869 B 2.673+1.556 BC 

Plot3 7.441+1.103 B 3.270+1.240 B 3.859+0.884 B 

Control 10.313+1.245 A 5.653+3.419 A 6.590+1.109 A 

 

The means that  have different  letter are significant difference in 5 % level. 

 

 

 

 

 

Fig.1: Mean infiltration rate for different plots in BZ1 of FWS (1) 
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Fig.2: Mean infiltration rate for different plots in BZ1 of FWS (2) 
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Fig.3: Mean infiltration rate for different plots in BZ1 of FWS (3) 
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Table4 :Results of statistical analysis for BZ 1 floodwater spreading 

system- first replication 
 

Significant 

difference nt  

 

control 

              field Facto

r Plot1 Plot2 Plot3 

** 
10.31a ± 1.242 2.16 c ± 1.01 2.49 c ±  0.158 7.44 b ± 1.103 Infiltration 

                                  significant difference in 1% level         **           

 

 

 

 Table5 :Results of statistical analysis for BZ 1 floodwater spreading 

system- second replication  

 

Significant 

difference 

 

  

control 

field Factor 

Plot1 Plot2  Plot3 

** 
5.65 a ± 3.419 1.91 b ± 1.251 1.57b ± 0.868  3.27 b ± 1.240 Infiltration 

rate 

                                    significant difference in 

1% level     **               



 

 
 

 

 

Table6 :Results of statistical analysis for BZ 1 floodwater spreading system 

– Thirth replication 
 

Significant 

difference 

 

     Control 

field Factor 

Plot1 Plot2 Plot3 

** 6.59 a ± 1.109 
 

1.50 c ± 1.213 
 

2.67 b ± 1.556 
 

3.85 b ± 0.884 
 

Infiltration 

rate 

significant difference in 1% level         **           

 

 

Discussion 

 

Extending the economic life of the artificial recharge of groundwater 

systems is a challenge to the planners and implementers of these facilities. 

The surface geology of most of our flood-producing watersheds makes 

their runoff  highly turbid; therefore, very large sedimentation basins have 

to be incorporated into the design. However, the presence of very fine 

particles, particularly clay minerals such as chlorite, palygorskite and 

smectite cause rapid clogging of these basins and infiltration ponds. 

Although root channels  enhance percolation, infiltrability of the basins and 

ponds is highly decreased by crust formation.  The rate of infiltration 

decrease was depended on the particle size  distribution of  the suspended 

materials of the floodwater, total sediment load, the pore geometry  of the 



underlying materials. As a result, infiltration rate was negatively correlated 

to  the fine fraction of the soil (silt + clay) in the flooding zone. Several 

studies have reported the interaction of infiltration rate and soil texture 

Study of infiltration and sediment production in a shrubland of Patagonia 

showed that infiltration rate has a direct and positive relation with 

vegetation cover and a negative relation with the percent of clay. If 

maintenance of the system would not be done well, it could be very 

dangerous after several years and  soil infiltration will be decreased and 

thus the vegetation cover will be  estroyed. In order to decrease the adverse 

effects of sedimentation in the flooded basin, removing  the recent 

sediment, plowing the top 10 cm of the natural surface below the removed  

sediment, and plowing can be effective. In the light texture soil, increasing 

clay can  also improve soil texture and soil moisture storage capacity. 

These changes can be  useful to increases the vegetation cover.  

 

Results (table 1 to table 6) analysed by SPSS, SAS and Excell. Results 

showed that infiltration rate in first plot of Bisheh Zard 1 decreased from 

10.33 cm/h to 2.13 and in second and thirth plot in this system decreased to 

2.49 and 7.47 cm/h respectively. Infiltration decreasing happen mainly in 

first to thirth plot. Crust formation by the deposited sediment sustancially 



 

decreased infiltration rate of the systems at the Kowsar Station. 

Floodwater spreading system in Gareh Baygon Plain after 25 years old are 

active and useful. It is because formation of the root channels that 

facilitates preferential flow towards the watertable. The root of Ecalyptus 

camaldulensis Dehnh. And accasia Victoria Benth. Have been observed to 

a depth of 28 m in the phreatic zone.  

 

 

 

Suggestion 

 

Deposit of much sedimentation and supended load in floods in floodwater 

spreding system cause to reduce life long of these systems and decreases 

the soil infiltration rate. For solving and reduce of this problems, suggest 

following recomandation: 

1- Don’t let to enter sediment and suspended load of floodwater to the 

systems of floodwater spreading. 

2- The study of topography, hydrology, geology, soil, flow of ground water 

and size and distribution of sediment. 

3- Sediment reduction by improvement and biological and structural 



practice in watershed. 

4- Remove surface sediment mechanically. 

5- Surface layers ploughing. 

6- Increase of volume and numbers of plots in floodwater spreading 

systems. 

7- Erosion and sedimentation control practice in upper watersheds. 

Filtring of suspended load and flood to enter the chanels of floodwater 

spreading systems through building of sedimentation basin. 

8- Use of cover vegetation for trap of sediments and susspended load. 

References 

 

1- Baybordi, M. 1987. Soil physics. Tehran university press.(in farsi). 

 

2- Tavassoli, A. and M. H. Mahdian. 2005. The study of floodwater 

spreading on Soil infiltration in Kaboudarahang aqifer management station. 

Proceeding of 2th conference on watershed management, Tehran. Iran. 

 

3- Heidari, F. and A. Mehdipoor. 2005. Impacts of sedimentation on 

infiltration rate and soil humidity changes in Abbarik Bam, aquifer 

management station. Proceeding of 2th conference on watershed 



 

management, Tehran. Iran. 

 

4- Daneshvar, A. and M. Danaeyan, 2005. The effects of floodwater 

spreading on some physico-chemical properties of soil and infiltration in 

Yazd. Proceeding of 2th conference on watershed management, Tehran. 

Iran. 

   

5- Kowsar, A. 1991. Floodwater spreading for desertification control: An 

integrated approach. Des. Con. Bull. (UNEP) 19: 3-18. 

 

6- Kowsar, A. 1995. An introduction to flood mitigation and optimization 

of floodwater utilization. Ministry of Agriculture, Research Inistitute of 

Forests and rangelands. Technical Publication No. 150. 

 

7- 1. Anon, 1990. A manual for measuring infiltration rate using double – 

ring.(in Farsi). Power Ministry. Fars Regional Water Organization. P. 19.  

 

8- Esfandiari, M. and Gh. Rahbar. 2004. Monitoring of inflow and outflow 

rate from Kaftari artificial recharge of groundwater system in Dorz – 



sayeban region in southeastern Iran. Proceeding on management of aquifer 

recharge and water harvesting in arid and semi arid region Asia. 27, Nov. 

2004. 

 

 

9- Raeisi, E. and Kohian Afzal, 1997. Evaluation of Idje artificial of 

groundwater recharge project, Estahban, Iran. Proceeding of the 5
th

 

international conference on rainwater catchment system. Tehran Iran. Vol. 

1. pp. 207-209. 

 

11- Bouwer, H. 1986. Intake rate: Cylinder infiltrometer. Pages 825-843 in: 

Methods of Soil Analysis. A. Klute, ed. ASA Monograph 9. ASA. 

Madison, WI. 

 

12- Tricker, A. S. 1978. The infiltration cylinder: Some comments on its 

use. J. Hydrol. (Amsterdam) 36:383-391. 

 


