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Abstract: The phenomena of soil erosion and flooding cause many problems, the most notable of 
which is the watershed affected. Therefore it is necessary for the control this destructive phenomenon 
to reduce runoff and limiting soil erosion. New technology such as nanotechnology can inevitably 
provide access to these goals. Nanotechnology is a current technological development with unique 
characteristics that has the potential to make a contribution to all areas of science and research 
including natural resources and soil conservation. In this study the effects of different amounts 
Nanozeolite (0, 0.2, 0.4 and 0.6 gr.m-2) on amounts of soil erosion and runoff from three slopes of 7, 9 
and 14 degrees with simulator rainfall FEL3 was studied in a laboratory. The experiment was 
conducted in soil of silt texture in plots of 1 m length, 0.5m width and 40 cm height. In each 
experiment 30 cm of plot height was designated to drainage and the remaining 10 cm was filled with 
the desired tissue, then Nanozeolite material was added to the soil surface. Samples were placed under 
90 mm.h-1 of rainfall per hour for 30 minutes. The results showed that all Nanozeolite material levels 
(0, 0.2, 0.4 and 0.6 gr.m-2) and a control treatment in the three slope degrees of 7, 9 and 14 showed non 
significant difference in the reductions of soil erosion and runoff. 
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INTRODUCTION 
 

Soil erosion is a widespread, global problem that seriously threatens natural resources (Tripathi & Singh, 
2001). With recent population increases and intensified human activities available agricultural land has been 
transformed to the extent that about 75 billion tons of soil is lost annually as a result of erosion. Soil erosion has 
become one of the most important environmental concerns for agriculture and food production in the world in 
recent years (Bayramin et al, 2003; Lafen & Roose, 1998; Brown & Quine, 1999; Toy et al, 2002). Soil erosion 
not only causes poor soil and decreased production efficiency but the deposition of eroded soil in dams, 
reservoirs and irrigation canals causes loss of land use efficiency, a reduction in the useful life time of the land 
and increased costs. Therefore techniques for soil conservation of national and agricultural lands should be 
recognized. Today, the implementation of soil conservation technology and other methods of combating soil 
erosion are essential actions that each country should pay special attention to (Pimentel & Harvey 1999; 
Pimentel & Kounang, 1998). Runoff is atmospheric fluid that forms on the land’s surface or subsurface and 
flows into waterways, rivers, seas and oceans. Patterns that generate runoff depend on analysis of; intensity of 
excess rainfall, capacity of soil absorption and soil saturation points (Cheng et al, 2008). In other words, water 
that has not been absorbed by soil combined with high rainfall intensity usually produces large amounts of 
runoff which in turn causes soil erosion, nutrient loss and eventually land destruction. Efforts to reduce runoff 
and increase water absorption into the soil are based on these principle patterns (Mathur & Kumar, 1991; 
Xiubin, 1995). Before 1990 modified soil aggregates were produced in the form of physical soil bonding that 
worked directly on the soil although some of these have been effective the technology has not been implemented 
due to expense.  After 1990 modified soil aggregate was produced that directly affected water infiltration, soil 
erosion and coating (Ben-Hur & Keren, 1997; Bowyer-Bower & Bun, 1989; Brandasma, 1997). Recently, new 
methods to produce modified soil aggregate have been obtained using Nanotechnology (Anonymous, 2006). 
Nanotechnology has various applications for agriculture and natural resources such as hydro gel based Nanoclay 
that for use in pot plants and small scale cultivation.  In natural resources nanotechnology has numerous 
applications for the synthesis of materials to stabilize sandy soil to maintain water to control erosion. Many 
studies have been conducted in relation to different materials with potential to control soil erosion and reduce 
runoff but research in relation to Nanotechnology and soil and water conservation is lacking. Research that 
relates to the control of erosion and runoff, using different materials is as follows. Oztas et al. (2002) compared 
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the effects of different levels of polyvinyl alcohol (0, 0.001, 0.003, w/w0.005) in clay, sandy clay loam and 
sandy soils on soil stability. The results showed that w/w0.005 in clay soil had the most influence, achieving 95 
percent soil stability compared to the control. Xiubin & Zhanbin (2001) identified that the zeolite conation of 
soil of caused increased water infiltration in to the soil between 7 to 20 percent in a gentle slope, while in the 
high slope there was a 30 percent increase in infiltration. Also, a review by researchers mentioned that moisture 
between 0.4 to 1.8 percent in very dry conditions and between 5 to 15 percent in normal conditions increased 
water infiltration. Sepaskhah et al. (2006) examined the effects of different levels of polyacrylamide (0, 1, 2, 4 
and 6 kgha-1) on different slopes (2.5, 5 and 7.5 percent) using a rainfall simulator in Shiraz University 
laboratory. The results indicated that on high slopes (7.5 percent), 6 kg per hectare achieved the greatest impact 
on runoff and the amount of 4 kgha-1 had the greatest impact on erosion reduction, observed on slopes of 5 and 
7.5 a percent. In this study, for the first time of nanotechnology (Nanozeolite) has been used for soil erosion and 
runoff reduction. The purpose of this study was to evaluate the effect of Nanozeolite in different amounts (0.2, 
0.4 and 0.6 gr.m-2) on the reduction of soil erosion and runoff residue on the three slopes of 7, 9 and 14 degrees 
in rainfall intensity of 90 mm.h-1 using the rainfall simulator FEL3. 

 
METHODS AND MATERIALS 

 
Nanocrystalline Naa Synthesis: 

Zeolite A was synthesized utilizing the clear solution method according to the batch composition as 
reported by Mintova et al. (2003); 6(TMA) 2O: 0.17Na2O: 1Al2O3: 7SiO2: 389H2O. To start, an appropriate 
amount of Aluminum isopropoxide, distilled water, NaOH and half of the TMAOH solution were mixed and 
stirred in an ice bath until the resulting mixture became a clear solution. Then TEOS was combined with the rest 
of TMAOH solution and added drop by drop to the first clear solution. The resulting mixture was agitated with a 
magnetic stirrer overnight to carry out aging and then the solution was sealed in a PTFE-lined stainless steel 
autoclave and maintained at a constant temperature of 80°C in an oven without agitation for 8 days.  After the 
allocated time the autoclave was removed from the oven, cooled down to room temperature and nanocrystalline 
powders were recovered from the resulted milky, colloidal suspension after 4 centrifugations at 18000 rpm.  
After each centrifugation step, the processes of decanting and redispersement in distilled water with 
ultrasonication were performed.  After the drying of powders at room temperature in air for 24 h, removal of 
tetramethytlammonium cation which was embedded inside the framework of the zeolite was carried out using an 
ion exchange treatment.  Zeolite powders were added into a 1.0 M sodium nitrate solution at a concentration of 
0.3 wt% zeolite to ion exchange solution. This solution was kept at 70°C for 12 h while the mixture was 
magnetically stirred.  After the ion exchange step, the washed sample was further treated with three repetitions 
of centrifugation and redispersion in distilled water.   

 
Zeolite Characterization:  

The morphology and size of the as-synthesized nanozeolites was studied through a scanning electron 
microscope, Philips XL 30 model.  

XRD characterization for the crystallinity investigation of the as-synthesized NaA zeolite was performed 
with a STOE STAD-MP X-ray diffractometer using a copper target at 40 KV and 30 mA (2h < 10_) or 100 mA. 

 
Soil Characteristic At This Experimental: 

The present study was performed at the Soil Conservation and Watershed Management Research Institute 
(SCWMRI). The soil type was silt. Land with silt soil characteristic is widespread in Iran, especially in the 
regions of the Zagros and Alborz mountain regions and central Iran (FaizNia et al, 2007). Marl units in 
watersheds have a high rate of soil erosion and runoff. This marl property plays a significant role in 
environmental problems such as reducing the duration of the usefulness of dams, increasing flood potential, 
causing land rise areas, water channel sedimentation and marine deaths (Naghavi et al, 2008).  

Tested soil samples from the region of the 40 km highway between Tehran and Qom, where soil samples (5 
to 15 percent of soil layer to the depth of 10 cm) were taken from the slope and transferred to the Soil 
Conservation and Watershed Management Research Institute. Soil properties were analyzed in the soil 
laboratory of Soil Conservation and Watershed Management Research Institute study and the results are briefly 
outlined in Table 1.  
 
Table 1: Soil characteristic experimental. 

Organic material (%)Lime stone (%) Electrical conductivity (MS/cm) Power hydrogen 
0.333 7.03 16.96 7.52 

 
Soil texture according to hydrometer method Silty-Clay-Loam was determined so as including 34.8 percent 

clay, 17.2 percent sand and 48 percent silt. 
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Evaluation Intensity Changed And Uniformity Intensity Rain: 
The rainfall simulator with pressure 0.4 Time (bar), disk rotation speed of rev/min100 and disk angle 10 

degrees started to work and timed with a stopwatch. Rain was allowed to continue for 10 minutes (Fig. 1). 
 
 
 
 
 
 
 
 
 
 
Fig. 1: The poison of vessel on the plot. 

 
Finally, after 10 minutes the device was turned off. The volume of rainfall per container was measured 

using a graded cylindrical measure and repeated for the angles 15, 20, 25 and 30. Rain intensity was obtained 
for each container and intensity uniformity in each disk angle was calculated using equations 1 and 2, 
respectively. 

 

                 (1) 
 

                                               I: rain intensity (mm.h) 
Q: water mass accumulate in each vessel (mm) 
A: section surface vessel (cm2) 
T: time (min) 

 

                (2) 
Cu: uniformity of coefficient 
m: average height of water in the cylinder as measures 
n: number of cylinders is 
x: the difference in water height of each cylinder with water height is (Krystynsn, 1941). 
 

According to (Fig. 2) it was observed that the interrelation of disc angle and rainfall intensity was linear, so 
that if the disc pressure, flow and speed were constant, then the simulated rainfall intensity with disc angle was 
directly related (Armin, 2006). Finally, rainfall intensity of 95 mm.h-1 was considered as a suitable intensity for 
the test. 

 
 
 
 
 
 
 
 
 
 
 

Fig. 2: The relationship between rainfall intensity and disc angle Rainfall simulator FEL3. 
 
Module Rain Drop Diagonal:  

To measure the diameter of the raindrops a flour pellet method was used. In this method, plastic containers 
with a rectangular cross-section  dimensions 20 x 15 cm were used a layer of white wheat flour 2.5cm thick was 
packed into the plastic containers by means of a flour page level until the flour was perfectly uniform. 

Pellets in each size class were counted and weighed. , Pellets average weights were obtained by dividing the 
pellet total weight in the class to pellet average weight, number and percentage of pellets in each class were 
identified and the different diameter classes were calculated. Finally, using the relation Aslin & Valentine 
(1978), rain drop diameters of the corresponding flour pellets were obtained: 
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Dd= 0.985 Df
1.02              (3) 

 
Dd: rain diagonal drop (mm) 
Df: blob flour (mm) 

 
Considering that get diagonal drop quantity don’t low deference with sieves size. Therefore same sieves 

diagonal the used topic diagonal classes (Fig. 3). 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3: production deference diagonal classes with rainfall simulator at 95 mm.h-1 intensity. 
 

Average diameter simulated rain in intensity 95 mm.h-1, equal 1.48 mm was calculated. 
Kinetic energy, similated rain the using of equation Vishmayer Smith (1958) aqual 29.14 j/m2.mm obtained 
(Jayavardn and Rzavr - Rahman - Bojan, 1999). 

 
KE= 11.87+8.73 log10 I              (4) 

 
KE:rain kinetic energy to J /mm rain 
I: rain intensity to mm/ h. 
 
Methods Accomplishment Experimental:  

Plots of 40 × 50 × 100 cm were used for the experiment. Soil samples, transfer to the laboratory and the air 
drying process were passed through a 4 mm filter (to separate aggregate larger than 2 mm in runoff).  

The rainfall simulator plot was filled with 20 centimeters rubble and large sand and covered with 10 cm fine 
sand so that the sample soil surface was identical to that of the rainfall simulator. Then 500 mL of Nanozeolite 
at concentrations of, 0.2, 0.4 and 0.6 gr.m-2 was prepared uniformly and added to the surface of each sample. 
The control treatment samples, as mentioned earlier were prepared by adding 500 ml of water. Then rain was 
applied at an intensity of 90 mm.h-1 for 30 minutes to the slopes of; 7, 9 and 14 degrees. After the rain 
treatment, the sediment out of the bottom of the rainfall simulator plot was collected and measured. After each 
test, the soil and the upper part of the drainage area was removed. For the next test, drainage and soil conditions 
as per the first test were prepared and the afore mentioned steps were repeated: for every gradient 12 tests were 
done, a total of 36 experiments were performed. 

 
RESULTS AND DISCUSSION 

 
In order to characterize the type and size of the synthesized zeolite, the XRD pattern and SEM image of 

synthesized powder was illustrated in (Figs 4 and 5). The XRD patterns agree with those of a NaA zeolite 
structure. Also the SEM images show that the crystals of as-synthesized A zeolite were substantially smaller 
than 100 nm.  

 
 
 
 
 
 
 
 
 
 
 
Fig. 5: synthesis zeolite XRD. 
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Fig. 4: SEM image of synthesis zeolite. 
 
Slop of 7 Degree:  

Statistical analyses of the effect of Nanozeolite on soil erosion reduction are indicated in Table 2 & 3. The 
results identified that amongst the different values of Nanozeolite and the control treatment, significant 
differences in sediment residue in the slope of 7 degrees were not observed. 

(Fig. 6) sediment weight changes in Nanozeolite showed various concentrations in the slope of 7 degrees. 
As has been shown, sediment weight among the different  Nanozeolite values indicated significant differences 
were not observed and sediment weight for all the different amounts were almost identical. We concluded that 
Nanozeolite values of (0.2, 0.4 and 0.6 gr.m-2) compared with control treatment on soil erosion residue had not 
been effective. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6: sediment weight changed for nanozeolite deference density at degree 7 slope. 
 
Slope of 9 Degree: 

A statistical analysis of the effect of different amounts of Nanozeolite in the runoff residue from slopes of 9 
degrees is presented in Table 2 & 3. Results indicated that amongst the different values of Nanozeolite and the 
control treatment, significant differences were not observed. 

Results obtained for the measurement of sediment weight in the slope of 9 degrees is presented in (Fig. 7). 
It was observed that sediment weight with increased amount of Nanozeolite increased statistically but was the 
increase was not significant. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7: Sediment weight changed for nanozeolite deference density at degree 9 slope. 
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Slope of 14 Degree: 
The results obtained of the Statistical analysis of Nanozeolite different amounts (0, 0.2, 0.4 and 0.6 gr.m-2) 

in the slope of 14 degrees indicated that amongst the different values of Nanozeolite and the control treatment 
significant differences were not observed Table 2 & 3. 

These results suggest that from applications of different amounts of Nanozeolite (0, 0.2, 0.4 and 0.6) on soil 
erosion residue has not been effective. As can be seen in (Fig. 8), of the different values of Nanozeolite 
mentioned, and the control a regular trend not was not observed and with increased amounts of Nanozeolite soil 
erosion has not decreased. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8: Sediment weight changed for nanozeolite deference density at degree 14 slope. 
 
Table 2: Results of statistic characteristic sediment measure at nanozeolite deference sample. 

Sig. F Mean square Df Sum of square source 
*0.80 0.33 534.34 3 1603.03 measure 

0.00** 15.48 24849.36 2 49698.73 slope 
* 0.15 1.75 2813.24 6 16879.44 Measure*slope 

  1604.84 24 38516.13 Error 
*: no significant at 99 percent surface        
**: surface significant at 99 percent surface 
 
Table 3: sediment measure average at deference slops in nanozeolite quantity separate. 

N Std. Deviation mean slope measure 
3 5.21 35.18 7 

0 3 21.27 46.82 9 
3 58.15 144.27 14 
9 60.47 75.42 average  
3 4.55 35.54 7 

0.2 3 24.98 65.72 9 
3 74.58 129.52 14 
9 57.26 76.93 average  
3 2.18 40.82 7 

0.4 3 29.49 74.50 9 
3 55.61 161.99 14 
9 62.65 92.44 average  
3 8.77 44.12 7 

0.6 3 71.286 116.02 9 
3 8.06 81.86 14 
9 47.71 80.67 average  
3 6.23 38.92 7 

Sum 3 44.46 75.77 9 
3 56.27 129.41 14 
9 55.21 81.36 average  

 
Slope of 7 degree: 

Statistical analysis obtained of the effect of Nanozeolite in runoff residue is indicated in Table 4 & 5. As 
can be seen Nanozeolite of different values (0, 0.2, 0.4 and 0.6 gr.m-2) to reduce runoff in the slope of 7 degrees 
in comparison with the control treatments did not have significant differences.  

Runoff volume changed in Nanozeolite different concentrations in the slope of 7 degrees shown in (Fig. 9). 
As shown, the runoff volumes amongst the different values of Nanozeolite did not amount to large differences, 
and almost all values were equal. We concluded that Nanozeolite different values (0, 0.2, 0.4 and 0.6 gr.m-2) 
compared with the control treatment in reduction of runoff residue have not been effective. 
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Fig. 9: runoff volume changed for nanozeolite deference density at degree 7 slope. 
 
Slope of 9 Degree: 

Statistical analysis obtained for the effect of different amounts of Nanozeolite (0, 0.2, 0.4 and 0.6 gr.m-2) in 
the slope of 9 degrees is presented in Table 4 & 5. The results indicated that amongst the different values of 
Nanozeolite and the control significant differences were not found. Also the results obtained for measurement 
runoff volume in a slope of 9 degrees are shown in (Fig. 10). As can be seen runoff volume from the 
Nanozeolite treatment at different values did not follow regular trend increased amounts of Nanozeolite did not 
reduced runoff volumes and almost all values are constant.  
 
 
 
 
 
 
 
 
 
 
 
Fig. 10: Runoff volume changed for nanozeolite deference density at degree 9 slope. 
 
Slope of 14 Degree: 

Results obtained from the statistical analysis of Nanozeolite values (0, 0.2, 0.4 and 0.6 gr.m-2) in the slope 
of 14 degrees indicated that amongst the different values of Nanozeolite and the control significant differences 
were not found.  These results suggest that different amounts of applied Nanozeolite (0.2, 0.4 and 0.6 gr.m-2) in 
runoff residue have not been effective. As can be seen in (Fig. 11) amongst the different values of Nanozeolite 
and the control a regular trend was not observed and with increased amounts of Nanozeolite the runoff rate has 
not decreased Table 4 & 5. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 11: Runoff volume changed for nanozeolite deference density at degree 14 slope. 
 
Table 4: Results of statistic characteristic runoff measure at nanozeolite deference sample. 

Sig. F Mean square df Sum of square source 
0.95* 0.12 148106.25 3 444318.75 measure 
0.41* 0.92 1137231.25 2 2274462.50 slope 
0.58* 0.79 993356.25 6 5960137.50 Measure*slope 

  1243539.58 24 7^10*2.98 Error 
*: no significant at 99 percent surface   
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Table 5: Runoff measure average at deference slops in nanozeolite quantity separate. 
N Std. Deviation mean slope measure 
3 90.00 10990.00 7 

0 3 640.00 10350.00 9 
3 1165.00 1165.00 14 
9 836.08 836.08 average  
3 115.00 11115.00 7 

0.2 3 1660.00 11180.00 9 
3 2055.00 10385.00 14 
9 1376.26 10893.33 average  
3 550.00 10100.00 7 

0.4 3 335.00 10215.00 9 
3 1135.00 11655.00 14 
9 994.41 10656.67 average  
3 690.00 10660.00 7 

0.6 3 1425.00 10615.00 9 
3 1395.00 11145.00 14 
9 1085.34 10806.67 average  
3 560.07 10716.25 7 

Sum 3 1055.59 10590.00 9 
3 1366.55 11175.00 14 
9 1049.13 10827.08 average  

 
Discussion:  

Results indicated that Nanozeolite values of (0.2, 0.4, 0.6 g .m2) in soil erosion and runoff residue on slopes 
of  7, 9 and 14 degrees with the rainfall intensity of 90 mm.h-1 showed non significant difference. This study 
has been the first to use nanotechnology to control soil erosion and runoff. Nanozeolite was produced by means 
of nanotechnology, it has a structure that consists of an endless three-dimensional network of four-sided Sio4 
and Alo4 (AlominioSilikatie units) that are connected by oxygen atoms. Nanozeolite structure has a lot of 
porous space that can be as used to absorb water. Various materials are frequently made using chemical 
components to control soil erosion and runoff. The advantage of these materials is that they react with soil and 
water to absorb soil particles and decrease soil erosion and runoff. The disadvantage is that these are chemical 
substances, thus do not decay naturally and contribute to environmental pollution. In the present study to 
evaluate the potential use of Nanozeolyt for control of runoff and soil erosion: the material is completely natural 
and therefore does not raise any environmental concerns. Nanozeolite, unlike chemical matter does not react 
with the soil. Nanozeolite material has a lot of porous space which with water absorption reduces runoff and 
therefore prevents soil loss, leading to soil erosion control. It being a saturated porous space, Nanozeolite 
material can lose its effectiveness. Nanozeolite, because can re-absorbed water should lose water that exists in 
the porous space, a negative characteristic of this material. In order to apply this material as a method to control 
soil erosion control it should be used in larger amounts to induce a vacuum to compensate for a lack of 
interaction with the soil. 

With the consideration that nanotechnology is a new technology and facilities in Iran are currently 
insufficient to meet the high production costs of these materials it is hoped that scientific progress can be used to 
address the problems of protection of the country's natural resources, in particular the issue of soil erosion 
control and increased water infiltration.  

 
Conclusions: 

Results indicated that Nanozeolite values of (0.2, 0.4, 0.6 g .m2) in soil erosion and runoff residue on slopes 
of  7, 9 and 14 degrees with the rainfall intensity of 90 mm.h-1 showed non significant difference. Because this 
material haven’t any reaction at water absorption and control soil erosion, and we must using more amount 
nanozeolite. We suggestion more research about using nanomatreials at control erosion and increase infiltration. 
 

REFERENCE 
 
Anonymous, 2006. Soil bind and revegetation composition and methods of making and using such 

composition, 5-27, http://patft.uspto.gov/netahtml/PTO/search-bool.html. 
Armen, M., 2006. Appointment effect land slope, soil texture, rainy period and intensity at soil erosion 

quantity with used rainfall simulator, M.S. thesis, natural resource and agriculture science gorgan Univ., pp: 
107. 

Bayramin, I.O., D. Baskan and M. Parlak, 2003. Soil erosion assessment with CONA model: case study 
Beypazri area. Turk Journal of Agriculture, (27): 105-116.  

Ben-Hur, M. and R. Keren, 1997. Polymer effects on water infiltration and soil aggregation. Soil Science 
Society of America Journal, (61): 565-570. 



Aust. J. Basic & Appl. Sci., 5(12): 1156-1164, 2011 

 1164  

Bowyer-Bower, T.A.S. and T.P. Bun, 1989. Rainfall simulators for investigating soil response to rainfall. 
Soil Technology, (2): 1-16. 

Brandasma, R.T., 1997. Soil conditioner effects on soil erosion, soil structure and crop performance, Ph.D. 
thesis, Wolverhampton Univ., UK. 

Brown, A.G. and T.A. Quine, 1999. Fluvial processes and environmental change. Journal of Quanternary 
Science, pp: 413. 

Cheng, Q., W. Ma and Q. Cai, 2008. The Relative Importance of Soil Crust and Slope Angle in Runoff and 
Soil Loss: a Case Study in the Hilly Areas of the Loess Plateau. North China. Journal of geography, (71): 117-
125. 

Christiansen, J.E., 1941. The uniformity of application of water by sprinkler system. Agricultural 
Engineering, (22): 89-92. 

Feiznia, S., M. heshmati, H. Ahmadi and j. Ghodosi, 2007. Investigation of gully erosion in marly Agha-
Jari  formation in Zagross (case study: Ghasre-shirin, Kermanshah). Journal of  constituent research in natural 
resource, (74): 32-40.  

Hassan zade naghavi, M., S. Feiznia, H. Ahmadi,  H.R. Peyrovan and J. ghayomean, 2008. Investigation 
effect chemical and physical characteristic marly on the measure sediment with use rainfall simulator physical 
model. Journal of geology Institute Iran ingenerating, (1): 35-48. 

Jayawardena, A.W. and R.B. Rezaur, 1999. Evaluation of an interrill soil erosion model using laboratory 
catchment data. Hydrological Processes, (13): 89-100. 

Lafen, J.M. and E.J. Roose, 1998. Methodologies for assessment of soil degradation due to water erosion, 
In: Law R.: Balum, W. E. and Valentine, C. ((Eds.), Soil degrading, CRC press, Bo Ca Ration., pp: 320. 

Mathur P.C. and G.R  . Kumar, 1991. Water and land management in arid ecology. New York: Rawat. 
Mintova, S., M. Reinelt, T.H. Metzger, J. Senker and T. Bein, 2003. Pure silica BETA colloidal zeolite 

assembled in thin films. The Royal Society of Chemistry, 326-327. 
Öztaş, T., A.K. Özbek and E.L. Aksakal, 2002. Structural developments in soil treated with 

Polyvinylalcohol. International Conference on Sustainable Land Use and Management, Soil Sci. Soc. of Turkey 
Int. Symp., pp: 143-148.  

Pimentel, D. and C. Harvey, 1999. Ecological Effects of Erosion. in : Walker, L.R(ed), Ecosystems of 
Disturbed Ground, 123-135. 

Pimentel, D. and N. Kounang, 1998. Ecology of soil Erosion in Ecosystem., 1: 416-426. 
Sepaskhah, A.R. and A.R. Bazrafshan-Jahromi, 2006. Controlling runoff and erosion in sloping land with 

polyacrylamide under a Rainfall Simulator. Biosystems Engineering, (93): 497-474. 
Toy, T.J., G.R. Foster and K.G. Renard, 2002. Soil Erosion: Processes, Prediction Measurement, and 

Control, New York: John Wiley and Sons, pp: 338. 
Tripathi, R.P. and H.P. Singh, 2001. Soil erosion and conservation. New Delhi: New Age International 

Limited Publication, India, pp: 210.  
Xiubin, H.E. and H. Zhandin, 2001. Zeolite application for enhancing water infiltration and retention in 

loess soil. Institute of Soil and Water Conservation, Chinese Academy of Sciences, Resources, Conservation 
and Recycling, 34: 45-52. 

Xiubin, H.E., 1995. Soil erosion intensity on the Loess Plateau in different time scales (in Chinese). Journal 
of Soil and Water Conservation, (19): 79-85. 


