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Abstract: The current study aims to evaluate the relationships between infiltration rate(IR, cmh ),-1

Saturated Hydraulic Conductivity (Ks, cmh ) and particle size distribution, i.e. Coarse sand, Fine sand,-1

Silt and Clay percentages to evaluate the spatial variability for soil properties and planning the

precision farm. The study was carried out in the Experimental farm (well No.60) of Desert Research

Center (DRC) at Toshka area located some 22 km north Abu Simbel City, belong to Aswan

governorate. This area (well No.60) is interested by Latitude  between 22° 32� 2½ and 22° 32� 16½

N and Longitude between 31° 30� 7½and 31° 30� 56½ E .The soil of this study are varied  between

sandy to sandy loam texture. 48 tests of IR were taken at the grid system (100�100 m for each test).

Also 48 samples disturbed and144 undisturbed soil core were taken from surface soil layer 0-30cm

from the same points beside the each test of IR. The total area is about 100 fedan (600 � 800 m, 6

� 8 columns). The results show that: Geostatistical analysis of the studied soil properties indicated

high spatial dependence for all variables. The experimental semivariograms models were fitted to

Power, Spherical, Exponential and Hole effect models. Infiltration rate cmh and fine sand content-1

yields a spherical semivariogram, while silt and clay content are exponential, coarse sand content yield

Hole effect model and saturated hydraulic conductivity (Ks) is following the power model. And all

soil properties showed positive nugget. On the other hand, comparing the RMSE for all the

interpolating methods for all soil properties the more precise method was nearest neighbor for IR, ks

and coarse sand content distribution. But in case of fine sand, silt and clay content minimum curvature

were more convenient. Also, the interpretation of the predicted maps reveals that the spatial patterns

of total sand content as well as silt and clay content correspond tightly to the patterns of IR and ks,

spatial distribution. Therefore, sections dominated by classes of high IR and ks (mh ) coincide with -1

locations where the coarse and fine sand contents were located. 

Key words: Infiltration rates, Geostatistical analysis, models, kriging maps, cross Validation and

verification.   

INTRODUCTION

The acquisition of new land for agricultural still remains as one of the major solution to minimize such

harmful effects. The area in concern lies on the western side of lake Nasser between Abu Simbel and Toshka

where it occupies a surface area of about 100 fedan between latitudes22° 32� 2½ and 22° 32� 16½ N and

longitudes 31° 30� 7½and 31° 30� 56½ E ( Fig.1) .It lies within the arid zone of Egypt, being warm in winter

and rather hot in summer with wide diurnal variations and almost no precipitation.Geomorphologically, the

surface of the area between Abu Simbel and Toshka is discriminated into five geomorphic units; Aswan High

Dam reservoir, the Nile valley, Wadi Kurkur Pedi plain, Toshka depression and west Dun gel plain,El Shazly

and Abdel Hady (1977), Rakha (2003) and Conoco(1987).As to hydro geologically, the Nubian sandstone

aquifer succession over lays the basement rocks and capped by quaternary deposite.and it's built up of Abu

Simbel formation, Lake Nasser formation, Sabaya formation and Kiseiba formation.Shata(1982). With respect

hydrogeochemically, ground water in the Nubian Sandstone aquifer is of meteoric origin and belongs to fresh

and slightly brackish type with salinity ranging from 800ppm to 1880ppm, Himida (1996).
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Fig. 1: Location map of the studied area.

Water retention and flow dynamics in agricultural soils are primary drivers of crop growth, nutrient

cycling, and contaminant transport. In particular, infiltration is a dominant process controlling the soil–water

status for plants and transport of pesticides and nutrients .Also it's the process of water entry into the soil

through surface layer. The rate of this process, i.e. the amount of water entering a unit soil surface area per

unit time; is directly  related to soil water storage, deep percolation, surface run off and consequently, soil

erosion by water. Meanwhile, infiltration rate is affected by soil factors which embrace soil texture, structure,

bulk density, pore-size distribution, water content, chemical composition of soil solution as well as topography,

Hillel (1980). These factors can significantly vary in both space and time. Hence, it is also expected that

infiltration would display spatial variability, Sharma et al. (1980), Tricker (1981), Starr (1990), Haws et al

(2004) and Wuest (2005). So, infiltration rate is a very important parameter in designing irrigation systems and

modeling for making a day-to-day management decision for optimum water use, fertilizer or pesticide

application. Thus, evaluation of the spatial variability of steady-state infiltration rate and its maps in a newly

reclaimed sandy soil could be used as a significant input for improving the productivity of such soils. With

respect the relationships between the particles size distribution and IR (mh ), hydraulic conductivity; Ks are-1

frequently used for estimation of local IR, and hydraulic conductivities, ks mh .Saturated hydraulic conductivity-1

and IR were grouped with parameters of high variability with CV values greater than 100%, Warrick and

Nielsen (1980). Different types of empirical formulas are found in literature, the simplest formulas, e.g. the

one from Sperry and Peirce (1995) shows that the hydraulic conductivity is, as expected, not only a function

of the particle size distribution and the porosity, but also depends on the particle shape. For both approaches,

they found similar spatial correlation of the hydraulic conductivity. Albrecht et al. (1985) studied the variability

of soil hydraulic properties of one soil series (fine loamy). They found that the CV values for saturated

hydraulic conductivity ranged form 112 to 297%. Lascano and Hatfield (1992) studied the spatial variability

of sand, silt and clay on Olton sandy clay loam soils at 50 m transects and 1 m intervals. They mentioned that

semivariograms for sand, silt and clay content, along all transects showed no spatial structure, and the optimum

number of samples at 90% confidence were 18, 11 and 10 samples for sand, silt and clay, respectively.

Anderson and Cassel (1986) found that saturated hydraulic conductivity was log normally distributed and CV

values were about 130 to 3300%. Starr (1990) studied the spatial and temporal variation of ponded infiltration

with different tillage. He stated that spatial variation for saturated hydraulic conductivity (KS) was

comparatively much greater than those for either sorptivity (S) or infiltration rate (IR), and CV values for log

(KS), Log (S) and Log (IR) were 100, 35 and 25%, respectively. Sobieraj et al (2003) found no spatial

structure in Ks at distances > 25 m.  Heiskanen and Makitalo (2002) reported a range of 44 and 100 m for

the water content and air-filled porosity at a = –10 kPa. 
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The objectives of this study were (i) to describe spatial variability in IR, (ii) to assess the spatial

relationship between IR, ks and some selected properties of topsoil (0–30cm) and (iii) to evaluate and compare

the geostatistical procedures in estimating IR and other variables to predicted water policy and precision farm.

MATERIALS AND METHODS

The current work was carried out in the Experimental farm (well No.60) of Desert Research Center (DRC)

at Toshka area located some 22 km north Abu Simbel City, belong to Aswan governorate. This area (well

No.60) is interested by Latitude  between 22° 30� 2½ and 22° 30� 16½ N and Longitude between 31° 30� 7½and

31° 30� 56½ E .The soil of this study are varied  between sandy to sandy loam texture. 48 tests of IR were

taken of grid system (100 x 100m for each test), the total area are about 100 fedan (600 x 800m). Infiltration

rate was determined under constant head of water (7cm), using double ring infiltrometer, as described by Klute

(1986). 

The diameters of the inner and outer rings were 23 and 46cm, respectively. The rings were derived into

the soil 15cm. In total, 48 Infiltration tests were conducted. In all cases, each test lasted for approximately four

hours. The depth of infiltrated water during each time interval was calculated by dividing water volume with

drawn from the compensating tank mounted on the inner ring of the infiltrometer by the outer ring cross

section area. The cumulative depth of infiltrated water D in cm as a function of time t was approximated by

the Philips two terms equation (1957a &b).

D    =   St +    At0.5     

i     =   0.5 St  +    A-0.5

Where, i is the infiltration rate at large time i.e. the steady- state infiltration rate, S and A are constants.

Gravel content is negligible and ignored, because it's less than 1%. Particle size distribution of the fine earth

was carried out, using the Pipette methods as described by Klute (1986). 

Also soil saturated hydraulic conductivity of the undisturbed soil samples at all location from the surface

soil layer (0-30cm), was carried out under constant head method and was determined according to Klute

(1986). 

Methodology:

Statistical Analysis:

Measured variables in the data set were analyzed using classical statistical methods to obtain the minimum,

maximum, mean, variance, skewness, kurtosis and standard deviation (n = 48 for each soil property) were used

according to Snedecor and Cochran (1989). 

Geostatistical Analysis:

Soil properties do not vary randomly in space, but their variation can be assumed to be gradual and

following a pattern that can be quantified using spatial correlation analysis, Fig (2). The variogram is a

measure of variability of spatial phenomena and has been used extensively to quantify spatial correlation

structures, Deutsch and Journel (1994).

In the following, the definition of the variogram and related statistics are repeated briefly. Assuming a set

of randomly distributed stationary data values, the semivariogram is defined as:

Where: N (h) is the number of data pairs within a given class of distance and direction. The information

available consists of values of the variable z (soil variables) at n locations uá, z (uá), á = 1, 2,  ., n. Spatial

patterns are usually described using the experimental semivariogram ã(h) which measures the average

dissimilarity between data separated by a vector h. It is computed as half the average squared difference

between the components of data pairs. Describes the dependence of the semivariance from the absolute distance

as well as the direction between two observations. Another measure of the spatial variability is the covariance.
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Fig. 2: Spatial pattern of samples points in the study area.

By definition, the covariance at a zero lag distance C (0) is the variance ó2. With increasing distance the

covariance typically decreases and finally becomes zero indicating no similarity between points with larger

distance, between the semivariogram and covariance.

Geostatistical analysis was accomplished by using the GS+ geostatistical software Gamma Design, (2000)

as follows:

� Obtaining semi-variogram models, (the semivariogram, illustrates the relationship between the semi-

variance of samples and the distance or lag separating them).  

� Estimating the structural variances; (i.e. nugget, sill, variance and range for each variable) as illustrated

in (table. 2).

� Kriging was made by bringing the estimates of missing values and associated standard deviation into surfer

package, Golden Software Inc (2000).

� In order to assess the validity of the model on field data, the true values (7 % of the data) were compared

with the predictive kriged values from the model by neglecting error values less than 10% as acceptable

error.

� Producing different thematic maps for the spatial soil properties using, Golden Software Inc (2000). 

� Producing a predicted soil map by overlaying the soil properties spatial maps using Arc GIS program.

RESULTS AND DISCUSSION

Climatic Condition:

From the climatic point of view, the area under investigation belong to the sever arid regions where it is

characterized by very hot and dry weather in summer and a mild to cold weather in winter. According to the

collected data from Toshka and Abu Simbel meteorological station within the last ten years, the different

climatic elements can be summarized as following:

Air temperature (°C), the mean monthly maximum air temperature ranges between 23.7°C during January

and 41.9°C during August, while the mean minimum temperature ranges between 9.9°C during January and

26.4°C during August. Relative Humidity (R.H %), the data of relative humidity indicate that it ranges between

37% and 59.5%. The maximum value 64.7% is recorded during December, while it's minimum value of 22.0%

is detected during July. Evaporation (mm), the data indicated that the highest of evaporation value from Lake

Nasser are recorded during summer month, while their lower values are encountered during winter, spring and

autumn. The high evaporation rates during summer month are attributed to the high air temperature. Rainfall

(mm), the rainfall and runoff very scare.   

Classical Statistical:

The Classical statistical parameters that describe the distribution of some variables, i.e. IR (cmh ) ,Ks-1

(cmh ), coarse sand, fine sand, silt and clay content investigated in Table (1). From this table it is evident that-1
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the highest mean values were 57.18, 25.51 and 12.22 for fine sand, coarse sand content and IR, whereas the

lowest values were noticed for the other variables. 

Table 1: summary of classical statistics of som e variables in the studied area. 

Variables M in M ax M ean SD Variance Kurt Skew r2

IR (cm/hr) 2.87 49.61 12.22 8.56 73.19 7.03 2.12 0.9633

Ks, (cm/hr) 1.33 7.23 3.14 1.26 1.59 2.05 1.27 0.9122

Silt (%) 2.46 13.09 7.59 3.00 9.02 -1.07 0.17 0.9111

Clay (%) 5.81 16.23 9.69 2.60 6.78 -0.36 0.57 0.9045

Coarse Sand (%) 6.57 42.14 25.51 11.1 123.34 -1.30 0.096 0.9216

Fine Sand (%) 41.2 72.38 57.18 8.39 70.33 -1.24 -0.14 0.8945

SD: standard deviation. Kurt: Coefficient of kurtosis.  Skew: Coefficient of skewness.

The coefficient of kurtosis for coarse sand, fine sand, silt and clay content were very small and negative

which indicating that the types of distribution were flat-topped, but the positive skewed exceptional fine sand

content was  negative skewness and skewed to the left. While, the coefficient of kurtosis and skewness for

IR were significantly positive and higher than obtained for saturated hydraulic conductively ,Ks cmh  which-1

indicating high peak, (leptokurtic distribution). This behavior could be explained on the basis that the IR is

controlled by various factors including particle size distribution, sizes of pores and soil moisture retention

capacity as well as soil chemical characteristics. The values of standard deviation and variance for IR, coarse

sand and fine sand were appreciably higher than those of the other variables. The obtained results also point

out that the coefficient of determination (r ) for the IR was higher than those of the other variables. This means2

that the IR data throughout the area fit the linear or Gaussian distribution.  

Geostatistical Techniques:

Geostatistical techniques create prediction surfaces by incorporating statistical properties of data measured

at sample sites. The basic principle is that the data from neighboring sites tend to be more closely related than

the data from sites located far apart. The experimental semivariograms models were fitted to Power, spherical,

exponential and Hole effect models (Fig.3), also geostatistical analysis of the studied soil properties indicated

high spatial dependence. Therefore, all distributions of the measured soil properties were considered to be

anisotropic. This means that directional effects are present, and the semivariance is only a function of the

separation distance between pairs and direction. The best-fitted semivariogram models and model parameters

such as nugget variance, sill variance, range, and the rate of structural variance to sill variance obtained for

soil properties are presented in table 2. As shown in Fig.3 and Table 2, the spherical model were the best

fitted model to describe the spatial variability of steady-state infiltration rate and fine sand content (r =0.87992

and r = 0.8100), however, data of hydraulic conductivity (Ks) confirmed better to the power model2

(r =0.8357).While silt and clay content were fitted to exponential model (r =0.9010 and r =0.8940).Also, the2 2 2

data in Table 2 show that the coarse sand content was fitted with  hole effect model(r =0.8710). 2

Table 2: Semivariogram parameters and fitted models for properties.

1Variables M odel Nugget C o SillC Anisotropic(Ratio, angle) spatial dependence r2

IR (cm/hr) Spherical 0.10 2.90 1.9,61.2 76.00 0.8799

Ks, (cm/hr) Power 1.80 1.94 2, 6.497 70.23 0.8357

Silt (%) Exponential 1.00 -- 2, 13.26 75.00 0.9010

Clay (%) Exponential 0.06 -- 2, 40.9 69.80 0.8940

Coarse Sand (%) Hole effect 0.007 -- 1.992,51.85 48.35 0.8710

Fine Sand (%) Spherical 8.00 38.00 1.487,19.61 60.30 0.8100

All soil properties showed positive nugget, which can be explained by inherent variability. The nugget-to-

sill ratio can be used to classify the spatial dependence of soil properties. In this study similar criteria were

used to those reported by Cambardella et al., (1994). In general, the nugget variance of the fine sand content

(8.0) was larger than those of the other variables, followed by Ks 1.80.This can indicated higher inherited

spatial variability. While the lowest values of nugget variance was 0.007 and 0.06 for coarse sand and clay

content, respectively.
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sFig. 3: Semivariograms and models of IR (cmh ), (K ), and particle size distribution (%) for the surface soil-1

layer (0-30cm).
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The best fitted models, Table (2) shows considerable differences in the spatial dependence values, 76.0,

70.23and 75.00 for IR, Ks and silt content, respectively. While, the spatial dependence values ranged between

"48.35 to 69.8" for coarse sand content and clay content. However, the spatial dependence value of fine sand

content was 60.30m. from the above mentioned, it can noticed that the spatial dependence values of coarse

sand content is the lowest value compared with those of the other variables.

Also, the steady –stat of infiltration rate is highly dependent followed by silt content and saturated

hydraulic conductivity, Ks, Lai and Ren (2007). On the other hand, it is clear that the coefficient of

determination r  for all models exceeds 0.8, which indicates the goodness of the estimation, Burrough and2

McDonnell (1998).

Validation and Verification of the Data:

Cross validation is a technique used to compare estimated and true values using the information available

in the data set. In cross validation, the estimation method is tested at the location of existing sample. The

sample value at a particular location is temporarily discarded from the sample data set; the value at the same

location is then estimated using the remaining samples. Once the estimate is calculated, it is compared to the

true sample value that was initially removed from the sample data set. This procedure is repeated for all

samples, Isaaks and Srivastava, (1989).

Two indices were calculated and predicted (estimated) values as used by Cambardella et al., (1994) at each

validation site. The indices determined from the observed values Z (sj) and the predicted values Z*(sj) were

the mean error (ME), and the root mean square error (RMSE). The ME measured the bias of prediction and

for unbiased methods should be close to zero. It was defined as:

The RMSE was a measure of how precise the variation prediction methods were. It should be as small

as possible for unbiased and precise prediction. It was expressed as:

Tables (1&3) show that the difference between the mean of the true value and the predicted give

indication about the global bias as in the IR , hydraulic conductivity(ks) and coarse sand give approximately

the same mean, nearest neighbor interpolation method. But the rest give mean values of the predicted values

higher than the true one. Comparing the standard deviation of the true and estimated distributions, it is noticed

that the only estimates whose variability closely matches that of the true value are nearest neighbor for

infiltration rate, hydraulic conductivity and coarse sand content distribution. While, it was minimum curvature

for fine sand, silt and clay content. This reduced variability of estimated value is often referred to as smoothing

and is a consequence of combining several sample value to form an estimate, Isaaks and Srivastava,

(1989).With respect to ME, data in Table (3) illustrated that ME values  were close to zero in all methods (i.e.,

ME < 1) that means no systematic bias. It should be noted that the negative ME suggested that the methods

of prediction used here was overestimating, (i.e., observed value < predicted values). 

Table 3: Sum mary statistics of predicted soil properties.

Variables Interpolating methods M ean SD M E RM SE

IR (cm/hr) nearest neighbor 11.94 8.33 0.25 0.29

Ks, (cm/hr) nearest neighbor 3.04 1.51 0.09 0.11

Fine sand (%) minimum curvature 60.01 4.88 -2.83 -2.91

Coarse sand(%) nearest neighbor 25.43 10.96 0.06 0.07

Silt (%) minimum curvature 12.02 4.93 -4.42 -4.45

Clay (%) minimum curvature 15.23 3.92 -5.50 -5.59

M E:  mean error.     RM SE: the root mean square error.  
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Comparing the RMSE for all the interpolating methods for all soil properties the more precise method was

nearest neighbor for IR, Ks and coarse sand content distribution. But, in case of fine sand, silt and clay content

minimum curvature were more convenient. All of these results make it clear that the method which is best

fitting depends on the yardstick we choose, Isaaks and Srivastava, (1989).

Prediction of Soil Properties Spatial Variability:

The performance of the prediction methods applied here was assessed by using ‘‘leave-one-out cross-

validation (LOOCV)’’ Isaaks and Srivastava, (1989). The LOOC validation technique temporarily removes

observation data one at a time from the original data set and calculates the value for this location from the

co-variables and neighboring data. This procedure is repeated such that each observation of the sampling set

is used as validation data. In order to compare the performance of the a different method the root mean square

error (RMSE), which is commonly used as a measure of accuracy of prediction, was selected as comparison

criterion. 

The interpretation of the predicted data and maps point out in Table (3) and figs. (4, 5,6,7,8 and 9) reveals

that the spatial patterns of total sand content as well as silt and clay content correspond tightly to the patterns

of IR and saturated hydraulic conductivity (ks) spatial distribution. Sections dominated by classes of high

hydraulic conductivity coincide with locations where the coarse and fine sand contents were located.

Fig. 4: Kriged contour maps of infiltration rate (cm/h) for the surface soil layer (0-30cm).

Fig. 5: Kriged contour maps of saturated hydraulic conductivity (Ks) for the surface soil layer (0-30cm)



Aust. J. Basic & Appl. Sci., 3(4): 3097-3108, 2009

3105

Fig. 6: Kriged contour maps of percentage fine sand content for the surface soil layer (0-30).

Fig. 7: Kriged contour maps of percentage coarse sand content for the surface soil layer (0-30).

Fig. 8: Kriged contour maps of percentage silt content for the surface soil layer (0-30).
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Fig. 9: Kriged contour maps of percentage clay content for the surface soil layer (0-30).

Spatial Interpolation Using Kriging:

Kriging technique is an optimal linear interpolation method used to know the minimum number of samples

required to determine of each soil property, distribution in the studied area and to estimate the values of the

variable at any unmeasured location in this area. Burgess and Webster, (1980a&b) actually, kriged estimate

are smoothed out than the original data, because estimated values are less variable than actual values. This is

expressed by overestimation of intermediate values; however the smoothing effect depends on the local data

configuration. The kriged estimation error is small in areas close to sampled location and increases as estimated

location being further away from sampled location. As a result of the kriging process, maps of each soil

property were created and then exported to the Arc-view Geographical Information System (GIS) to be

processed as a follow:

Infiltration Rate: 

Steady-state infiltration is a very important process in the management of water resources for crop

production in both irrigated and dry land agriculture. In irrigated agriculture, it is a fundamental prerequisite

for designing, evaluating and managing irrigation systems. Likewise, under dry-farming conditions, knowledge

of infiltration is needed to model, evaluate and design management technologies to conserve soil and water

resources. Nevertheless, the accurate evaluation and consequently, modeling and application of infiltration data

may be influenced significantly by the extent and nature of soil variability. Fig. (4) Shows the kriged map of

IR, from this map, it is obvious that the area of higher values(21 to 50.0 cmh ) tend to occur in the North-1

East but the lowest values noticed in the North West and extend to the mid filed. The south west corner is

showed a moderately values of IR (7.3 to13.0cmh ).-1

Saturated Hydraulic Conductivity Ks, (cmh ):-1

The kriged maps of the saturated hydraulic conductivity Ks, cmh , Fig (5) shows that the region of high-1

values extended from the north east part of the studied area to the North West side, 3.2 to 7.2 cmh .-1

Meanwhile, it gradually decreases from the mid-field towards the south and southeast. 

Fine Sand Content (%):

Kriged contour maps (Fig. 6) indicated soils with high fine sand content (%) in surface, was found in the

mid-southern part of the field, but the lowest values extending mainly from NE to NW. The complicated and

less smooth spatial distribution of fine sand content (%) in the study area suggested higher spatial variability.

Coarse Sand Content (%): 

Fig.7. Exemplifies the kriged maps of the coarse sand content, the region having high values 40.0% tend

to occupy the northern part of the studied area. But the lowest values occupy in the midfield part. Also, data

point out that the moderately values 20-30% are presented in the west and east parts. Also the same suggested

higher spatial variability was observed similar that obtained in the kriged map of fine sand content. 
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Silt Content (%): 

Fig 8.The map elucidate that the highest values of silt content ranged from 8-13% and extends from the

west and mid-filed to southeast. And the lower values were concentrated in the NE and SW corner. 

Clay Content (%): 

Kriged contour map of clay content, Fig. 9, point out that the similarity was observed between silt and

clay content maps. This finding is true and coincides with distribution of IR and Ks maps. 

Conclusions:

Semivariogram spatial structures of different soil physical properties revealed that structured variance was

dominant over nugget effect/random component. The percentage nugget values ranged from 0.1 to 8, that is,

lowest for IR and silt content, while, are higher for fine sand content and Ks (mh ). Kriged contour maps of-1

various soil physical properties showed moderate to strong positional similarities. For example, the area of the

field with higher sand content had higher IR and Ks values, lower clay content and silt corresponding values

of IR and Ks. These spatial variability maps of various soil physical properties have implications for site-

specific farming, for example variable-rate irrigation, applied fertilizer application, and kind of yields.

Therefore, Infiltration is widely used in modeling of water and chemical transport in soils and irrigation

practices. 

REFERENCES

Albrecht, K.A., S.D. Logsdon, J.C. Parker and J.C. Baker, 1985. Spatial variability of hydraulic properties

in the emporia series. Soil Sci. Soc. Am. J., 49: 1498-1502.

Anderson, S.H. and D.K. Cassel, 1986. Statistical and autoregressive analysis of soil physical properties

of Portsmouth sandy loam. Soil Sci. Soc. Am. J., 5o: 1096-1104.

Burgess, T.M. and R.Webster, 1980a. Optimal interpolation and isorithmic mapping of soil properties. I.

The sem-variogram and punctual kriging. J. Soil. Sci., 31: 315-331.

Burgess, T.M. and R.Webster, 1980b. Optimal interpolation and isorithmic mapping of soil properties. II.

Block kriging. J. Soil. Sci., 31: 333-341.

Burrough, P.A. and R.A. McDonnell, 1998. Principles of Geographic information system. Oxford

University press.

Cambardella, C.A., T.B. Moorman, T.B. Parkin, D.L. Karlen, R.F. Turco and A.E. Konopka, 1994. Field

scale variability of soil properties in Central Iowa soils. Soil Sci. Soc. Am. J., 58: 1501–1511.

Conoco, 1987. Geological map of Egypt, NF 36 NE EI Ali. Scale 1:500000. The Egyptian General

Petroleum Corporation. Conoco Coral.

Deutsch, C.V. and A.G. Journel, 1994. GSLIB: Geostatistical Software Library and User’s Guide. Oxford

University Press, New York, pp: 340.

El Shazly, E.M. and M.A. Abdel Hady, 1977. Geology and ground water condition of Toshka basin area

Egypt utilizing land satellite images (Nasa LI 2793 and CB 7920) remote sensing center, Cairo, Egypt.

Gamma Design, 2000. GS+ Geostatistical Software Use Manual. Plainwell, Michigan, USA.

Golden Software Inc, 2000. Surfer mapping system, surfer package. Ver. 8.01. Colorado, USA.

Haws, N.W., B. Liu, C.W. Boast, P.S.C. Rao, E.J. Kladivko and D.P. Fronzmeier, 2004. Spatial variability

and measurement scale of infiltration on an agricultural landscape. Soil Sci.Soc.Am. J., 68(6): 1818-1826.

Heiskanen, J. and K. Makitalo, 2002. Soil water retention characteristics of Scots pine and Norway spruce

forest sites in Finnish Lapland. For. Ecol. Manage, 162: 137–152.

Hillel, D., 1980. Infiltration and surface runoff. In: D. Hillel (ed.) Applications of Soil Physics. Academic

Press, New York, pp: 1-45.

Himida, I.H., 1996. Over view of the development and utilization of Nubian Artesian in North East Africa.

Proceeding of the workshop on major Artesian basin in North Africa, organized by DRC and S.S.O. Cairo,

Egypt.

Isaaks, E.H. and R.M. Srivastava, 1989. An introduction to applied geostatistics. Oxford University Press,

New York.

Klute, A., (ed.)., 1986. Methods of Soil Analysis. Part 1.2nd ed. Agronomy, 9.

Lai, J. and L. Ren, 2007. Assessing the size dependency of measured hydraulic conductivity using double-

ring infiltrometer and numerical simulation. Soil Sci. Soc. Am. J., 71(6): 1667-1675.



Aust. J. Basic & Appl. Sci., 3(4): 3097-3108, 2009

3108

Lascano, R.J. and J.L. Hatfield, 1992. Spatial variability of evaporation along two transects of a bare soil.

Soil Sci. Soc. Am. J., 56: 341-346.

Philip, J.R., 1957a. The infiltration equation and its solution. Soil Sci., 83: 345-357.

Philip, J.R., 1957b. The theory of infiltration 4: Sorptivity and algebraic infiltration equation. Soil Sci.,

84: 257-264.

Rakha, A., A. EI, 2003. Geological studies and environmental impact on Toshka City, Ms.c. Faculty of

Science, Minufya University, 2003.

Sharma, M.L., G.A. Gander and C.G. Hunt, 1980. Spatial variability of infiltration in a watershed. J.

Hydro, 45: 101-122.

Shata, A., 1982. Hydrogeology of the great Nubian Sandstone basin, Egypt: Quaternary Journal of

Engineering Geology, 15: 127-133.

Snedecor, G.W. and W.G. Cochran, 1989. Statistical methods. The Iowa state Univ. Press, Ames, Iowa.

Sobieraj, J.A., H. Elsenbeer and G. Cameron, 2003. Scale dependency in spatial Patterns of saturated

hydraulic conductivity. Catena, 55: 49–77.

Sperry, J.M. and J.J. Peirce, 1995. A model for estimating the hydraulic conductivity of granular material

based on grain shape, grain size, and porosity. Ground Water, 33(6): 892–898.

Starr, J.L. 1990. Spatial and temporal variation of ponded infiltration. Soil Sci. Soc. Am. J., 54: 629-636.

Tricker, A.S., 1981. Spatial and temporal patterns of infiltration. J. Hydro, 49: 261-277.

Wuest, S.B., 2005. Bias in ponded infiltration estimates due to sample volume and shape.Vadose Zone

J., 4(4): 1183-1190.

Warrick, A.W. and D.R. Nielsen, 1980. Spatial variability of soil physical properties in the field. In: D.

Hillel. Applications of soil physics. Academic Press, New York, pp: 319-344.


