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ABSTRACT

Geostatistics provides valuable tools to characterize the spatial distribution of soil
properties. Kriging techniques rely on the spatial dependence between observations
to predict attribute values at un-sampled locations. These techniques were used to
study the spatial distribution of some soil physiochemical properties at the
experimental farm of Mansoura University, Kalapshow, Bilgas District, Dakahlia
Governorate, Egypt. Ordinary Kriging (OK) was used to surface interpolate soil clay,
available water, EC, bulk density, soil organic matter (SOM), soluble K, exchangeable
K and available K.

Soil clay in the studied area varied from 1.23 to 9.17%. These values were
associated with the conventional management practices of adding clay to these sandy
textured soils. Available water was very low and varied from 6.49 to 9.87%. This is
expected due to the relatively low clay content, and consequently low water holding
capacity. Soils in the studied were non-saline, where EC values ranged between 1.09
and 3.09 dSm™. Bulk density values ranged from 1.33 to 1.54. The pH values ranged
from 8.03 to 8.19 in saturation soil paste. SOM was low and ranged between 0.35 and
0.96%. Soluble K varied from 0.12 to 0.26 meq.L'l, whereas exchangeable k varied
from 0.12 to 0.55 Cmol.kg-1. Studied soils ranged between low (52 ppm) and
moderate (178 ppm) in available K. Clay content had highly significant correlations
(p=0.001) with exchangeable k, available k, available water, and SOM (r= 0.93, 0.91,
0.81, and 0.55, respectively).

It could be concluded from the spatial distribution of these physiochemical
properties that higher values of available water, EC, SOM, and the three forms of soil
k were highly associated with those areas that have high contents of clay, whereas
lower values were related to areas higher in sand.

INTRODUCTION

Spatial interpolation techniques have been widely used in soil science
for estimating the value of variable at un-sampled locations. They also used
to assess the spatial patterns of variations for a number of soil properties at a
range of scales and with different sizes of sampling grids. These techniques
vary from simple ones such as linear and multiple regressions to more
complicated ones like Kriging and co-kriging (Kollias et al., 1999, El-
Menshawy et al., 2006)).

Kriging is a geostatistical spatial interpolation method that derives
predicted values based on the distance between points in space and the
variation between measurements as a function of distance. Ordinary kriging
is a version of kriging that assumes the mean is constant but unknown across
the spatial domain of interest (EPA, 2004). Kriging is commonly used in soll
science to predicting soil properties such as EC, pH, Clay, saturation percent,
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available water, available NPK, exchangeable cations, CEC and CaCO;
(Goovaerts 1997, Chiles and Delfiner 1999, Stein, et al., 1999, and Davis
2002). Ramadan and El-Fayoumy (2005) used Kriging map to indicate the
inherited spatial micro-variability distribution of pH and EC. Najafi Ghiri et al.
(2010) studied the spatial distribution of the different forms of soil potassium
and their relationships with clay mineralogy and other soil properties by using
ordinary Kriging. The obtained relationships were very important for
understanding K equilibrium and K fertility status of soils. Salem et al. (2008)
used Kriging to develop interpolation maps of soil salinity and calcium
carbonate content.

The objectives of this work are to develop the spatial distribution maps
of some soil physiochemical properties (clay, available water, Ec, bulk
density, SOM, soluble K, exchangeable K and available K) in Kalabshow farm
using ordinary Kriging and to study the relationships between these
properties and soil management practices.

MATERIALS AND METHODS

This study was carried out at Mansoura University Agricultural
Experimental Station, Kalapshow farm, Bilgas district, Dakahlia Governorate,
Egypt.  Studied area covers about 0.168 km® (40 Feddan) and located
between these coordinates 310 23" E & 31 25" N. This area is classified into
four plots according to their management practices (Plots 1 and 2 have no
additions of clay, Plot 3 has intensive additions of clay, whereas Plot 4 has
moderate additions of clay). Surface elevation varies from 1 to 2 m above sea
level and slope ranges between 0 and 1%. Soils in the studied are developed
on stable sand dunes. Accordingly, they are classified as sandy, mesic, xeric
torripsamments (El-Hamdi et al, 2010).

A grid soil sampling technique was applied in collecting soil samples
from the studied area. A grid size was 50 x 50 m? (about 0.5 feddan) and a
total of 62 soil samples were collected (Fig 1). Coordinates of soil samples
were recorded using the Global Positioning System (GPS). Soil samples
were air-dries, crushed to pass through 2-mm sieve, sieved, and stored for
soil physical and chemical analyses.

Mechanical analysis was carried out using the pipette method as
described by Piper (1950). Bulk density was determined by the methods
described by (Dewis and Freitas, 1970).Total carbonate was estimated
volumetrically using Collins Calcimeter and calculated as calcium carbonate
as described by Piper (1950). Soil reaction (pH) was measured in saturated
soil paste using combined electrode pH meter as mentioned by (Jackson,
1967). Soil salinity was measured in 1:5 soil water extract (Hesse, 1971),
then convert EC of 1:5 soil water extract to EC of soil saturation extract by
correlation between them (Kaoud, 1979). Soluble cations (Ca™, Mg™", Na"
and K") and anions (CO; , HCOj, CI and SO, ) were measured in 1:5 soil
water extract as described by Jackson (1967). Available potassium was
determined by extracting soil with 1.0 N ammonium acetate at pH 7.0 as
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described by (Knudesen et al., 1982). Soil organic matter was determined by
Walkley and Black method as described by Hesse (971).

Fig 1: Spatial distribution of soil samples in the studied area.

Kriging was used in this study to estimate the value of a random
variable Z at one or more un-sampled points or locations, from more or less
sparse sample data on a given support say: {z(x1), . . ., z(xN)} at {x1, . ..
XN}

Different kinds of Kriging methods exist, which pertains to the
assumptions about the mean structure of the model: E[Z(x)] = p(x)

Z(x) is not intrinsically stationary. Having a deterministic model for p(x), then
Z(x)—u(x) is intrinsically stationary (or even weakly stationary).

Ordinary Kriging is the most common type of Kriging. It was used in this
work to interpolate surfaces of soil clay, available water, EC, bulk density,
SOM, soluble K, exchangeable K and available K. The underlying model
assumption in ordinary kriging is: E[Z(x)] = p
With y unknown, the model for Z(x0) is:

N N N
Z(x0) - p = Z Al (Zx)-w+E (g Or Z(x0) = z Al (o) + p(1- Z Al +E (x0)
i=1 i=1

i=1

We filter the unknown mean by requiring that the Kriging weights sum
to 1, leading to the ordinary kriging estimator:

N N
Z(x0) = ZM (Z(x) + E (Xo) subject to Z Al =1

i=1 i=1

The Geostatistical analyst in ArcGIS 9.3 (ESRI, 2008) was used to
develop the semivariogram between each pairs of points versus their

1293



El-Sirafy, Z. M. et al.

separation distances. This semivariogram was used in predicting the studied
soil physiochemical properties.

RERSULTS AND DISCUSSION

Soil properties of the studied area:-

Data in Table 1 and 2 represent means of soil physical and chemical
characteristics of the four plots in the studied area. Soils in all plots were
considered non-saline (EC value ranged between 1.09 and 3.09 dSm'l).
Values of soil pH varied from 8.03 to 8.19 in soil paste. Particle size
distribution data represented in Table 2 revealed a prominent sandy soil
textures in the studied area, where sand particles were more than 70% of the
studied samples. The highest clay content was recorded in plot 3, whereas
the lowest content was in plot 1. Soil organic matter was low (0.35 to 0.96%)
in the studied soils. The highest SOM value was in plot 3, whereas the lowest
value was in plot 4. Soils were considered non calcareous, where total
CaCO; was less than 6 %. Bulk density varied from 1.33 to 1.54. Obtained
data also revealed that the studied soils ranged between poor and moderate
in available K according to Hamissa et al. (1993). Available water was very
low, which ranged between 6.49 to 9.87%. This is expected due to the
relatively low clay content, and consequently low water holding capacity.

Table 1: Electrical conductivity (EC, dSm™), soluble cations and anions
(meq. L™) in 1:5 soil: water extract, and pH in saturation soil
paste at the studied areas

Soil EC EC Soluble cations Soluble anions
Plot (dsm™)| @d@Sm™ | pH (meg L™ (meq L™
in sp (1:5) Ca” | Mg” | Na’ K" |COs"|HCOs | CI' | SO,

Plot1 | 1.09 0.40 |8.13] 0.59 | 0.41 | 2.72 | 0.12 | 0.00 | 0.89 2.75 | 0.20
Plot 2| 1.74 0.57 [8.19] 0.50 | 0.51 | 451 | 0.17 | 0.00 | 1.22 4.30 | 0.17
Plot 3| 2.51 0.78 |8.12| 048 | 059 | 7.35 | 0.21 | 0.00 | 2.21 5.46 | 0.96
Plot 4| 3.09 0.93 |8.03] 0.71 | 1.51 | 7.54 | 0.26 | 0.00 | 1.06 8.50 | 0.45

Table 2: Exchangeable K, available K, SOM, CaCOs;, Bulk density,
available water, Particle size distribution and texture classes,
of study areas

Ex. K Availa| Particle size distribution
Soil (Crﬁol Av.K |SOM|CaCO3| Bulk ble |Coarse| Fine silt |Clay Texture
Plot I ppm | (%) | (%) |density|water | sand | sand

kg '1) (%) (%) (%) (%) (%)
Plot1] 0.12 | 52.45]0.52| 0.12 | 1.54 | 7.32 | 35.56 |58.49 | 4.72 |1.23| Sandy
Plot 2| 0.23 | 86.35|0.75| 0.22 | 1.49 | 7.04 | 37.73 | 53.58 | 5.83 |2.87| Sandy
Plot 3| 0.55 |177.51|/0.96| 0.41 | 1.33 | 9.87 | 36.69 |43.45|10.68 |9.17| Sandy
Plot 4| 0.15 | 90.08 |0.35| 0.15 | 1.54 | 6.49 | 41.87 | 51.70 | 3.86 |2.58| Sandy

Spatial distribution of soil physiochemical properties:

The spatial distribution of soil clay is illustrated in Figure 2. This figure
reveals obvious variations in clay content within the studied area. Higher clay
contents were observed in the middle part of the studied area (Plot 3),

1294



J. Soil Sci. and Agric. Eng., Mansoura Univ., Vol. 2 (12), December, 2011

whereas lower values were watched near the northern and the southern parts
of the studied area. This could be doe to continuous additions of clay soils to
this plot of the studied area. This is considered one of the most common
management practices in reclamation of these sandy-textured soils.
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Fig 2: Spatial distribution of clay in the studied area.

Figure 3 illustrates the spatial distribution and variations of available
water in the studied area. In general, available water was low in soils of the
studied area. However the surface interpolation revealed variations in
available water from one part to another. Higher values were observed in plot
3, which also is associated with the higher clay contents in that plot. Lower
values where existed in the three other plots, which have higher contents of
sand. Similar results were obtained by Salem et al. (2008).
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Fig 3: Spatial distribution of available water in the studied area.
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Distribution of soil organic mater is illustrated in Figure 4. It indicates
lower contents of SOM in the studied area. However the content of SOM
varied among soil plots. Plot 3 had the highest values when compared with
the other plots. The highest values could be associated with the high clay
content in plot 3. On contrary, the lowest values could be related to high sand
content; which results in higher decomposition rates of SOM. SOM content in
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plot 1 and plot 4 was lower. Higher Values where existed in the plots 2 and 3
may be due to clay distribution in these plots.

Fig 4: Spatial distribution of SOM in the studied area.

Figure 5 illustrates the spatial distribution and variations of soil salinity
in the studied area. The highest EC values were observed in plots 3 and 4,
whereas the lowest values were observed in plots 1 and 2. The higher values
in plot 3 could be related to the high clay content in that plot, irrigation with
low quality water, poor drainage, and higher levels of ground water. In plot 4,
the high EC values could be due to the presence of a clay pan at about 30
cm from the surface resulted from the past additions of clay soils. It could be
also due to the higher levels of ground water, where this plot is close to the
irrigation canal. These results are agreement with those obtained by (Ismail
et al. 2005).
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Fig 5: Spatial distribution of EC in the studied area.

Variations in soil bulk density within the studied area are represented in
Figure 6. Lower values were observed in plot 3, which could be associated
with the higher contents of clay and SOM in that area. On the other hand,
lower values were noticed in plots 1, 2 and 3, which were higher in their sand
content.
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Fig 6: Spatial distribution of soil bulk density in the studied area.

Distribution of exchangeable K in the studied area is represented in
Figure 7. This figure revealed obvious variations in values of exchangeable K
within the studied area. Higher values were observed in the middle part of the
studied area (Plot 3), whereas lower values were watched near the northern
and the southern parts of the studied area. The higher values could be
associated with the higher contents of both soil clay and SOM, due to their
higher cation exchange capacities. The lower values where connected to
these plots higher in sand content. These results are confirmed by those
obtained be El-Agrodi et al. (1998a).
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Fig 7: Spatial distribution of exchangeable K in the studied area.

Figure 8, illustrates the spatial distribution and variations of Soluble K in
the studied area. Higher values were observed in plots 3 and 4, which could
be associated with the higher EC values as represented in figure 5. This
might be supported by the highly significant correlation between EC values in
saturation paste extract and soluble K (r= 0.68, p= 0.001). Lower values
were noticed in the southern plots.
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Fig 8: Spatial distribution of Soluble K in the studied area.

Spatial distribution of available K in the studied area is demonstrated in
figure 9. There were obvious variations in available K content within the
studied area. Higher values were observed in the middle part of the studied
area (Plot 3), whereas lower values were watched near the northern and the
southern parts of the studied area. These changes in values of available K
could be due to the variation in clay contents and SOM within the studied
area.
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Fig 9: Spatial distribution of Available K in the studied area.

Liner correlation between soil properties:

Highly significant correlations (p=0.001) were found between clay
content and exchangeable and available k (Figure 10), available water, and
SOM (r=0.93, 0.91, 0.81, and 0.55, respectively). SOM was highly correlated
with exchangeable, available k, and available water (r=0.68, 0.61, and 0.57,
respectively). Silt was highly correlated with both exchangeable and available
k (r=0.80, and 0.71, respectively). El-Agrodi et al. (1998b) reported higher
correlations between clay fraction and exchangeable and available forms of K
in Dakahlia soils. Similar results were also reported by Idigbor and et al.
(2009), Najafi Ghiri et al. (2010), and Salem et al. (2008). They also reported
higher values of soluble k in salt-affected soils. Clay was highly correlated
with EC values (r=0.35, p=0.005). This is considered one of the adverse

1298



J. Soil Sci. and Agric. Eng., Mansoura Univ., Vol. 2 (12), December, 2011

effects of adding clay to sandy soils, especially at higher water table or poor
drainage.
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Figure 10. Correlation between Clay content and available and
exchangeable K in the studied Soils.

Conclusions:

It could be concluded that ordinary Kriging could be a powerful tool in
developing the spatial interpolation maps of soil physiochemical properties. It
also can illustrate the spatial variations in each soil property within the studied
area, which could help in linking these variations with other soil properties or
management practices. It was found that continuous additions of clay soils
as one of the common management practices in reclamation of sandy-
textured soils in Egypt were associated with the variations in spatial
distribution of most soil properties in the studied area such as exchangeable
k, available k, available water, and SOM. Highly significant correlations were
also found between clay content and exchangeable k, available k, available
water, and SOM in the studied area. Significant correlation was also found
between clay content and soil salinity (EC values), which is considered one of
the undesirable impacts of adding clay to poorly drained sandy soils.
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