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ABSTRACT
A field study was conducted on 2 hectare area at Al- Rashid district, south of Baghdad to
analyze the spatial variability of saturated hydraulic conductivity (Ks), initial infiltration rate
(IR), Porosity (F) and bulk density (BD). Based on measured BD values Rosetta software was
used in this study to estimate water retention parameters, water content at 033 and 01500 kPa
and unsaturated hydraulic conductivity at 33 kPa(kss), 100 kPa(kio) and 1500 kPa(kisgo)
according to Van Genuchten-Mualem model. Measured and predicted data were analyzed
both statistically and geostatistically and, the results showed a strong to moderate spatial
dependence for the studied characteristics. The spatial correlation values (r?) were obtained
with a spherical model for Ks, 033, 01500, K33 K10 and kiseo, an exponential model for IR, and a
Gaussian model for F and BD. Ks increased significantly with increasing of IR (r? = 0.49**)
and decreased with increasing of F and BD, IR increased with decreasing of BD (r? = -0.326*)
and BD increased with increasing of F (r? = 0.989 **). In general the spatial distribution was
moderately skewed (-0.5 to 0.5) for the studied characteristics with pronounced kurtosis
(>2.5). The limit distance for the search radius to estimating spatial dependency varied from
29.9 m for BD to 105 m for IR.
Key words: geostatistic, semivariogram, hydraulic conductivity, infiltration, pedotransfer
functions.
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INTRODUCTION

There is a lack of information and knowledge
about soil variability, which necessitates more
research because variations in soil properties
must be controlled to allow for better soil and
crop management (16, 3). There are many
spatially variable factors that affect yield of
agricultural crops. These factors are related to
soil, topographic and biological properties
(7).This covariance is determined in soils
using the classical statistical method which
assumes that soil properties have random
variables; hence, it is insufficient to analyze
spatially dependent variables (3).
Understanding the spatial variation of soil
properties is critical for crop production in
agricultural management systems and is
regarded as a cornerstone of site-specific
agriculture especially most soil properties are
spatially variable, and that this variance is
normal and attributable to geological and
biological soil formation factors (14).Some
physical properties of various soils, such as

saturated and unsaturated hydraulic
conductivities, have been discovered to have a
lot of statistical variance (5,29).The

occurrence of changes in soil structure, bulk
density, soil porosity and water characteristics
(infiltration rate and saturated hydraulic
conduction) in space and time is mostly due to
spatial variability in some practices in the field
(23,30). As a result, an evaluation of the
variability in these soil properties is needed to
improve our understanding of water transport
in soils, which may vary significantly due to
heterogeneity  (2,8).  Furthermore,  soil
compaction, which is primarily caused by
wheel movement, decreases large pores,
increases bulk density, lowers semi-saturated
hydraulic conductivity, and can result in
spatial variations in soil physical properties
(13,21). Soil water content and unsaturated
hydraulic conductivity measurements are both
costly and time-consuming. To estimate those
in terms of readily available soil properties,
pedotransfer functions (PTFs) have been
developed (1). Many Earth science
applications depend on saturated hydraulic
conductivity (Ks). The wuse of easily
measurable simple soil properties to obtain this
soil property is heavily reliant on soil
pedotransfer functions (35). It uses geological
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statistics to investigate soil properties, which is
a useful tool for determining soil changes
based on a collection of spatial and temporal
data (26). Using Kriging, variation is used to
predict values of soil properties at other
unestimated sites between sampling sites. The
aim of this study is to determine the spatial
Variability of KS, |R, F, BD, 933, 91500, k33, k100
and Kkisgo along 100 m x 200 m coordinates at
Al-Rasheed district, south of Baghdad.
MATERIALS AND METHODS

The study area was chosen in Al-Rasheed
district, south of Baghdad (Latitude 33° 04'
28" North and Longitude 44° 29' 41" East), the
field soil was classified as a sedimentary Typic
Torrifluevents; Entisols (24), it’s mainly
cultivated for wheat crops. This experiment
was conducted on 2 hectare field during the
agricultural season of 2019-2020. The climate
is characterized by hot and dry summers and
short and cold winter. The field was divided
into squared grids with dimensions of 25 m x
25 m. Measurements were performed on 40
sites. Double rings infiltrometer (20) were
used to estimate the initial infiltration rate
(initial time step corresponding to IR= 2
minutes). Values of saturated hydraulic
conductivity were assumed to be equal to
constant IR values obtained the end of the
infiltration process. Samples from the surface
layer 0-5 cm were taken from the
measurement sites to estimate BD and F.
Hhydrus-1D program was used to estimate the
parameters of  van Genuchten model (32)
based on implemented pedotransfer functions
of Rosetta hyperlink (28):

oy =6, + "%

L+ (ah)' |
For each measured point in the field, the water
retention curve functions were obtained. The
moisture content was calculated using
equation (1) at suction 33 and 1500 kPa, which
represent the field capacity and permanent
wilting  point, respectively. Unsaturated
hydraulic conductivity as a function of water
contents at 33, 100, and 1500 kPa were
calculated using Mualem model (22) as
follows:

K(6) = KsS, {1— sy } (2
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Using the Kriging technique, geostatistics was
used to track the spatial variation of the
intended soil physical properties. The GS+9
software (10) were used to measure the
variogram and semivariogram functions (11)
according to the following relationship:

1 I ,
p(h) = {2 (h)}Z(Z(Xﬁh)—Z(Xi))

As:

(h) : semivariance for interval class h

N(h) : the number of pairs separated by lag
distance (separation distance between sample
positions),

Z(xi) : measured variable at spatial location i,
Z(xi+h) : measured variable at spatial location
i+h.

Three semivariogram models were used in

3)

describing the studied characteristics as
follows:
Spherical model;
h h
h)=C +C,|1.5— - 0.5(-)*
y(h) 0{ a (a) } (4)
for 0<h<a otherwisC +C,

Exponential model;

y(h)=C, +C[1—exp(—ﬂA)}

h>0
—h?
|

(5)

for

Gaussian model;

y(h)=C, + C{l—exp(

(6)
forr h>0

As:

h: lag interval

Co: nugget variance>0

C :structurevariance>C,

A range parameter

The best model was chosen based on highest
R? value and the lowest Root Mean Square
Errors (RMSE) for each of the studied soil
characteristics according to the following
criteria:

RMSE = lil i z(x )—z(x, ) @)
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At the same time, Spatiality Dependent
(Variogram Model Error) was calculated
according to the following relationship (14):
Spatiality Dependent = Nugget/ Nugget +sill (8)
Spatiality Dependent is described as Strong
when it's less than 0.25, Moderate when it's
between 0.25-0.75, and Weak when it's more
than 0.75. The number of samples to be taken
from field was calculated by the geostatistics
method (Spatiality Dependent) by dividing
longest axis of the study area by effective
distance (range).

RESULTS AND DISCUSSION

Soil texture as measured by the hydrometer
method (9) indicated that the sand, silt, and
clay contents were 32.3%, 48.6% and 19.1%,
respectively and classified as loam by the
USDA's texture triangle. The bulk density was
estimated by the core method (6), Ks values
were assumed to be equal to final (basic) IR,
IR was measured with double ring
infiltrometer. 033, 61500, k33' klooand k15()0 were
estimated with Rosetta software. The results of
chemical analysis showed that electrical
conductivity (ECy1) was 1.7 dSm *, pH was
7.2, the exchange capacity of the positive ions
(CEC) was 22.9 C mol. Kg* and the sodium
adsorption ratio (SAR) was 2.7 (mmol. Liter™)
“  Table 1 shows some descriptive
characteristics such as minimum, maximum,
average, standard deviation, coefficient of
variation (CV), skewness and kurtosis of soil
characteristics. Values of initial infiltration
measured after 2 minutes ranged between 2.46
and 15.52 cm h, Ks between 0.40 and 2.40
cm h™, bulk density between 1.23 and 1.48 g
cm®,  porosity between 0.46 and 0.56, a3
between 0.237and 0.283 cm® cm®, 01500
between (0.082 and 0.088 cm® cm™®) and k
between 7.16E-03 and 3.47E-08 cm hr. The
coefficient of variation for Ks was 34.3 % and
for kssranged between 45.2 and 49.6 % (Table
1), which is high on Wilding et al. (34) scale,
or exhibited moderate (CV 25-75 %). These
findings are similar with those of Benson
(4).While the coefficients of variance (CV %)
for BD, F, 033 and 01500 Were 3.3, 3.2, 3.5 and
1.4 %, respectively, this indicates the presence
of low variability (CV <25%), which is what
was discovered by (34).
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Table 1.Valuesof statistical analysis of measured soil properties

Min. Max. Mean Std. Dev. CV,% Sekwness Kurtosis
Ks 0.40 2.40 1.084 0.481 34.3 0.57 -0.26
IR 2.46 15.52 7.493 2.804 24.8 0.37 -0.03
F 0.46 0.56 0.501 0.019 3.2 0.69 0.79
BD 1.23 1.48 1.328 0.050 3.3 0.66 0.62
033 0.237 0.283 0.263 0.009 35 -0.45 3.30
01500 0.082 0.088 0.085 0.001 1.4 -0.07 2.77
Kss 7.16E-03  4.50E-02 1.94E-02 1.00E-02  49.6 0.79 2.64
K100 1.67E-04 1.05E-03 4.55E-04 2.00E-04 49.1 0.78 2.66
K500 5.56E-09  3.47E-08 1.55E-08 1.11E-09  45.2 0.58 2.65

This may be attributed to the homogeneity of
the field in texture and the agricultural
operations and practices that take place in
field. Frequent tillage and use of land for
cultivation may evenly incorporate soil
constituents and reduce variability of
measured soil contributes (25). Furthermore,
the presence of organic matter and plant
residues on soil may have contributed to
decrease in bulk density (15). At the same
time, the coefficient of variation was 24.8%
for initial infiltration, which is less than 25%,
indicating that the coefficient of variation is
also low. Pronounced increase in CV was
accompanied with Ks, Kss, Kigo and kisgodue to
nonlinearity characteristic of the hydraulic
conductivity as it’s a function of water content
and water potential which exhibit higher
variability (18). The results showed that the
highest values of dispersion were at IR
through the high values of standard deviation,
which reached (2.804).This is because IR
depends on initial soil moisture content. As
there is a variation in soil moisture as a result
of rainfall and irrigation and evaporation
processes (17,19). Except 033, positive
skewness values (Table 1) were obtained for
measured soil contributes and ranged between

0.37 and 0.69, meaning that the distribution is
skewed to the right. When both skewness and
kurtosis are zero (a situation that researchers
are very unlikely to ever encounter, the pattern
of responses is considered a normal
distribution (12). This indicates a lack of
symmetry in the frequency distribution, or so-
called symmetrical distribution. The results of
kurtosis indicate the values of the studied soil
properties with a platykurtic distribution
(meaning values less than +3) and not
leptokurtic, and this means that its peak is
more straight and less than normal
distribution. Except for 633 had a leptokurtic
distribution, this conformed to Std. Deviation.
The results of Pearson's linear correlation
analysis (Table 2) showed a significant
negative correlation between BD and IR (-
0.326*). This may be due to agricultural
practices or low surface layer bulk density due
to the presence of root canals (14). At the same
time, a positively significant correlation was
found between IR and Ks (0.490 **), BD and
F (0.989**), K(33,100 and 1500 and Ks (0.970**,
0.975** and 0.999**) respectively. And
significant negative correlation between BD
and ki3 and Kkigo (-0.374* and -0.354*)
respectively.

Table 2. Pearson's correlation of some soil properties

Ks IR BD F 033 01500 Kas K100
IR 0.49%*
BD -0.146 -0.326*
F -0.142 -0.282 0.988**
033 0.160 0.328* -0.998**  -0.989**
01500 0.133 0.359* -0.963**  -0.938** 0.968**
Kss 0.970**  0.543** -0.374* -0.367* 0.386* 0.352*
K100 0.975**  0.539** -0.354* -0.347* 0.367* 0.334* 1.00**
Kis00 0.999**  0.495** -0.164 -0.161 0.181 0.157 0.973**  0.979**

*Significant at 5% probability levels. **Significant at 1% probability levels.

After computing semivariance function with
(GS+9) program, the relationship between
variogram and the lag distance was drawn.To
evaluate the spatial variability of the physical
properties of the soil .Figure 1 and Table 3 and

167

4 show the calculated geostatistical factors for
soil. It seems that the spherical model was the
best in evaluating of Ks, 033, 01500, K33, K100 and
Kis00. The exponential and Gaussian models
were used to evaluate the spatial variability the




Iragi Journal of Agricultural Sciences —2022:53(1):164-172 Masood & Salim

IR and F and BD respectively. The criteria of
fitted models are based on largest R? and
lowest RMSE values (Table 4). The type of
the model matching the data distribution
suggests the spatial continuity of the
phenomenon investigated. The Gaussian

model describes a more continuous random
function, and the spherical model is a
relatively more erratic random function.
Gaussian model, showed a relative of the
nugget effect and a decrease in the range
values.

Ks: Isotropic Variogram IR: Isotropic Variogram F: Isotropic Variogram
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Figure 1.Experimental and fitted theoretical semivariograms for the soil attributes
Table 3. Statistical analysis of some soil properties using geological statistics
Model Variogram Model Error
Ks Spherical Strong
IR Exponential Moderate
F Gaussian Strong
BD Gaussian Strong
033 Spherical Strong
01500 Spherical Strong
Kss Spherical Strong
Kigo Spherical Moderate
Kis00 Spherical Strong
Table 4. Parameter values for the estimated theoretical semivariogram
Nugget (Co)  Sill (Co+C)  CO/(Cy+C) Range A R’ RMSE N
Ks 1.89E-02 2.51E-01 7.53E-02 78.4 0.735 3.31E-03 3
IR 2.69E+00 8.79E+00 3.06E-01 105.3 0.904 5.24E-01 2
F 2.00E-05 3.47E-04 5.76E-02 30.5 0.006 4.86E-08 7
BD 1.17E-04 2.28E-03 5.13E-02 29.9 0.005 2.39E-06 7
033 1.00E-007 8.52E-005 1.17E-03 36.3 0.006 1.976E-09 6
01500 1.00E-007  6.200E-005 1.61E-03 33.2 0.002 1.683E-09 6
Kas 1.44E-004  1.188E-003 1.21E-01 76.5 0.696 7.311E-08 3
K100 4.0.E-08 5.4E-08 7.41E-01 81.6 0.849 8.769E-17 3
Kis00 0.000 5.26E-17 1.90E+00 76.7 0.736 3.0E-34 3
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The spatial correlation of semivariograms
varies with soil characteristics are shown in
figurel.lt can be observed that the largest
spatial dependency (range), 105.3 m, occurred
with IR and smallest range (29.96 m) occurred
with BD and F. It's worth noting that effective
distance of BD and F is within sampling
limits. That is, with high variability and a short
effective distance (30 m), where range refers
to the distance beyond which measured
properties in a field are no longer spatially
associated (31). The spatial decadency of BD
and F increased with increasing distance to
about 50 m with a positive semivariogram
values. At 100 m range there was no spatial
dependency (semivariogarm=0) after which
the value of semivariogram became negative.
This suggests that more spatial variability
exists in these three soil attributes (IR, BD and

smaller lags. There was a strong spatial
correlation between soil characteristics except
for IR and koo where spatial correlation was
moderate. This is due to the strong spatial
dependency of soil properties that are related
to basic soil factors including soil texture and
parent matter. Other variables also have an
effect on these properties (36). It is evident
from the results that low value of Cy / (Cy + C)
is associated with an increase in range value to
high resolution of studied characteristic
(27).Table 4 shows the number of samples
calculated by spatiality dependent method, as
they amounted to 3 samples for Ks, ka3, Kioo
and Kisoo , and 2 samples for IR. This indicates
that variance is low for these characteristics in
comparison to BD and F. The Surfer 13
software was used to create the kriging maps
of soil characteristics, which were based on a

01500) SO that measurements should be made at

Ks, cm/h IR, cm/h
| \ | |

25 x 25 m? grid structure (Fig.2).
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Figure 2.Field map for some soil properties (scale 1:3300 for all images).

In general, Ks, K (33, 100 and 1500) Values increased
from the northeast towards the northwest, and
at the same time they increased at the
southeast of the field. Whereas, the highest IR
values were at the northwest and decreased
towards the southeast of the field. The highest
values of BD and F were concentrated in
center of the field and decreased towards the
northwest and east direction. Figure 2 clearly
shows that the generated 2-D surfer
distribution raster map is in agreement with
the experimental semivariogram in figure 1.
CONCLUSION

It can be concluded from this study that all
measured soil contributes don’t exhibit normal
distribution ~ which ~ necessitate  using
geostatistical analysis to assess spatial
variability and dependency. The range of soil
physical parameters of BD and F is within the
limits of sampling distance of approximately
29.9 m in field. It has a strong spatial
dependence. Semivariance demonstrated the
importance of reducing the number of samples
required in estimating characteristics. Spatial
distribution maps allow comparison of soil
properties, and were able to explain variation
within the study area. At the same time, the
maps are important in guiding farmers to
follow agricultural and irrigation methods.
Irrigation, especially drip and sprinkler
systems, depends on IR and the saturated
hydraulic conductivity.
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