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ABSTRACT

The recent soil fertility evaluations are evidence of the serious development challenges that many
agricultural regions in Egypt; and with growing food demand, soil evaluation will become even more
important for the regions in the coming years. The soils studied revealed that the highest ions
concentration measured in soil paste extracts were Na* and Cl- ions. The soil pH could be categorized as
slightly to moderately alkaline. Alkaline soils, that have ESP more than 15% and high pH values. In
general, most soils were relatively sandy loam. Else, CEC of the soils in the study area was between 3.16
to 24.96 cmolc kg™. Most soil study high content of CaCOz and considered as very slightly; slightly;
moderately and highly gypsiferous. Data indicated that the available macro and micronutrients in the
study area are low. Also, the exchangeable cations were significantly affected by recently environmental
changes. This study was undertaken to investigate the spatial variability of selected soil properties using
SFI modeling. Up to on the quantitative evaluation of SFI using spatial variability of soil data and
modeling techniques is a very important operation. SFI in our study area is very poor fertility (S4= <20)
according to classes and values of SFI. Pearson correlation coefficient was calculated to determine the
significant positive correlation among SFI and soil pH; EC; CaCOs; OM; total N; available of P, Fe, Mn
and Cu; exchangeable of Ca, Na and K. In addition, the SFI is insignificantly and positively correlated
with available Zn and exchangeable Mg.
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INTRODUCTION

Initially, the regions limited available water and soil
fertility is behind the growing concern about food security
and how feed a fast- growing population with changing
eating habits. Then, soil fertility evaluation can help to
improve crop production to increasing. In conclusion,
agricultural development in land also has consequences for
overall economic growth and development, as it affects the
process of structural change. Soil fertility degradation
(SFD), which is a reflection of the interaction of many
environmental variables and affect the soil ability to crop
production. Arid and semi-arid areas, the population
density is increasing, pushing to increase productivity.
Current environmental variables have a direct impact on
physic- chemical soil properties, in addition to climate
variables. Climate change has accelerated land
degradation. SFD has been a major global issue since the
twentieth century and has remained at the top of the list of
international issues in the 21% century, (Imoke Eni, 2012).
Further, he showed that the major causes of SFD include,
land clearance poor farming practices, overgrazing,
inappropriate irrigation, urban sprawl, and commercial
development, land pollution including industrial waste and
quarrying of stone, sand and minerals. High population
density is not necessarily related to soil degradation, but it
is what a population does to the land that determines the
extent of degradation. Desertification can be defined as
deterioration of producing soil fertility, either natural
pasture or irrigated of dry farming lands, which result in
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decreasing of biological production of lands. It became less
productive and may lose its fertility totally. The pastures
may miss its natural green cover and replaced with
undesired plants and toxic thistles, the trees and small trees
would disappear and replaced with grass with less
economically benefits which couldn’t protect or fix the
soil, (Abdul Ghafar, 2014).

The studies observe that the agriculture in Siwa oasis
depends on the underground water flow from wells and
springs throughout the oasis which are around 1275 wells
and spring pumping about 255 million m3 water per year,
out of such about 222 million m3 being utilized in irrigation
and the rest flows to the low areas “lakes” That amounting
33 million m3 representing the destination of utilized water.
It became clear that this pattern of utilizing water resources
is one of most important reasons of desertification according
to the results of the study. Since it has been indicted that the
high salinity of soil, caused by irrational irrigation
throughout the random digging of wells by farmers long
time ago, resulted in increasing the rates of agriculture
sewage, hence lead to increasing the issue of agricultural
sewage which threaten thousands of cultivated properties in
the oasis. Moreover, it composed four sewage swamps; Al
Maragi with area of 9 km? , Siwa amount in 32 km?,
Aghormy about 5 km? and kareshet with area of 16 km?,
(Abdul Ghafar, 2014). The cultivated crops in the depression
are date palm and olive as cash crops, however; few areas
are planted with citrus and some fruit orchards as well as
alfalfa as intercropping (Hedia and Abd Elkawy, 2016).
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Siwa oasis has different land cover / land use units;
i.e. salt marches, sabkha, cropland, grassland, bare land,
urban, lakes, sand dunes, and hills. During the study
period, a very several land cover change has taken place as
a result of mismanagement of land resources. Change
discovery at the study area explains the rapid increase of
saline lakes and salt marshes, and the consequent hazards
to the cultivated lands, roads and archeological sites and
urban areas over the last three decades. These changes in
land cover led to land degradation and water logging in
many parts of the study area. In 1987, very slightly saline
soil area was the largest in extent 34.1% of the total area
whereas strongly saline, slightly saline and moderately
saline soils covered 27.0%, 174% and 17.1%,
respectively, of the total area. In 2017, strongly saline area
increased as compared to 1987 and contributed for 39.1%
of the total area, while very slightly, slightly saline and,
moderately saline areas represented 18.9% and 13.2% and
14.9% respectively of the total area. Most of the salt
affected areas were on shallow water table. The results
indicate that long-term irrigation activities would affect
agricultural potentiality of the area in the future, (Taher,
2017 and Abdel Rahman et al., 2019). The research
supports the study of the state of soil fertility degradation,
based on environmental variables (climatic changes,
physical and chemical properties of soil, soil content of
major elements), in order to reach the productivity
increase; and to maintain the sustainability of agricultural
lands in their fertility and thus their reflection on the
quantity of production.

MATERIALS AND METHODS

The description of the study area: Siwa oasis is located
northern western desert of Egypt, it is bound by longitudes
24°-26° 15 E and latitudes 29°-30° N, map (1), and it covers
an area of 105000 ha?; it has an irregular elongate shape
narrowing westwards (Rashed, 2016). The main activity in
Siwa oasis is agriculture which depends on the groundwater
that outflows from about 1199 wells and springs, giving a
total annual discharge of about 255 million cubic meters.
From this, about 222 million cubic meters are lost as
evaporation and evapotranspiration, while the reminder goes
to the natural lakes of Siwa oasis.
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Map 1. location of Siwa Oasis

Geology of the Siwa oasis is essentially formations
of the oldest to youngest are Middle Eocene, Oligocene,
Miocene, recent and sub-recent deposits. Geomorophology

is characterized by presece of four main physiographic
units, i. e. sand dunes, lakes, high peripheries and hilly
lands map (2), (Rashed, 2016).
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Map 2. The Geomorphological map of Siwa Oasis

Field work: Forty four soil profiles were chosen to represent
the soils of Siwa Oasis. Soil representative sample of the
different layers of the studied soil profiles were taken for
laboratory analyses.

Laboratory Analysis: The collected disturbed soil samples
were air dried crushed and prepared for laboratory analyses,
to determine some chemical and physical properties (USDA,
2004).

Soil analysis: Particle size distribution using the pipette
method, calcium carbonate content using Collin's calcimeter,
gypsum content by precipitation with acetone, soil pH was
measured in the soil paste. Salinity as electrical conductivity
ECs in the soil paste extract, cation exchange capacity and
exchangeable cations, soluble cations and anions, SAR was
determined according to Jackson, (1973). Total N, Available
N and Available K were determined according to Page et al.,
(1982). Available P was determined according to Olsen et al.,
(1954), Available Fe, Mn, Zn and Cu were determined as
suggested by Soltanpour and Schwab, (1977).

Computation of SFI:  Mustafa and Orhan, (2014)
revealed that soil fertility status can be evaluated directly or
indirectly. Direct evaluations are carried out in the field
under climatic and management conditions. Indirect
evaluations consist basically in developing and applying
models of varying complexity. One of the most suitable
models is SFI model. SFI was calculated to qualitative soil
fertility classes by means of parametric approach using 15
parameters for each soil sample point. To develop this
model and determine threshold level of each SFI class,
some literature such as Wolf, (1971); Lindsay and Norvell,
(1978); Anonymous, (1992); Boruvka et al., (2005);
Hazelton and Murphy, (2007) were used. The 15
parameters  (diagnostic ~ factors) are  commonly
implemented in soil physical and chemical properties and
designated with letters from A to O (Table 1). Either
parameters or factors are evaluated ranging between 10 and
100. The least favoritisms value of factor rating is 10 and
the most beneficial value of factor rating is 100 for plant
growth. In other words, the limiting nature of each SFI
classes is taken into account by its effect in reducing
productivity.
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Table 1. The factor rating of each soil parameters.

Diagnostic

Factor rating

Factors Units 100 80 50 20 10
Available macronutrient elements
A- N total gkg?! >3.2 3.2-17 0.9-1.7 0.9-0.45 <0.45
B- P avail mg kgt >80 25.0-80.0 8.0-25.0 2.5-80 <25
C- Kexc. Cmol (+) kg* 0.28-0.74 0.74-2.56 0.13-0.28 >2.56 <0.13
D- Caexc. Cmol (+) kg? 17.5-50 5.75-175 1.19-5.75 >50.0 <1.19
E- Na exc, Cmol (+) kg* 0.0-.20 0.21-0.30 0.31-0.70 0.71-2.0 >2.0
F- M exc. Cmol (+) kg* 1.33-4.0 4.0-125 0.42-1.33 >12.5 <0.42
Awvailable micronutrient elements
G- Mn avil. mg kg 14-50 4,0-14.0 50-170 >170 <4.0
H- ZN avil, mg kg! 0.7-24 2.4-8.0 0.2-0.7 >8.0 <0.2
I- Fe avail. mg kg 2.0-45 1.0-20 1.0-0.2 >4.5 <0.2
J- CU ail, mg kg* >0.2 - - - <02
Some soil physical and chemical characteristics
K- CaCOs gkg?! 50-150 10.0-50.0 150-250 >250 0-10.0
L- EC dSmt 0-2.0 2.0-4.0 4.0-6.0 6.0-8.0 >8.0
M- pH (1:2.5) 6575 7585 55-6.5 4555 <4585
N- oM gkg?! >30 20.0-30.0 10-20 5.0-10.0 0-5.0
O- Texture % CL,SCL,SiCL VTSL, L, SiL, Si, <50% C >50%C,SC,SiC  SL, fSL S, LS

N ww= total nitrogen, P .= available phosphorus, K .= exchangeable potassium, Ca = exchangeable calcium, Na .= exchangeable sodium, Mg ¢.=
exchangeable magnesium, Mn .= available manganese, Zn .= available zinc, Fe a.1.= available iron, Cu .«i.= available copper, EC= electric
conductivity, OM= organic matter, CL=clay loam, SCL= sand clay loam, SiCL=silty clay loam, VFSL= very fine sandy loam, L= loam, SiL=silty loam,
Si=silty, C=clay, SC=sand clay, SiC=silty clay, SL=sandy loam, fSL=fine sandy loam, S=sand, LS= Loamy sand.

SFI is calculated and using the value of factor rating
for each factor as follows (equation), SFI of each soil
sample point can be classified according to classes
indicated in Table (2).

R X 4 X B X X 0 x 100
max= 700 100 " 100

. . A+B+C++0
Rmax= maximum ratio, [#]

A, B...= rating value for each diagnostic factor.

SFI =

Table 2. Classes and values of soil fertility index

Class Description Soil Fertility Index (SFI)
S1 Good Fertility >80
S2 Moderate Fertility 50-80
S3 Marginal Fertility 20-50
S4 Poor Fertility <20

Statistical analysis: person correlation coefficients were
calculated to determine the correlation among soil factors in
different horizon. A one way analysis of variance (ANOVA)
with Games Howell was applied to test in soils factors. The
statistical analyses were conducted using Microsoft Excel
2010 and SPSS (v. 20), (SPSS, 2015).

RESULTS AND DISCUSSION

Electrical conductivity and concentration of soluble
cations and anions: high EC can serve as an indication of
salinity problems, which impede crop growth (inability to
absorb water even when present), an increase of these ions in
the soil can trigger an increase in osmotic pressure which
decrease the potential plant water availability, leading to a
cascade of events that reduce the plants. Soils with high EC
resulting from high concentration of Na* generally have poor
structure and drainage, and Na* becomes toxic to plants.

Saturated soil paste extracts and different soil to
water ratios are commonly used in soil salinity studies and
field remediation of salt- affected soils. The main
characteristics of the soils studied revealed that the highest
ion concentration measured in soil paste extracts were Na*
and CI ions. This is considered in the all soil profiles;
except for profiles No. 9, 16, 25, 27, 32, 37, 42 and 44

(5.39; 6.51; 5.98; 3.71; 5.25; 6.13; 4.02 and 2.4 dS m?)
respectively. The EC values ranged from 2.54 to 128.95 dS
m-* with an average value of 40.60 dS m%, Table (3).

The EC was significantly and positively correlated
with OM, Gypsum, fine sand, silt, available K and available
Zn (r=0.261", r= 0411, r= 0.192", r= 0.305™, r= 0.206™,
and r= 044", respectively). The EC was negatively
correlated with CaCOgs, coarse sand, available P, available
Mn exchangeable and Mg (r= -0.237", r= -0.223", r= -
0.226™, r=-0.246™ and r= -0.275™, respectively), Table (6)
and figure (1).The pattern of soluble anions and cations
indicated that NaCl, Na,SOs, MgSO, and CaCl, / MgCl,
were the dominated the soluble salts of the studied soils in
descending order. The cationic composition of the soil
saturation extract of most soil layers was dominated by Na*
followed by Ca*2 or Mg*? and K*. The anionic composition
was characterized by the dominance of CI followed by SO4*
or HCOs while CO3? anions were entirely absent. Alkaline
soils, that have ESP more than 15% and high pH values.

The soil pH varied from 6.89 to 8.30, soil pH is a
key factor that controls soil nutrient availability. The soil
pH could be categorized as slightly alkaline to moderately
alkaline. As it was well know that high sodium content
gives rise to high pH in the soil.

The accumulation of alkalinity in a soil (as COs and
HCOs; of Na*, K*, Ca* and Mg*) occurs when there is
insufficient after flowing through the soils to leach soluble
salts. This may be due to arid conditions, or poor internal soil
drainage. The soil pH was significantly and positively
correlated with coarse sand, available Cu (r= 0.3407, r=
0.169™, respectively). The soil pH was negatively correlated
with EC, CEC, OM, fine sand, clay content and
exchangeable K (r= -0.315", r= -0.312™, r= -0.306™, r= -
0.34™, r= -0.306™, r= -0.306™ and respectively), Table (6)
and figure (2).

Physicochemical properties of soils studies: in
general, most soils were relatively sandy loam in profiles
(2, 3,18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 36, 37
and 38). On the other hand, some profiles were sand in
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profiles (10, 11, 39, 40, 41, 42, 43 and 44). The rest of the
profiles were sand clay loam in profiles (4, 5, 15, 16 and
35); loamy sand in profiles (1, 8, 9, 30, 33 and 34); loam in
profile (17). In terms of soil texture at all land uses, no
statistical difference was observed at the surface soil layer,
indicating the homogeneity of soil forming processes and
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the similarity of parent materials. Hence, the differences in
terms of soil properties at various agricultural land uses
could be attributed to variations in management practices
at the study area. The dominant particle size fractions were
sand and reflect the sandstone parent materials from which
the soils were derived.
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Fig. 1. Box plots of different soil properties and soil salinity for studied area.
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Fig. 2. Box plots of different soil properties and pH soil for studied area.

The coarse sand was significantly and positively
correlated with available K, available Fe and available Mn at
(r=0.202", r= 0.246™ and 0.187", respectively). The coarse
sand was negatively correlated with fine sand, silt, clay, Na
exchangeable, K exchangeable (r= -0.762", r= -0.72", r= -
0.654™, r=-0.359™ and r= -0.653"™, respectively). The fine
sand was significantly and positively correlated with silt, clay,
Na and exchangeable K at (r= 0.348™, r= 0.207™, r= 0.288™
and 0.207%, respectively). The fine sand was negatively
correlated with available Fe and available Mn at (r= -0.195"
and r=-0.224™, respectively). The silt was significantly and
positively correlated with clay, Na and exchangeable K
exchangeable at (r= 0.2477, r= 0.1997and 0.247",
respectively). The silt was negatively correlated with
available Mn at (r= -0.212™). The clay was significantly and
positively correlated with Na and exchangeable and K
exchangeable at (r= 0.280™and 1.0™, respectively). The silt
was negatively correlated with available N, available K and
available Fe at (r= -0.182%, r= -0.233™ and r= -0.186",
respectively), Table (6).

The analysis of variance results revealed that
cations exchange capacity (CEC) of the soils was between
3.16 to 24.96 Cmol. kg (Table 4). Besides, the amount

and types of clay particles also the determinant factor on
the CEC of soils. The CEC was significantly and positively
correlated with OM, CaCQOs;, fine sand, silt, clay, Ca
exchangeable, Na exchangeable and K exchangeable at (r=
0.2157, r= 0.228™, r= 0.284™, r= 0.273", r= 0.908", r=
0.206™, r= 0.340™ and 0.908", respectively). The CEC
was negatively correlated with coarse sand, available K,
available Fe (r= -0.664™, r= -0.261" and r= -0.18",
respectively), Table (6) and figure (3).

The analysis of variance results revealed that the soil
organic matter (OM) contents were low. The results showed
that values where between 0 to 4.98% (Table 4). The positive
relationship between soil OM and CEC confirm that the more
soil organic matter. The more potential of the nutrient
reservoir of the soil, and exchangeable basic cations on soil
complex site, and vice versa in the case of lack of OM. The
OM was significantly and positively correlated with gypsum,
fine sand, silt, clay, total N, available Fe, K exchangeable at
(r=0.220™, r=0.226™, r= 0.336™, r= 0.238", r= 0.171", r=
0.304™ and 0.238™, respectively). The OM was negatively
correlated with coarse sand, available P, Mg exchangeable
(r=-0.369™, r=-0.304™ and r=-0.19", respectively), Table (6)
and figure (4).
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Table 3. The weight profiles mean to soluble cations and anions for soil samples collected.

Profile  Profile EC Soluble cations (mmolc L) Soluble anions (mmolc L) ESP
No. Deepcm) P dsm! ~ Ca&  Mg* K Na" CICO# HCOs  SOZ %

1 40 6.89 12895 21190 76765 24290 2654.05 367000 150 0.00 205.00 65.63
2 150 772 1539 3218 13.66 2.73 98.02 10950  1.90 0.35 34.83 22.99
3 70 7.65 7.26 16.36 9.70 131 48.38 57.00 2.20 0.73 16.54 15.56
4 150 7.64 7.39 2261 24.49 1.46 52.23 47.00 210 1.10 50.58 13.60
5 110 733 2618 8797 85.43 944 1176333 71600  1.60 060 1122797 52.85
6 95 7.65 7.40 63.32 66.83 6.32 196.80 286.00 2.73 0.93 43,61 26.82
7 90 757 10237 13240 14110 3238 1883343 137733 113 0.00 17763.12 43.70
8 75 705 9257 14633 74988 10376 195193 262567 2.07 0.00 32830 95.12
9 75 7.70 5.39 19.53 6.16 2.00 40.83 37.00 3.70 1.20 36.41 20.64
10 95 7.65 7.40 17.10 16.15 159 51.72 48.00 173 0.73 41.02 10.24
11 35 764 9375 9097 65.29 4193 8615000 6270.00 150 000 8007968 17.14
12 130 7.50 17.19 38.25 35.08 459 136.67 121.33 243 113 96.83 99.13
13 30 778 10630 85.70 159.80 4568 4160000 1730.00 200 0.00 4016318 12.75
14 35 719 15830 119.04 101740 15800 3436.70 322000 1.60 0.00 1512.74  20.46
15 65 730 7530 13747 31737 2489 1355033 1326.67 167 000 1270173 66.78
16 80 753 6.51 26.51 29.25 1.96 46.39 4733 2.00 0.67 54.10 92.06
17 30 738 14410 7146 51945 5886 8563956 243500 5.20 000 8384913 457
18 49 740 84.10 97.60 220.60 38.22 2014.30 520.00 1.60 0.00 1849.12  73.25
19 110 764 3283 6061 78.79 19.39 310.77 360.67 247 0.00 10643  67.19
20 45 780 11370 10950 1551 11025 207220 2020.00 1.10 0.00 286.36  28.30
21 52 779 12650 9520 3210 10103 262000 232500 150 0.00 52183 6113
22 90 7.63 7.48 34.27 15.10 1.67 4858 40.33 333 0.60 55.36 78.50
23 150 787 4060 102.80 5.82 30.14 410.05 401.00  1.00 0.20 146.61 6.84
24 150 824 1918 4262 4.05 17.89 190.10 15950  0.70 0.70 93.76 43.94
25 115 7.66 5.98 12.23 49.15 148 42.04 57.33 173 0.93 44.90 28.93
26 120 755 1175  46.19 24.44 6.08 120.38 11200 1.80 0.90 82.39 29.26
27 120 7.90 3.71 7.63 3.28 1.08 28.30 28.00 247 1.00 8.82 18.01
28 100 737 5340 10794 43.25 41.24 881.87 780.00 1.20 0.00 293.10 11.07
29 95 759 1008  37.10 15.29 2.99 7376 82.67 247 0.27 4374 53.05
30 75 7.50 7.68 3355 455 3.09 96.17 70.40 2.73 0.40 63.83 13.05
31 120 754 11.32 36.91 26.74 297 80.92 99.25 175 0.30 46.23 18.35
32 60 747 525 47.31 37.39 3.74 74.35 109.00 2.20 0.67 50.92 13.47
33 150 753 8.72 35.24 2234 222 56.56 65.33 2.00 093 48.09 10.90
34 45 764 6183 18647 18597 1364 149319 145067 253 0.53 42553 9.90
35 55 7.40 15.20 39.68 56.68 7.69 127.60 148.67 293 1.40 78.66 56.61
36 20 746 3690 7144 20130 1335 313.04 54000 280 0.60 55.73 14.76
37 70 7.59 6.13 14.28 512 146 36.84 36.67 313 113 16.77 25.34
38 45 749 16275 7335 114.40 53.14 3436.65 2880.00 2.00 0.90 794.63 11.79
39 45 805 6490 5048 36691  39.14  1057.80 84850  3.30 0.20 662.33 6791
40 75 8.18 3428 4307 32.80 20.47 357.30 86.50 2.10 0.60 36443 1356
41 65 8.30 10.28 35.95 12.23 10.73 80.26 39.05 2.20 0.00 97.91 18.76
42 95 7.89 4.02 9.49 4.60 212 33.12 40.50 4.40 0.00 443 17.70
43 25 829 3570 4812 11010 1511 797.00 58800  3.00 0.00 37933 1301
44 65 7.68 254 8.33 6.91 0.97 17.61 17.50 6.30 0.00 10.01 53.38
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Fig. 3. Box plots of different soil properties and CEC for studied area.

According to (London, 1991 and Mulugeta et al., calcareous soil when it is 0.5% and above. Based on this
2019) classification, the soil classified as none calcareous soil  classification, the study area was characterized by high
when CaCOs contents are less than 0.5% and considered as  content of CaCOg3 in most soil study, which indicates that the
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presence of calcareous soil with the exception of the profiles
(3,5,9, 19, 23, 24, 25, 27, 35 and 44) which indicates that the
presence of no calcareous soil, where the average results are
between 0.03 to 0.405%. The CaCOs; was significantly and
positively correlated with clay, total N, available Mn, K

positive correlated for O

exchangeable at (r= 0.253", r= 0.220, r= 0.173" and
0.253", respectively). The CaCOs was negatively correlated
with available N, Fe and Zn (r= -0.162", r= -0.166" and r= -
0.211™, respectively), Table (6) and figure (5).
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Fig. 5. Box plots of different soil properties and CaCOs for studied area.

Harmful effect of gypsum depends on soil gypsum
content, its distribution, presence of water resources, and
the soil permeability to allow water movement in soil. Risk
appears when salt groundwater rise up through soil by
capillary action and through tectonic cracks up to the
ground surface. Where, water rising gypsum salts to
deposit at the surface and crystallized there and this process
makes soil surface to swell because of crystallization
pressure. According to (Al-Baraznji, 1973 and FAO, 1990)
classification, the soil classified as non-gypsiferous (O-
0.3%); very slightly gypsiferous (0.31-3%); slightly
gypsiferous (3.1-10%); moderately gypsiferous (10.1-25%)
and highly gypsiferous (25.1-50%). Based on classification
the study area was considered as very slightly gypsiferous
in profiles (13, 14, 38, 40 and 41); slightly gypsiferous in
profiles (4, 15, 18, 33, 39 and 42); moderately gypsiferous
in profiles (1, 3, 11, 12, 16, 17, 20, 21, 22, 23, 25, 26, 28,
34, and 43) and highly gypsiferous in profiles (2, 4,5, 6, 7,
8, 9, 10, 19, 24, 26, 29, 30, 31, 35 and 36). The gypsum
was significantly and positively correlated with available K
and Zn at (r= 0.172" and 0.267", respectively). The
gypsum was negatively correlated with CaCO3 and Total N
(r= -0.358" and r= -0.206™, respectively), Table (6) and
figure (6).

Soil macro and micronutrients: according to the
results of analysis of (ANOVA) revealed that total N was
significantly and positively correlated with OM, CaCOs,
available N and Ca exchangeable at (r=0.171%, r= 0.22", r=
0.498™ and r= 0.273™, respectively). On the other hand, the
total N was negatively correlated (r= -0.206™, r=-0.551", r=
-0.172”, r=-0.184" and r= -0.19") with gypsum, available P,
available Mn, available Cu and Mg exchangeable,
respectively (Table 6). Considering the interaction of land
studied with soil depth, the highest 32.78 mg kg™, the lowest
17.18 mg kgt and medium 22.29 mg kg (Table 5).

Data presented in Tables (5&6) and figure (7) show
that available N of the studied soil profiles are generally low,
it tends to decrease in coarse texture soils. Data demonstrate
that the distribution of available N range between 5.05 to
13.27 mg kg, and average 22.29 mg kg*. Available N was
significantly and positively correlated with total N and Ca
exchangeable (r= 0.498™ and r= 0.182"). Also, available N
was negative correlated (r=-0.162", r=-0.182", r=-0.208™, r=
-0.222™ and r= -0.182") with CaCOs3, clay, available P & Mn
and K exchangeable.

Data in (Tables) indicated that the available content of
P in the study area ranged between 3.52 to 13.81 mg kg and
average 6.61 mg kg?, presumable due to either the high
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adsorption and/or precipitation with CaCOs, MnO; or iron
oxides. Awvailable P was significantly and positively
correlated with Mg exchangeable (r= 0.24™). Also, available
P was negative correlated (r=-0.226™, r=-0.193", r=-0.551",

o=itive cormelsted for gypsum
ti L=t g

Yhats
LI

r=-0.208" r=-0.225" and r= -0.189") with EC, OM, total N,
available N, available K and Ca exchangeable, shown
(Tables 5& 6) and figure (8).
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Fig. 6. Box plots of different soil properties and gypsum for studied area.
Table 4. Descriptive of the some soil physicochemical by results weight means for soil samples collected.

Profile  Profile Particle size distribution (%) Texture CEC ocC oM CaCOs Gypsum
No. Deep(cm) C.Sand F.Sand Silt  Clay (Cmolckg-1) % % % %
1 40 42.99 4088 7.35 8.78 LS 10.36 0.64 111 2.220 24.92
2 150 49.78 1724 1756 1543 SL 1544 0.44 0.76 0.759 30.35
3 70 50.74 2393 651 1882 SL 18.53 078 135 0.110 19.29
4 150 29.75 3118 1823 20.85 SCL 20.61 052 090 0.540 3236
5 110 45.28 1799 655 30.18 SCL 24.97 0.37 0.64 0.517 35.63
6 95 7720 1064 526 691 LS 7.08 026 045 0.437 41.06
7 90 62.73 1488 1487 753 SL 9.69 0.32 0.56 1.047 39.75
8 75 67.06 1064 1526 7.05 LS 9.11 048 082 2.927 40.64
9 75 63.01 2251  1.37 712 LS 571 0.95 164 0.130 2543
10 95 77.20 1064 5.26 6.91 S 5.73 0.26 0.45 1.657 41.06
11 35 69.94 2498 387 122 S 4.38 0.61 1.05 5.345 18.90
12 130 57.87 20.74 1396 743 LS 857 0.46 0.79 1.550 15.82
13 30 18.88 3505 26.77 19.30 SL 10.45 0.20 0.34 3.630 241
14 35 18.32 3395 2701 20.72 SCL 23.58 0.00 0.00 4.400 1.68
15 65 18.08 3889 1921 2382 SCL 2031 077 133 4.137 7.23
16 80 23.64 2850 19.74 2812 SCL 22.83 0.82 141 1.667 23.85
17 30 11.06 2171 4228 2495 L 16.76 2.89 498 7.555 14.07
18 49 17.06 36.06 3129 15.60 SL 13.76 050 087 4.210 9.65
19 110 20.95 4319 2551 10.36 SL 12.43 0.84 144 0.030 34.97
20 45 58.90 1811 1550 751 SL 9.76 0.39 0.67 2.845 13.57
21 52 45.92 2770 2220 4.20 SL 857 0.35 0.60 6.595 21.29
22 90 52.58 2585 955 1203 SL 9.77 0.49 0.84 3.437 2111
23 150 44.61 2885 2001 654 SL 11.09 0.04 0.07 0.220 16.18
24 150 49.64 2978 1193 866 SL 9.15 017 030 0.405 35.69
25 115 48.19 2285 1740 1155 SL 10.19 0.24 0.41 0.353 22.98
26 120 43.58 3019 1760 8.64 SL 10.55 0.26 0.44 2.510 16.40
27 120 4151 2432 2473 944 SL 11.20 0.23 0.40 0.087 38.01
28 100 53.17 2121 1662 899 SL 8.12 0.15 0.26 6.540 15.38
29 95 57.33 2455 515 1296 SL 8.73 0.25 043 2.667 32.83
30 75 45.45 3525 1361 569 LS 6.41 037 064 1.333 25.46
31 120 36.88 1433 20.74 28.05 SCL 18.78 0.26 0.45 1.525 46.73
32 60 55.91 1780 892 1737 SL 18.95 0.40 0.68 4127 11.07
33 150 66.40 1788 729 843 LS 6.46 029 049 6.673 9.38
34 45 60.78 2239 1213 470 LS 7.33 0.86 148 11.410 22.21
35 55 49.89 2199 534 2277 SCL 23.59 101 174 0.380 43.55
36 20 62.08 1200 1367 1225 SL 11.05 0.67 115 1.000 36.18
37 70 37.15 3336 2236 7.13 SL 10.73 0.44 0.77 3.713 458
38 45 37.02 2044 1429 1927 SL 17.50 0.17 0.29 542 201
39 45 84.16 464 676 445 S 3.16 020 035 531 3.02
40 75 82.54 8.27 7.69 1.50 S 3.76 0.03 0.06 6.34 215
41 65 77.08 1052 853 3.88 S 4.26 0.02 0.03 0.75 248
42 95 91.88 5.10 177 126 S 4.16 012 022 091 340
43 25 85.70 8.80 4.70 0.80 S 4.00 0.12 0.20 3.07 10.45
44 65 89.81 6.48 3.01 0.71 S 4.79 0.03 0.06 0.27 10.58

SCL=sand clay loam, L= loam, SL=sandy loam, S=sand, LS= Loamy sand.

655



Mohamed, M. S.et al.

posiive correlated for awsilable N

negative correlaed for awilsble N

8
8

VDak
na HeBdn :ﬂﬁ

o0
oA on

mpACE

Fig. 7. Box plots of different soil properties and total nitrogen for studied area.
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Fig. 8. Box plots of different soil properties and available P for studied area.

of Fe, Zn, Cu at (r= 0.206™, r= 0.172", r=0.202" r= 0.178", r=
0.3017and r= 0.246™, respectively), where, CEC, clay,
available P, available Mn, exchangeable of Ca, Mg, Na, K

The spatial distribution of available K between
142.63 to 255.68 mg kg* and average 200.43 mg kg, the
results reported here suggest lower sorption of K by sand.
This observation is in agreement with the results of (Abou
Kota, 2012 & 2016 and Ganzour, 2015). Referring to results
in Table (6) and figure (9) a significant positive correlation
among available K and EC, gypsum, coarse sand, available
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significant negatively correlated with available K (r

0.261™, r= -0.233™, r= -0.185", r= -0.271" r= -0.440™ r= -

0.389™, r=-0.157" and r=-0.233").
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Fig. 9. Box plots of different soil properties and available K for studied area.
and available Cu (r= 0.304™, r=0.246™, r= 0.178", r= 0.301™
and r= 0.246™, respectively). Also, available Fe was negative
correlated (r=-0.166", r= -0.195%, r= -0.271™, r= -0.44™, r= -
0.389™ r= -0.157" and r= -0.233™) with CaCQs, fine sand,

Data identified that the available content of Fe in the
study area ranged between 8.28 to 2.68 mg kg* and average
4.18 mg kg*. Available Fe was significantly and positively
correlated with OM, coarse sand, available K, available Zn
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clay, available Mn, Ca exchangeable, Mg exchangeable, Na
exchangeable and K as shown (Tables 5& 6) and figure (10).
Nutrient mobility, accumulation and behavior were obviously
evident from the above data and correlation and
determination coefficient ions which reflect the magnitude of
nutrient antagonism and selectivity that may govern, to a
great extent, element translocation from soil to plant.

Data identified that the available content of Mn in the
study area ranged between 1.02 to 9.25 mg kg* and average
5.46 mg kg. Available Mn was significantly and negative
correlated with EC, fine sand, silt, total N, available N and
available K (r= -0.246™, r= -0.244", r= -0.212", r= -0.172",
r=-0.222" and r= -0.271", respectively) Also, available Fe

posiive comrelsiEed for awilable Fe

was positively correlated (r= 0.173", r= 0. 187" and r=
0.225™) with CaCOs, coarse sand and available P, shown
(Tables 5& 6) and figure (11).Data recognized that the
available content of Zn in the study area ranged between 0.12
to 6.84 mg kg! and average 1 mg kg®. Available Zn was
significantly and negative correlated with CaCOs; (r= -
0.211™) Also, available Zn was positively correlated (r=
0.44™, r= 0. 267", r= 0.301and r= 0.387") with EC,
gypsum, available K and Na exchangeable, shown (Tables
5& 6) and figure (12). While the low available Zn amount in
desert plain soils developed of the Eocene limestone may be
attributed to the relatively high CaCO3 content
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Fig. 11. Box plots of different soil properties and available Mn for studied area.
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Data recognized that the available content of Cu in
the study area ranged between 0.35 to 1.33 mg kg* and
average 0.87 mg kg®. Available Cu was significantly and
negative correlated with total N, Ca exchangeable and Mg
exchangeable (r= -0.184", r= -0.263™ and r= -0.302™) Also,
available Cu was positively correlated (r= 0.169" and r=
0.246™) with pH and available K, shown (Tables 5& 6) and
figure (13).

The analysis of variance results indicated that the
exchangeable Ca was significantly affected by recently
environmental changes. The mean values of exchangeable Ca
in the study area were between 7.62 to 29.55 cmol. kg with
an average value of 17.87 cmol. kg. The exchangeable Ca
was significantly and positively correlated with CEC, clay,
total N, exchangeable Mg and exchangeable Na at (r= 0.206™,
r=0.273", r=0.169", r= 0.725™ and r= 0.301", respectively).
Also, the exchangeable Ca was negatively correlated (r= -
0.189", r=-0.440™ and r=-0.203" respectively) with available
of P, K, Fe and Cu, shown (Tables 5& 6) and figure (14).

Data documented that the exchangeable Mg in the
study area ranged between 27.31 to 50.41 cmol. kg and
average 34.74 cmol. kgl The exchangeable Mg was
significantly and negative correlated with total EC, OM, total
N, available K and available Cu (r= -275™, r= -0.19" r= -
389™, and r="-0.302™) Also, exchangeable Mg was positively
correlated (r= 0.24™, r= 0.725" and r= 0.264™) with
exchangeable Ca and exchangeable Na, shown (Tables 5& 6)
and figure (15).

The mean values of exchangeable Na in the study
area were between 5.19 to 25.41 cmol. kg? with an average
value of 17.87 cmol. kg The exchangeable Ca was
significantly and positively correlated with CEC, fine sand,
silt, clay, available Zn, exchangeable Ca and exchangeable
Mg at (r= 0.34™, r= 0.288", r= 0.28", r= 0.387" r=
0.301™and r= 0.264™, respectively). Also, the exchangeable
Na was negatively correlated (r= -0.359™, r=-0.157" and r= -
0.158" respectively) with coarse sand, available K and
available Fe (Tables 5& 6) and figure (16).

Table 5. Descriptive of the macro & micro elements and exchangeable elements by results weight means for soil

samples collected.

Profile Profile Macro and micro elements (mg kg™) Cations exchangeable (cmol: kg™
No Deep Total Avail.  Avail. Avail. Avail. Avail. Avail. Avail. Exch. Exch. Exch. Exch.
) (cm) N N P K. Fe. Mn. Zn. Cu. Ca Mg Na K
1 40 24.18 6.82 434 19075 348 344 0.19 058 1787 3210 1117 237
2 150 26.74 9.37 453 15938 388 7.16 0.80 067 2576 4000 1611 417
3 70 27.78 1041 392 20167 418 593 1.38 073 2038 3462 1275 509
4 150 21.28 5.05 408 14608 4.08 9.25 124 075 2808 4031 1756 564
5 110 24.08 7.85 484 22671 358 6.48 0.67 113 1863 3086 1165 816
6 95 27.35 1112 599 19037 471 7.28 1.03 091 2734 3958 1154 187
7 90 2327 7.04 506 18160 3.11 8.77 0.37 095 1507 2731 636 204
8 75 3111 7.19 501 20333 4.05 8.19 0.42 077 1940 3463 819 191
9 75 3174 9.88 6,00 23468 5.68 7.59 1.16 082 1231 2754 519 193
10 95 32.78 751 440 21931 371 124 115 083 1650 3173 696 187
11 35 20.74 5.73 794 23634 348 201 0.48 086 2232 3755 1209 033
12 130 24.64 9.63 387 20617 441 242 111 073 2251 3474 1119 201
13 30 2229 7.28 400 17839 398 4.09 1.00 087 1785 3008 969 522
14 35 26.01 11.00 501 20185 358 3.96 0.90 074 2000 3223 1038 560
15 65 2348 847 661 17382 3.65 454 0.91 095 2647 3870 1247 644
16 80 24.80 9.79 505 17178 3.98 333 1.00 060 2955 46.80 1508 7.60
17 30 23.17 8.16 396 23913 7.8 253 1.80 091 1105 2830 893 6.75
18 49 2261 7.60 352 20000 358 1.20 0.88 073 1579 3304 795 422
19 110 2353 8.52 429 21041 445 4.22 134 109 1675 3401 968 280
20 45 2211 7.10 443 16767 3.08 2.83 1.22 072 2200 3925 1001 203
21 52 22.56 1077 832 15649 348 5.76 1.90 100 2850 4575 1878 113
22 90 21.17 9.38 645 19157 531 591 122 091 1626 3113 1458 325
23 150 25.06 1327 527 25568 298 292 1.09 125 1700 3187 1190 177
24 150 18.82 7.03 648 20667 2.68 364 0.65 111 2344 3831 1106 234
25 115 20.11 8.32 719 18803 371 4.89 0.16 133 1444 29031 1309 312
26 120 18.70 6.91 770 20244 3.78 6.42 0.36 089 762 329 1087 233
27 120 20.82 9.03 792 19147 445 4.79 0.21 100 1375 39.08 1356 255
28 100 18.19 6.40 438 23494 318 515 1.76 112 1273 3807 1093 243
29 95 19.79 8.00 683 20735 445 7.77 0.25 084 912 3445 1253 351
30 75 19.08 7.29 929 21132 471 4.90 0.37 080 2365 4706 1182 154
31 120 17.18 539 1273 18316 3.73 6.52 0.26 075 1064 3406 992 758
32 60 19.04 7.26 950 19541 418 6.26 0.21 035 2699 5041 874 470
33 150 21.97 1018 838 14263 398 4.70 0.19 060 1815 4156 638 228
34 45 20.14 8.35 6.12 25444 451 6.85 203 100 1554 3895 1138 1.27
35 55 18.99 721 1265 18189 491 6.01 0.35 122 863 3100 813 6.16
36 20 19.79 8.00 425 21141 478 6.38 0.54 091 1000 3238 945 331
37 70 20.28 849 1381 15320 511 7.07 0.20 086 2220 4458 1327 193
38 45 17.79 6.00 944 24273 398 5.49 6.84 082 875 3112 2541 521
39 45 19.73 7.95 833 20043 5.28 7.34 157 057 1727 3964 1059 120
40 75 19.95 8.16 800 22919 408 593 1.05 109 1365 3399 765 041
41 65 19.11 7.32 929 17223 418 748 0.28 080 1446 3481 1003 105
42 95 19.03 7.25 876 20226 6.38 8.14 0.22 128 1420 3454 741 034
43 25 22.79 1100 721 19788 4.98 452 1.78 131 2457 4492 695 022
4 65 20.53 8.75 955 22000 828 5.46 0.12 091 1555 4006 686 0.19
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Data documented that the exchangeable K in the
study area ranged between 0.19 to 8.16 cmol. kg' and
average 2.8 cmol. kg, The exchangeable K was significantly
and negative correlated with pH, coarse sand, available N,
available K and available Fe (r= -0.306™, r= -0.653" r= -

182°, r
exchangeable K was positively correlated (r= 0.908™, r=
0.238™, r= 0.253™ , r= 0.207™, r= 0.247", r= 1.0™ and r=
0.28™ with CEC, OM, CaCOs, fine sand, silt, clay,
exchangeable Na, shown (Tables 5& 6) and figure (17)

-0.

233" and r= -0.186" respectively) Also,

Table 6. Pearson's Correlation matrix of physicochemical properties of soils in studied area.

Coarse Fine . Total Avail. Avail. Avail. Avail. Avail. Avail. Avail. Ca Mg Na K

EC CEC OM Gyps CaCOs g cng St Clay (3“0 A A A e 70 Cu Exch Exch Exeh Exeh
pH -315°-3127-306" -009 -015 340" -306" -0.11 -306™ -0.14 014 013 -002 009 008 -002 .169° 005 014 002 -306"
EC -0.00 .261™ 4117 -237" -223" 192" 305" -0.02 005 -0.06 -226™ 206~ -0.14 -246™ 440~ -0.05 -0.10 -275" 009 -0.02
CEC 215" 013 228" -664" 284" 273" 908" -002 -0.14 -001 -261" -180° 0.0 001 -0.06 .206™ 008 .340™ .908™
oM 220" 005 -369™ 226™ .336™ 238" .171° 005 -193° 016 .304™ -0.15 006 -007 -0.08 -190" -0.07 .238™
Gyps. -358™ 004 005 013 -0.11-206" -006 003 .172° -001 -009 267" -012 -005 013 -002 -011
CaCO; 006 -007 -004 253" 220" -162" -009 -008 -166-" .173" -211" 009 -0.02 -0.13 -0.03 .253™
CS -7627-72-7-654 009 012 012 .202° 246" 187" -010 006 -0.12 -0.01 -359™ -653™
F.S 348™ 207" -012 -008 -010 -0.11 -195-"-224™ 012 -000 013 0.04 .288™ .207"
Silt 247" 004 -000 -015 -010 -0.15 -212" 005 -002 002 -003 .199" .247™
Clay -0.03 -182" -0.02 -233" -186" 005 003 -011 011 -0.00 .280™ 1.000™
T.N 498™ -551" 007 -001 -172° 001 -184" 273™ -190" -0.13 -0.03
AN -208™ 011 014 -222° 001 002 .169" 002 001 -182"
AP -185" 015 225" -009 0.03 -189" .240™ -001 -0.02
AK 178" -271™ 3017 .246™ -440-"-389™ -157" -233-"
AFe 008 -002 -0.03 -203" -0.07 -158" -.186"
AMn -011 001 -001 010 012 005
AZn 001 -009 -0.12 .387" 0.03
ACu -2637-302" -0.09 -0.11
Caexch 7257 301" 011
Mg.exch 264 -0.00
Naexch 280"

The pair(s) of variables with positive correlation coefficients and P values below 0.050 tends to increase together. For the pairs with negative
correlation coefficients and P values below 0.050, one variable tends to decrease while the other increases. For pairs with P values greater than 0.050,
there is no significant relationship between the two variables. Main effect means within a columns followed by the different letter (s) are significantly
different from each other at < 0.05; "= significant at < 0.05 and "= significant at < 0.01.
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Fig. 14. Box plots of different soil properties and exchangeable Ca for studied area.

these tools analyze the information on SFI in various domains
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techniques with more accuracy and reliability. Consequently,
finding of this study showed that the most of the soil
properties had strong spatial dependency and statistical
modeling is very useful tool to determine the spatial
variability structure and spatial dependency of soil properties.
The quantitative evaluation of SFI using spatial variability of
soil data and modeling techniques is a very important
operation. SFI in our study area is very poor fertility (S4=
<20) according to classes and values of soil fertility index

posifive comelaed for exchangeshle Mg

(Mustafa and Orhan, 2014), this result is confirmed by the
results obtained from Table (7).This study was undertaken to
investigate the spatial variability of selected soil properties,
such as soil pH, EC, CaCOs; OM, total N, available P,
available Fe, available Mn, available Zn, available Cu,
exchangeable Ca, exchangeable Mg, exchangeable Na and
exchangeable K. in addition, using soil fertility index "high
technical”.
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Fig. 17. Box plots of different soil properties and exchangeable K for studied area.

Pearson correlation coefficient was calculated to
determine the a significant positive correlation among SFI
and (soil pH, EC, CaCO3 OM, total N, available P, available
Fe, available Mn, available Cu, exchangeable Ca,
exchangeable Na and exchangeable K) at (r= 0.065**, r=
0.292™, r=0.489", r= 0.275™, r= 0.088", r= 0.199", r= 0.30",

r=0.453", r= 0.104", r= 0.065", r= 0.188", r= 0.115" and r=
0.202™, respectively). In addition, Pearson correlation
coefficient indicated that the SFI is insignificantly and
positively correlated with available Zn and exchangeable Mg
at (= 0.043 and r= 0.028, respectively), this result is
confirmed by the results obtained from Table (8).
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Table 7. Descriptive of factor rating of soil parameters, classes and values of soil fertility index for the studied area.

ProfileNo. A B C D E F G H I J K L M N o] SFI__SFI Class
1 10 20 8 100 10 20 10 10 100 100 80 10 80 50 10 047 PF
2 100 20 20 100 10 20 80 100 100 100 80 10 80 20 20 2.08 PF
3 10 20 20 100 10 20 80 100 100 100 80 20 80 50 20 4.89 PF
4 100 20 20 100 10 20 80 100 100 100 80 20 80 20 100 734 PF
5 100 20 20 100 10 20 8 50 100 100 80 10 100 20 100 391 PF
6 10 20 8 100 10 20 80 100 100 100 80 20 80 10 10 313 PF
7 10 20 8 8 10 20 8 50 100 100 80 10 80 20 20 259 PF
8 10 20 8 100 10 20 8 50 100 100 80 10 100 20 10 2.38 PF
9 10 20 8 8 10 20 80 100 100 100 80 50 80 50 10  10.50 PF
10 10 20 8 8 10 20 10 100 100 100 80 20 80 10 10 0.88 PF
11 10 20 8 100 10 20 10 50 100 100 80 10 80 50 10 110 PF
12 100 20 8 100 10 20 10 100 100 100 80 10 100 20 10 116 PF
13 10 20 20 100 10 20 80 100 100 100 10 10 80 10 20 047 PF
14 100 20 20 100 10 20 10 100 100 100 10 10 100 10 100 043 PF
15 100 20 20 100 10 20 80 100 100 100 10 10 100 50 100 313 PF
16 100 20 20 100 10 20 10 100 100 100 80 20 80 50 100 391 PF
17 100 20 20 80 10 20 10 100 100 100 80 10 100 100 80 3.58 PF
18 100 20 20 8 10 20 10 100 100 100 10 10 10 20 20 0.06 PF
19 10 20 20 80 10 20 8 100 100 100 80 10 80 50 20 298 PF
20 100 20 8 100 10 20 10 100 100 100 80 10 80 20 20 145 PF
21 10 50 8 100 10 20 8 100 100 100 80 10 80 20 20 734 PF
22 10 20 20 8 10 20 80 100 100 100 80 20 80 20 20 2.59 PF
23 100 20 8 8 10 20 10 100 100 100 80 10 80 10 20 0.88 PF
24 100 20 8 100 10 20 10 50 100 100 80 10 80 10 20 0.67 PF
25 100 20 20 8 10 20 8 10 100 100 80 20 80 10 20 0.50 PF
26 10 20 80 80 10 20 8 50 100 100 80 10 80 10 20 181 PF
27 10 20 8 8 10 20 8 50 100 100 80 80 80 10 20 5.60 PF
28 10 20 8 80 10 20 8 100 100 100 80 10 100 10 20 313 PF
29 10 20 20 80 10 20 8 50 100 100 80 10 80 10 20 0.83 PF
30 10 50 8 100 10 20 8 50 100 100 80 20 100 20 10 5.60 PF
31 100 50 20 80 10 20 8 50 100 100 80 10 80 10 100 341 PF
32 10 50 20 100 10 20 8 50 100 100 80 50 100 20 20 6.11 PF
33 100 50 8 100 10 20 8 10 100 100 10 20 80 10 10 047 PF
34 10 20 8 8 10 20 80 100 100 100 80 10 80 50 10 4.48 PF
35 10 50 20 8 10 20 80 550 100 100 80 10 100 50 100 4811 PF
36 100 20 20 80 10 20 8 50 100 100 80 10 100 50 20 2.26 PF
37 10 50 8 100 10 20 8 10 100 100 10 20 80 20 20 0.96 PF
38 100 50 20 8 10 20 8 80 100 100 10 10 80 10 20 0.58 PF
39 10 50 8 8 10 20 80 100 100 100 10 10 80 10 10 101 PF
40 100 20 8 8 10 20 8 100 100 100 10 10 80 10 10 0.61 PF
41 100 50 8 8 10 20 8 50 100 100 10 10 80 10 10 0.67 PF
42 10 50 8 8 10 20 8 50 100 100 10 50 80 10 10 158 PF
43 100 20 8 100 10 20 8 100 100 100 80 10 80 10 10 219 PF
44 10 50 8 8 10 20 80 10 100 100 80 80 80 10 10 2.73 PF

A= total nitrogen, B= available phosphorus, C= exchangeable potassium, D= exchangeable calcium, E= exchangeable sodium, F= exchangeable
magnesium, G= available manganese, H= available zinc, I= available iron, J= available copper, K= calcium carbonate, L= electric conductivity, M= soil

pH, N=organic matter, O= texture, PF= poor fertility, SFI=soil fertility index.

The obtained results showed a small fluctuation in
pH soil, these results indicated that the soil is slightly and
moderately alkaline to neutral. These results probably
related to carbonate nature. Geologically, this area is
characterized by the Quaternary deposits covering the most
of study area. Dominant formations are lime- stone, marls
and sandstone. Soils, as natural corps, are inherently
heterogeneous, due to the many factors that contribute to
their diagnosis. These soils are strongly affected by salts,
according to results. The problem of soil salinization is
particularly prevalent in arid and semi-arid areas where
evapotranspiration exceeds annual precipitation and
irrigation is necessary to meet water requirements. In arid
and semi-arid regions monitoring of soil salinity is
essential for efficient soil and water management of
agricultural lands (Aldabaa et al., 2015 and Hakima et al.,
2019).

Consequently, in our area, factors affecting soil
physicochemical properties, including geological, climatic
and hydrological contexts, due to existence of different

factors, the statistical methods were applied to the
physicochemical data, in order to separate the area into
homogenous zones in order to optimize their management.

The study shows the efficiency of these tools to
analyze the information on SFI in various domains in an
integrated manner to understand the system. It is also very
easy to update data involved in these techniques with more
accuracy and reliability. Consequently, findings of this study
showed that the most of the soil properties had strong spatial
dependency and statistical modeling is very useful tool to
determine the spatial variability structure and spatial
dependency of soil properties.

It is urgent recommended that the probable spatio-
temporal changes in spatial variability of soil properties
originating from the implementing of variable rate fertilizer
and other agricultural input should be investigated in
cultivated areas. Next to this study, more research should
be devoted to these important topics, in particular
validation of usefulness of SFI in decision making and
implantation.
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Table 8. Regression for models with dependent variable soil fertility index and the studied soil variables.

Model Summary
R R Square Adjusted R Square Std. Errorofthe Estimate R~ R Square Adjusted R Square Std. Error of the Estimate
065" .004 -.020- 039 292" .085 063 1.206
The independent variable is SFI. The independent variable is SFI.
The dependent variable is In(pH). The dependent variable is In(EC).
pH EC dS/m
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Table 8. Cont.
Model Summary
R R Square Adjusted R Square Std. Error of the Estimate R R Square  Adjusted R Square Std. Error of the Estimate
043 .002 -.022- 895 104 011 -.013- .261
The dependent variable is In(available Zn). The dependent variable is In(available Cu).
Soil A. Zn. Soil A.Cu=
.028 .001 -.023- .358 188" 035 012 150
The dependent variable is In(exchangeable Ca). The dependent variable is In(exchangeable Mg).
Ca exc= Mg exem
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