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ABSTRACT

Accurate evaluating of soil properties is an important
factor for assessing soil fertility, especially in newly reclaimed
lands. Wadi El-Saida region (24° 57’ and 25° 06’ N latitude
and 32° 39’ and 32° 48’) is regarded one of the most important
agricultural investment areas adopted by the Egyptian
government in order to achieve the goals of sustainable
agricultural development in Aswan governorate. For this
purpose, An 87 soil samples were collected positions from the
surface and subsurface layers using GIS. Our findings
obtained indicated that the soil pH ranged between 7.18
(slightly) and 9.05 (strongly alkaline). While, ECe (2.23-281.10
dSm-) and CaCOs (0.09 — 13.57%) indicated that the soil
under study was varied among slight to very strongly saline
(281.10 dS m™) and non-calcareous to strongly calcareous,
respectively. Meanwhile, the cation Exchange Capacity (CEC)
and exchangeable sodium percentage (ESP) ranged from 8.22
to 53.51 Cmolckg! and 0.50 to 93.49%, respectively.
Furthermore, their content of soil organic matter (SOM), as
their values did not exceed 2.91%. The correlation coefficient
for all studied traits ranged between positive and negative,
especially that the positive correlation of ECe has a positive
correlation with ESP. In short, the studied area needs
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strenuous efforts to reclaim it and make it suitable for
cultivation through modifying its properties

Keywords: Soil chemical and physical properties, land reclamation and
cultivation, geographic information system.
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INTRODUCTION

In recent years, the Egyptian political leadership has started some
agricultural investment projects such as Toshka and East Oweinat to
achieve agricultural sustainable development objectives. Egypt has a
total area of around 1,000,000 km2, with less than 4% of that being
cultivated, leaving 96% of it to be desert. This area's Western Desert
makes up roughly two-thirds of it. Additionally, Egypt, one of the
developing nations, faces a significant agricultural output gap between
production and consumption due to both the country's limited
agricultural area and rising population (Awad et al., 2022).

The agriculture is the backbone of economies of most development
countries. Especially, in Egypt of which the agricultural sector
represents about 40% of the workforces. Based on the aforementioned,
the reclamation and cultivation of lands has become an urgent necessity
in order to achieve self-sufficiency and reduce the volume of exports,
especially of strategic crops that represent national security. Wadi Saida
area is one of the promising areas, along with other agricultural projects
that achieve this purpose. Wadi Saida, belonging to Aswan Governorate,
100 km to the north, and is located in the northwestern part of Edfu city.
The project includes six villages, EI-Shahama, Amr bin Al-As, EI-Eman,
El-Smaha, El-Ashraf (EI-Alfin is an affiliated area to El-Ashraf), and El-
Nmo. GIS is one of the important tools for producing soil fertility maps
for an area, which helps us to write recommendations regarding fertilizer
needs, as well as providing many information to understand the status of
soil fertility at both spatial and temporal levels (Thakor et al., 2014).
Spatial distribution maps of soil chemical properties, obtained from soil
surveys, help to determine soil fertility (Brevik et al., 2015). Also,
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spatial distribution maps are important to know the processes of spatial
variation of soil properties (Moe et al., 2019). NajafiGhiri et al., (2010)
showed that soil fertility is determined on the basis chemical properties
of soil such as soil organic matter content and soil reactivity.

In general, the studies available for soil evaluation in Egypt, the
general trend of the Egyptian soil indicates that the soil pH ranged from
neutral to highly alkaline, In addition to the decrease in the SOM.
Moreover, there are significant differences in the values of EC, CEC,
ESP and CaCOs based on the nature of the parent material and the
prevailing climatic conditions (Mohammed et al., 2019; Ali et al., 2015
and Elwa et al., 2021).

From this point of view, our research was accomplished with the
aim of a comprehensive assessment of soil chemical properties at two
different depths (0 -30 cm and 30 to 60 cm), representing surface and
subsurface samples, to make reclamation and cultivation plans on
scientific basis.

MATERIALS and METHODS
Study area description and climatic conditions

This study was carried out in t Wadi Saida region, Edfu district,
Aswan. It is located about 100 km north of Aswan Governorate between
latitudes 24° 57" and 25° 6' N and longitudes 32° 39" and 32° 48' E, Egypt
and covers total area of 23,820 acres. It consists of six villages at
different sea level elevations (82-127m). The Nile River is the main
source of irrigation, which is transported by giant pumps. (Fig.1). The
climatic data was averaged from the past 30 years (1992-2021), which is
the average maximum temperature (27.88 to 45.27) and the average
minimum temperature (3.3 to 23.66). The mean precipitation rate was
less than 1mm.
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Fig. (1): Maps of the studied area showing Egypt map (A), soil sampling locations
(B) and elevations of the studied area (C).

Soil Sample Collection and Preparation

An eighty seven samples were taken in December 2019 from
forty-three positions from two depths (0-30 and 30-60 or 200 cm,
respectively). The soil samples were collected and carefully transported
for soils, water and plant analysis laboratory to the Faculty of
Agriculture and Natural Resources, Aswan University. GPS was used to
locate soil samples. Soil samples collected were based on differences in
soil morphological characteristics in order to represent all soil types in
each village. The data obtained included topographic maps drawn using
ArcGIS 10.8.2 software (ESRI, 2001). The samples were air-dried,
crushed, sieved to pass through 2 mm sieve, and characterized for their
some soil properties according to procedure Klute (1986) and Cottenie
et al. (1982).

Statistical analysis
Data were analyzed using XLSTAT 2022 to study the correlation
between the estimated soil properties under study by calculating the

Pearson’s linear correlation coefficients (Machado and Conceicao,
2007).
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RESULTS AND DISCUSSION
Soil physical and chemical properties
Particle size distribution

Particle size distribution (PSD) is one an important factors that
has an impact on soil properties and soil fertility (Bechtold and Naiman
2006; Hamarashid et al., 2010). The results in Table 2 indicated that,
several classes were found in the surface and subsurface samples of the
study site, according to the PSD of sand, silt, and clay. Which, they are
signed in the soil texture triangle. The results indicated that the sand
amounts ranged between 46.18 to 53.37% and from 91.26 to 93.00%,
with an average of 78.73 to 79.96%. Silt content ranged from 2.99 to
1.75% and from 53.00 to 38.40.50%, with an average of 12.19 to 9.26%.
The clay content ranged from 0.80 to 2.00 and 21.60 to 27.15%, with an
average of 9.08 to 10.78% in the surface and subsurface samples,
respectively. These results indicated that, the differences in soil texture
and the increased amount of sand are probably due to the nature of the
parent material (Kiflu and Beyene, 2013; Mesfin et al., 2018). Based
on these data, the sand content was higher than silt and clay in the study
area, and this is due to the sandy nature and may be a result of the
bedrock from which the soil was formed (Opeyemi et al., 2020). The
low silt and clay content may have been the result of their removal by
wind erosion, but these results were consistent with Thangasamy et al.
(2005), who showed that the spatial distribution and PSD was most
likely due to difference in parent material, weathering and topography.
Accordingly, the soil texture was mostly loamy sand and sandy loam in
about half of the area (53.49 and 50.00%) in the surface and subsurface
layers, respectively. Then, it was sandy loam and sandy loam in about
one-third of the area (32.56 and 36.36%) in the surface and subsurface
samples, respectively. While the content of sand was estimated to be
(9.30 and 11.36%) in the surface and subsurface layers, respectively.
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Table 1. Particle size distribution and soil texture in surface and subsurface (0-30 and 30-60 and 200) samples in studied area.

} g Site Depth Particle-siz(;gistribution Soil 5 Site Depth Particle-siz(g/c’(;istribution Soil
= No. (cm) texture = No. (cm) texture
° Sand Silt Clay ° Sand Silt Clay

m 1 0-30 79.60 10.40 10.00 LS m 12 0-30 82.44 10.27 7.29 LS
j'_> 30-60 80.40 8.00 11.60 SL > 30-60 79.20 7.20 13.60 SL
§ 2 0-30 74.00 14.00 12.00 SL ;’_i § 13 0-30 74.00 21.60 4.40 SL
30-60 76.00 12.40 11.60 SL < 30-60 78.56 4.99 16.45 SL
3 0-30 62.00 16.40 21.60 LS 14 0-30 87.20 5.20 7.60 LS
30-60 84.00 12.00 4.00 SL 30-60 86.80 6.00 7.20 LS
0-30 72.00 12.40 15.60 SL 0-30 77.20 12.80 10.00 SL
4 30-60 59.60 38.40 2.00 SL 15 30-60 78.00 9.20 12.80 SL
:f_> 5 0-30 89.20 5.20 5.60 S E 16 0-30 80.80 9.20 10.00 LS
> 30-60 86.40 6.40 7.20 LS = 30-60 82.00 7.60 10.40 LS
= 6 0-30 8240 1680  0.80 LS %:i 17 0-30 83.01  7.08 9.91 LS
- 30-60 82.78 5.83 11.38 LS ) 30-60 85.43 7.43 7.14 LS
7 0-30 64.14 20.18 15.68 SL 18 0-30 86.26 6.08 7.66 LS
30-60 60.45 24.28 15.27 SL 30-60 89.24 4.71 6.05 S
8 0-30 68.76 29.70 1.54 SL 19 0-30 86.62 5.11 8.27 LS
30-60 82.29 7.25 10.46 LS 30-60 82.68 4.57 12.75 SL
9 0-30 46.18 53.00 0.82 SiL 20 0-30 87.83 6.99 5.18 S
> 30-60 56.28 28.34 15.38 SL 30-60 91.62 3.27 5.12 S
?n 0-30 76.00 20.40 3.60 LS r.—n 0-30 62.78 23.29 13.93 SL
m 10 m 21
; 30-60 76.00 10.80 13.20 SL § 30-60 53.37 19.48 27.15 SCL
g 11 0-30 62.48 17.24 20.27 SCL 29 0-30 86.91 7.81 5.28 LS
30-60 62.40 18.00 19.60 SL 30-60 82.28 3.48 14.24 SL

LS = Loamy sand, SL= Sandy loam, S= Sand, SiL = Silty loam and SCL= Sandy clay loam
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Table 1. Cont.
g Site No. Depth Particle-size distribution (%) Soil texture c Site Depth Particle-size distribution (%) Soil texture
(cm) ] No. (cm)
Sand Silt Clay Sand Silt Clay
23 0-30 82.41 10.22 7.38 LS 32 0-30 82.79 11.62 5.58 LS
m 30-60 81.38 6.24 12.38 SL 30-60 79.65 8.56 11.79 SL
m 24 0-30 87.09 6.13 6.78 LS 33 0-30 82.63 7.87 9.50 LS
g 30-60 83.32 5.32 11.37 LS 30-60 83.38 10.42 6.20 LS
= 25 0-30 86.98 471 8.31 LS 34 0-30 65.97 23.58 10.45 SL
30-60 84.10 4.70 11.20 LS 30-60 78.16 9.40 12.43 SL
2% 0-30 75.60 13.96 10.44 SL 35 0-30 91.26 3.26 5.48 S
30-60 83.38 7.46 9.16 LS 30-60 84.20 5.81 9.99 LS
27 0-30 83.61 7.69 8.70 LS > 36 0-30 80.68 5.56 13.76 SL
30-60 83.34 5.53 11.13 LS = 30-60 76.12 11.06 12.82 SL
28 0-30 78.19 13.40 8.41 SL @ 36%1 0-30 86.46 2.99 10.56 LS
30-60 81.15 10.48 8.37 LS s 30-60 87.27 453 8.20 LS
> 29 0-30 83.10 7.88 9.02 LS g 37 0-30 82.95 5.74 11.32 LS
T 30-60 79.09 11.63 9.28 SL ® 30-60 78.80 8.40 12.80 SL
z 2g%] 0-30 84.14 7.18 8.68 LS 38 0-30 70.72 19.00 10.28 SL
o] 30-60 84.85 6.53 8.62 LS 30-60 75.56 10.46 13.98 SL
2g%9 0-30 84.69 5.53 9.78 LS 38%1 0-30 7171 14.67 13.62 SL
30-60 85.76 5.34 8.90 LS 30-60 79.72 6.92 13.36 SL
30 0-30 85.41 6.84 7.75 LS 0-40 90.34 441 5.25 S
30-60 88.78 3.84 7.38 S 40-100 92.45 3.82 3.73 S
0-30 7703 1069 1228 sL 39
31 30-60 79.10 9.44 11.46 SL 100-200 93.00 1.75 5.24 S

LS = Loamy sand, SL= Sandy loam and S= Sand.
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While the silt loam texture (2.33%) was present only in the surface
samples. While the texture of sandy loamy clay was formed (2.33 and
2.27%) in the surface and subsurface samples, respectively. This result
reflects the nature studied area (Table 1 and Figure 2). These results
supported the results Abd EI-Azem, (2016 and 2020).
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Fig. 2. Spatial distribution of soil texture at the surface (A) and subsurface samples (B)
of the studied area.

Soil Chemical characteristics.
Soil pH

The results depicted in Tables 2 and 4 show that the lowest soil pH
values (7.18 vs. 7.31) were obtained in samples 6 and 33 at the surface
and subsurface layers, respectively. While the maximum soil pH values
(8.76 vs. 9.05) were detected in samples 25 and 39 at the surface and
subsurface layer, respectively. Based on the averages of the obtained
values, about 23.25, 51.16, 23.26 and 2.33% of the samples at the
surface layer classified into near neutral, slightly alkaline, moderately
alkaline and strongly alkaline, respectively. While, at the subsurface
samples, about 9.09, 54.55, 31.81and 4.55% classified as near neutral,
slightly alkaline, moderately alkaline and strongly alkaline, respectively
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(Table 3). Soil pH values showed ranged between near natural (7.18) to
strongly alkaline (9.05) in the overall studied area. This is due to the
bedrock of the soil and the dominance of basic cations such as (Ca®* and
Mg?"), alongside, low precipitation. (Hamad and Khalafalh, 2007).
Our findings were consistent with those of Sweed and awad, (2020),
they mentioned that soil pH in upper Egypt, in general, ranged was near
neutral to strongly alkaline. (Table 3 and Fig. 3).

Table 2. Spatial distribution of soil chemical properties in surface and
subsurface layers (0-30 and 30-60 and 200 cm) in studied area.

5 . pH ECe SOM
2 Site  Depth (1:25 CaLC03 CEC B EOSP
S No. (cm) SUsp)  (dsm-) (%) (Cmolckg™ (%) (%)
m 1 0-30 7.72 10.10 1.39 21.15 1.52 111
; 30-60 8.14 9.93 0.87 20.35 2.14 0.61
g 9 0-30 7.42 7.12 5.74 25.10 1.96 0.93
30-60 7.53 18.45 5.22 24.85 3.15 1.17
3 0-30 7.46 27.69 0.96 39.55 10.87 0.67
30-60 7.52 49.52 2.96 18.70 12.67 0.20
> 4 0-30 7.43 16.69 6.96 29.20 6.00 0.61
> 30-60 7.41 19.64 7.39 4151 5.09 2.33
% 5 0-30 7.51 13.39 5.65 16.71 1.90 1.75
= 30-60 8.33 8.77 11.22 14.41 4.15 0.82
6 0-30 7.18 13.12 0.78 18.21 4,77 0.64
30-60 7.68 14.26 1.74 17.81 2.13 1.89
o 7 0-30 7.56 4.74 122 36.71 3.71 1.75
3> 30-60 7.57 2.23 0.52 37.02 1.22 1.37
% '_ 8 0-30 7.90 3.68 2.61 3121 0.86 1.37
30-60 8.14 7.00 1.04 18.41 0.72 0.50
> 9 0-30 8.23 3.43 2.17 53.51 9.52 0.67
3 30-60 8.02 5.10 2.70 45.61 16.99 111
g 10 0-30 7.79 7.08 2.17 28.81 0.98 1.89
S 30-60 7.85 7.07 0.87 24.41 1.30 0.64
g—? 1 0-30 7.86 4.26 2.96 38.81 0.58 0.87
? 30-60 7.66 9.83 2.09 38.51 0.77 0.41

317



J. Agric. & Env. Sci. (Damanhour University) 2023, 22(1): 309-337

Print: ISSN 1687-1464 Online: 2735-5098
Table 2. Cont.
. pH CEC _
T Site Depth (1:25 ECe CaCOz (Cmolckg™) ESP SOM
o No. (cm) susp.) (dsm™) (%) (%) (%)
5 12 0-30 7.82 7.97 2.87 18.61 2.60 0.90
g 30-60 7.95 7.70 1.74 2141 096 1.60
i 13 0-30 7.99 5.54 2.35 27.92 0.71 1.63
= 30-60 7.96 5.69 3.39 22.02 0.50 1.46
1 0-30 7.40 9.11 1.04 1451 0.80 1.69
30-60 7.67 8.73 1.30 13.41 223 1.25
15 0-30 7.29 7.43 1.30 24.61 1.03 253
30-60 7.62 5.66 0.87 20.21 0.88 1.17
:f—> 16 0-30 8.25 25.56 3.91 20.51 81.27 1.60
;n:)r 30-60 8.35 10.10 3.48 19.41 15.48 0.93
%:f 17 0-30 7.76 6.36 1.74 17.81 124 271
Y 30-60 7.79 6.12 3.57 15.61 119 134
18 0-30 7.86 8.19 1.30 14.41 119 1.69
30-60 7.96 8.57 0.87 10.02 152 204
19 0-30 8.19 7.26 1.39 14.51 092 1.02
30-60 8.17 10.90 0.87 14.31 0.92 0.78
20 0-30 8.28 10.39 1.74 14.61 6.47 0.87
m 30-60 8.29 12.02 1.65 9.41 1.17 0.58
|-'_|-| 21 0-30 7.32 6.39 4.70 37.92 460 2.33
§ 30-60 7.88 4.32 4.35 47.82 7.72 1.08
29 0-30 7.83 7.71 2.17 15.72 111 175
30-60 8.09 11.11 1.74 19.12 0.78 2.36
23 0-30 7.89 9.58 2.96 19.31 0.89 259
m 30-60 7.95 9.90 2.09 19.24 0.80 2.06
% 24 0-30 8.10 26841 2.00 42.31 93.49 242
§ 30-60 7.98 171.44 2.87 40.71 88.57 0.76
o5 0-30 8.76 82.41 3.04 29.62 86.99 2.15

30-60 8.19 19.12 3.48 14.52 26.34 1.75

Soil pH = soil reaction, ECe = soil electrical conductivity, CaCOj3 = calcium carbonate
content, CEC = cation exchange capacity and SOM = soil organic matter.
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Table 2. Cont.

C  Site Depth (19';5 BCe  cacos  cEC ESP  SOM
L -1

o No. (cm) susp.) (dsm) (%) (Cmolc-kg™) (%) (%)
26 0-30 7.79 8.89 2.17 27.71 0.95 2.30
30-60 8.08 10.74 4.35 16.82 1.95 1.66
27 0-30 7.54 49.00 3.04 17.42 1.65 0.15
30-60 7.43 64.47 4.00 17.26 1.39 0.82
28 0-30 8.04 10.60 2.26 22.02 6.82 2.01
30-60 8.31 15.72 1.91 19.80 1.04 1.78
> 29 0-30 8.30 24.84 2.00 17.52 14.42 1.22
E 30-60 7.56 59.16 1.30 21.82 8.77 1.08
% 29*1 0-30 8.43 17.14 1.74 17.26 5.93 1.51
o 30-60 8.65 18.84 0.78 15.96 2.66 1.46
29*2 0-30 7.88 44,72 2.00 15.96 53.05 2.16
30-60 7.91 16.11 3.48 16.82 8.70 1.46
30 0-30 8.05 17.91 4.35 15.82 1.56 1.51
30-60 8.10 11.96 4.00 13.61 0.87 1.49
31 0-30 7.59 109.73 4.00 23.92 34.70 1.78
30-60 8.20 110.57 4.87 21.31 54.04 1.17
3 0-30 7.82 16.95 4.09 18.21 2.48 2.18
30-60 7.89 13.00 4.35 21.21 0.62 1.51
33 0-30 7.18 7.70 0.17 18.61 0.97 2.91
30-60 7.31 7.33 0.09 14.51 1.25 2.33
34 0-30 7.20 19.72 0.87 34.20 8.69 1.46
30-60 7.45 29.51 2.35 22.21 0.52 1.40
35 0-30 7.88 237.70 1.74 23.12 51.02 2.31
30-60 7.93 135.23 3.48 17.92 43.62 1.81
:f_> 36 0-30 7.56 11.57 13.48 20.31 0.73 2.48
L 30-60 7.75 13.90 12.61 24.62 0.81 1.75
£  36* 0-30 7.39 10.46 6.96 15.21 1.16 1.95
% 1 30-60 1.74 8.46 4.35 14.62 2.73 1.89
o 37 0-30 7.56 281.10 8.26 40.52 92.54 1.31
30-60 7.70 55.83 13.57 21.21 34.18 1.17
38 0-30 7.88 14.78 3.91 30.82 77.12 2.18
30-60 7.69 47.72 452 23.62 40.32 1.89
38* 0-30 8.10 13.59 3.57 29.51 29.10 1.86
1 30-60 7.51 43.03 6.09 19.21 21.86 1.69
0-40 7.78 17.71 0.43 10.22 2.73 1.02
39  40-100 8.26 13.31 0.17 9.62 1.51 1.08
100-200 9.05 13.74 0.09 8.22 20.12 1.25
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Soil pH = soil reaction, ECe =soil electrical conductivity, CaCO3 = calcium carbonate

content, CEC = cation exchange capacity and SOM = soil organic matter

Table 3. Soil reaction (pH) classification for the studied area.

pH (6.50 - 7.50) (7.50 - 8.0) (8.0 - 8.50) (>8.50)
Reference
. Slightly Moderately Strongly
(1:25susp.) Near neutral alkaline alkaline alkaline
Surface layer 23.25% 51.16% 23.26% 2.33% Kumar et
Subsurface 9.09% 54.55% 31.81% 4.55% al., (2009)
layer
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Fig. 3. Spatial distribution of soil pH at the surface (A) and subsurface
samples (B) (0-30 and 30-60 and 200 cm) of the studied area.

Soil Electrical conductivity

The results of ECe, as seen in Table 2, revealed that the values
varied among 2.23and 281.10 dS.m™ in samples 7 and 37, respectively
with an average 30.11 dSm™. According to Abrol et al. (1988), the soil
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was classified into five classes; ECe <2.0 dS.m (non-saline); (ECe 2 - 4
dSm™) slightly saline; (ECe 4-8 dSm™) moderately saline; (ECe 8-16
dSm™?) strongly saline and (EC. >16 dSm™) very strongly saline.
Accordingly, our results indicated that 4.65, 27.91, 30.23 and 37.21% of
surface layers were slightly saline, moderately saline, strongly saline and
very strongly saline respectively. Moreover, 2.27, 20.46, 43.18 and
34.09 % in the subsurface layers were classified into slightly saline,
moderately saline, strongly saline and very strongly saline, respectively
(Table 4 and Figure 4). The observed increase of ECe values may be
attributed as a result of high concentrations of soluble ions, such as Na*
and CI- ions. Moreover, the prevailing climate conditions, including high
temperature, increase evaporation and low of precipitation in the study
area led to an increase in soil salinity. These results were confirmed with
Bannari, (2020).

It was observed that the ECe values in both surface and subsurface
layers increased together. The lower ECe values in the soil surface layer
may be related to the effect of irrigation process on leaching and/or the
movement of soluble salts from the surface toward subsurface layer.
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Fig. 4. Spatial distribution of electrical conductivity (ECe) at the surface
(A) and subsurface samples (B) of the studied area.
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Table 4. Electrical conductivity (ECe) classification for the studied
area.

Slightly Moderately Strongly Very strongly

saline saline saline saline
ECe dSm? Reference
(2-4) (4-8) (8-16) (>16)
Surface 4.65% 27.91% 30.23% 37.21% Abrol et
al. (1988
Subsurface 2.27% 20.46% 43.18% 34.09% (1988)

Total calcium carbonate (CaCOs)

As shown in Table 2, the results displayed a wide variation of
CaCO3 content. It ranged among 0.09 % in the samples 33 and 39 to
13.57 % in the sample 37 with an average of 3.16 %. Our results were
agreement with those of Moursy et al., (2020), they reported that the
CaCOs in East Sohag region (part of upper Egypt) ranged between 4.06
and 14.57%. According to the FAO, 2006), about 34.88, 62.79 and
2.33% of the surface soil samples were slightly calcareous (between 0
and 2%), and moderately calcareous (between 2 and 10%), and strongly
calcareous (between 10 to 25%), respectively. While they were 40.91,
52.27 and 6.82% in the subsurface layers of the measured samples
classified fall low calcareous, moderate calcareous and strong
calcareous, respectively Awad and Sweed, (2020) (Table 5 and Fig. 5).

In general, these results are mostly associated with coarse and
moderately coarse textured soils (Sayed. 2013). In conclusion, these
results can be explained due to the prevailing continental climatic
conditions at the study location, as a result of low evaporation rate sand
coarse-textured soils. (El-Sayed, et al., 2016).
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Figure 5. Spatial distribution of total calcium carbonate (TCC) at the surface
(A) and subsurface samples (B) of the studied area.

Table 5. Total calcium carbonate (TCC) classification for the studied area.

Total .
Slightly Moderately Strongly
calcareous calcareous calcareous
CaCOs3 Reference
0-2 2-10 10-25
(%) (0-2) (2-10) ( )
Surface layers 34.88% 62.79% 2.33% FAO,
Subsurface layers 40.91% 52.27% 6.82% (2006)

Cation exchange capacity (CEC)

The results are related with Table 2 revealed that the CEC values
varied among 10.22 to 53.51 Cmolckg™! with an average of 24.41
Cmolckg™! at the surface layers of the measured samples. While, it was
8.22 to 47.82 Cmolckg™, with an average of 21.12 Cmolckg™ at the
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subsurface layers (Table 2). It was also noticed that, in most cases, the
surface soil samples had higher CEC values than the subsurface ones.
This may be due to high content of SOM in surface soil layers.
Furthermore, the soil mineral and organic colloids have the ability to
increase soil CEC. Thus, soils containing high clay and SOM have high
CEC values (Tomasic et al., 2013).

The highest CEC value was recorded for a silty loam textured soil
sample while the lowest value was found in a sand-textured soil sample.
According to the CEC classification described by Metson, (1961), CEC
values were 2.33, 55.81, 34.88 and 6.97% at the surface samples of the
measured samples classified into low (6-12 Cmolc-kg™'), moderate (12-
24 Cmolckg™), high (24-40 Cmolckg™) and very high (value > 40
Cmolckg™), respectively (Fig. 6 ). On the other side, the CEC values
were 9.09, 70.45, 11.36 and 9.09% in the low, medium, high and very
high subsurface soil samples, respectively (Table 6 and Fig. 6).
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Fig. 6. Spatial distribution of cation exchangeable capacity (CEC) at the
surface (A) and subsurface samples (B)) of the studied area.
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Table 6. Cation exchangeable capacity classification for the studied area.

Low (612 Moderate (12-  High (24-40  Very high (>40
CEC Cmolckg™) 24 Cmolckg-1) Cmolckg™) Cmolkg™) Reference
Surface
layers 2.33% 55.81% 34.88% 6.97% Metson,
S”Fi;erff « 9.09% 70.45% 11.36% 9.09% (1961)

Exchangeable sodium percentage (ESP)

ESP is one of the best criteria for assessing soil sodicity

(Gharaibeh et al., (2021). The ESP varied from 0.58 to 93.49% with an
average value of 16.55% at surface soil samples in the studied area.
While, they were 0.50 to 88.57 %, with an average of 10.14 % at the
subsurface layers (Table 2). Most of the soil samples have ESP values of
less than 15 %. Were 79.07 to 77.27 % of the samples had ESP values
less than 15% at surface and subsurface soil samples, respectively

(Table 7 and Fig. 7).
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Fig. 7. Spatial distribution of Exchangeable sodium percentage (ESP) at
the surface (A) and subsurface layers (B) of the studied location.
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A low ESP showed a low sodicity risk and the highest ESP values
are related to high salinity and dominance of soluble sodium in the soil
solution. Therefore, most of the soil profiles under study are coarse
textured, which facilitate the potential to decrease the ESP if an efficient
drainage system is established. These findings agree with those reported
by (Gameh et al., 2020).

Table 7. Exchangeable sodium percentage (ESP) classification for the
studied area.

ESP % No Sodicity <15 Sodicity >15 Reference
Surface 79.07% 20.93% Richards,
Subsurface 77.27% 22.73% (1954)

Organic matter content

With regard to soil organic matter (SOM) values, our results
showed that, the SOM varied from 0.15 to 2.91% and 0.20 to 2.36%
with an average of 1.64 and 1.34% with the surface and subsurface
layers, respectively as presented in Table 2. These results are matched
with those found by Ali et al., (2018), however they reported that the
SOM in Abu Suberia Valley- Aswan, ranged from 0.02 to 2.47 %. It is
noted that the SOM content in the surface soil layers was higher than its
content in the subsurface layers. This variation between both layers
could be explained due to the accumulation of plant residues and
microorganisms activity in the surface soil layers (Hobley and Wilson,
2016; Awad and Sweed, 2020). Based on the values obtained from our
study, the soil tested was classified into into low (<0.86%), medium
(0.86-1.29 %) and high (> 1.29) Kumar et al., (2014). While, in the
subsurface layer was divided into 22.73 % (low), 25.00 % (medium) and
52.27% (high) Where, the low content of SOM was associated with
coarse soil texture and high-temperature. These results were also similar
to those found by Patil et al., (2016).
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Fig. 8. Spatial distribution of soil organic matter (SOM) at the surface (A)
and subsurface layers (B) of the studied location.

Table 8. Soil organic matter classification for the studied area.

SOM* Low Medium High
Reference
(%) (<0.86 %) (0.86-1.29%) (>1.29 %)
Surface layers 11.63% 18.60% 69.77% Kumar et al.,
Subsurface layers 22.73% 25% 52.27% (2014)

Correlation between the studied properties

The data listed in Table 9 showed a remarkable correlation between
PSD and some chemical properties of the studied soil in surface layers
(0-30 cm) and subsurface layers (30—60 and 200 cm). Silt content has a
significant positive correlation with CEC (r = 0.681), (r = 0.793) at
surface and subsurface soil samples, respectively. While, clay has a
significant positive correlation with CEC (r=0.597) at only subsurface
soil. And another significant positive correlation between sand content
with soil pH (r = 0.407) at only subsurface soil layers, but there are a
significant negative correlation between silt and pH (r= -0.434). But,
significant negative correlation was found for surface and subsurface
soil between sand and clay (r = -0.339), (r = -0.643), respectively.
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Furthermore, there were a significant negative correlation between silt
and sand content (r = -0.885), (r = -0.872) in both soil layers,
respectively. In general, sand content has a significant negative
correlation with CEC (r = -0.781), (r = -0.915) at the surface and
subsurface soil layers respectively (Table 10). Regarding the
correlations of soil pH, the results indicated that soil pH had a positive
correlation with ESP (r = 0.353) in surface soil samples. While, it has a
negative correlation with CEC (r = -0.346), (Table 2). The high pH
values would be attributed to the high ESP. These results are consistent
with those Abd EI-Azem (2020).

Table 9. Correlation coefficients between particle size distribution and chemical
properties of studied soils

Parameter Clay Silt Sand pH ECe CaCO; CEC ESP SOM
Surface layers (0-30 cm)

Clay 1

Silt -0.137 1

Sand -0.339 -0.885 1

pH -0.268 -0.032 0.156 1

ECe -0.013 -0.297 0.288 0.115 1

CaCO; 0.265 -0.125 -0.006 -0.018 0.159 1

CEC 0.287 0.681 -0.781 0.002 0.304 0.092 1

ESP 0.034 -0.181 0.156 0.353 0.738 0.171 0.344 1

SOM -0.027 -0.215 0.217 -0.077 0.139 0.066 -0.059  0.185 1

Subsurface layers (30-60 and 200 cm)

Clay 1

Silt 0.187 1

Sand -0.643 -0.872 1

pH -0.137 -0.434 0.407 1

ECe -0.056 -0.126 0.126 -0.074 1

CaCOs 0.053 0.164 -0.154 -0.120 0.148 1

CEC 0.597 0.793 -0.915 -0.346 0.145 0.159 1

ESP 0.041 -0.066 0.031 0.141 0.866 0.184 0.240 1

SOM -0.105 0.076 -0.008 -0.145 -0.107 0.071 -0.079  -0.074 1

Also, data showed the correlation between ECe and the soil
chemical properties studied in the surface (0—30 cm) and subsurface
layers (30-60 and 200 cm). ECe has a significant positive correlation
with ESP (r = 0.738), (r = 0.866) at surface and subsurface soil samples,
respectively. It seems from correlation relationship that EC. attributed
with high sodium content from soluble salts anions in soil extract.
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While, CEC has a significant positive correlation with ESP (r =
0.344) at only surface soil samples. Correlation relationship showed that
CEC increases with increase of fine fractions such as silt and clay in the
soil samples and this rise in CEC values is due to the fine fractions (silt
and clay) have high surface area and negative surface charges are many.
There was a significant positive correlation in the surface and subsurface
soil samples between ESP and ECe (r = 0.738), (r = 0.866). This is
because the value of ESP is calculated on the basis of the percentage of
sodium relative to the total cations on the exchange complex. Only in
the surface layers was found a significant positive correlation between
ESP with pH (r = 0.353), and CEC (r = 0.344). These results were
accorded with results of Abd El-Azem, (2016).

CONCLUSION

This study was conducted at small scale, in a total area of about
23,820 acres 24° 57' and 25° 6' and32° 39" and 32° 48' E in Wadi El-
Saida (24° 57" and 25° 6' and32° 39' and 32° 48' E), Edfu ditrict, Egypt
in order to evaluate their soil chemical properties to determine the
suitable crops for cultivation, an 87 soil samples were collected from 43
selected sites to assess the chemical properties of the soil. The results
indicated that the studied area had undesirable properties, such as high
soil pH, and ECe. Moreover, a wide variation was observed in the
CaCOs3, SOM, and ESP values. The correlation coefficient values
fluctuated between negative and positive. From these results, we
recommend improving agricultural practices and improving agricultural
drainage. So we can grow a lot of crops and you are not restricted to
planting salt tolerant types of crops in the study area. In general, it can
be concluded from the obtained results that, these soils are suitable for
growing salinity-tolerant crops with the implementation of appropriate
cultivation strategies, including the addition of soil conditioners to
reduce salinity in soil, in addition to the use of organic fertilizers.
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