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ABSTRACT

Field investigations were conducted at the western limestone plateau of Assiut Governorate which
is located 300 km south of Cairo between 26° 20" 00™ to 27° 40" 00~ N latitude and 30° 30" 00~ to 31°
40" 00" E longitude. The current work was initiated to recognize the agricultural potentiality of this
area. The study aimed to assessing the prevailing hydro-physical soil properties and the suitable
management practices for agricultural utilization. The study revealed that Soil texture is mostly
coarse (sand, loamy sand and sandy loam). Calcium carbonate content ranges between 13.10 and
85.90% and soil bulk density varies from 1.36 to 1.88 Mg/m°. The soil salinity (EC,) differs from
non-saline (EC. = 2.7 dS/m) to extremely saline (EC, = 86.1 dS/m). The soil reaction could be
considered alkaline since the pH values range between7.9 to 8.9. The saturated soil hydraulic
conductivity indicated that soils can be categorized between low to excessive permeability. The soil
moisture characteristics show a marked decrease in soil moisture content (50%) when the soils were
subjected to pressure above one atmosphere. Groundwater salinity ranges between EC .0779 and
1.027 dS/m. Special care would be implemented with respect to agricultural practices. The drainable
pores (QDP+SDP) value was about 24.4% representing about 65.59% of the total porosity. The value
of capillary pores (WHP+FCP) was about 12.7 % representing about 34.14 % of the total porosity.

Key words: Limestone plateau, soil texture, soil salinity and alkalinity, hydraulic conductivity, soil
moisture characteristic curve.

1. INTRODUCTION the land as a way of ownership (Abou Heleika
The limestone plateau in Assiut region is @  and Niesner, 2009). Many important soil
part of the major Eocene limestone (Thebes  processes take place according to soil pores (the
formation or its equivalents) plateau that covers  air or water-filled spaces). Soil texture and
major parts of the western desert of Egypt. structure influence the porosity considering their
Eocene rocks constitute the most common size, number and continuity. Coarse-textured
outcrops capped by an alluvial cover. This cover  soils have many large pores (macro) as a result
consists of relatively flat, poorly consolidated of the loose arrangement of larger particles with
sand, gravel, silt, and clay which belong to the  each other (El-Hady et al., 2015).
Pleistocene and Holocene epochs. Geo- Shawky et al. (2004) indicated that the shape
morphologically, the studied area is a  of moisture characteristic curves for highly
moderately elevated plateau relative to the Nile  calcareous soils is similar to that of sandy soils
banks since its elevation ranges between 120 and  where there is a marked decrease in the moisture
300 m ASL (average elevation of the river banks  content with increasing the tension up to 1.0
is 35 m ASL), with a gentle slope northward.  atm. Abdo (2008) mentioned that the total
These characteristics drag this area of the porosity, void ratio and air porosity of
essence for many investors. It is considered as  calcareous soils decreased with soil depth.
one of the most promising areas for sustainable Gamie (2008) found that the total porosity of
irrigated agriculture. During the last two New Valley soils was low variable with depth
decades, some investors dug groundwater wells  and space and was 44.68% as a mean value.
to cultivate this plateau while others just squat Moreno et al. (2014) mentioned that the soil
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water retention values at lower pressure heads
showed unusually high values compared to soils
from temperate regions. El-Hady et al. (2015)
found that the available water increased
whenever the increase in water retained at soil
field capacity (FC) is far beyond that at wilting
percentage.

Abdel-Mawgoud et al. (1998) mentioned that
the presence of calcium carbonate in the clay
and silt fraction tends to decrease the hydraulic
conductivity. Total carbonates of sandy desert
soils of Egypt were reported to be relatively high
and differed from site to another as well as with
depth (Amira and Ibrahim, 2000; Zaki, 2004).
Soil pH values of Assiut desert soils were
reported to be in the range of 7.1 to 8.8
(Faragallah and Essa, 2006). Al-Qinna et al.
(2008) studied the effect of carbonates and
gravel contents on hydraulic properties of
gravely-calcareous soils. They found that the soil
saturated hydraulic conductivity (Kg) varied
from 7.2 mm hr' to 159.3 mm hr indicating
that the studied soils can be categorized between
medium to excessive permeability class. Gamie
(2008) reported that the hydraulic conductivity
for almost all samples of the New Valley soils
was low with a minimum value of 0.1 cm/h and
a maximum value of 6.94 cm/h with a mean
value of 0.57 cm/h. The CaCO; content of wadi
Abu Shih, Assiut, ranged from 21.10 to 71.40%.
High CaCO; content in the soil causes many
difficulties, e.g., surface crusting, cracking and
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susceptibility to erosion (Faragallah et al., 2011).

The current work was initiated to recognize
the agricultural potentiality of the above-
mentioned area by assessing the prevailing
hydro-physical soil properties and the suitable
management  practices  for  agricultural
utilization.

2. MATERIALS AND METHODS

The study area (Assiut Governorate) is
located 300 km south of Cairo between 26° 20°
00™ to 27° 40 00° N latitude and 30° 30" 00~ to
31° 40" 00" E longitude. Its total area is about
1558 km2, representing 0.15% of the total area
of Egypt. The studied area represented the
limestone plateau that exposes shallow or stony
loamy sand to sandy loam soils of the pane
plains with hill remnants and sand dunes stands
(Hammad, 2011). In order to represent the
investigated area, a transect extended 22 km
parallel to the western road of Assiut to Cairo
(northern west of Assiut city) was chosen with
an absolute altitude varied from 143 to 222m.
Eleven soil profiles were selected along this
transect (Fig. 1). The soil profiles were situated
using the global positioning system (GPS). The
distance between two successive soil profiles
differed from 5 to 8 km. The soil profiles were
dug down to the parent material and their
features were morphologically described as
shown in Table (1).

Soil Profile Location Map
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Fig. (1). A map showing the locations of the investigated soil profiles in Assiut

Governorate, Egypt.
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Table (1): Some morphological features of the studied soil profiles of limestone plateau, at Assiut, Egypt.

Profile location Elevation Parent Relief Slope Soil depth Soil structure
i (o
No. Lat. Long. (m.asl) material (%) (cm)
0-20 single grains
27° 06’ 55.4" o car " . -
1 30° 59’ 33.6 209 Lim Almost flat 4% 20 - 40 Weak, fine, subangular blocky
40 - 100 Moderate, very fine, subangular
blocky
0-40 single grains
2 27° 07 324 30° 56' 33.2" 222 Lim Almost flat 3% 40-55 Moderate, fine, subangular blocky
55 - 105 Wealk, fine, subangular blocky
0-30 Weak, very fine, subangular
3 27° 11" 14.2" Lim blocky
30° 52’ 23.9” 177 Almost flat 3% -
most1ia 0 30-380 moderately fine subangular blocky
Weak, very fine, subangular
0-40 blocky
4 27° 13" 38.77 30° 49’ 51.4" 166 Li Al t flat 2%
: m most Tla ° 40-70 Moderately, fine, angular blocky
70-110 Strong, medium, angular blocky
Weak, very fine, subangular
0-40 blocky
5 27° 157 51.3 30° 48" 8 169 Lim Undulating 6-8% 40 - 60 Moderate, fine, subangular blocky
Moderate, medium, subangular
60-110 blocky
0-40 single grains
o 1or " o 1nr " 40 - 50 Weak, fine, subangular blocky
6 27° 18" 517 30" 427 49.2 157 Lim Almost flat 2% Weak, very fine, subangular
50-80
blocky
80-120 Moderate, fine, subangular blocky
0-30 Wealk, very fine, subangular
blocky
7 Lim 30-60 Weak, fine, subangular blocky
27° 20" 50.1" 30° 39'59.7" 143 Almost flat 3-5%
60-70 Moderate, fine, subangular blocky
Wealk, very fine, subangular
70 - 130 blocky
0-40 Wealk, fine, subangular blocky
Moderate, very fine, angular
8 27° 23'43.9" | 30° 39'41.2" 171 Lim Undulatin 6-8% - blocky
: ) 9 ° 60-75 Weak, very fine, angular blocky
75-110 Moderate, fine, subangular blocky
0-30 Weak, very fine, subangular
blocky
9 27° 28'28.9" | 30° 39'26.8" 152 Lim Undulating | 3-5% B Strong, medium, subangular
30-55 blocky
55-110 Moderate, fine, subangular blocky
0-30 Weak, very fine, subangular
blocky
10 27° 32/10.6” | 30° 40 47.6" 149 Lim Almostflat | 2% | 30-45 Moderate, Qggl'(‘;m' angular
45-75 Strong, medium, angular blocky
75-120 Weak, fine, subangular blocky
0-30 Weak, very fine, subangular
blocky
30-60 Moderate, medium, subangular
11 o aqr o ar Ao Lim blocky
27° 34' 284" 30° 39’ 29" 164 Almost flat 2% -
Strong, medium, subangular
60-80
blocky
80 - 120 Weak, fine, subangular blocky
Lim = Limestone D = Deep M = Moderate
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Disturbed and undisturbed soil samples were
collected from each layer according to the
difference in the morphological features. The
disturbed samples were air-dried crushed sieved
through a 2 mm sieve and kept for soil analysis.
The relevant soil chemical analysis of the tested
area as well as the groundwater analyses were
preformed according to Page (1982) and shown
in Table (2).

Soil particle-size distribution was performed
using pipette method according to Jackson
(1973). Particle and bulk density (Dp & Db)
were determined according to Klute (1986).
Total porosity was calculated according to the
method described by Danielson and Sutherland
(1986). Void ratio (e) was calculated using total
porosity values according to Klute (1986). Water
retention was determined according to Kulte

(1986) wusing pressure plates in a cooker

Table (2): Some soil chemical properties of the investigated area.

Profile | Soil depth | CaCO, pH EC. Soluble Cations ( meq/I') Soluble Anions ( meq /1) SAR
No. (cm) % (1:1) @asimy [ ca2 [ m g% K Na't 50,2 cIt HCO,

0-20 49.0 8.9 11.4 40.0 12.0 1.3 55.5 47.7 50.2 14 10.88

1 20 - 40 68.8 8.7 36.4 96.0 28.0 1.3 216.4 32.1 283.9 12 27.48

40 - 100 85.9 8.3 34.6 140.0 48.0 3.8 126.0 11 321.4 12 13.00

0-40 22.7 8.5 25.9 123.6 36.0 1.7 79.6 1.1 224.5 14 8.91

2 40 -55 36.9 8.0 86.1 372.9 1115 3.2 323.9 109.2 701.8 20 20.81

55-105 46.7 7.9 82.0 216.0 222.0 1.7 345.3 16.6 749.5 14 23.33

0-30 40.2 8.6 29.1 1215 40.0 1.8 96.3 6.2 261.0 10 10.72

3 30-80 48.9 8.8 40.9 168.5 32.0 1.6 181.9 11.4 364.7 10 18.17

0-40 33.8 8.7 16.2 76.0 12.0 1.8 59.4 58.0 89.0 12 8.95

4 40-70 33.8 8.8 25.1 101.3 20.0 16 113.6 42.5 182.5 14 14.59

70-110 55.4 8.8 35.7 111.6 32.0 14 194.5 11 308.5 10 22.95

0-40 20.8 8.7 5.3 20.0 11.0 0.6 194 15.8 27.9 9 4,93

5 40 - 60 78.4 8.7 28.3 98.3 16.0 1.2 146.4 11.4 236.7 16 19.37

60-110 82.1 8.5 17.1 48.0 20.0 1.3 85.5 1.1 142.8 10 14.66

0-40 29.6 8.8 2.7 135 5.0 0.2 7.4 7.3 16.3 3 2.43

6 40 - 50 29.4 8.8 5.1 24.0 7.0 0.6 195 11.9 32.4 6 4.95

50 -80 40.2 8.7 7.7 42.0 10.0 0.7 22.8 10.9 57.5 5 4.47

80-120 51.1 8.6 175 67.8 28.0 0.8 71.6 8.3 154.3 8 10.35

0-30 35.6 8.9 10.8 41.0 16.0 1.0 45.1 21.2 73.6 11 8.45

30-60 21.6 8.6 30.7 114.0 44.0 2.0 129.1 6.2 274.3 12 14.52

! 60-70 18.1 8.7 27.1 97.5 40.0 16 119.4 88.5 143.8 14 14.40

70-130 45.3 8.4 28.2 108.0 24.0 11 118.0 32.1 214.4 10 14.52

0-40 40.5 8.3 45.3 158.0 28.0 2.0 237.0 11 420.0 14 24.58

8 40-60 30.4 8.3 52.2 194.0 52.0 2.1 253.7 1.1 488.1 8 22.88

60 - 75 18.4 8.8 21.4 68.0 16.0 1.2 118.0 11 178.9 14 18.21

75-110 47.7 8.6 24.2 86.0 20.0 11 115.2 6.2 220.5 12 15.82

0-30 20.3 8.6 35 20.0 7.0 0.5 7.2 16 29.2 4 1.96

9 30-55 34.2 8.6 19.4 88.0 20.0 2.0 76.6 16.6 153.0 12 10.42

55-110 41.6 8.4 27.9 86.0 28.0 2.1 140.8 16.6 219.4 14 18.65

0-30 131 8.4 5.6 34.0 4.0 0.6 16.1 8.0 41.3 5 3.69

10 30-45 14.1 8.7 31.9 118.0 48.0 2.0 133.8 47.7 237.6 16 14.69

45-75 175 8.6 47.2 132.0 84.0 1.8 224.0 26.9 389.9 14 21.55

75-120 26.3 8.5 29.9 84.0 38.0 19 163.6 47.7 217.2 12 20.95

0-30 20.8 8.5 10.3 42.0 6.0 11 51.6 12.7 80.4 7 10.53

1 30 - 60 22.9 8.8 39.6 156.0 | 35.0 25 169.6 37.3 318.6 20 17.35

60 - 80 22.7 8.6 43.1 128.0 34.0 2.2 233.3 11.4 391.3 10 25.92

80 -120 23.1 8.5 50.5 164.0 72.0 25 238.9 16.6 458.7 14 21.99
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apparatus and undisturbed samples (cores of
2.5cm in height and 4.5 cm in diameter). The
samples were water saturated and placed in the
pressure plate at 0.10, 0.33, 1.00, 5.00 and 15.00
bars, and left until equilibrium then weighed at
each pressure stage and then water content was

gravimetrically determined by oven drying.

Pore size distribution was calculated from the
soils moisture retention curve and classified
according to De-Leenheer and De-Boodt (1965)

as follows:
__26cos B

pgr

h

Saturated  hydraulic

conductivity ~ was

measured in the undisturbed soil cores using the
constant head method according to Kulte and

Dirksen (1986).

Where h is the matric potential (m)
d is the surface tension (N m-1)
r is the pore radius (m)
B is the contact angle (0)
p is the specific water mass (Mg m-3) and
g is the acceleration of gravity (m s-2).

It was calculated by using the following

equation:

Ks = VL / [At (H2-H1)]

Where Ks = saturated hydraulic conductivity
(cm/h)

V= volume of water that flows through the
sample (cm®)

L = length of sample (cm)

A = cross-sectional area of the sample (cm?)

T =time at the collected volume (h) and

H,= the hydraulic head at zero time (cm) and

H, = the hydraulic head after certain time (cm)

3. RESULTS AND DISCUSSION
3.1. Soil salinity and Sodicity

Soil salinity data as electrical conductivity
(EC,) are presented in Table (2). In general, the
data show that soil salinity is quite very high and
it is widely differed from place to another. It
varied from 2.70 to 86.10 dS/m with an average
value of 28.54 dS/m. The soil salinity increased
with soil depth which is complied with the
inherent parent material (CaCQOj) that also
increases with soil depth.

Soil reaction (pH) is one of the most
important parameters which reflects the overall
change in soil chemical properties. Data in Table
(2) revealed that the pH values changed from 7.9
to 8.9 which are considered alkaline. In general
pH values decreased with the soil depth which is
commonly happened in the dry and hot
conditions in the limestone plateau.

3.2. Total calcium carbonate

Since the parent material of the investigated
soils is limestone, calcium carbonate is a
dominant component of the soil matrix. Data in
Table (2) revealed that the calcium carbonate
(CaCOg3) content varied from 13.10 to 85.90%
with an average value of 36.97%. It was noticed
that the CaCO; content increased with soil depth.
The high content of CaCO; in these soils was
mainly attributed to the pedogenic calcium
carbonate inherited from limestone parent
material. Thus, these soils are classified as
strongly calcareous in terms of CaCO; content
according to FAO (2006).

Data in Table (3) show the correlation
between total CaCO; content and some soil
properties. There were positive significant
correlation between CaCO; and silt, clay
content, void ratio, WHP,FCP and total pores.
There were negative significant correlations
between total CaCOs; sand, bulk density,
hydrolic conductivity. The obtained results
agreed with those of Shawky et al. (2004), Al-

Table (3): Correlation coefficients between total CaCOzand some soil properties.

. Db DP Void Ks QDP
Sand % | Silt % | Clay % Mg/m? Mg/m? ratio cm/h %
-0.449** | 0.370** | 0.365** | -0.317** -0.069 0.302** 0.226* -0.162
WHP Gravel
SDP % % FCP% | TP% % pH ECe (dS/m)
0.154 0.199* 0.225* | 0.314** 0.109 0.008 0.037
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Qinna et al. (2008 & 2013) and Saglam &  3.3. Soil texture and structure
Dengiz (2015). Data in Table (4) show that the soils of the

Table (4): Soil particle size distribution and their densities and organic matter content of
the studied soil.

Profile Soil Particle size distribution Densit;g M
° /m i
No. depth G(l;%el ({o) T(ZT;;Jsre g/m) Xﬁ(lig O.M.%
(cm) Clay Silt Sand Dp Db
0-20 7.63 9.72 139 | 76.38 S. loam 263 | 155 | 0.70 0.30
L 20- 40 1.65 861 | 2726 | 64.14 S. loam 251 | 148 | 069 0.26
40-100 | 3253 | 2208 | 2811 | 4981 Glrgg’ﬁ]”y 246 | 152 | 063 0.24
0-40 25.71 9.00 6.65 | 8435 Gri‘;en'('jy Ll 255 | 168 | 052 0.81
2 40-55 | 4146 685 | 149 | 7826 Gr"’;‘;‘;'gy Ll 255 | 140 | 071 0.75
55— 105 61.00 1055 | 1306 | 76.38 V'SG{:;’;"V 251 | 161 | 055 0.42
2 0-30 1113 1642 | 578 | 77.80 S. loam 268 | 168 | 060 0.34
30- 80 17.33 599 | 2252 | 71.49 S. loam 252 | 143 | 076 0.4
0- 40 17.97 1178 | 9.89 | 7833 S. loam 247 | 177 | 039 0.38
40-70 25.64 9.39 11 7961 | CravellyL. oo | 154 | 066 0.44
4 sand
70-110 | 2759 808 | 262 | 6572 Gr?(‘)’;':]y S 1 258 | 152 | 069 0.17
0- 40 15.70 9.19 856 | 82.25 L. sand 262 | 1.68 | 056 052
5 40- 60 573 8.84 | 2383 | 67.28 S. loam 243 | 160 | 052 0.28
60110 | 21.82 947 | 2902 | 6151 Gr?(‘)’g::]y S| 259 | 157 | 065 0.27
0- 40 13.24 802 | 1085 | 8113 L. sand 267 | 188 | 042 031
5 40-50 3.64 638 | 2345 | 7017 S. loam 273 | 170 | 060 0.29
50— 80 1211 6.14 | 1583 | 78.02 L. sand 272 | 174 | 056 0.26
80-120 | 11.19 1015 | 721 | 8264 L. sand 262 | 162 | 061 0.26
0-30 4.85 2015 | 1319 | 6666 | S.C.loam | 258 | 1.69 | 053 0.83
7 30 - 60 3.27 5.48 163 | 92.89 Sand 268 | 166 | 062 0.65
60— 70 1051 556 | 1742 | 77.02 L. sand 266 | 178 | 049 0.23
70- 130 8.41 6.98 416 | 8886 Sand 251 | 151 | 066 0.07
0-40 50.54 002 | 181 | 7287 | V- Cravelly | 5os 178 | 043 0.53
S. loam
V. Gravelly
8 40-60 57.82 782 | 1302 | 79.16 260 | 172 | o051 0.54
L. sand
60-75 | 26.02 652 | 1622 | 77.26 Gri‘;‘;’gy L1 256 | 161 | 058 0.52
75-110 | 19.29 8.86 795 | 83.8 L. sand 248 | 156 | 059 03
0-30 12.36 712 135 | 9153 Sand 257 | 1.81 | 042 037
30-55 | 5939 557 | 585 | ssss | VCelly | 56 1 17 | 051 0.32
9 Sand
55-110 | 51.13 7.42 478 | 8780 |V Cs"gﬁ‘c’f"y 264 | 177 | 050 0.32
0-30 32.21 6.55 3.4 90.05 ng‘r’z'y 273 | 180 | 052 0.4
30-45 11.27 811 | 1061 | 8128 L. sand 241 | 135 | 079 035
10 45-75 25.72 6.76 878 | 84.46 Grz‘;ﬂéy Ll 257 | 161 | 060 0.27
75-120 46.02 0.70 1243 | 86.87 Ggi‘:]ﬂ'y 244 | 169 | 044 0.13
0-30 32.03 2.18 96 88.22 GEZYE:'V 261 | 1.80 | 044 0.69
30- 60 14.55 6.46 | 1009 | 8345 L. sand 266 | 162 | 064 0.74
11 60— 80 29.31 2.09 2232 | 7559 Gri‘;‘;’gy Ll 250 | 161 | 061 03
80-120 | 25.09 2.90 891 | 8818 GEZ‘r’s'y 251 | 166 | 051 0.28
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investigated areas are typically desert land. They
were characterized by variability in their
components and soil texture that could be
described as non-homogenous soils. The gravel
content varied from 1.65 to 61.00 %, while sand
fraction ranged from 49.81 to 92.89%. The silt
fraction varied from 1.35 to 29.02% and clay
content changed from 0.70 to 22.08%. Data
illustrated that sand content is the dominant
fraction followed by a minor amount of silt or
clay. The results indicated that the studied soils
were mostly coarse in texture and the soil texture
changes from sand to sandy loam to sandy clay
loam with obvious gravel content. This behavior
reflected the physical erosion factors that took
place under the arid and semi-arid conditions.
Soil structure was considered single grains and
its grade is weak with fine to very fine size and
angular to sub-angular type (Table 1). The soil
structure is a sign of soil texture that shows
individual and course particles.

3.4. Particle and bulk densities and void ratio

Soil particle density (Dp) values in the
different layers of the studied soil profiles
showed irregular trend and they ranged from
2.23 to 2.75 Mg/m® with an average value of
2.56 Mg/m® (Table 4). Most of the studied soil
samples had higher D, values than 2.60 Mg/m”.
This may be due to their relatively high sand
content that dominated the other fractions (silt
and clay). These results are consistent with those
of Abdo (2008) and Gamie (2008).

Soil bulk density (Dy) is a function of different
factors, i.e., particle size distribution, specific
ions, total salts, soil compaction, total porosity
and moisture content. The data presented in
Table (4) revealed that the bulk density values
displayed no trend and they varied from 1.35 to
1.88 Mg/m*® with an average value of 1.64
Mg/m®. It was noticed that the Dy values in the
surface layers were higher than those in the
underneath layers. This may be attributed to the
pore spaces in the surface layers which are filled
with eroded soil particles. Hence, porosity was
reduced and bulk density turned out to be higher
than those in the subsurface layers (Sayed,
2012).

Void ratio is usually used in parallel with soil
porosity (n) , which is defined as the ratio of the
volume of voids to the total volume of the soil.
The porosity and the void ratio are inter-related.
The value of void ratio depends on the
consistence and packing of the soil. It is directly
affected by compaction. Void ratio values of the
tested soil showed irregular trend and they

351

differed from 0.39 to 0.79 with an average value
of 0.57 (Table 4). The low values of void ratios
indicated that most soil layers are considered
compacted which comply with soil bulk density
values. Das (2008) stated that the minimum void
ratio for a soil was commonly recognized with a
wide range of particle size. Also, that in poorly
graded sands, gravelly sands, with little or no
fine particles, the void ratios varied from 0.30 to
0.75.

3.5. Soil moisture characteristics

Soil moisture characteristic is used to predict
the soil water storage, water supply to the plants
(field capacity) and soil aggregate stability. The
geology of limestone plateau is mainly
characterized by quaternary sediments and
calcareous sedimentary rocks also occur. The
high water content values observed at the dry
ends of the water retention curves of the
investigated soil profiles suggested that the
different hydrological behavior could be
attributed to mineralogical and pedogenic factors
(Table 5). The high carbonates content at the
study area showed no effect on storing soil water
capacity rather being a major factor controlling
water movement (Al-Qinna et al., 2013;
Chaudhari et al., 2013; Moreno et al., 2014 and
El-Hady et al., 2015). Data in Table (5) showed
that the maximum water contents ranged from
48.7 to 32.4 viIv % under zero pressure while the
minimum one varied from 8.8 to 4.5 v/v % under
15 bar pressure. It was noticed that there are
wide variations among the maximum and
minimum soil water contents. These wide
variations might be due to the variations in soil
textures and CaCO3 content (Moreno et al.,
2014).

At potentials close to zero, a soil is close to
saturation, and water is held in the soil primarily
by capillary forces. As water content (0)
decreases, binding of the water becomes
stronger, and at small potentials (more negative,
approaching wilting point) water is strongly
bound in the smallest pores, at contact points
between grains and as films bound by adsorptive
forces around particles. Under these conditions,
sandy soils will involve mainly capillary
binding, and will therefore release most of the
water at higher potentials (Seki, 2007).

3.6. Soil moisture constants

Soil moisture constant is the imaginary
concept of soil moisture content that is named
according to its availability for the plant.
Therefore, it represents definite soil moisture
relationship and retention of soil moisture in the
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Table (5):Soil moisture characteristics and constants of the investigated area.

Profil il denth Retained moisture content (v/v %) Soil moisture constants
:\? lle | Soi n?pt Pressure (atm.) (viv %

- (cm) 0.00 | 010 | 033 | 1.00 | 3.00 | 500 | 1500 | F.C | WP | AWC
0-20 34.7 16.1 12.4 9.8 8.1 6.5 5.9 16.1 5.9 10.2
1 20-40 34.6 21.3 15.3 10.6 9.4 8.3 7.9 21.3 7.9 134
40-100 42.6 25.2 17.9 12.2 10.6 10.0 8.7 25.2 8.7 16.5
0-40 33.6 15.9 12.2 8.5 7.0 6.6 6.2 15.9 6.2 9.7
2 40-55 26.8 14.0 10.3 6.9 6.7 5.6 4.9 14 4.9 9.1
55-105 33.8 15.1 11.6 8.8 7.9 6.4 5.9 15.1 5.9 9.2
3 0-30 33.3 16.4 12.4 9.6 8.1 7.4 6.1 16.4 6.1 10.3
30-80 34 18.7 14.8 114 | 10.7 9.4 7.4 18.7 7.4 11.3
0-40 37.2 16.0 115 9.1 8.0 7.1 5.9 16 5.9 10.1
4 40-70 34.8 16.4 11.7 9.3 8.6 7.8 6.2 16.4 6.2 10.2
70-110 35.3 20.3 14.3 9.6 9.1 8.3 6.9 20.3 6.9 134
0-40 38 15.9 12.7 9.9 9.0 7.0 6.5 15.9 6.5 9.4
5 40-60 34.6 16 12 9.6 8.3 7.4 6.3 16 6.3 9.7
60-110 35.8 16.2 12.5 9.9 8.7 7.9 6.8 16.2 6.8 9.4
0-40 38.4 15.9 11.9 9.5 8.0 7.3 5.8 15.9 5.8 10.1
6 40-50 38.8 17 12.5 10.1 9.2 8.1 6.9 17.0 6.9 10.1
50-80 36.5 155 11 9.4 8.2 7.2 5.7 155 5.7 9.8
80-120 324 16.4 12.12 10.3 8.7 7.1 6.3 16.4 6.3 10.1
0-30 33.8 16.6 12.2 9.6 8.3 7.5 6.4 16.6 6.4 10.2
7 30-60 34.9 16.9 12.5 9.8 8.6 7.9 6.5 16.9 6.5 104
60-70 29.9 15.2 9.5 6.5 5.8 4.8 4.5 15.2 4.5 10.7
70-130 35.0 17.9 13.1 | 9.12 8.5 7.9 6.2 17.9 6.2 11.7
0-40 36.0 17.0 13.1 9.2 8.1 7.1 6.7 17 6.7 10.3
8 40-60 36.8 14.9 115 9.3 7.8 6.9 5.6 14.9 5.6 9.3
60-75 43.5 14.3 10.3 7.9 7.7 6.6 5.9 14.3 5.9 8.4
75-110 39 16.9 12.5 9.3 8.5 7.1 6.4 16.9 6.4 10.5
0-30 38 15.4 11 9.4 8.3 7 5.3 154 5.3 10.1
9 30-55 45.4 17.9 12.8 9.1 8.4 7.6 6.5 17.9 6.5 11.4
55-110 46 18.2 13.2 9.6 9.1 8.3 6.8 18.2 6.8 114
0-30 38.2 17.4 12.3 8.9 8.2 6.6 5.9 17.4 5.9 115
10 30-45 443 22.2 19.2 156 | 13.1 10.3 8.8 22.2 8.8 13.4
45-75 435 18.1 14.1 11.2 10.5 8.4 7.4 18.1 7.4 10.7
75-120 48.7 21.4 15.3 10.3 8.4 7.9 7 21.4 7.9 14.4
0-30 37.8 16.5 125 9.7 8.3 6.1 5.6 16.5 5.6 10.9
1 30-60 324 17.2 13.2 10.1 8.5 7.1 6.5 17.2 6.5 10.7
60-80 37.7 16.5 12 9.6 8.1 7.4 6.3 16.5 6.3 10.2
80-120 41.2 16.9 12.3 9.8 8.15 7.6 6.7 16.9 6.7 10.2

field. Hence two soil moisture constants (field
capacity and wilting point) have been introduced
to express the soil-plant-water relationships as it
is found to exist under field conditions.

Field capacity is the capacity of the soil to
retain water against the downward pull of the
force of gravity and it is readily available to
plants and microorganism. The field capacity of
the investigated area varied from 14.0 to 25.2
viv % with an average value of 17.2 viv %
(Table 5). The changes in field capacity values
might be due to the difference in soil texture and
structure. The finer the texture is, the higher is
the FC, the slower is its attainment, and the less
distinct is its value. Again, the term field
capacity is of questionable value for soils having
layers of widely differing in hydraulic
conductivities (Hillel, 1982).
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Wilting point is reached when the water is so
firmly held by the soil particles that plant roots
are unable to draw it. The wilting point of the
investigated area varied from 4.9 to 8.8 viv %
with an average value of 6.4 viv % (Table 5).
Again, the changes in wilting point values might
be due to the different in soil texture and
structure. These lower values of wilting point are
commonly found in desert area (coarse texture).

Plant available water is the difference in the
amount of water at field capacity (- 0.1 bar) and
the amount of water at the permanent wilting
point (- 15 bars). The available water values of
the investigated area differed from 8.4 to 16.5
v/v % with an average value of 10.8 v/iv %
(Table 4). Soil texture can have a large effect on
soil water availability. Similar results are
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reported by Moreno et al. (2014) and Karahan &
Ersahin (2016).

There are several factors can affect soil
moisture constants. These factors include soil
texture, organic matter, and mineral composition
among others. In the present study, the soil
texture and calcium carbonate could be the
dominant factors that enhanced / reduced the soil
moisture constants. Since the soil textures are
mostly coarse ones (low clay and organic matter
contents), the retained moisture at tensions
greater than one bar is low. One factor that has
adverse effects on the agricultural potentialities
of coarse textured soils is the little water amount

storage in soils and great water loss by fast deep
percolation.
3.7. Total porosity and pore-size distribution
Soil porosity refers to the space between soil
particles, which consists of various amounts of
water and air. Porosity depends on both soil
texture and structure. The results revealed that
total soil porosity differed from 26.8 to 46%
with an average value of 37.2% (Table 6). In
general, it was noticed that total soil porosity
decreased with soil depth. This might be due to
effect of the weight of overlying soil layers
(Bakry, 2001). However, the total soil porosity is
considered relatively low. This might be due to

Table (6): Total soil porosity, pore size distribution and saturated hydraulic conductivit

of the investigated area.

Profile | Depth | Total Pore size distribution (%)
No | (cm) po(zgf)'ty QDP SDP WHP Fcp | HC(cmvh)
>28.81 28.8-8.68u 8.68-0.19u | <0.19u

0-20 34.7 18.6 3.70 6.5 5.9 1.2

1 20-40 34.6 13.3 6.00 74 7.9 0.3

40-100 42.6 174 7.30 9.2 8.7 0.5

9 0-40 33.6 17.7 3.70 6 6.2 134

40-55 26.8 12.8 3.70 5.4 4.9 2.1

55-105 33.8 18.7 3.50 5.7 5.9 31.6

3 0-30 33.3 16.9 4.00 6.3 6.1 38.2

30-80 34.0 15.3 3.90 74 74 0.3

0-40 37.2 21.2 450 5.6 5.9 1.8

4 40-70 34.8 18.4 4.70 55 6.2 195

70-110 35.3 15.0 6.00 7.4 6.9 1.30

6 0-40 38.0 22.1 3.20 6.2 6.5 52

40-60 346 186 4.00 5.7 6.3 16

60-110 358 196 3.70 5.7 6.8 2.0

0-40 38.4 22.5 4.00 6.1 5.8 18.2

6 40-50 38.8 21.8 4.50 5.6 6.9 17.8

50-80 365 21.0 4.50 5.3 5.7 0.3

80-120 324 16.0 4.28 5.82 6.3 7.9

0-30 33.8 17.2 4.40 5.8 6.4 6.3

7 30-60 34.9 18.0 4.40 6 6.5 12.2

60-70 29.9 14.7 5.70 5 4.5 40.2

70-130 35.0 17.1 4.80 6.9 6.2 115

0-40 36.0 19.0 3.90 6.4 6.7 0.14

8 40-60 36.8 21.9 3.40 5.9 5.6 0.5

60-75 43.5 29.2 4.00 4.4 5.9 4.2

75-110 39.0 221 4.40 6.1 6.4 113

0-30 38.0 22.6 4.40 5.7 5.3 133

9 30-55 454 275 5.10 6.3 6.5 2.0

55-110 46.0 27.8 5.00 6.4 6.8 3.2

0-30 38.2 20.8 5.10 6.4 5.9 5.2

10 30-45 44.3 22.1 3.00 10.4 8.8 3.3

45-75 435 254 4.00 6.7 74 13

75-120 48.7 273 6.10 7.4 7.9 25

0-30 37.8 21.3 4.00 6.9 5.6 3.9

11 30-60 32.4 15.2 4.00 6.7 6.5 4.5

60-80 37.7 21.2 4.50 5.7 6.3 3.8

80-120 4122 243 4.60 5.6 6.7 73

QDP= quickly drainable pores
FCP= fine capillary pores

SDP= slowly drainable pores
HC-= hydraulic conductivity
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WHP= water holding pores



M. ML EL=SAYEA @F QL ... oo oo e oo oo oo ot ot e e e oo oo et et et ee e eee eee een et et ee eee tesaeeeteiaeeeeieereeretesaeeaiaenane

that Porosity is inversely related to bulk density
depending on particle size and aggregation. A
large number of small particles in a volume of
soil produce a large number of soil pores (clay
soil). Fewer large particles can occupy the same
volume of soil so there are fewer pores and less
porosity (sand soil). Water retention capacity
depends primarily on total porosity and pore size
distribution, which are related to texture, bulk
density and secondary structure.

The stability and arrangement of aggregates
delimits soil total porosity and pore size
distribution. Pore size distribution depends
mainly on the way in which soil particles are
arranged because soil structure has a great
influence on this parameter. Pore size
distributions also delimit the air/water balance of
soils. (ElI-Samnoudi et al., 1991 and Mecke et
al., 2002).

Water flow in soil pedality depends on many
factors, especially the volume of drainable pores.
The pore size distribution show that the values
of quickly drainable pores (QDP) differed from
12.8 and 29.2 % with an average value of 20.0 %
while slowly drainable pores (SDP) values
ranged between 3.0 and 7.30 % with a mean
value of 4.43% (Table 6). The values of water
holding pores (WHP) ranged between 4.40 and
10.4 % with a mean value of 6.44% and fine
capillary pores (FCP) values varied from 4.50 to
8.80 % with an average value of 6.31% (Table
6). In general, it was noticed that the drainable
pores (QDP+SDP) value was about 24.4% as an
average value representing about 65.59% of the

the effective pore size and the continuity of
water films in the conducting pores. At a given
suction, the decrease in pore size facilitates the
flow of water by increasing the continuity of the
water films in the water conducting pores (Amer
2003). The results of soil saturated hydraulic
conductivity (Ks) in all layers of the studied soil
profiles are shown in Table (6). The soil
saturated hydraulic conductivity (Ks) varied
from 0.14 to 51.97 cm/h with a mean value of
9.37 cm/h. According to the hydraulic
conductivity values the studied soils can be
categorized between very slow to very rapid
permeability classes (Soil Survey Staff, 1993).
Freez and Cherry (1979) reported wide range for
the hydraulic conductivity for different soil
textures.
3.9. Water resources

The groundwater is the only water resource
for all activities in this area and it is as deep as
270- 300 m (Table 7). The pH values of the
groundwater samples ranged from 6.39 to 7.82
which are considered neutral. According to the
WHO (2004) the range of desirable pH values of
water prescribed for human purposes is 6.5 —
9.2. In the investigated area, groundwater
salinity ranges between EC 0.779 and 1.027
dS/m which are considered good quality water
(Table 7). Piper diagram was used to classify the
groundwater quality of different wells served in
the investigated area.

The water type quality is found under the
area of:
1) S7 which were characterized by a non

Table (7): Some chemical properties of the analyzed groundwater sample.
Sample oH EC Cca'" Mg** Na* K* cr SO, HCO;
oo (dS/m) mg/l mg/l mg/l mg/l mg/I mg/l mg/|
1 7.52 1.009 2.54 1.58 5.77 0.15 6.36 0.05 3.74
2 7.2 1.011 2.03 1.57 6.22 0.16 6.54 0.31 3.49
3 6.80 1.001 2.77 1.60 541 0.14 541 1.09 4.57
4 6.85 1.027 2.89 1.73 5.32 0.14 6.63 1.50 3.56
5 7.33 1.009 3.05 1.38 5.47 0.14 7.05 1.89 291
6 6.73 0.779 2.12 1.82 3.52 0.09 4.65 0.83 2.87
total porosity. The value of capillary pores carbonate alkali, primary salinity, that

(WHP+FCP) was about 12.7 % as an average
value representing about 34.14 % of the total
porosity. This might be attributed to the
relatively coarse texture and high CaCO; content
in the investigated soils.
3.8. Saturated hydraulic conductivity

The flow of water under saturated conditions
is a function of two opposing factors, namely,
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exceeds 50% and chemical alkalies and
strong acids dominate properties and

2) S9 which were marked by strong acid
(SO4+Cl)> (HCO3+COs3) and non cation-
anion pair that exceeds 50%. Accordingly,
sulphate water type exists with Ca, Mg, Na
and K (Fig.2).
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Fig. (2): Piper diagram and subdivisions of diamond-shaped field (after Piper, 1950).

It might be concluded that the investigated
area is considered a very promising area for
agricultural utilization since it has a good source
of irrigation water. Also, it should follow a
suitable soil water management and select a
proper crop to be -cultivated under these
conditions. Special care would be implemented
with respect to agricultural practices (how and
when to irrigate or fertilization).
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