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ABSTRACT:

The integration between geomorphology and topography has been widely used
in soil sciences, with topographic and geomorphologic features information being
derived from digital elevation models (DEMs) that derived from photogrammetry and
satellite images to calculate topographic attributes such as digital elevation, slope
gradient and aspect were produced manually and applied to investigate spatial
variability in soil characteristics and to produce soil maps. The current study aims to
reveal the effect of the topography factor and geomorphologic features on the soil
characteristics western of Bahr Yusef area, Minya Governorate. The study was based on
taking 11 soil profiles (27 samples) which were distributed over four geomorphologic
units: upper, back, toe slopes, and the flood plain. The four physiographic units were
extracted and identified based on topographic attributes and Landsat 8 satellite image
processing (radiometric enhancement and an atmospheric correction, replace bad value
and classification), in addition, the vegetation cover density was determined by
Normalized Difference Vegetation Index (NDVI) which was determined using OLI
sensor and calculate the confusion matrix to validate the results of NDVI. Some soil
morphological and Physico-chemical characteristics such as soil profile thickness
(depth), soil particles distribution especially that related to clay content, electrical
conductivity (EC), organic matter (O.M), gypsum and calcium carbonate content and
exchangeable sodium percentage (ESP) were determined according to references which
mentioned in materials and methods section. The geostatistical methods were used to
study the correlation between the topographic attributes (slope position, slope, aspect)
and geomorphologic units in and spatial distribution of soil in the study area. The
results of the study revealed that the soil characteristics, whether physical or chemical

were affected by geomorphologic feature and the topography factor, where the
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proportion of clay content prevailed in the samples of the flood plain, while the
proportion of sand increased in the samples of the rest of the terrain units. The results
also indicated an increase in the soil characteristics such as (EC), (ESP), (O.M) and
Gypsum and CaCO3 content where they increased from the flood plain towards the
upper slopes unites. also, there is a clear effect of the degree of slope on the soil
characteristics and vegetation cover density. with regard to effects of deposition
Environment on soil characteristics, All the samples of the flood plain recorded very weak
sorting, while the rest of the topographical units recorded a weak sorting, which reflects a clear
difference in the strength of the precipitating factor for these sediments. As for the environment,
the data indicate that the sedimentation of the floodplain was formed in an aeolian environment,
while the sediments of the rest of the terrain units were formed in a marine coastal environment

that was mainly associated with the tyranny of the Chess Sea on Egyptian lands.
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INTRODUCTION: common physiographic base map; (3) to

The spatial variation of soil link spatial data with non-spatial ones but

characteristics is significantly influenced by in more detailed attribute data; (4) to

. . interpolate, for instance, upgrade
some environmental factors such as climate, P Y

topography, parent rock, vegetation, and experimental results from a few soil profiles

disturbance due to human activity (Tsui, to larger areas; (5) to illustrate data in the
Chun-Chih et al., 2004). Major changes in

soil type can occur over a very small

map and other graphic formats (Van
Lynden and Mantel, 2001). The study area
that their lands fall within the range of toe

difference in distance due to topography.

Elevation, slope and aspect are the main and the back slopes it suffers from high

elements of topography that can influence salinity and waterlogging of the soil, while

soil development. The existence of the lands that are located at upper slope do

statistically significant differences between not suffer from that land degradation types.

soil  properties according to the The study area s suffering from

geomorphological units and the physical waterlogging and salinity and sodicity as a

and chemical properties of the soil and the result of slopes differences. The lands west

available nutrients. Slope and aspect have of Bahr Youssef, especially in the desert

an effect on spatial heterogeneity and soil region, are witnessing an expansion of

characteristic distribution in the agricultural reclamation processes, which

northwestern coast of Egypt (Taher, et are lands characterized by diversity in their

al,2015) Remote Sensing and Geographical topographical characteristics. Therefore,

the present study aims to answer a basic
question: What is the effect of the

Information System have an important role
in the linkage and analysis of the obtained
data more specifically; remote sensing topographic _ factor and - geomorphologic
and/or GIS could be used: (1) to identify

physiographic units; (2) to serve as a

features on the soil characteristics western

area of Bahr Youssef? The alternative

10



Ass. Univ. Bull. Environ. Res. Vol. 24 No. 2 October 2021

hypothesis that the soil characteristics are
affected by the topographical factor and
geomorphologic  features, and  this
hypothesis formulated from the field
observations, such as some manifestations of
soil degradation which represented by the
emergence of water pools that lagged
behind agricultural drainage interspersed
with agricultural lands, as well as
complaints of many farmers during the field
trip. These observations reflect a clear
influence of soil characteristics by the
topographical factor, which was confirmed
by many previous studies (Birkeland,1999).

The main objectives of the study are:

1. Recognizing the effect of
geomorphologic characteristics on the
western area of Bahr Yousef.

2. Recognizing the effect of topographic
parameters on the study area.

3. Producing the thematic maps of the
selected study area showing the
distribution of soil characteristics.

4. Understanding  the  relationships

between the soil variations of

topographic position and deposition

Environment in the Western area of
Bahr Yousef, EI-Minya.

MATERIALS AND METHODS:

The materials and methods include:

1. The description of geomorphologic and
pedagogical features of the study area,

2. Data collection and

3. Methods used in this study. The three
heading are discussed in detail as
follows:

1. Description of geomorphologic
and pedagogical features of the
study area

1.1. Location:

The study area is located at the western
part of ElI-Minya district. It lies between
longitude 30° 23" 30"'and 30° 47' 30" E and
latitude 28° 35' 45" and 28° 45" 30" N. It is
an expansive landmass of about 490.30
square kilometers in a large extent, and it is
bounded by Bahr Yosef in the east and by
140 m elevation of contour line which
represents the large extend of reclamation
land in the west (Fig.1).
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Figure 1. Location of the study area.
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1.2.Geology:
El-Minya

surrounding area are essentially covered by

district and its
sedimentary rocks which range in age from
Middle to Recent Eocene. The study area
consists of seven geologic formations; A.
Samalut formation that consists of white
limestone and chalky limestone with some
marl and claystone interbeds. B. Wadi
Rayan formation, which consists of sandy
limestones and marls of Early Lutetian age
and limestones, sandy limestones, dolomitic
limestones. dolostones and marls of Late
Lutetian -Bartonian age. C, The Protonile
fluviatile deposits that belong to the third
river system that occupied the present Nile

basin are in the form of complex gravel,

coarse sand, and loamy materials. D,
Pronile deposits; the Prenile represented a
vigorous and competent river with a copious
supply of water and a wide flood plain. E.
Nile silt Holocene deposits consist of a
composite mixture of mineral materials, silt
and organic fine sand grains from different
sources. F. Wadis sediments: They are
Holocene deposits derived from the sides of
the valleys sloping towards the Nile Valley,
and it consists of the remains of limestone,
boulders, gravel and silt. G. Sand dunes:
they are considered to be the most recent
sediments and they are sand of various
sizes. and the Rayyan Valley formations
(Figure .2) after CONOCO (1987).
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Figure 2. Geology of the study area.

1.3.Geomorphology:

The study area is consisting of four
distinct geomorphologic units; floods plain,
and toe, back and upper slopes, these units

to form longitudinal extensions from the

12

northern part to the southern part of the
study area which is bounded by Bahr
Yousef in the east and contour line 140

meter in the west as illustrated in Figure

©F
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Figure 3. Physiography of the study area.

1.4.Soils:

The soils

concerning their texture from clay and clay

study area vary
loam in the east to sandy in the west. The
soils are mostly light in texture. the soils of
the flood plain are predominantly clay of
riverine origin and the soils of Toe, Back
and Upper slopes are predominantly sandy

which was formed as a result of parent

materials origin and some external
processes such as erosion. The
classification of soils belongs to and
Miscellaneous Land, Petrogypsic

Gysicorthesis, Typic Quartzipsamments,
Typic Torrierts, Typic Torrifluvents and
Typic Torriorthents as depicted in Figure
(4) after ASRT (1986).
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Figure 4. Soils types of the study area.

1.5.Vegetation: grown on the toe slope and back slopes such

There are differences in the type of

crops planted according to the
geomorphological units, as traditional crops
are grown in the flood plain, such as wheat

and corn, while non-traditional crops are

13

as medicinal plants, vegetables and sugar,
while the upper slopes are devoid of
cultivation due to the prevalence of rocky

soil.
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1.6.Climate: sessions as shown in Figure (5). As for the

The study area is complying with relative humidity, its rates are constant

the classification of Kabn climate within the during the months of summer, winter and

. 0o .
hot desert climate region or subtropical. autumn, ranging between 45-59%, and it

decreases slightly during the spring season
to reach 42%.

Climatologically, December and January
are the coldest and wettest months, while

July and August are the hottest and driest
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Figure 5. Average monthly climatic factors (1980 — 2020) of EI-Minya station.

In addition to the description of the Correction processing (geometric and
study area, the data collection and methods terrain correction) and SRTM (Shuttle
that used in the study are summarized in Radar Topographic Mission) with 30 m
Figure 6 and are discussed in detail as resolution were downloaded from the
follows: Global Land Cover Facility.

2. Data Collection: (http://www.glcf.umiacs.umd.edu/) ,

Remote sensing data: Landsat and (http://earthexplorer.usgs.gov/)as shown

8 image (Path 177. Row 40) with 16 days in Table 1.

temporal resolution and a Level 1 Terrain
Table 1. Attributes of Landsat data of the study area

Satellite Sensor Identifier

Landsat-8 Operational Land Imager LCO08_L1TP_177040_20200914 2020092
oLl 0 01 T1 MTL

DEM SRTM 1 Arc (30x30 meter) N28E030.SRTMGL1.hgt
2.1. Geologic maps: Previous data of the classification of soils of the study area
geologic maps were obtained to identify the according to Academic Scientific Research
lithology of the study area. The maps (1986).
belonged to (CONCO Project, 1987). In 2.2. Soil samples: Eleven soil profiles
addition, a soil map was obtained to verify were dug to represent the various

14
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geomorphic units which include: Upper,
Back, Toe slope and Flood plain. 27 Soil
samples were collected and soil analyses
were performed using the soil
laboratory methods manual (USDA. 2011).

3. Methods:
3.1. Digital Images Processing: pre-

survey

processing image preprocessing includes
layer stacking and resizing the image to
equivalent the study area. Digital image

post-processing was applied to extract the

statistical feature's characteristics and
information. The post-processing
procedures involved data image

enhancement (Red. green and blue (RGB)
composite and false colour display) and
linear enhancement as illustrated in Figure
6.

3.2. Vegetation index: vegetation index

was used to identify the spatial distribution

of vegetation and its density through the
levels of chlorophyll detected in the leaves.
the normalized difference vegetation index
(NDVI) was calculated from the visible
band (RED) and near-infrared band (NIR)
light reflected by vegetation as clarified in
the following equation:
NDVI = ((NIR — RED))/((NIR — RED))

The final step of image processing
is classification accuracy assessment, which
is a confusion matrix that is used to show
the accuracy of a classification result by
comparing this result with ground truth
information as shown in Table.2 (Jensen,
2005). All the aforementioned techniques
were done for the Landsat image to
characterize the study area using the
specific model in ENVI version 5.3 and Arc

G1S version 10.5 software.

Table 2. Confusion matrix of NDVI classification of the study area.

Referenced Data

Class Value No vegetation Low Moderate  Total User's
- Accuracy
g No vegetation 63.00 5.00 1.00 69.00 0.91
5 Low 1.00 14.00 4.00 19.00 0.74
% Moderate 1.00 0.0 10.00 11.00 0.91
8 Total 65.00 19.00 15.00 99.00 0.00
Producer's Accuracy 0.97 0.74 0.67 0.00 0.88
Overall Accuracy 0.77
kappa coefficient 0.75

15
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Figure 6. Flow chart of methods that used in the study area.

Topographical analysis: Slope maps
derived from the DEM were classified
according to FAO guidelines (2006). Aspect
as a topographic feature was derived from a
identify the
downslope direction using ArcGIS 10.5

raster surface (DEM) to

software as illustrated in (Figures 9 to 10).
The digital slope gradient (Fig. 11) and
aspect (Fig. 14) maps were derived from the
generated DEM by using the spatial analyst
function in Arc GIS software (ESRI, 2010)
of the study area. In the slope gradient map.
the slope gradient was divided into four
classes of slope %; flat areas (0 - |1 %), low
slope areas (1-3 %). medium slope areas (3-
5 %) and high slope areas (5-10 %0).

The differences between the means
of soil characteristics were compared using
the least significant differences (LSD) at p <
0.05. Linear regression analysis was used to
show between  soil

trends, if any,

characteristics across  varying  slope

16

gradients for different aspects in the entire
watershed (Table 2).

3.3. Physical and  Chemical
Analyses:
= Mechanical  analysis:  Particle  size

distribution was determined by dry saving
and pipette methods according to Page
(1982)

= pH and Electrical Conductivity (EC) and
soluble cations and anions of soil samples
were measured in saturated soil paste as
described by Jackson (1967).

= Exchangeable Sodium Percentage (ESP)
was measured according to Richards (1954).
= Calcium carbonate was determined
volumetrically method given by Piper
(1950).

= Gypsum content was determined by
precipitation with acetone according to the
method described by Richards (1954).

= Organic

matter content (O.M) was

determined according to the method given
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by modified Walkley and black (Black,
1965)

3.4.

Inverse

Geo-statistical analyses:
(IDW)

interpolation technique determines

distance weighted
cell
values using a linearly  weighted
combination of a set of sample points. The
weight is a function of inverse distance. The
surface being interpolated should be that of
a locationally  dependent  variable.
Interpolation by (IDW) was executed for the
soil properties i.e., EC, ESP, (OM), calcium
carbonate and Gypsum content. These soil
properties were interpolated using the
geostatistical analyst module in Arc GIS 10.

x software.
3.5.

deposition: The statistical analysis of the

Geo-statistical of Environment

sediments depends on the grain size analysis
outputs, where the so-called ascending
aggregate weight is used, or the weight ratio
of the sediments is calculated on the phi
values according to Wentworth
classification so that the analysis includes
reliance on four indicators that are the

mean through the following equation:
M= 1/3 (D16t Dsot+ Dsga)

This indicator refers to the average
size of the sediment, while the second
indicator is sorting, and it can be calculated
through the following equation:

Sorting= (Dg4- D16)/4+( Dos- Ds)/6.6

The results of this equation indicate
the size of the smallest and largest grains
within the sample, or in other words, the
normality of the sediment spread and its
distribution within the sample. It also
reflects the strength of the precipitating
factor or the differences in the strength of

17

the precipitating factor during the
sedimentation period, while the third
indicator is the skewness, and it can be
calculated by the following equation:

Skewness= @84 + @50 -2(350)/2(84- B16)

It reveals the nature of the
distribution type for a given size from the
average, the skewness values are always
positive or negative depending on the
smoothness or roughness of the sediments,
and finally, the Kurtosis index, which
indicates the degree of concentration of the
volumes concerning the central volume and
can be calculated through the following
equation

Kurtosis = @95- &5 /2.4(D75 - D25 )

It is also possible to know the
sedimentation environment, the
sedimentation basin, the type of sediment,
and the current of these

of the

deposition
sediments through a number
following equations
Y1=3.5688Mz+3.6016612-
2.0766SK1+3.1135KG
Y2=15.6534Mz+65.7091 512+18.1071 SK1
+18.5043KG

Y3 =0.2852MZ-8.7604 B12-
4.8932SK1+0.0482KG

Y4 =0.7215Mz-0.403 B12+5.2927KG

Where the calculation is based on the
results of the statistical analysis of the
sediment, which was previously discussed in
the previous lines, so that it indicates:

Y1 refers to the sedimentation
environment, and if it is less than -2.74, it
means that the sedimentation environment
is aeolian, and greater than that indicates a
coastal environment

Y2 refers to the sedimentation basin. If

the value is less than 63.36, this indicates a
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beach sedimentation basin, while greater
than that, the sedimentation basin is marine
or a shallow lake.

Y3 refers to the type of sediment. If it is
less than -7.41, the sediments are deltaic and
greater than that, the sediments are
deposited in a turbulent shallow.

Y4 refers to the type of deposited
current. If it is less than 9.84, then the
deposited current is characterized by real
estate, but if it exceeds that, the deposited
current is a current in a deltaic environment

(Macmanus, 1988).
RESULTS AND DISCUSSION:

The

include the effects

results and discussion
of geomorphologic
features and topographic parameters such
as slope, aspect, etc. on soil characteristics
in the study area and analyses of deposits
environment that are discussed in detail as

follows:

1- Effects of

features on soil characteristics

geomorphologic

Eleven soil profiles were dug to
represent the various geomorphic units
which include: Upper, Back, Toe slopes and
Flood plain. 27 Soil samples were collected
and soil analyses were performed according
to the soil survey
(2011). The

indicate to the clay-textured soil prevails in

laboratory methods

manual obtained results

the floodplain while the rest of the samples
recorded a sandy texture in the remaining
geomorphological  units.  There are
differences in average of cations and anions
between geomorphological units, where it
increases from the flood plain towards the
upper slopes through the toe slopes and
back which

slopes, except for HCOs,

witnesses fluctuation between the

18

geomorphological units and they increase
according to the depth of the soil where are
high in the surface layer and then decrease
in the lower layer and then return to rising
again in the deep layers (Table.3)

The mean pH values ranged
between 8.09 - 8.34, the
restricted to the flood plain, while the high

lowest value

mean pH value was in the upper slope, and
also pH values varied according to the
depth of soil profile samples where it
increased from surface to dipping layer
samples. There are differences between the
geomorphological units in the EC values as
they decrease in the flood plain and increase
towards the upward slope. The value of ESP
reflects the extent of the sodicity of the soil,
and thus indicates poor permeability as one
of the characteristics of poor soils, as the
ESP exceeds 15% means that the soil is
affected by strong sodicity degree, and the
soil in the upper slope sector is the only soil
that can be described as strong sodicity
degree of soil where ESP has reached 19.5%
(Table.3).
The average gypsum
0.92-5.71 % in the

geomorphological units in the study area,

ranged

between

and the gypsum values tend to rise from the
flood plain towards the higher slopes, that
is, towards the rocky soil. The Calcium
carbonate content reduces away from the
flood plain, where the flood plain has a low
value which is reaching to 5.63, while the
upper slopes have the highest values,
reaching 9.85. The higher values of gypsum
and calcium carbonate may be due to the
impact of the geological formations in which
(Table.3 and

limestone  predominates

Figures 7, 8).
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The average organic matter is considered not suitable for the work of
indicates that an increase in its value decomposing microbes, and it may also be
towards the upper slope where the organic attributed to that when estimating the
matter decreases in the flood plain and organic matter in saline lands, the chloride
increases towards the upper of the slopes. interferes with the carbon of the organic
The higher percentage of organic matter in matter and interacts with the potassium
the upper slope than a lower slope of the dichromate, meaning that the chloride
study area may be due to that the existence oxidizes part of the potassium dichromate
of marine sedimentary materials which is as organic carbon, which leads to a high
reached in its salinity than the lower slope percentage of the organic matter in the
and salinity preserves the existing organic analysis of high salinity rocky lands
matter from decomposition even if its (Table.3 and Table .4 and Figures 7, 8).

percentage is low, because the high salinity
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Figure 7. Distribution of the chemical soil characteristics according to the geomorphologic unit.
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Table (3) Chemical and physical analyses of soil samples in the study area.

soil

Geomorphologic  p, Jaje  Depth o5 EC Cations meq./L Anions meq./L. OM gypsum CaCO, ESP  Texture
unit No (cm) ds/m Ca* Mg+ Na* K* COs~ HCOs CIF SO.—-
0-40 50 773 130 1081 467 513 023 0.0 3.4 16 144 014 032 4.01 1.47  Clay Loam

1 40-80 45 7.77 185 8.64 943 49 01 00 3.6 10 953 026  0.43 2.67 1.19 Clay

80-120 75 7.98 0.73 5.4 492 304 006 00 4.8 50 362 014 036 6.69 0.72 Clay

0-40 60 7.95 050 8.1 222 164 003 00 3.4 40 459 026 027 3.12 0.07 Clay

Flood plain 2 40-80 75 840  3.06 5.4 492 1642 01 00 3.0 20 384 014 050 3.12 9.50 Clay

80-120 75 7.98 0.73 8.1 119 307 006 00 1.8 20 862 014  0.33 3.12 0.85  Clay Loam

0-35 70 7.08 104 3.24 502 684 016 00 3.4 30 88 012 052 3.12 3.11 Clay

3 35-75 62 811 145 1081 049 718 023 00 2.4 60 933 026 0.37 5.25 3.44 Sandy

75-120 20 9.16 223 4.32 9.1 855 026 00 2.6 6.0 1363 0.6  0.53 3.00 4.26 Clay

A 0-40 20 877 218 8.1 842 957 04 00 3.2 80 1529 015 0.23 11.89  4.02 Sandy

40-75 23 776  1.49 5.94 438 837 033 00 2.4 70 962 013 0.25 9.99 3.85 Sandy

0-40 16 829 082 8.64 375 222 016 00 4.4 30 737 042 028 1048  0.12 Sandy

Toe slope 5 40-85 23 948 135 1081 467 242 033 00 3.8 30 1143 031 055 1336  0.25 Sandy
85-115 23 810 1.05 1621 1218 218 026 00 4.2 30 2363 011 026 1345  0.04 Sandy

0-35 23 731 614 3221 1322 2599 08 00 24 280 4182 025 1.20 4.27 6.50 Sandy

6 35-70 26 747 440 3027 587 1539 04 00 32 110 3773 025  3.66 3.62 3.89 Sandy

70-110 25 859 508 3783 1276 1436 05 00 24  17.0 46.05 0.28 1.40 2.44 3.38 Sandy

7 0-40 22 750 16540 3243 217.83 1245 269 0.0 22 1100 68752 026  8.00 8.17  111.37 Sandy

0-40 22 810 413 3837 1532 1128 074 00 4.4 12 4931 040 459 1471 197 Sandy

8 40-85 24 945 348 4162 621 2394 171 00 2.2 6.0 6528 0.16 1.37 1956  6.93 Sandy

Back slop 85-120 23 758 298 3405 1758 513 1.07 00 2.2 6.0 4963 012 358 11.31  0.04 Sandy
0-30 23 665 249 2702 292 263 117 00 2.2 30 2854 011 391 475 0.05 Sandy

9 30-70 22 883 282 3675 333 08 037 00 2.8 20 365 028 1024 2.92 0.02 Sandy

70-110 22 895 295 3857 531 099 05 00 2.6 20 4077 015  2.86 0.97 0.20 Sandy

10 0-40 30 831 47.68 30227 18822 1265 652 0.0 2.4 250 371.15 028 858 8.09 1157 Sandy

Upper slope 40-75 30 820 5470 189.18 213.09 301 536 00 141 600 107.18 0.13  7.32 12.07  28.23 Sandy
11 0-40 25 840 66.39 270.27 217.13 3146 4.04 00 3.2 700 102.88 0.26  6.62 1115 28.75 Sandy
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Table 4. The mean and standard deviation (SD) of the chemical soil characteristics according to the geomorphologic unit.

Geomorphologic  Area pH EC (ds/m) ESP Gypsum% CaCO;% 0.M%
unit Km> MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD
Floodplain 135.01 809 011 4.16 1.49 2.32 1.01 092 028 563 141 019 0.01
Toe slope 102.80 822 021 6.67 3.58 4.12 3.39 177 078 785 271 022 0.03
Back slope 14487 835 020 1989 16.23 11.08 12111 451 113 838 280 022 0.02
Upper slope 107.76 834 0.09 3947 1691 1950 9.44 571 113 985 113 023 0.02
pH EC(ds/m) ESP Gypsum o, CaCOg3 o4 O.M o,
40.00 G
35.00
30.00
_ 25.00
=
s Ba Up
2 20.00 o
15.00
Ba
s o
10.00 Up Ba Toe Fp E’:‘ Toe
Toe T o
Fp The Ba e
5.00 — =
Fp Toe
HH ﬁ 2 H Up B, Toe Fp
0.00 L — ————

Geomorphological Units

Figure 8. The mean of the chemical soil characteristics according to geomorphologic units.
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2- Effects of Topographic parameters
on soil characteristics:

e The elevation and soil characteristics:
The elevation of the study area was classified
from the corrected digital elevation model into
four classes. The land levels range from less
than 40 meters to 190 meters, and the lands
located on levels less than 50 meters came to
form the largest proportion of the area by
28.88%, while the lands were distributed over
the remaining levels in close proportions
ranging from 5.34 to 8.81 up to the level of 75
meters. While the lands occupying levels higher

than 120 meters, they constituted a small

percentage of the studied area, reaching 0.07%.

as illustrated in Figure .9. Differences in
elevation can cause wide variations in soils
profile depth and distinguishing the soil profile
into horizons. In higher elevation, the soil profile
has low depth and one or two horizons while in
the lower elevation, the soil profile has three
layers or more and has a large depth
(Thickness) as depicted in Figure 10. This came
as a result of water movement to low elevation
areas, making more water available for soil
genesis than the normal precipitation, in
addition to, the elevation decreases, there is

greater water runoff and soil erosion occurred.

30°30'0"E 30°45'0"E z
1 | fo
N . - g
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I 76- 120
130 - 190
€
2- ¢
& s
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Z
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a4 : 12 s
% I E— T ]
ol T ?)C
30°30'0"E 30°45'0"E o
Figure 9. Elevation of the study area.
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Figure 10. The cross sections of the study area.
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e Slope gradient and soil

characteristics: The slope layer was derived
from the SRTM data using Arc info GRID
Module and it was divided into nine classes
based on guidelines for soil description (FAO,
2006). The lands with slopes located between 0.0
- 0.5 and 2-5 form the largest percentage of the
study area, at 34.1% for each of them, while
sloping lands more than 10% came to constitute
3.7% of the study area. All aspects were
represented in the study area, flat lands
represented 34.1%, while lands were distributed
in different aspects with close rates ranging
between 6- 10.9% as illustrated in Table (5). The

results revealed that an increase in the chemical

properties of the soil with the increase in the
degree of slope, and this may be due to the effect
of the degree of slope on the moisture content of
the soil, and then its dryness, as the low-slope
lands tend to retain moisture while the soil
moisture decreases with the increase in the slope
and the soil here tends to dryness, which affects
the chemical properties of the soil, as the degree
of salinity increases with the prevalence of
drought, which is always associated with the
steepness of the gradient, and therefore the
the pH

electrical

increase  in  salinity  affects
the
conductivity, as well as the increase in the value

of ESP. Table 5 and Figure 11.

concentrations, increase in

Table (5) Distribution of the chemical characteristics of the soil according to the degree of slope.

Slope  AREA pH EC(ds/m) ESP Gypsum CaCO; oM
Classes (Km) MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD MEAN SD
0'2[;'5 167.00 822 019 1377 1671  7.33 9.39 265 208 735 264 021  0.02
0.;2;,25? 43.80 825 020 1679 1864 885 1053 311 216 778 268 021  0.02
2.0-5.0
Gently 167.10 825 020 1710 1838  9.04 1057 322 213 7.8 270 021  0.02
sloping
Sﬁfp;ilr?g 94.30 829 019 2139 1847 1125 11.07 397 196 841 247 022  0.02
>10.0
Strongly ~ 18.10 832 016 2578 1480 1426 1022 462 155 895 191 022 0.01
Sloping
30°3?'0“E 30°45'0"C z
Slope (%) : ¥
B o-05 WS- 10

&z
S z
=3 =3
Z
=3 12

30°30'0"E

Km

T
30°45'0"F

28°35'0"N

Figure 11. Slope of the study area.
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Figure 12. The correlation and regression best-fitted line between slope and soil characteristics.

The five slope classes are coded as 1.2.3.4.5 to
establish the correlation between slope and soil
characteristics. The results showed that there is
a strong correlation and high effect whereas the
coefficient of determination (R2) is more than
0.9 except for O.M equals 0.75 as shown in
(Figure. 12).

o Slope gradient and soil vegetation cover:

in

The slope plays a critical role

influencing vegetation pattern and density in a

24

semiarid area. The obtained results indicated
that an area of None vegetation cover density
category constitute more than 70.10 % of the
total studied area, with an area of 343.34 Km?
which is ranged between 101.0 km? that
belonged to slope degree (0.0-0.5) and 17.10 km?
which belonged to slope degree (10>.0). Also, the
results revealed that the low vegetation density
class covers more than 88.25 km? of the total
area and varied between 36.0 that belonged to

slope degree (0.0-0.5) and 0.79 km? which
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restricted to slope degree (>10.0) while the km? of which 30.0 km? belonged to slope degree
Moderate vegetation cover density class (0.0-0.5) and 0.21 involved into slope degree (>
represented by 11.88 %, with an area of 58.71 10.0) as depicted in Table 6. and Figure 13.

Table (6) The slope and the area of vegetation cover density.

Area of vegetation cover density

2
Cilz:)sggs Area (km?) % (km?)
None Low Moderate
0.0-0.5 167.00 34.10 101.0 36.0 30.0
0.5-2.0 43.80 8.90 28.40 9.50 5.90
2.0-5.0 167.10 34.10 116.40 32.20 18.50
5.0-10.0 94.30 19.20 80.44 9.76 4.10
>10.0 18.10 3.70 17.10 0.79 0.21
Total 490.30 100.00 343.34 88.25 58.71
z 30°30' 30°45°E z
2F T %
% | Normalized Differances Vegetation Index (NDVI) &
| None
I:J Low
- Moderate
g Z
S .
&L o
30°30'F 30°45'E
Figure 13. Vegetation cover density of the study area.
° S|0pe aspect and soil characteristics: in Figure .5 in the materials and methods

The topography is determined by slope section. The result indicated that no significant

gradient and elevation attributes in addition to differences could be obtained in soil pH for all

slope aspect (orientation). The aspect influences, slope aspects where it has a mean around 8.2.

for example, the precipitation input, the the significantly highest value of EC was found

temperature regime and the character of humus on a flat area with an average value of 13.77
in higher latitudes. The results showed ds/m while the highest values were obtained on
other aspects with an average of around 18.50

ds/m. The ESP ranged between 7.33 for the flat

significant effects of slope aspect on some soil

chemical characteristics of soil samples as

shown in (Table 7). area and 10.52 10.10 for the East and Southeast
In general, the dominant aspects in the aspects, respectively. The average of gypsum
study area are East and Southeast as illustrated and CaCO3 percentage was lowest in a flat area
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with 2.65 % and 7.35 %, respectively and none
significantly differed from the other aspects.
Also, there are differences among all aspects
regarding the content of organic matter. This
result might reflect the influence of water runoff

on eroded clay particles toward down slopes. On

the other hand, many other factors affect the
amount of clay percentage within the same area
as the amount, types and percentage of
vegetation cover. Finally, the area that is

occupied by each class of aspect.

Table (7) Distribution of the chemical characteristics of the soil according to the aspect.

Slope pH EC (ds/m) ESP Gypsum% CaCO3% 0.M%
ASPECt  “MEAN  SD  MEAN SD  MEAN SD  MEAN SD MEAN SD MEAN SD
Flat 822 019 1377 1671 733 939  2.65 208 735 264 021 002
North 825 020 1781 1864 931 10.76 337 211 791 268 021 002
Eastnorth 827 0.9 1893 1858 1020 1095 354 207 816 267 022 002
East 828 019 1888 1831 1008 1084 353 206 823 260 022 002
Southeast  8.28  0.19 18.66 1839 901 1075 352 208 823 262 022 002
South 827 019 1873 1824 997 1073 353 210 809 263 021 002
Southwest  8.27  0.10 1055 1820 1052 10.85 357 211 811 254 022 002
West 825 019 1032 1866 1007 10.76 350 217 789 253 021 002
Northwest  8.25  0.19 1824 1862 9.40 1065 336 215 7.84 250 021 002
North 825 019 1860 1838 972 1049 349 212 797 263 021 002
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Fiaure 14. Aspect of the study area.

3- Effects of deposition Environment
on soil characteristics:

The average sizes of the sediment in
the study area ranged between 0.42-5.3 on phi
values, meaning that the sediments ranged
between very coarse silt and very coarse sand.

The sediment sizes vary according to the
geomorphological units. The flood plain ranged
between very coarse silt and coarse silt (4.35-
5.3), with a clear increase for the very coarse silt
samples at the expense of the coarse silt samples.
Calculation of the rest of the sizes, as for the

back and upper slopes, the sand sediment
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samples of medium size predominated (-0.42-
1.67). The sorting values in the study area
ranged between (1.13-2.96), that’s means it lies
between weak and very weak sorting. All the
samples of the flood plain recorded very weak
sorting, while the rest of the topographical units
recorded a weak sorting, which reflects clear
differences in the strength of the precipitating
factor for these sediments. The predominance of
the very weak sorting in the floodplain
sediments is due to the periods of high floods
that carried coarser sediments and mixed with
fine sediments. Most of the sediment samples
came with a positive Skewness in the study area.
One sample was recorded in the floodplain with
a very positive Skewness, while the Kurtosis
values ranged between (0.57-1.56) which means
Kurtosis in the study area ranged between very

flat, flat, medium, tapered and very tapered.

The relationship between the values of Kurtosis
and Skewness indicates the presence of fine
sediments of silt that was not removed by
erosion factors. As for the environment, the
sedimentation basin, the type of sediment, and
the sedimentary current, the data indicate that
the sedimentation of the floodplain was formed
in an aeolian environment, while the sediments
of the rest of the terrain units were formed in a
marine coastal environment that was mainly
associated with the tyranny of the Chess Sea on
Egyptian lands. As for the sedimentation basin,
the data indicate that the sediments were
formed in the Basin It is shallow in most of the
sediment samples indicating that it is of deltaic
type, while the sedimentary stream varied
between a turbid stream and another deltoid as
shown in Table (8) and Table (9).

Table (8) Estimated phi value for each geomorphological unit based on the texture of soil samples.

Geomorphologic PSI’C())IfIiI Depth phi value
al unit eNo ©™  phi phil phil phi2 phi5 phi7 phi8 phig
5 4 6 5 0 5 4 5
040 10 115 125 15 47 70 80 85
. 4080 MO 11 125 225 625 76 84 875
80- 10 45 15 20 45 725 775 875
120
040 10 130 15 20 45 725 80 86
Flood plain > 4080 0 115 14 20 52 74 80 875
80-
o 12 16 175 23 4 67 75 87
035 10 14 16 20 45 74 80 87
3 3575 L0 125 145 18 38 70 78 87
75- 1.0
120 14 16 24 57 78 80 87
, 04 20 165 14 07 035 135 18 285
4075 -185 -15 -135 -10 -035 06 12 3
Toe slope 040 -185 -135 -125 05 115 215 275 3.75
s 4085 -20 -135 12 025 125 235 275 39
ffs 20 -175 -165 -0 05 16 20 325
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0-35 -1.25 0.4 0.6 1.2 1.85 2.6 2.8 4.0
6 35-70 -2.0 0.2 0.35 0.9 1.7 24 2.7 3.5
[X 20 025 00 045 135 20 245 30
7 0-40 -1.8 -0.85 -0.75 -0.25 0.75 1.7 2.0 3.35
0-40 -2.0 -0.7 -0.5 0.25 1.25 2.5 3.0 4.4
8 40-85 -1.65 -0.5 -0.25 0.25 1.1 2.0 25 3.8
Back slop 20 09 05 035 185 28 35 45
0-30 -2.0 -1.75 -1.7 -1.35 -0.5 0.75 1.3 2.5
9 30-70 -2.0 -1.9 -1.7 -1.0 0.5 1.75 24 3.6
I:(L)O -2.0 -1.7 -1.5 -1.25 -0.5 0.3 0.75 1.75
10 0-40 -165 -05 -0.25 0.3 1.4 2.45 2.8 3.75
Upper slope 40-75 -2.0 -0.6 -04 0.3 1.55 2.6 2.9 4.25
11 0-40 -1.7 -0.25 0.0 0.5 1.75 2.75 3.25 4.0
Table (9) Statistical analysis of phi values according to geomorphological units.
Geomorphological SOi.I Depth . .
unit PrNol‘)lIe (cm) Mean Sorting Skewness Kurtosis yl y2 y3 y4
0-40 4.65 2.82 0.24 0.57 -4.84 27324 -24.61 9.13
1 40-80 5.30 2.96 0.15 0.60 -6.34 29142 -25.17 9.21
80-120 4.58 2.74 0.26 0.62 -4.81  267.62 -23.94 9.40
0-40 4.67 2.78 0.27 0.60 -5.02 27149 -24.32 9.48
Flood plain 2 40-80 4.87 2.82 0.21 0.60 -5.43  276.72 -24.40 9.25
80-120 4.42 2.57 0.30 0.71 -4.62  256.87 -22.77 10.01
0-35 4.70 2.77 0.27 0.59 -5.21 271.27 -24.23 9.47
3 35-75 4.35 2.75 0.31 0.62 -4.03 266.11 -24.42 9.61
75-120 5.10 2.77 0.18 0.59 -6.44  275.83 -23.66 9.13
A 0-40 0.25 1.53 0.23 0.99 7.39 127.09 -14.44 7.53
40-75 -0.17 1.37 0.30 1.26 8.97 116.43 -13.51 9.16
0-40 0.88 1.85 0.20 0.88 6.02  155.18 -16.89 7.38
5 40-85 0.93 1.88 0.19 0.95 6.19 159.15 -17.11 7.70
Toe slope
85-115 0.28 1.71 0.21 0.84 7.50 135.93 -15.85 6.72
0-35 1.75 1.35 0.22 1.56 3.16 148.60 -12.29 11.52
6 35-70 1.58 1.42 0.21 1.53 3.93 150.24 -12.98 11.22
70-110 1.27 1.37 0.22 1.34 4.30 60.60 -12.65 10.02
7 0-40 0.67 1.47 0.23 1.10 6.01 131.33 -13.74 8.41
0-40 1.25 1.89 0.25 1.24 5.89 17122 -17.38 9.90
Back slop 8 40-85 1.12 151 0.25 1.30 5.14 14543 -14.11 9.96
85-120 1.62 2.06 0.21 1.19 5.14 186.55 -18.58 9.71
9 0-30 -0.30 1.43 0.30 0.89 851 111.40 -14.08 7.13
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30-70 0.40 1.87 0.23 0.85 7.68 149.15 -17.37 7.05

70-110 -0.42 1.13 0.28 1.01 8.23 9144  -11.34 7.35

0-40 1.32 1.58 0.23 1.05 3.95 147.92 -14.54 8.64

Upper slope 40-75 1.35 1.81 0.20 1.18 5.14 16544 -16.41 9.27

11 0-40 1.67 1.68 0.23 1.06 3.08 159.83 -15.28 8.98
CONCLUSION: (ESP), (O.M) and gypsum and CaCO3 content

In this research, there are differences
in average of cations and anions between
geomorphological units, where it increases from
the flood plain towards the upper slopes through
the toe slopes and back slopes, except for HCOs™.
The calcium carbonate, gypsum and organic
matter content and EC, ESP values reduces
away from the flood plain, where the flood plain
has a low value and upper slope has a high
value. The higher values of aforementioned
characteristics may be due to the impact of the
geological formations in which limestone
predominates. The topography especially aspect
and slope gradient affected some soil
characteristics. For instance, an increasing slope
gradient influenced almost all soil Physico-
chemical characteristics. In addition, existing of
parent materials at the upper slopes of
physiographic units resulted in organic matter
increasing and consequently more organic
matter and total nitrogen accumulation in soil.
Therefore, it is essential to recognize the effects
of the most important component of slope on
soil characteristics and in turn their effects on
soil development in a study area. The results of
the study revealed that the soil characteristics,
whether physical or chemical were affected by
the topography factor, where the proportion of
clay content prevailed in the samples of the
flood plain, while the proportion of sand
increased in the samples of the rest of the
terrain units. The results also indicated an

increase in the soil characteristics such as (EC),
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where they increased from the flood plain
towards the upper slopes unites. also, there is a
clear effect of the degree of slope on the soil
characteristics and vegetation cover density,
with regard to effects of deposition Environment
on soil characteristics, All the samples of the
flood plain recorded very weak sorting, while
the rest of the topographical units recorded a
weak sorting, which reflects a clear difference in
the strength of the precipitating factor for these
sediments. As for the environment, the data
indicate that the sedimentation of the floodplain
was formed in an aeolian environment, while the
sediments of the rest of the terrain units were
formed in a marine coastal environment that
was mainly associated with the tyranny of the
Chess Sea on Egyptian lands.

REFERENCES:

Academy  of

Technology (ASRT). (1986). Project of Soil Map
of Egypt, Academy of Scientific Research and

Scientific Research and

Technology, Cairo, Egypt.
Birkeland, P.W., 1999
Geomorphology. 3rd Edition. Oxford University
Press. New York, USA. 430p.
Brubaker, S.C., Jones, AJ., Lewis, D.T.
Frank, K., 1993. Soil properties associated with

Soils and

landscape positions. Soil Science Society of
America Journal 57(1): 235-239.

Charles T. Garten Jr. and Tom L. Ashwood
(2002) Landscape-level differences in soil carbon

and nitrogen: Implications for soil carbon


https://www.google.com.eg/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwjQ-f2Zgv3XAhWDCOwKHalnBq0QFggwMAE&url=http%3A%2F%2Fwww.asrt.sci.eg%2F&usg=AOvVaw2RWEjUTFat9oj0Bx4CtEdp
https://www.google.com.eg/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwjQ-f2Zgv3XAhWDCOwKHalnBq0QFggwMAE&url=http%3A%2F%2Fwww.asrt.sci.eg%2F&usg=AOvVaw2RWEjUTFat9oj0Bx4CtEdp

Ass. Univ. Bull. Environ. Res. Vol. 24 No. 2 October 2021

sequestration, GLOBAL BIOGEOCHEMICAL
CYCLES, VOL. 16, NO. 4, : 1-61

CONCO. (1987). Geological Map of Egypt 1:
500,000. Map Sheets NH36NW and NH35NE,
CONCO with Cooperation of the Egyptian
General Petroleum Corporation, Klitzsch, E.,
List, F.K., P6himann, G. (Eds, Berlin), Cairo,
Egypt

Deng Ouping, Zhou Xi, Huang Pingping,
Deng Liangji(2013). Research on the correlation
between spatial differentiation of soil nutrients
and topographic factors in purple hilly areas of
central Sichuan [J]. Resources Science, 35 (12):
2434-2443

ENVI.Inc.(2005). ENVI Tutorial. Exelis
Visual Information Solutions, Inc., Boulder,
USA

ESRI. (2006). Understanding GIS: The

ARC/INFO Method. Environmental
Research Institute, Redlands, CA, 1-2
FAO. (2006). Guidelines for soil description.
4th edition. Rome, Italy.
M.L. (1967).

Prentice -Hall

System

Soil
Analysis. Engle- Wood
Cliffs, N.S. Constable & Co. Ltd., London.
Jensen, J. R. (2005). Introductory Digital
Remote

Jackson, Chemical

Inc.,

Image Processing: A Sensing
Perspective, Prentice Hall, New Jersey, USA.
Lillesand, T. M., Keifer R. W. and Chipman
J. W. (2004).
Interpretation, 5th edition, John Wiley and
Sons, New York, USA.
Matheron, G. (1962).Treatise on Applied

Geostatistics, Volume I.Memoirs of the Bureau

Remote Sensing and Image

of Geological and Mining Research, No. 14,
Technip Publishing, Paris, In French.

Page, A.L. (1982). Methods of Soil Analysis,
part 2. Chemical and Mineralogical Properties.
Second edition.Amer. Soc . of Agron., Madison,
Wisconson. SA.USA.

30

Piper,C.S. (1950). Soil and plant
analysis.Inter, Sci., public.Inc., New York, USA.
Richards, L. A.(1954). Diagnosis and

Improvement of Saline and Alkaline Soils. Us
Salinity Laboratory Staff, U.S.Dep.of Agric.,
Handbook No.60, Washington, D.C.

Rowell, D.L. (1994). Soil Science. Methods
And Application. Longman Scientific and
Technology, UK, USA.

Soil Survey Staff (2014).

Taxonomy.12th, Natural

Keys to Soil
Resources
Conservation Service.
Agriculture Handbook,372.
Susan V. Fisk  (2019) Gypsum as An
Agricultural Product, Soil Science Society of

U.S. Department of

America, available in
https://lwww.soils.org/news/science-
news/gypsum-agricultural-product

Taher M. H. Yossif and Gihan. M. Ebied
(2015) Effect of

characteristics at Wadi

slope on some soil
Naghamish, North
Western Coast of Egypt, Alexandria Science
Exchange Journal, VOL.36, No.4,pp429-439

Tsui, Chun-Chih & Chen, Zueng-Sang &
Hsieh, Chang-Fu. (2004). Relationships between
soil properties and slope position in a lowland
rain forest of southern Taiwan. Geoderma. 123.
131-142. 10.1016/j.geoderma.2004.01.031.

United States Department of Agriculture
(USDA), (2011). Soil
Information Manual, Soil Survey Investigations

Survey Laboratory

Report No. 45 Natural Resources Conservation,
Service National Soil Survey Center, Lincoln,

Nebraska
Websites:

http://www.glcf.umiacs.umd.edu/

http://earthexplorer.usgs.gov


https://www.soils.org/news/science-news/gypsum-agricultural-product
https://www.soils.org/news/science-news/gypsum-agricultural-product
http://www.glcf.umiacs.umd.edu/
http://earthexplorer.usgs.gov/

Ass. Univ. Bull. Environ. Res. Vol. 24 No. 2 October 2021

¢ gy ag o Al pailad o dua sl sh ) sagaal) jalall g 81 2 gaal) Jalad) il
e ¢ Ldall
"taa) d gan ) de | gSal Cdl de b)) el gisal)
b gl Aaaly 1AW A0S - A jhad) cila glaall aliig L) jiad) and - dagadal) LI aad) dolu Jaf -
3 ALAN Al - 48 Y1 cila o) A0S - Aagdall 3 ) al) andy Gupta - Y

: padlall

Glagleall GUELE) Al Cua Ll agle B opaly G o Gu bl Laslsh)se gl Gn JalSil) aladia) o
clacd) ilual delivall JLdY) jpay ¢ saill Gl e sadiuall (DEMS) 4xed ) gl Y zilad (e 4381 28 gulal)
palbad (A Al Gl (8 Giall Aludii g | gay Aalil) o5 A quilally jaadall g g ead sl G U Y Jia 41 2 sl
AN ki e i O S (A (g il A 1) lanal) (e il g laaV) g gL YY) any Ay A dai) A L) g Ay A
LA palad o A glsh)sagall cialllly L2 sudll Jale il oo iKY Adlad) Al jall ciags L gkl
Claag gl Lo dejsa (Ae YV) 4 lelad V) AT LY Al coniia) Ldal) Alblaey Chugy s ABhia G 8
BU3 ) 481 50 99 5l il o) dyan g (aMATL) aT | padll) Jguall g ¢ pdll) pilaal g ¢ AdlA g ¢ Aggle il jania s i
sasa Aol g AL pUasd) ABUS aas 1) ABLYL ¢ A Glaa oliall bl jsa dallaa g 481 & golal) cliual) o
Ll s aslsdysall palladll pany yaat 4 OLI adies plidduly 4bus ad gl (NDVI) Al slail)
(O.M) 5 (EC) s Cshall (s ginay dlaial) lli duald 4y 30 s gaisiy (Gandl) 4l Aslans S 4yl duilaasll g
3 Al g ge il ailiad o A ) gl gl Joaill ALIEY o gaagaall Apaiy cliga Sl el (s sinag
Glie (b Ja ) Al 01§ Ladys ¢ oudal) Jguad) cilise (A Calal) (5 gina dopead Cidban ¢ (il Jalay s 5 Lilpasl)
LGhliall AL

& CaCO3 3 pwall ssiaay (O.M) 9 (ESP) 3 (EC) Jin Ll pailad b 8ab ) Ll guilial) < L
plaad) S g 4 il) paibad o jlaady) da il il g il llia Laagl o glad) <) jaadal) gad (uadl) gl e cadla )
il Ly chaa Uil 158 (o) Jgoual) il gaan il ol ) paibiad (o quu illddy UG (3lad Lad Lal Al
Al Aty Lol anad 9501 03¢ G il Jale B4 (B DAY ¢ guda gy Sty Laa Uinada 158 A1 8 gabal) claa gl By
Q) Slan g Bl g COES Laly oy ) Ay b (985 8 Apdandl) J sgaad) el 9 O () UL i ¢ e 1
A Adalu day
i gy o ¢ Ay ) Gaibad ¢ b1 2 salall Jal gl 1dalidal) Cilall)

31



