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- ABSTRACT

The present work aims at using GIS, remote sensing and soil data, as a mean
for detection and identification of Petrocaicic and Petrogypsic horizons in the
cultivated areas of Maryout region, Morth-Western Coast of Egypt. The area under
investigation bounded by longitudes 29° 35" 13.80° and 29° 57" 03.25" East and
latitudes 30* 45 00.15" and 30° 56" 35.47 Morth with a total area of about 757_80
km® (180428.57 feddans).

Remote Sensing (RS) and GIS are incorporated to execute the soil base map.
Results of thirty nine soil profiles located in the studied area were used as a database
for the present study. Twenty soil profiles were dug and described to represent the
SMUs, Scil samples were collected for the Laboratory analyses according to the
differences in the morphological properties and stored as altributes in a geographical
soil database linked with the soil map units. Based on the morphological description
and analytical data the seils are classified as Typic Haplocalcids; Typic Petrocalcids;
Typic Calcigypsids, Typic Haplogypsids, Petrocalcic Petrogypsids: and Typic
Petrogypsids. Four dominant diagnostic horizons were observed in the studied soils;
Calcie, Gypsic, Pefrocalcic and Petrogypsic horizon. Based on the field cbsarvalions
and using RS and GIS we could dafine the different diagnostic horizons in the studied
area.

Spatial interpolation, using exact interpolater [nearest neighborhood ( Thiessen
polygon)] between the field observations was used to drive the distribution of current
diagnosbic horizon Results showed that, Calcic horizon occupies 34951 km';.
Petrogypsic horizon occupies 168.36 km®, Petrocalcic horizon occupies 63.08 km’,
and Gypsic horizon occupies 16.77 km®. Results also showed that, there is some
factors affect the formation of Palrocaicic and Petrogypsic horizons namely: land use,
parent material, land form, slope gradient. From the previous finding it can be
concluded that, scils having these horizons need a special management in order to
avoied the effect of these horizons. Also we can concluded that GIS with other source
of data are a suilable ool for detection, prediction and planning siudies and
consequently for decision making in the studied area,

Keywords: GIS, Remote Sensing, Detecticn, Petrocalcic, Petrogypsic, Maryoul |
Egypt

INTRODUCTION

Agricultural activities play a key role in the Egyplian economy, it's
considered as a2 major sowee of 'national income and the way of life for
sizable parl of the population, The agricultural sector in Egypt absorbs 38.2 %
of the labor force and able to absorb more. L
Increasing demand for food as a result of population grewth has created
more pressure on land recourses. The conlinuous increase of human
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pressure on limited natural resources of Egypt (including water and cultivated
area) requires proper management of such resources.
Mowadays, a great attention is directed to the Northern coast of Egypt, due its
comparative characteristics. Therefore, management of natural resources in
such region is considered of vital importance.

Geographic Information System (GIS) and Remote Sensing (RS)
technigues proved to be effective in management and planning studies. GIS
is a powerful set of tools for collecting, storing, retrieving, transforming, and
displaying spatial data from the real world for a particular set of purposes
(Burrough and McDonnall, 1998). So that, Geographic information systems
(GIS) can be used for scientific investigations, resource management, and
development planning. The essence of agricultural remote sensing- which
encompasses both photographic and non-photographic sensors- is the
collection and measurement of electromagnetic radiation reflected by
vegetation, soil, water and other features of the earth's surface (El Kady,
1994).

Soils with Petrocalcic and Petrogypsic horizons are widely distributed in
arid and semi-arid lands of the world. Petrocalcic horizon is an illuvial
horizon, 10 cm or mere thick, in which secondary calcium carbonate or other
carbonates have accumulated to the extent that the horizon is cemented or
indurated (Sail Survey Staff, 1998 and 2006). The Petrogypsic horizon is an
illuvial horizon, 10 cm or more thick, in which secondary gypsum has
accumulated to the extent that the horizon is cemented or indurated (Soil
Survey Staff, 1998 and 2006). Mekhail, (1998) stated that, the King Maryut-
Burg El-Arab depression, which lies between the last tow ridges, is famous by
the presence of thick gypsum evaporates at some sites that may confirm its
formation under lagoonal conditions. lts surface is occupied by scattered
disconnected Oolitic limestone recrysaiized to brownish layer on top.
Previous word is great but we have a serious problem that must be recognize
and solve. This problem is the presence of petro-horizons (Petrocaicic and
Petrogypsic horizons). If we didn't recognize and solve this problem, it will
spoil reclamation of lands and our efforts and money will go with wind. So we
must catch the preblem at anywhere to solve it and plane a strategy to save
our cultivated and new lands.

The study arsa (Maryut region) is located in the northwestern coast of
Egypt. It lies approximately between longitudes 29° 35" 13.60" and 29° 57
03.25" East and latitudes 30° 45 00.15" and 30° 56" 35.47" Morth with a
total area of about 180428.57 feddans (757.80 km®) as shown in Map 1. As a
part of the Mediterranean coast of Egypt, the long dry summer and the short
rainy winter characterize the study area. The meteorclogical data of El-
Dekhila station (average of 30 years) show that the mean annual temperature
is 20.28C"°. The average annual rainfall is 1?5 90 mm.year'. Evaporation
values ranged. between 5.5 and 9.6 mmuday’'. Relative humidity values
ranged between 63.00 and 72.00 %. The wind velocity ranges between 7.3
and 9.7 m.sec’. Based on Soil Taxonomy (2006) the soil temperature regime
could be defined as Thermic and soil moisture regime is Aridic.

The main geological deposits occurred in the studied area are Marine
deposits, exemplified by the Oclitic limestone's distributed along the cost of
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the Mediterranean west of Alexandria. These formations occur in chains
extending parallel to the cost (Said, 1962).

The geomorphology of the studied area is distinguished by a
succession of ridges which are separated from the other by a depression and
a southern tableland (Balba, 1987). These ridges are composed of Oolitic
limestone that considered as a product of the consolidation of ancient littoral
dunes formed along the shoreline. The areas between the depressions are
formed from materials washed from the neighboring ridges and hills and
considered the main potentially agricultural land (Balba, 1990).

Regarding to the hydrology of the studied area, the aquifer system
comprises an impermeable basement of marine clays over which lie two
distinct zones (ULG, 1978). The lower zone has a high permeability while the
upper zone is of lagoonal and littoral facies has a low permeability. Although
semi-confining, the upper zones are not impervious and do not produce a
permanent water table. The area is surrounded by impervious or low
permeability restricions which generally prevents the discharge of
groundwater out of the area. Therefore, the aquifer can be considered as a
groundwater basin retaining any water which flows into it.

The study area is irrigated by Nile water pumped through El-Nasr Canal,
El-Tahrir Canal and El-Nobaria Canal. The flooding systern of irrigation is
widely used in the area.

Regarding to the land use of the study area, the cropping pattern in the
studied area involves the cultivation of field crops, vegetables, fodders and
fruit trees. The aim of this study is to build up a soil map for Maryout region
using Remote Sensing Data and detect the occurrence of Petrocalcic and
Petrogypsic horizons in the study area.
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Map 1: Location map of the study area.
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MATERIAL AND METHODS

LANDSAT ETM+7 image (2004) was used for the present study.
Scanned topographic maps scale 1:50000 were used first for the image geo-
referencing using image-to-image geometric module in ERDAS IMAGINE 9.1
Stretching radiometric enhancement and convolution and adaptive filtering
were applied. The resulted enhanced false color composite (band 4, 3, 2) and
the enhanced natural like composite (band 7, 4, 2) were used for the
interpretation of land use units (Figure 1), whereas, the normalized difference
vegetation index (NDVI} is used to distinguish the different land covers in the
study area

All contour lines and spot heights are digitized from the topographic map
scale 1:50000, then, interpolation is made using ARC GIS 8.2 in order to
create the digital elevation mode!l (DEM) with pixel size of 5m. This DEM is
used for soil map generation. And enhanced false color composite of
LANDSAT ETM+T image is overlayed on the 3D model (Figure 2) created
using ARC GIS 9.2. The same was done with the enhanced natural like
composite LANDSAT image.
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F-igure 1: Eupenr;sed classification of satellita-imaga {land use).

Results of thirty nine soil profiles were located on the study area from
the previous studies and used 2s a database for the present study. Three
transects (A), {8} and {C) have been done (Map 2). Twenty soil profiies were
dug then scil sarmpilas were coflected for different analyses.

The morchological description of these profiles was carried out
according to the guidelines edited by FAC (200€). Represertative disturbed
soil samples have besn collected and analyzed’ using the soll swivey
laboratory meathods manual {LISDA, 2004). The soil survey siaff (2006) was
used to classify the different soils of the investigated area 1o the sub great
group level.
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Figure 2: 3D model of the study area.

The geopedological approach (Zinck, 1989) of the physiographic aerial
photo interpretation is adapted to be applied on the LANDSAT image
interpretation. The enhanced colour composite LANDSAT image is overiaid
on 30 model, created using ARC GIS 9.2, the visual interpretation is made to
produce the soil map.
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Map 2: Location map of the studied soil profiles.

RESULTS AND DISCUSSION

Handling data in digital format has become essential for many
disciplines, especially those dealing with large extent regions and large
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amount of data. Remote sensing and geographic information systems GIS
proved to be powerful tools for such soil-water environment studies. In the
present siucy, the great capabilities of GIS were explored and intensively
used.

First, the contour lines and all spot heights -from 1:50,000 topographic map-
were digitized. Then, interpolation is made using ARC GIS 5.2 to create the
digital elevation model (DEM). From the digital elevation model slope gradient
map was derived. An enhanced false color composite of LANDSAT ETM+7
image was made, then overiayed on a 30 model. The same was made using
a natural-ike composite of LANDSAT image. These band combinations are
very popular and useful for vegetation, geological, wetland, desert regions,
and agricultural studies. Therefore these band combinations were used in
order to delineate the cultivated areas in the study area.

The framework of the geopedclogical approach of Zinck (1988/1988) was
used for the physiographic interpretation of the study area.
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Map 3: Soil Map of the Study Area

a. The Main Description of the Physiographic Units:

The study area is composed of marine depositions with an area of
about 180428.57 feddans. The sludy area comprises six relief types, namely,
ridges, vale, high hills, low hills, basin and terraces, and divided into eleven
subdivisions according to lzndform, {Table 1).

b. Soil Map: =

A soif map is one of the key data layers for developing a robust giobal
maodel and evaluating land quality and use {Ahn, 1999). The study area is
characterized by Marine deposits, Hillands and Valley landscape, subdivided
into six relief types.
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Tabie 1: Legend of physiographic soil map.

il Mappingl , | ... |Percentags T Kind of
E:g;m:;::;m Landscape| Relief :::1; { Unit | irmﬁf Af?: | of the Main Soils % of the Mapping Unit Area| Mapping
P {Symbol| " ° ' total ares : Unit
Marine I i l Typic Haplocambids 50
Deposils Summitff M 111 |4332H031501 572 Typle Pairocalcids 25 Assoclation
L i S0 DR i TR oy Typic Haplocalcids 25
] Ridgas | Sodic Haplocalcids 20
Hiflands Back e : Typic Haplocalcids 20
| M11 | slope | M312 {6636 1579043] 878 A b Complex
M1 oy | 1 |Pelrocalcic Petrogypsids) 20
! Foot i ! Typic Hapiocalcids 75
| |siope| M113 [40269586.80 531 Sodic Haplocaleide 2 Consociation
Vale | Typic Haplocalcids a3ia
| = Typic Petrocalcids 11.11
L5 flat | M2 |16.25|386832] 214 Typic Calcigypsids i Complex
Typic Haplocambids 11,11
i Calcic Petrogypsids 75
Summit M 134 dfi.iﬂ- BESI08| 480 Typit: Pelrogypsids 26 (Consociation
& Typic Haplocalcids 40
iHigh hills ¥ 3
Back Calcic Petrogypsids 20
w1z | slone M132 (8972 [21360.73] 1184 Tl Ha o gosids i Complex
ok o Typic Petrogypsids 20
s'Tg:e M 133 (20,24 |484317( 268 Calcic Petrogypaid 100 consociation|
% fir= el | Typic Petrocalcids 20
Low hiits, 1
4 Low - Calcle Patrogypsids 20
w1g | il M4 |70.3551676024 020 Typic Calcigyusids 5 Complex
o Typic Haplocalcids 40
Calcic Patrogypsids 21.05
Basin Typic Patrogypsids 15.79
Meana Valiey Basin { M21 256616100833 3388 Typic Hapiocalcids 47.37 Complex
M2 21 Typic Pelrocaicids 10.53
| Typle Haplogypsids 5.26
Torraces| Tuser | M221 1327311060738 1082 | Typic Haplocalcids 100 consociation
Typic Petrogypsids 46.37
M2z Tread | M 222 [ 3543 ¢ 8435 54 4.68 Typic Haplocambids 44.35 Complex
i | L O o 0 N Typic Heplocalcids 9.28
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Each relief type is characterized by one or more landform. The soil map and
the legend of the studied area are shown in Map 3 and Table 1. Table 2
shows the soil taxonomy of the studies soil profiles in addition to the depth
where the diagnostic horzons occur. Salinity is varied in moderate to
relatively high ranges from 2.84 dS/m to 6.33 dS.m". Calcium carbonate
content is varied from high to extremely high (from 26 % to 75%), which
permit the formation of Calcic and Petrocalcic horizons in some profiles. The
gypsum content is very low to rather high and varied from 0.12 % to 40 %,
mainly concentrated at subsurface layers which permit the formation of
Gypsic and Petrogypsic horizon in some profiles. Organic matter content
ranged from 0.12 % to 1.26 %. Table 3 shows the chemical analyses results
of studied soils.

Table 2: Soil classification of the studied soil profiles.

Prof. No. Horizon sty Classification |

1 Calcic 20-40 Typic_Haplocalcids &7 3

2 . - Typic Haplocambids 59 1.37

I3 - - Typic Haplocambids 52 1.19

- Calcic 50-80 | Typic Haplocalcids 40 2

5 Calcic 2040 Typic Haplocalcids kR 1.41

6 Patrocalcic 20-40 Typic_Haplocalcids 7 0.58

i7 Calcic 2040 Typic Haplocalclds 14 1.26

& - - Typic Haplocambids -] 0.87

] Calcic 30-580 Typic Haplocalcids 15 0.83

10 Calcic 20-40 Typic_Haplocalcids 23 0.62

11 Calcic 30-60 Typic Haplocalcids 30 0.78

12 Gypsic BO-20 Typic Haplogypsids 0 0.89

13 Petrogypsic 40-30 Typic Pelrogypsids 35 0.45

14 Caleic B0-90 Typic_Haplocalcids 40 0.98

15 - | - Typic Haplocambids 45 1.24

16 Calcic 20-40 Typic Haplocalcids 10 L R
H Petrogypsic 5090 | Typic Petrogypsids 20 0.56 |
18 ng;sﬁgm | 240 | Calic Petogypsids | 30 0.4 |
18 Calcic 20-40 Typle Haplocakcids 45 0.38

20 Pelrogypsic 20-40 Typic Petrogypsids 50 246

C. Distribution of current horizons:

Spatial interpolation, using exact interpolator [nearest neighborhood

(Thiessen polygon)] between the field observations (Burrough and
McDonnell, 1998) was used to drive the distribution of current diagnostic
horizon as shown in Map 4. Four diagnostic horizons were observed in the
studied area Calciz, Gypsic, Petrocalcic and Petrogypsic horizon.
Cultivated lands represent 81.63 % of the total area. Table 4 shows that, the
cultivated areas are located in the basin (247.35 km®), back slope (11583
km?), riser (81.70 km?), tread (35.40 km®), and foot slope (43.29 km?). This is
because these areas have a deap effective soil depth, well drained, and the
slope is flat to almost Aat. Scils in the basin are considered the most arable
productable lands in the study area.
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Table 3: Texture classes and some chemical characteristics of the

studied soils. :
Total | Active C.EC.
P.NO. | DEP | BC .| pH |0.M %|CaCOsiCaC0s| YRS ™ | Meq,100 | Texture®
% | % g soil”’
020 | 149 |7.95] 035 | 4743 [1421]| 135 | 12.08 SL
1 2040 | 3.43 |8.46[ 0.24 | 73.97 [16.26 | 142 | 14.09 | SCL
| >a0 | 3.86 [8.46] 0.00 | 66.26 | 16.47 | 159 | 13.29 | SCL
0-20 | 6.10 |8.07| 0.29 | 60.30 | 17.90 | 265 | 1570 | SCL
2 20-40 | 541 |8.31] 0.19 [58.80 [ 16.86 | 275 | 18.12 CL
=4 490 |8.31) 0.00 | 6212 | 17.45 2.10 17.71 SCL
0-20 | 0.91 [8.04] 063 [ 3822 580 | 3.77 | 10.07 SL
b 20-40 | 085 [B.00| 041 | 2422 474 | 383 526 SL
40-80 | 0.85 |803] 025 | 2548 | 628 | 3.21 8.05 SL
>80 | 0.83 [8.06] 0.00 | 4380 1255 | 1.03 566 SL
050 | 1.00 [8.18] 067 | 3810|1560, 3.83 | 16.10 SL
4 50-80 | 0.90 [8.24] 0.00 [ 4460 | 1574 | 411 | 17.71 | SCL
80-130 | 0.90 [8.25] 0.00 | 39.11 | 11.83 | 252 | 17.31 | SCL
020 | 1093 |7.80] 082 | 4555|2343 | 083 | 20.13 CL
20-40 | 1.93 [8.18] 0.45 [ 51.38 | 18.34 | 0.96 | 20.53 CL
5 4060 | 186 |8.26] 0.12 | 4432 | 1349 108 | 18.33 CL
60-80 | 2.00 |8.31] 0.00 | 4141 | 1505]| 0890 | 18.52 cL
80-140 | 212 |825] 0.00 | 60.52 | 19.20 | 069 | 16.10 L
020 | 242 [790] 104 [4285|2185| 085 | 1812 | SCL
5 2040 | 1.95 [8.31] 051 | 4855|1467 | 080 | 17.31 | SCL
40-100 | 185 |8.36| 043 | 37.84 | 664 | 035 | 16091 SCL
>100 | 231 [8.25] 0.00 | 48.19 | 19.31 | 080 | 1892 CL
0-20 1.92 [7.99] 1.09 | 41.41 | 26.15 1.63 21.34 sSC
o 20-40 | 1.88 |8.14] 1.05 | 47.84 | 1591 169 | 1852 | SCL
40-90 | 199 808 094 | 3993|1781 | 076 | 1610 | SCL
>90 | 2.22 |8.14| 0.00 | 38.97 | 17.54 | 1.19 | 14.90 | SCL
0-20 | 129 |7.80| 0.86 | 40612136 | 068 | 18.52 L
s 20-50 | 1.21 |8.03] 069 | 4063 2381 | 076 | 18.92 CL
50-80 | 1.31 1816 0.18 | 4141 | 1664 | 028 | 17.71 SCL_|
=80 | 1.30 |8.23| 0.00 | 5305 1959 048 | 1610 | SCL
0-30 | 143 [786| 096 | 4066 2172 093 | 2094 SC
9 30-60 | 1.48 [7.98] 0.51 | 51.76 | 20.39 | 3.34 | 17.71 CL
60-120 | 193 [8.16| 0.00 |4375]| 1841 | 066 | 1651 C
020 | 349 |7.80] 095 | 4141 | 2269 | 14.89 | 1812 | SCL
2040 | 2.00 |8.13] 0.65 | 4766 | 23.52 | 15.73 | 16.51 | SCL
10 40-70 | 204 |8.16] 0.35 | 3672 | 11.87 | 19.10 | 1409 | SCL
70-100 | 2.60 |7.99] 0.00 | 3067 | 6.34 | 22.75 | 12.08 SL
100-140] 3.65 [7.95] 0.00 [ 23.56 [ 17.23 [ 24.16 | 10.87 SL
Cont.
" SL: Sandy Loam SCL: Sandy Clay Loam CL: Clay Loam C: Clay L: Loam
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Table 3: Continued.

Total | Active C.EC.
s Depth| EC .| pH |0.M%|cacos|cacos| ¥25U™ | Meq. 100 | Texture*
m |dS.m %
% % g soil”
0-20 | 1.41 [8.06] 0.57 [45.32 [ 2440 | 0.51 16.91 SCL
e 20-60 | 0.84 [8.31] 037 [5195 1762 0.53 16.10 | SCL
60-80 | 1.53 [8.18] 0.00 | 4524 | 21.08 | 0.62 14.49 CL
80-120] 1.43 8.21] 000 [5521 | 1977 [ 1.45 13.69 CL
0-20 | 577 |8.25] 0.55 [33.05[2538 | 17.81 | 1610 | SCL
” 20-60 ! 3.35 [8.33] 0.34 [ 4067 [ 2047 [ 23.09 | 1490 | SCL
60-80 | 3.11 [8.28] 0.0C [ 3915|1871 | 33.71 | 14.09 CL
>80 | 2.33 [8.25] 000 | 5061 | 1838 | 21.96 | 12.08 CL
0-20 | 6.32 |8.06] 055 | 36.11 | 16.77 | 1366 | 20.13 CL
13 2040 | 4.33 [8.25] 052 | 41.41 [ 1653 | 2984 | 1852 cL__}
40-80 | 442 |827] 045 [ 4524 [ 1547 | 4034 | 1651 | CL |
>80 | 297 [8.34] 0.00 (5368 | 1863 | 1820 | 1570 | CL |
| 0-20 | 177 799 122 [3778[ 22821 0.79 1651 | SCL
! 20-40 | 149 [B.15; 057 ;39.15 12226 | 1.01 1610 | SCL
14 40-60 | 1.70 (320 076 [ 4678 | 1800 | 069 1530 | SCL
80-90 | 1.75 [8.21] 0.00 [ B1.74 ] 1965 0.64 1326 | CL
=00 | 182 [8.14] 000 | 55988 [ 21.05| 0.72 14.09 CL
0-20 | 1.55 17.86] 126 [ 4068 | 2333 | 2723 17.31 SCL
20-40 | 143 1826] 098 143632161 | 3.18 16.51 SCL
15 40-70 | 1.39 [8.35{ 035 (5079 | 19.22 | 3.86 16.10 cL
70-90 | 1.47 [8.37] 000 [63.29 ]| 1931 | 043 14.80 cL
>80 | 1.50 [8.35] 0.00 | 60.30 | 20.17 | 0.38 15.30 CL
0-20 ; 1.21 [7.98) 1.10 [44.48 (2332 | 222 17.71 SCL.
16 20-40 | 1.21 (7.93] 061 | 5044 | 2421 | 2867 16.91 SCL
40-110] 1.06 |823] 034 {3988 | 1489 | 417 1530 | SCL
0-30 | 531 |7.80] 065 [41.41 [ 2400] 2334 | 16.10 CL
17 3060 | 3.98 [786) 063 [3982 | 2184 | 2865 | 14.49 SCL_|
| 60-90; 381 [786| 048 [ 3289 | 1951 ]| 3427 | 13.26 SCL
| >0 : 400 |7.78] 000 | 38.10 | 2164 | 27.92 | 1168 | SCL
| 0-26 { 1.71 |7.80| D86 ' 40.70 | 23.94 | 18.35 | 16.10 SCL
| 20-40 | 1.67 |7.84] 051 | 47.43 | 24.12 | 20.78 | 15.70 SCL
il 40-60 | 185 [7.871 018 | 45.24 | 13.52 | 3584 | 13.68 SCL
50-80 | 2.85 [7.85] 0.00 12642 | 1151 ] 3033 | 1168 5L
>80 | 278 {785 000 (31068 | 1195 3823 | 1208 SCL
i 0-20 | 1.4C [7781 091 358412054 063 | 1691 | scL |
19 20-40 | 1.35 [7.34] (82 | 43.50 | 2223 | 067 1570 | SCL
40-90 | 125 804 063 13360] 968 | 051 | 1449 | SCL
>20 | 1.15 [8.23] 000 [ 3850 | 957 | 0.84 11.68 SCL
0-2C | 500 1795 079 [ 28.36 1 2417 | 8.54 16.10 | SCL
50 2040 ! 292 1790] 655 1312522501 2345 | 1490 | SCL
40-70 | 2.79 [804) 038 (3313 ] 938 | 17.73 | 1329 | SCL
7C-100] 340 (7.67] 0.0C | 3388 ] 760 | 2444 | 10.47 5L
* §L: Sandy Loam SCL: Sandy Clay Loam CL: Clay Loam C: Clay L: Loam
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Table 4: Tabulate area between land use and land form.

Landform Rocky | Barren R“":‘::ﬁ“ Cultivation | Total area km’
Foot slope 1630 0,00 1.01 3399 50.60
Back siope 2603 | 042 73.63 115.83 156.11
Surmmit 2573038 23.48 30.15 79.74
Vale 0.00 0.00 0.00 16.25 16.25
Tread 0.00 0.00 0.00 35.40 35.40
Low hills 522 1.54 14.98 48,65 70.39
Basin 6.65 0.39 217 247.35 256.59
7,03 6.00 0.00 81.70 82.73
[Total area km® 80.93 2.72 5547 G1B.62 757.80

. - e — \iicerennes
- Ju— o —

Map 4: Distribution of current horizons.

« Land use and soil horizons:

From the previous discussion, it can be concluded that, there is a
strong relationship between the land use type and the formation of diagnostic
horizons (Calcic, Petrocaicic, Gypsic, and Petrogypsic). It's obvious that, ali
of these horizons are wildly distributed in the cultivaied lands as shown in
Table 5. Calcic hnnzon is commonly distributed in the cultivated lands and
occupies "BE 50 km®. Gypsic horizon is common in the cultivated lands
(16.63 km’ ). Petrocaicic hun*on is commonly cccurring in the cuitivated lands
and occupies 32.79 km®. Peliogypsic hnnzon is mmmrﬂy occurred in the
cultivated lands and occupies 151.33 km®. This is due to agricultural
processes and the imrigation water, Since the formation of these horizons are
depend on the water availability and water movement in the soil profile,
where these conditions are available in the cultivated lands. So. these
horizons are common in these areas. it is worth mentioning that this region
has a rainfall rate of approximately 200 mm.year .
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Table 5: Tabulate area between horizons distribution and land use.

Taxonormy Rocky Barren R.I:;::‘I::l S Cultivation "‘“"m'n";"“
ICalcic 42,23 0.57 1821 288.50 349.51
(Calcic - Petrogypsic 4.29 0.38 438 84,48 04,11
[Petrogypsic 0.00 1.34 15.68 151.33 168.36
[Gypsic - Calcic 10.47 0.00 417 15.18 29.82
Petrocaleic 19.28 0.29 10.61 32,78 63.08
Calcic - Petrocalcic 0.00 0.00 0.00 5.20 6.20
IGypsic - Petrocalcic 044 0.00 0.00 6.36 6.80
(Sypsic 0.00 0.14 0.00 16.63 16.77
[Total area km® 76.82 272 53,83 | B01.48 T34.65

sLand form and soil herizons:

There is a relationship between the formation of diagnostic horizons
(Calcic, Petrocalcic, Gypsic, and Pefrogypsic) and the landscape and land
form type. It's obvious that, all of these horizons are wildly distributed in the
low slopes (0 — 5 %), low hills (25 — 40 m A.5.L.), and in the basin as shown
in Table 6. Calcic hunzon is commonly distributed in the basin of Mina valley
and occupies 123.97 km®. Whereas Gypsic horizon |s commaonly distributed
in the lower land form pcsmuns it occupies 9.36 km® in the basin of Mina
valley and occupies 545 km® in the back slope of high hills. Petrocalcic
horizon |s occur in lower land form positions such Jas back slope c:f the ridge
(B.17 km ), back slope of tha hlgh hills (2.51 km?) ﬂat (3.51 km? ), low hills
(4.36 km® 1, basin {13.91 km?), and in the riser (5.55 km®). Petrogypsic hanzon
is commoniy u-ccur-red in the lower land forms and nn-::uples 60.21 km? in the
basin, 38.39 km®in the back slope of the high hiils, 15.34 km® in the foot slope
of the high hills, and 14.989 km® in the low hills. This is due to the lower land
form position which increases the amount of effective precipitation and the
water movement through the soil profile and consequently leads to high
leaching of calcium carbonate and gypsum.

Table 6: Tabulate area between horizons distribution and land form.

T Total
Land | - Calcic Gypsic_ Calcic_ | Gypsic_
form | Sakeic g’almwﬂkpawﬂr“r‘ Caleic F’m“k""Pamitlanw:mi\: Gypsic ’;ﬁ?
;ﬁ; ag25!  0.50 1534 | 481 | 005 ! 0.90 0.00 | 0.00 |60.04
:}2;*; s7.89 | 1502 3638 | 13.88 | 1068 6.15 552 | 545 [153.09
summit| 16.73 | 1332 | 17.64 | 1.40 | 2503 0.03 125 | 1.95 | 77.38
Wale | 5.61 CE7 0,40 574 | 351 .01 0.00 0.00 | 15.54
tread | 10.58 | 0.00 1243 | 0.00 0.00 0.00 0.00 | 0.00 |23.02
ow 13470| 1114 | 1a90 | 388 | 436 | 000 | 000 | 000 6908
basin (12387, 49.16 G021 | 0.00 | 13.81 0.00 0.00 | 9.36 |256.61
riser | 60.76 | 4.21 936 | 0.00 | 558 0.00 D00 | 0.00 | 79.80
total
area [349.50 94.11 | 16836 | 20.82 | 63.09 620 6.80 | 16.77 [734.86
km

According to the previous discussion, the formation of Petrocalcic and
Petrogypsic horizons could be attributed to the following factors (Table 7):
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1-Land use:

Cultivation land use is the most effective factor in the formation of
Petrocalcic and Petrogypsic horizon.
2-Parent material:

This factor has a strong role in the formation of these horizons. The
parent material in the studied area is Pleistocene marine calcareous deposits
which lead to the formation of Petrocalcic and Petrogypsic horizons.
3-Land form:

The lower land form positions are play an important role in the
formation of Petrocaicic and Petrogypsic horizons.
4-Slope gradient:

The low slope is the most suitable condition for the formation of
Petrocaicic and Petrogypsic horizon. This is due to the increasing of effective
water and more percolating water through the soil profile and vice versa. The
dominant slope gradient in the studied area ranges between 0 - 5§ % (Level to
nearly level).

Table 7: The Common conditions effective in the formation of
diagnaostic herizons,

: Elevation Slope Parent Depth
E"“z"“ mASL. % marital SR T— cm
Marine Cultivated with wheat
: | - sweet melon -
Calcic 10 - 67 0-0.239 Caicareous tomatn — maize — 35-65
deposils Al
clover
z Marine {
ICalcic - 4 Cultivated with wheat 14 =35
Petrogypsic il ;u'“ S G;Epucmn:lnmus - maize - clover > 58
Marine Cultivated with maize
Petrogypsic 5-50 |0.45-2.46| Calcareous or prepared for =48
deposits culthvation
Manine Cullivated wilh wheat
S~ 34-48 [0.23-1.73| Calcarcous | —lomato-sweet | o0~ of
deposits melon —
! Marine  |Cultivated with beans
Petrocalcic | 17-65 10.58-1.24| Calcarecus |~ oo, o e 64
: deposits
2 Marine
Calcic — ICuitivated — scatiened| 5-25
etrocalcic o ] B i vegetation > 38
: Maring i
e 45 087 | Caicareous Cultivation i
deposits
Marina
Gypsic 30-48 10.83-0.83 Calcareous |Cultivated with maize 50 -80
deposits
CONCLUSIONS

oThe present study revealed that, GIS combined with other source of data
are powerful tools for the detection of Petrocalcic and Petrogypsic
harizons.
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sMore than 260 km® in the area are suffering from the occurrence of
Petrogypsic horizon.

«More than 75 km® in the area are suffering from the occurrence of
Petrocalcic horizon.

«Considerable decrease in the formation of Petrocalcic and Petrogypsic
horizon can be achieved by adding more organic matter, enhancement the
drainage system and use the sub scil plough.
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