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ABSTRACT :

The present work aims to use of GIS, remote seraimgsoil data, as a mean for decision making in
natural resources management and planning theirsaista land use in EI-Hammam area, North-Western
Coast of Egypt. The selected region represent®obtiee high priority regions for future developrménthe
country. It lies between longitudes 29° 15" and 29E and latitudes 30° 45" and 31° N, with a tatala of
about 94752 acres. The sustainable land use walslisked based on: land capability and suitabilitgfer
resources availability, economic return from wated financial return from land and water.

Remote Sensing (RS) and Geographic InformationeBygtIS) are incorporated to execute the soil
base map. Field survey is carried out to repre8entSMUs by soil profiles. Laboratory analysis fbe
collected samples is done and stored as attribntasgeographical soil database linked with thé s@ip
units. The soils are classified mainly as Typic ldaglcids; Calcic Petrocalcids; Calcic Aquisali€alcic
Haplosalids; Typic Aquisalids; Typic Torripsammerdad Lithic Torriorthents.

Land capability assessment is done to define roéplse suitable areas for agricultural production
using a capability model built in ALES software &he results are exported to GIS. Results inditwethe
area currently lacks high capability and moderatpability classes. By improving the soil propertitse
soil can approach potential capability; and abob®2®.52 acres (80.27 % of the evaluated soils) will
become marginally capable. Then the assessmemtilgbhg/sical suitability for different land use (eét,
sorghum, barley, clover, maize, olive, fig, guawd aitrus) are done for the capable areas.

The crop water requirements and the irrigation ireguents are calculated for the defined LUTs with
the help of CropWat software. Irrigation schedulisgletermined in order to define the timing andrgiies
of the needed supplementary irrigation. The resintlicated the needs for supplementary irrigation
requirements ranged between 152.97mm for clovemnfie cut) and 981.07mm for guava.

The net return from each LUT, net return per maatd the net return per cubic meter of irrigation
water are calculated. Two different scenarios vagpelied to assess the sustainable land use degeadin
the soil physical suitability, irrigation requirents, and the net return per cubic meter of irratvater and
net return per acre . The environmental impacthahging to the recommended sustainable land uested
through the prediction of soil loss due to the falrrunoff and the results are represented wittpsnd he
results indicate that, the study area is susceptislpotential soil loss at different severity dés/

It is concluded that GIS, combined with modeling powerful tools for decision making in the area.

1. INTRODUTION

Nowadays, a great attention is directed in Egyptatads its Northern coast for future development.
Therefore, studies on management of natural ressurc such region are considered of vital imporanc
Remote Sensing (RS) and Geographic Informationegy$GIS) techniques create great possibilitieddst
inventory, monitoring and updating the natural teses status. The combination of GIS and RS prewed
be effective in management and planning studies.
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The study area is located in the northwestern afadsgypt. It lies between longitudes 29° 15" afd 2

30°E and latitudes 30° 45" and 31° N, with a ta@da of about 94752 acres, Map 1. As a part of the
Mediterranean coast of Egypt, the long dry sumnmet the short rainy winter characterize the studyaar
The annual rainfall varies considerably from motatimonth with mean of 14.91 mm/month. The averdge o
the available metrological data is indicated in [Eab. The northwestern coast of Egypt geomorphology is
distinguished by a northern coastal plain with ggs@n of ridges which are separated from the dijiex
depression and a southern tableland, Balba (198¥se ridges are composed of oolitic limestone that
considered as the product of the consolidatiomofeant littoral dunes formed along the shorelinee Breas
between the depressions are formed from materialshed from the neighboring ridges and hills and
considered the main potentially agricultural laBd|ba (1990).

1.

2.
3.

The study was conducted in 2002 and mainly aimgd to

Build up a geographic soil database for the ,atleat can be used for different development and
management models needed for decision makers.

To assess soil capability and suitability fdfedent crops to plan the most sustainable land use

To determine the suitable water requirementdertéor the development of the study area.

To study erosion status and estimating its dmndiafter applying the proposed

sustainable land use.
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Map 1. Location map of the study area
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Table 1. Climatological data of El-Dekhila station(average of 30 years).

N Temperature (C) Mean monthly|  Mean daily Rainfall Wind
Climatic relative evaporation (mm/ speed ETo
month Max. | Min | Mean | humidity % (mm/day) month) | (misec) | (MmM/day)
January 17.80 9.60 13.70 68 5.5 54.60 8.8 3.39
February 18.70 10.40 14.55 66 6.2 23.30 9 3.76
March 20.70 12.10 16.40 63 7.1 12.80 9.7 4.12
April 23.20 14.40 18.80 65 7.4 2.90 9.4 4.39
May 25.20 17.00 21.10 69 6.7 1.00 9.1 4.08
June 27.80 20.80 23.40 71 9.6 0.10 8.7 5.99
July 28.70 22.80 25.75 72 7.4 0.00 9.1 4.54
August 29.60 23.50 26.55 70 7.7 0.00 8.9 4.74
September 28.80 22.10 25.45 65 7.8 1.20 8.1 491
October 26.50 18.80 22.65 67 7.1 11.00 7.3 4.66
November 23.50 15.50 19.50 68 6.5 23.90 7.5 4.24
December 19.80 11.30 15.55 67 6.1 48.10 8.2 3.85
Mean 24.19 16.53 20.28 67.5 6.9 14.91 8.65 4.39

source: Climatological normals of Egypt, 1990.

2. MATERIAL AND METHODS

The present study had been conducted in the falipwiages:
1- Processing of satellite data, GIS data preparathd soil map generation.
2- Field work, laboratory analysis and re-interptiein of satellite data.
3- Coding soil database attributes and testingydographic soil database.
4- Land capability assessment and land suitatdbessment for different crops.
5- Crop water requirements and planning the susitdénland use.
6- Soil erosion assessment.

The methodological approach is summarized in Figure
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Figure 1. Methodological approach.

2.1- Enhanced false color composite of Spot multispédtnage dated (July 1997) was used for the present
study. Scanned topographic maps scale 1:50.000 wsexet first for the image geo-referencing usinggeaa
to-image geometric correction module in ERDAS IMAE 8.4. Stretching radiometric enhancement and
convolution and adaptive filtering were applied eTiesulted enhanced false colour composite was fosed
visual interpretation of land use units, wherels,Normalized Difference Vegetation Index (NDVIised

to distinguish the different land covers in theaare

The contour lines and all spot heights (from 1:80,6opographic map) are digitised, then, interpotats
made using ARCVIEW GIS to create digital elevatinodel (DEM) with pixel size of 5m. An enhanced
false color composite of SPOT image is made andayed on the 3D model, created using ARCVIEW 3.2,
Figure 2. The same is made also using the lithoddgnap instead of the SPOT image.
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Figure 2. SPOT image overlayed on the 3D model dié study area

The geopedological approach (Zinck, 1989) of thespdgraphic aerial photo interpretation is adaptetie
applied on the SPOT image interpretation. The ecdducolour composite SPOT image is overlayed on the
3D model, then visual interpretation is made tolyafe geopedological approach and produce thensal.

.2.2- A general reconnaissance survey is carried osit firoughout the area using intensive testing rmauge
samples, then transect sampling method is apptiectdss the different mapping units in the arearehe
fifteen solil profiles were tested and sampled, Maetailed morphological description is made facte
soil profile, on the bases outlined by FAO (197} dentatively classified according to Soil Sungaff
(2003). The collected disturbed soil samples aredaed; ground gently; and sieved through 2 mnvesie
where the main physical and chemical propertiesdatermined. After carrying out the ground trutewi
during the field work, re-interpretation is made fhe SPOT image to produce the final soil map, Map
and Table 2.
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Map 2. Location map of the studied soll profiles
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Table 2. Legend of the geopedological soil map ugi

Landscape Relief type | Lithology Landform I\i?/rr)nijnglt (chr6eas) Main Soil
Tidal riser ridge Cpll1l] 1970.3y Rock
Limestone| Isolated hillock Cpl12 372.35 Rock
Rock out crop Cpl13 387.21 Rock
Limestone| Tidal riser ridge Cpl2l1] 1851.29 Rock
High + Marl Rocky ridge Cpl22| 1280.64 Rock
Terraces Rocky tread Cpl3l| 41925y Lithic Torriorthents
Limestone Tread W'th.pre faced Cpl32 | 2985.31 Rock
+ sand complex_ with out crop . _
Coastal Tread with sand sheet Cpl33 14113|71 Typic Haplatslci
Plain Cultivated depression 1 Cp134c3071.18 Calcic Petrocalcids
Limestone Tidal ris.er ridge Cp211 3703.0_3 Rock
Moderately Rocky ridge Cp212| 1640.77 _ Rock .
high _ Trea_ld . Cp221| 14970.46 Typlc.HapIoc_aIuds
Terraces Limestone| Cultivated depression 2 Cp222c 12751,88 Typic Haghbdats
+sand | Seasonal marches Cp223 2003.87 Calcic Aquisalids
Permanent marshes Cp224 479.33 -
Limestone| Riser ridge Cp311  2152.28 Rock
Mod. Low Limestone Tread 2 Cp321| 9431.29 Calcic Haplosalids
Terraces + sand Sabkha with seasonal marshes Cp322  3760.31 Caleisdlids
Permanent marshes Cp323 5304.86 -
Sand dunes Cp4ll 1254.78 T¥p'c. Torripsamments
Low _ yp|c'HapIopaIC|ds
Terraces Limestone| Sea beach Cp417 1274.43 Typic Torripsamments
Tread 3 Cp413 1291 Calcic Petrocalcids
Sabkha with seasonal marches Cp4l4  1168.83 TypicsAlgls
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2.3- Soil attributes of the different mapping units awded from the analysis results of the modal soil

profiles representing the dominant main soil, Taldegl and 5.

Table 3. Main soil characteristics of the differetsoil mapping units

. Profile - .
Mapping . . . Salinity CEC |CaCO; Texture|Available| Area
unit Main soil d((zfnt;] Drainage (dS/m) [(Cmoldkg)| % ESP class | water % | (acres)
Cp131 Lithic <25 | PO " INonsalind 5-10 [30-40| <5 | sand | 5-10 | 419257
Torriorthents drained
. Moderately| Very
cp133| , Mypic 1 120- ) slighty | 510 [30-40| <5 | S| 1045 | 1411371
Haplocalcids | 150 . . loam
drained saline
Calcic Moderately| Very Sandy
Cpl34 . 60-90 well slightly 25-30 |30-40| 5-10 | clay 15-20 3071.18
Petrocalcids . )
drained saline loam
cp2o1 |  Typic 1120-4 Well —Moderately g, |54 5.0 |S2Y | 1045 | 14970.46
Haplocalcids | 150 drained saline loam
. Sandy
Typic 120- Well .
Cp222 Haplocalcids | 150 drained Non saling 15-20 |20-30 | 5-10 lc(;léilr)r/1 15-20 12751.88
. Moderately
cp223| | CACC o560 poor | STONIY | 540 | 20-30|35-40| sand | 5-10 | 2003.87
Aquisalids X saline
drained
. Sandy
cpaz1| [ CAliC lgg g Moderately) Strongly | 5 a5 | 3040|1520 clay | 15-20 | 9431.29
Haplosalids drained saline loam
Calcic Moderately Strongly
Cp322 - 25-60 poor . 5-10 |20-30 |35-40| Sand 5-10 3760.31
Aquisalids X saline
drained
. Moderately .
cpatz | PC 160-90|  well Slightly | 515 | 550 | <5 | sand | 5-10 | 1274.43
orripsamments ; saline
drained
. Very
cpa1z| _ CACiC  lgaq9|  Well | giohtly | 2025 |30-40| <5 | SV 1045 | 1201
Petrocalcids drained saline loam
Typic _~n | Moderately | Strongly i i i
Cp414 Aquisalids 25-60 drained saline 5-10 5-10 | <6 | Sand 5-10 1168.83

2.4- A land capability model is built using ALES softwaand the resulted table is imported to ILWIS GIS
to produce the capability map, Map 4, and the g@knapability map is also predicted, Map5. Thé so
characteristics rates used in the capability madelgiven in Table 6. The assessment of physizal |
suitability for 10 different crops has been coneédcfor the capable soil units using Automated Land
Evaluation System, ALES, (Rossiter and Van Wamii@®7) by implementing the FAO framework (FAO,
1976). The suitability maps were produced using IEV&IS.

2.5-The CropWat software is used to estimate the water requirements of the selected crops to défiee
periods and quantities of the supplementary irdgatThe most sustainable land use in the studs &re
suggested by applying the methodology introducdeigare 1.

2.6- The USLE equation is used to predict the annuiblless in the study area. ILWIS 3.3 GIS software
environment is used for presenting the six equatiarameters. The generated USLE layers, are used to
calculate the annual soil loss before and aftelyappthe recommended sustainable land use, Map5. 6
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Table 4. Particle size distribution, CaCO3, orgard matter, available moisture and hydraulic

conductivity in the studied soils

PKI)gIe Depth Sand % Silt | Clay | Texture | CaCOs Organic Ava_ilable Hyglrau]ip
. (Cm) Coarse| Fine % % classt % m:(;)ltter moisture | conductivity

1 0-60 34.42 | 53.04 4.01 | 8.53 S. 39.60 0.18 9.81 6.74

60-150 34.43| 51.10 5.99 | 8.48 LS. 90.80 - 9.93 6.32

0-25 51.23| 42.35% 1.97 | 4.44 S. 41.33] 0.17 8.74 3.71

2 25-100 45.73| 47.89 1.96 | 4.42 S. 40.15 - 8.61 5.01

100-150| 54.51| 40.98 2.00 | 2.51 S. 41.79 - 8.32 11.84

3 0-40 23.31| 60.37 594 | 10.39] L.S. 37.99 0.10 10.03 7.41

40-140 13.52| 58.0511.97|16.46| S.L. 40.13 - 13.48 2.46

0-3 6.30 | 67.78 10.58| 15.34| S. L. 29.04 0.95 13.65 2.10

4 3-20 9.27 | 57.98 18.14| 14.61| S.L. 30.27 0.75 14.52 3.71

20-50 4,15 | 40.7025.21| 29.94| C.L. 34.85 - 20.24 1.57

50-80 554 | 30.3924.60| 39.47| C.L. 33.64 - 21.85 0.25

0-10 24.30| 60.24 9.89 | 5.57 L.S. 23.52| 0.50 8.47 1.10

5 10-15 77.75| 13.3% 2.74 | 6.16 S. 224 0.15 8.93 0.96

15-60 72.27| 16.67 7.81 | 3.26 S. 2.90 - 7.89 3.32

6 0-80 89.38 | 6.21 | 1.96 | 2.45 S. 94.22 0.24 6.65 22.87

7 0-85 83.70| 12.00 1.80 | 2.50 S. 75.30 0.22 6.68 21.33

0-30 88.60 | 10.00 0.50 | 0.90 S. 86.40 0.26 6.21 7.13

8 30-50 91.80| 7.200 0.40 0.6p S. 90.80 0.14 6.15 7.02

50-110 93.70| 560 0.30 0.4D S. 92.60 - 6.01 6.87

9 0-40 16.68 | 48.8719.26| 15.19| S.L. 34.27 0.17 14.32 2.84

40-90 25.03| 58.81 6.32 | 9.84 L.S. 37.09 0.12| 10.21 3.26

0-20 4.80 | 52.60 19.60| 23.00| S.C.L. 32.60 2.02 17.86 1.32

10 20-90 2.00 | 30.8028.40| 38.80| C.L. 40.00 1.39 21.57 0.57

90-110 5.20 | 37.0021.00| 36.80| C.L. 39.60 - 20.21 0.63

110-130 5.00 | 36.2023.80| 35.00| C.L. 39.70 - 19.74 0.68

11 0-15 27.21| 57.16 10.02| 5.61 L.S. 26.90| 0.62 9.78 1.48

15-30 7259 | 18.92 252 | 5.97 S. 22.10 0.23 7.43 1.32

0-25 2250 | 45.9016.40| 15.20| S.L. 24.20 1.28 11.49 0.57

12 25-45 20.80| 40.6016.80| 21.80| S.C.L. 20.60 0.76 17.14 0.43

45-150 15.40| 42.5018.50| 23.60| S.C.L. 26.80 0.28 18.67 0.37

13 0-30 26.28 | 56.4310.47| 6.82 L.S. 38.23 0.14 9.68 1.86

30-110 23.12| 49.6417.31| 9.93 S.L. 33.47 0.11 10.74 1.47

14 0-50 11.0 | 35.80 22.40| 30.80| S.C.L. 35.40 1.64 19.89 0.43

50-70 6.20 | 40.00 21.00| 32.80| S.C.L. 34.60 1.64 20.13 0.37

15 0-12 52.31| 39.20 2.64 | 5.85 S. 37.61 0.11 6.27 5.74
*S:sand S.L.:Sandy LoamL. S.:Loamap& C.L.:Clay Loam S.C.L.: Sandy Clay Loam.
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Table 5. Chemical characteristics of the studiedods

Profile Cations Anions
No. | Depth | pH ECe (meq / 100g soil) (meq/100g soil) | sar | gsp| CEC
(Cm) |(paste) (dS/m) [~ - N N N ] : (cmolc/kg)
ca™ | Mg Na K* | SO, |HCO | CI

1 0-60 | 8.25| 4.60 | 0.0550.046] 0.287 | 0.007 0.35| 0.02| 0.02 2.09] 4.2¥ 13.73
60-150| 7.72| 13.09] 0.27(0.132| 0.808 | 0.014 1.14 | 0.02| 0.07] 3.14] 5.70 15.09
0-25 | 7.82| 0.68| 0.0150.006] 0.025| 0.002 0.02 | 0.03| 0.001 1.24 | 3.07 9.25

2 |25100| 7.46| 0.47| 0.0170.004| 0.014 | 0.001] 0.01| 0.02] 0.001 1.41 | 3.32 8.08
100-150 7.52 | 0.56 | 0.01%0.006| 0.020 | 0.002 0.001| 0.04 | 0.001] 1.41 | 3.31 8.04

3 0-40 | 8.65| 0.69 | 0.0050.002| 0.043 | 0.002 0.02 | 0.03| 0.001 1.66 | 3.67 12.26
40-140| 8.15| 25.24] 0.3110.370| 2,550 | 0.029 3.05| 0.02| 0.18 7.68] 11.43 20.40

0-3 7.08 | 131.1192.592|3.305| 9.257 | 0.316 14.04] 0.03 | 1.40| 4.66| 26.27 24.31

4 3-20 | 7.78| 37.492 0.779.913] 2.755| 0.124 4.24 | 0.02| 0.31 6.97] 11.97 26.20
20-50 | 7.97| 35.433 0.8791.066| 4.413| 0.165 6.09 | 0.03| 0.40 11.49 15.74 33.87
50-80 | 8.2 | 28.222 0.8951.055| 4.630| 0.174 6.32 | 0.04| 0.40/12.5' [16.87] 35.81

0-10 | 8.25| 144.82 1.7273.583|14.663]/0.399]19.02| 0.03 | 1.32| 3.80| 6.582 18.15

5 10-15 | 8.39| 31.11| 1.2861.189| 4.695| 0.127 6.83| 0.04| 0.43 2.40 4.702 8.98
15-60 | 8.07| 55.62| 2.5680.673| 8.552 | 0.184 11.12| 0.07 | 0.79] 0.80| 2.447 7.71

6 0-80 8.4 4.13 | 0.0180.036| 0.184 | 0.011 0.22 | 0.02] 0.01] 1.45 3.3F 9.11
7 085 | 85 257 020 0.80 4.08 040 058 0/05 4.50.464139.03 9.14
0-30 | 7.82| 0.92]| 0.06 0.08 0.13 0.01 0j04 0,04 0.1496 3 6.80 9.62

8 |30-50| 7.46| 0.75| 0.05 0.02 0.10 0.p1 0/04 003 0.1851 | 6.19 7.76
50-110| 7.52 | 0.45| 0.03 0.02 0.05 0.01 0.03 0/02 006 211294 4.89
9 0-40 | 8.21| 3.23| 0.51 0.0380.21 | 0.005 0.42| 0.073 0.27 | 2.420| 4.72 29.34
40-90 | 8.36| 3.45| 0.583 0.0410.23 | 0.006 0.44 | 0.087 0.28| 2.547| 4.89 17.63
0-20 | 7.97| 8.82| 1.17 085 145 0.04 1/74 012 1.6539711.09 23.15

10 | 20-90| 8.09| 318 044 026 0.77 0.04 0|68 012 0.%02 | 9.42] 28.84
90-110| 8.10 | 10.57| 1.23 130 212 0.03 146 007 3.15 89294 25.78
110-150 7.92 | 837 | 099 127 260 0.04 095 008 333 8.73.69 24.35

11 | 0-15 | 843| 191.212.18| 4.21] 27.90 0.45] 13.52 0.05 | 20.4743.958 40.41]  8.62
15-30 | 8.52| 152.481.85| 3.41] 9.37| 038 531 05 9.15 35.933.76| 8.81
0-25 | 7.92| 1.05| 0.12 0.07 0.24 0.03 022 0,04 0.20763 6.54| 12.35

12 | 25-45| 7.96| 1.20| 0.18 0.10 0.27 0.03 0/31 004 0.2329 | 5.90, 18.27
45-150| 8.10 | 2.06 | 0.48 0.18 0.35 0.03 0.67 0,03 0.34 272135 20.72

13 | 030 | 813| 2.84] 0.38 028 073 003 0i86 009 0.47351 3.23 6.13
30-110, 8.29| 223 | 032 025 0.68 0.02 06 0/05 041 131173 7.46

14 | 0-50 | 813| 3.57| 036 031 0.88 002 0/96 010 0.5181711.59 28.34
50-70 | 8.29| 2.94| 037y 040 089 0.03 0/82 006 0.8118 | 2.99] 28.73

15 | 0-12 | 8.23| 0.68| 0.01/®.006] 0.025]0.002| 0.02| 0.03| 0.00f 1.25 | 3.08 7.31

3. RESULTS AND DISCUSSION

3.1- Soil Map generation: The interpretation of the resulted geopedologicapnMap 3, indicated that the
area is characterized by coastal plain landscagajidded into four relief types , i.e., High Teres,
Moderately High Terraces, Moderately Low Terraced Bow Terraces.. Finally, the area are differé¢ata
into different lithology and subdivided into twentigree landforms as indicated in the physiographap
legend Table 2.

The High Terraces relief unit “Cp1” contains nia@d forms that are representing the oldest seadbeac
and the inland area when the Mediterranean Se&wea& high enough to flood all the northern arelae T
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total area of these land forms are 30224.63 adites.main recorded soils are; Typic HaplocalciddciCa
Petrocalcids and Lithic Torriorthents, whereas 2%2f these units are hard limestone rock.

The Moderately High Terraces unit “Cp2” comprisesdsfferent land forms that cover an area about
34919.39 acres. These land forms represents mtielytidal rocky ridges, terrace tread, depressioth a
marshes. The rocky ridges are considered the sepwmrthe coastal beach ridges formed through the
Pleistocene times They are composed mainly of liomesintercalated with gravels, elongated in shape,
extend from north east to south west, and rundiphta the current sea shoreline with a distanicabmut 2-

4 km from the shoreline. The main soils recordedtha tread and depression land forms are Typic
Haplocalcids. They constitute about 79.9% of thalteelief unit area, whereas the seasonal mapbesess
Calcic Aquisalids soils.

The Moderately Low Terraces “Cp3” relief unit coyvemn area about 20621.19 acres and consists of
four land forms; ridge riser, tread, sabkha withsemal marshes and permanent marshes. The swils a
mainly Calcic Haplosalids and Calcic Aquisalids.

The Low Terraces relief unit “Cp4” is consists olf land forms; sand dunes, sea beach, tread and
Sabkha with total area about 6139.18 acres, TableThese landforms are considered the youngest
landforms in the area that extend parallel toghesent sea shoreline at a distance of a maximago dn.

The main recorded soils in these units are; Tygiripsamments, Typic Haplocalcids, Calcic Petrddslc
and Typic Aquisalids. The main physical and chetbaracteristics of the studied soils are giveiiables
3,4 and 5. Itis noticed that the majority of thmper area have Calcic horizon in their represemtatofiles.
With getting close to the sea in the lower aredic$@rizon appeared and intercalated with Caladzon ,
Figure 3, Annex IV.

3.2- Coding of soil attributes: The average of the different soil attributes wesdculated for the
representative modal profiles only. The attributesre coded and stored as map unit attributes where
different thematic maps were able to be creategyrei3.

Soil Classification Soil Depth

720000 7125000 730000 T20000 725000 730000

3425000

3420000

IN5000 =

3410000 —°

720000 725000 730000 720000 725000 730000

0 10 km L] 10 km
Typic Haplocalcids [ Caleic Haplosalids
[ Calcic Petrocalcids I Lithic Torriorthenis —e
[ Caleic Aquisalids ] Permanent marshes 0 60.90 cm B Thban
B Typic Aquisalids B Rock

[ Typic Torripsammenis B Urban

Figure 3. Sail classification and soil depth of thetudy area
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3.3- Land capability :
A land capability model is built in ALES for defimy the capability of the represented map units in
the study area. Table 6, shows the used soil ctesistacs and their limiting values for each cajfigbtlass,
as used in the capability model. By matching tmel leharacteristics of the modal profiles of eaclp maits
with the land capability model, the land capabititgp is obtained. Potential capability map is alsmuced
after eliminating the correctable limitations, M&.
As indicated in Tables 7, the soil depth in the Tpg#apping unit is exceptionally considered a aiatele
limiting factor as the soils possess shallow thétr&calcic horizons which can be corrected by dadysoil
ploughing. While calcium carbonate content and lehalsoil depth are mostly the main uncorrectable
limiting factors in the area. The results indicatbdt 80.27 % of the area are potentially suitefole
agriculture. The recommended soil management gexctd improve the current capability include;
a- Deep ploughing to improve soil permeability amoisture availability.
b- Organic fertilization to improve permeabilityEC and nutrient availability.
c- Drainage improvement in low parts to improversgl and oxygen availability.
d- Applying modern irrigation systems to supply tieeded uniform water and to avoid soil
crust formation.

Map ( 4 ): Current land capability

B c)ness
O3 clnesd
O3 ¢laees
O o Rating,
B Thha,

B vrater
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Map (5 ) Potential land capability

TI0000

TIS000

Table 6. Soil Characteristics of the soil map un#, which used in the capability model

Soil L CI"’.‘SS 1 Class 2 Class 3 Class 4 Class 5
Characteristics c ngh_ Moderate Capability [Marginal Capability | Limited Capability | Not Suitable
apability
Slope % <2 2-5 5-8 8-16 >16
Effective depth (cm) >120 90-120 60-90 25-60 <25
Drainage®™ | Class 4 Class 3,5 Class 2,6 Class 1 Class
L, SL, SCL, | SiL, SiCL, SiC, Si, Extremely
Texture clas®’ L SC light C F.S, C S, G.S 5. sand
Clay % <35 35-50 50-60 60-80 >80
Permeability 2.6.95 0.5-2 0.25-0.50 0.12-0.25 >40
(cm/hr) ) 6.25-12.5 12.5-25 25-40 <0.12
A. Water® (mm) >120 80-120 80-60 60-30 <30
CEC (cmol/kg) >30 15-30 10-15 5-10 <5
EC (dS/m) <4 4-8 8-16 16-32 >32
ESP <15 15-20 20-30 30-40 >40
CaCO3; % <10 10-20 20-40 40-50 >50
(1) According to FAO, 1977.
(2) Texture classes: L: Loamy SL: Sandy loam SCLdgatay loam
CL: Clay loam SC: Sandy clay SiL: Silty loam SiCliltysclay loam
SiC: Silty clay  Si: Silty F.S.: Fisand C: Clay

S: SandyG.S.: Gravely sand
(3) Available water capacity depth till the effeetdepth up to 80 cm.

Organized by NARSS & AARSE 12 ISBN 1-920-01710-0
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Table 7. Current land capability
Mapping . Limiting Factor(s) Area
Unit Capability Class Correctable | Not Correctable | (acres)
Cpl131 Class 5 AW Sd 4192.57
Cpl133 Class 4 AW/ CEC 14113.71
Cpl34 Class 3 Prm CaG(sd 3071.18
Cp221 Class 3 Dr/ECe CaGO 14970.46
Cp222 Class 3 Prm CaGO 12751.88
Cp223 Class 5 AW/ ECe 2018.89
Cp321 Class 5 ECe 9431.2P
Cp322 Class 5 AW/ECe 3760.31
Cp411 Class 5 CaGO 1254.78
Cp412 Class 5 CaGO 1274.43
Cp413 Class 3 Sd CaGO 1291.00
Cp414 Class 5 ECe 1168.83
Limiting factors: AW: available water Dr: drainage Prm: permeability
Sd: soil depth CEC: cation exchange capacitygCe: electric conductivity
Table 8. Current capability verses potential capaitity
Capability class Current area (acres) % Potential eea (acres) %
Class 3 32084.52 46.30 55629.52 80.27
Class 4 14113.71 20.37 6948.03 10.03
Class 5 23101.10 33.34 6721.78 9.70
Total area 69299.33 100.00 69299.33 100.00

3.4- Land suitability for different crops:

Physical land suitability for ten different LUTs metested in the capable soils using ALES software.
The results were imported to ILWIS GIS to displagps, Tables 9 & 10 and Fig 4. It is starkly obseérnet
the study area suffers from a lack of highly suéawils for the different land use types preseimetie area
due to the different soil limiting factors presehte Table 9.
Table 9. Physical Land Suitability Sub-classes

Il_-lt/IJESs Wheat Barley Clover | Maize| Sorghum | Groundnut | Olive Fig Citrus | Guava
Cp133 3m/n 3m/na/nf 3m/na/nf  4ng 3m/ni 4ng 3na/nt 3m/na/nr/f  4nd 4ng
Cpl34 2m/nalf 2m/nal 3n4g 4ng 2ng 3n4g 4r 4r|  4nalf 3sk/na
Cp221] 3sk/m/na  3m/ng 4sk 4sk/na 3sk/m/na 4sk/ing  3ng 3m/na/t 4sk/ina 4sk/na
Cp222 2m/r  2m/na/ 3ngd 2m/ng 2m 3ngd 2ming 2m/na/ 3ng 3na
Cp413 2e/m/naly 3na 3nd  4ng 2e/m/naly 4nd  3ng 3m/na/ 4ng 4ng
2 = moderately suitable. 3 = marginally suitabled= not suitable.

m = moisture availability 0 = oxygen availalyilit r = rooting Condition na= nutrient availability

nr = nutrient retention capacity e = topography sk = salinity and alkalinity

Organized by NARSS & AARSE 13 ISBN 1-920-01710-0
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Table 10. Suitability classes’ areas (acre) for theUTs

LUTs
c . Wheat Barley Clover Maize | Sorghum|Groundnut| Olive Fig Citrus Guava
apability
class
S1 0 0 0 0 0 0 0 0 0 0
S2(17114.06|15823.06 0 12751.88|17114.06 0 12751.88|12751.88 0 0
S3(29084.17|30375.17|31227.77 0 29084.17| 15823.06 |30375.17|30375.17|12751.88|15823.06
N 0 0 14970.46|33446.35 0 30375.17 | 3071.18 | 3071.18 |33446.35|30375.17
Area (acres) 46198.23|46198.23|46198.23|46198.23|46198.23| 46198.23 |46198.23|46198.23|46198.23/46198.23
S1 = highly suitable.  S2 = moderatelyadle. S3 = marginally suitable. N= not abie.

3.5- Crop Water Requirements, Irrigation Requirements, Net return and Irrigation scheduling:

The crop water requirements (CWR) and irrigatiortewaequirements (IR) are calculated for each
LUT taking into consideration the amount of raihf@dliring the growth season, Table 11. The CWRs are
found to range between 210.35 mm for clover (fog ont) and 1123.95mm for guava. While the irrigatio
requirements range between 152.97 mm for cloverofie cut) and 981.07 mm for guava, Table 11.

The net return for each land use type is obtainech the Agricultural Statistics (2000 & 2001), then
the net return per month (NR/acre. month) is calea . Net return per cubic meter of water is also
calculated as L.E. ffrof irrigation water for each LUT. It is clear frofable (12) that the highest net return
per month is obtained from clover (412.2 L.E. /agr®nth), and the lowest one is obtained from lyarle
(69.8 L.E. /acre. month). On the other hand, trghést net return per cubic meter of irrigation wase
obtained from clover (1.68 L.E. Anwhile the lowest NR/fhis obtained from guava (0.23 L.E.3m

Since the study area suffers from shortage of wasources, the irrigation scheduling is thus a
limiting factor. The objective is thus to maximiggurn from the existing water resources (rains surtace
water). Three LUTs (wheat as a winter crop, maigeaasummer one and fig as orchard) are used as
examples for calculating irrigation schedulinghiéy will be planted in “Cp222” mapping unit (TablE3, 14
and 15). As seen from Table 13, there is a neédisrior supplementary irrigation in the periodhat the
amount of rains is not sufficient for the crop.dase of wheat, it can obtain the required moistorg84
days) from the rains; and it needs supplementaigyation for three times with total amount of 364m8n.

On the other hand, in case of maize as a summpy Table 14, the contribution of rain is zero ar¢his no

rain all over the growing season of the maize.ulchscases the need for scheduling the irrigatigieadion

is of importance to manage the plant-water relatigm and to get the most benefits from existingewat
resources. In case of fig trees plantation, Tabletlle amount of rainfall is sufficient in the fifgl7 days)
growing period, but it needs supplementary irrigratafter that for five months with total amount##9.6

mm of irrigation water. The application of such edhles leads to ensure saving water resources and
produce healthy plants.
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Figure 4. Physical land suitability for different utilization types.
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Table 11. Crop water requirements (CWR) and irrigaion requirements (IR) for each LUT.

Total Total CWR Toal ol IR
LUT ETo" (mm) (ETm) mm (Enzf;(;tlve Rain | o (mm) Rating
Wheat 624.69 529.04 132.5 396.54 W3
Barley 456.76 355.03 132.5 222.54 W2
Clover 288.84 210.35 57.38 152.97 w1l
Maize 588.86 477.47 0 477.47 S2
Sorghum 579.26 412.21 0 412.21 S1
Groundnut 638.24 531.23 0 531.23 S3
Olive 1604.88 995.76 142.88 852.88 0?2
Fig 947.99 762.99 0 762.99 01
Citrus 1604.88 1064.74 142.88 921.86 03
Guava 1604.88 1123.95 142.88 981.07 04

Total quantities over the growth period for eachlLU

* ETo: Potential evapotranspiration.

Irrigation Efficiency = 70%

*W = winter crops. S=summer crops. ® = orchards.

Table 12. Net return (NR), net return/month, and néreturn/cubic meter of irrigation water (NR/ m3)
Growth NR/ NR/

IR NR’ : NR/m?
LUT (m¥acre) | (L.E.) ?rigcr)](tjh) month gﬁﬂg‘ NR/ m? rating
Wheat 1586.16 863.9 55 157.1 W2 0.54 W2
Barley 890.16 279.3 4 69.8 w3 0.31 W3
Clover’ 611.88 1030.4 2.5 4122 | W1 1.68 Wi
Maize 1909.88 726.6 4 181.6 S2 0.38 S2
Sorghum 1648.84 | 4721 4 118.0 S3 0.29 S3
Groundnut | 2124.92 1139.4 4.5 253.2 S1 0.54 S1
Olive 3411.52 1066.7 12 88.9 03 0.31 03
Fig 3051.96 | 1961.9 12 1635 |02 0.64 01
Citrus 3687.44 2104.8 12 175.4 o1 0.57 02
Guava 3924.28 900.0 12 75.0 04 0.23 04

* Source: Agricultural Statistics (2000&2001).ét\return calculated in Egyptian Pound"
* Clover: all calculations for the first cut.
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Table 13. Irrigation scheduling for wheat

Date [,)\l"’:)y TAM RAM | Rainfall |Efct. Rain| ETc | ETc/Etm | SMD n'tgl'rv_ Net Irr.
(mm) | (mm) | (mm) | mm) | mm) | (%) | (mm) | o] (mm)
15-11 1 49.7 29.8 4.3 0 1.2 100.00% 1.2
20-11 6 63.2 37.9 5 5 1.2 100.00% 2.4
25-11 1 76.8 46.1 5.7 5.7 1.2 100.00% 2.8
30-11 16 90.3 54.2 6.4 6.4 1.2 100.00% 2.4
05-12 21 103.9 62.3 7 7 1.3 100.00% 1.4
10-12 26 117.4 70.5 7.5 7.4 1.7 100.00% 1.7
15-12 31 131 78.6 7.9 7.9 2.2 100.00% 3.7
20-12 36 144.5 86.7 8.2 8.2 2.6 100.00% 7.6
25-12 41 158.1 94.8 8.5 8.5 3 100.00% 13.2
30-12 46 171.6 103 34 34 34 100.00% 26
01-1 48 177 106.2 8.7 8.7 3.6 100.00% 24.3
06-1 53 190.6 114.4 8.9 8.9 4 100.00% 34.1
11-1 58 198.7 119.2 8.9 8.9 4.2 100.00% 46.7
16-1 63 198.7 119.2 8.7 8.7 4.2 100.00% 59
21-1 68 198.7 119.2 8.3 8.3 4.2 100.00% 717
26-1 73 198.7 119.2 7.7 7.7 4.2 100.00% 85.2
31-1 78 198.7 119.2 6.9 6.9 4.2 100.00% 99.1
05-2 83 198.7 119.2 5.9 5.9 4.3 100.00% 1149
07-2 85 198.7 119.2 0 0 43 100.00% 123.4 84 12314
10-2 88 198.7 119.2 4.8 4.8 4.3 100.00% 8.1
15-2 93 198.7 119.2 3.7 37 43 100.00% 25.9
20-2 98 198.7 119.2 2.8 2.8 4.4 100.00% 44.9
25-2 103 198.7 119.2 2.1 2.1 4.4 100.00% 64.7
02-3 108 198.7 119.2 1.6 1.6 45 100.00% 85.
10-3 116 198.7 119.2 0 0 45 100.00% 121.4 31 1214
11-4 148 198.7 119.2 0 0 2.7 100.00% 119.5 32 1195
Total 142.9 1385 529 100.00% 364.3

Table 14. Irrigation scheduling for maize

Day| TAM | RAM |Rainfall| E | ETc |ETe/Etm | smp | 'Mgation | Net
Date Rain o Intervals |Irrigation

No. | (mm) mm) (mm) (mm) (mm) (%) (mm) (Days) (mm)
016 | 32 | 963 | 53 0 0 28 | 100.00% 53. 31 53.¢
186 | 49 | 1219 | 671 0 0 5 | 100.00% 67.2 17 67.2
02-7 | 63 | 1325 | 72.9 0 0 58| 100.00% 783 14 783
157 | 76 | 1325 | 729 0 0 58| 100.00% 753 13 75.3
287 | 89 | 1325 | 72.9 0 0 58| 100.00% 756 13 75.6
118 | | 1325 75 0 0 45| 100.00%  75.4 14 75.6
Total 0 0 | 477.5| 100.00% 4258
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Table 15. Irrigation scheduling for fig
Day| TAM | RAM | Rainfall |Efct. Rain ETc/Etm | smp |'Mgation | Net
Date No.| (mm) (mm) (mm) (mm) ETc (mm) (%) (mm) Intervals. |Irr igation
' (Days) | (mm)
01-5 48| 231.8 145.2 0 0 34 100.00%146.4 47 146.4

0 4.1 100.00%6151.5 40 151.5
16-7 124 231.8 150.7 0 4.3 100.00%152.5 36 152.5
21-8 160 231.8 150.7 0 4.3 100.00%0154.5 36 154.5
26-9 196 231.8 141.4 0 3.5 100.00%0144.7 36 144.7
Total 0 0 763 100.00% 749.6
TAM= Total Available Moisture = (FC% - WP %)* Rootepth [mm].
RAM= Readily Available Moisture= TAM * P [mm]. SMD= Soil Moisture Deficit [mm].
Etc= actual crop evapotranspiration. ETm= maximum crop evapotranspiration

10-6 88| 231.8 150.3

eollolle]le]

3.6- Sustainable Land Use Assessment:

In order to define the most sustainable land usedéah land mapping unit, the results of physical
suitability, net return, net return per month, gaiion requirements and net return per cubic meter
irrigation water are rated, Table 16.

Table 16. physical suitability of LMUs, IR-rating, NR/month rating, and NR/m® rating

3

'['\U"#’S Cpl33 | Cpl34 | Cp221| Cp222| Cp413 'F'fating g;’ig‘;”th r’;'g:] rg
Wheat 3 2 3 2 2 w3 W2 W2
Barley 3 2 3 2 3 W2 W3 w3
Clover 3 3 4 3 3 W1 w1 W1
Maize 4 4 4 2 4 S2 S2 S2
Sorghum 3 2 3 2 2 S1 S3 S3
Groundnut | 4 3 4 3 4 S3 S1 S1
Olive 3 4 3 2 3 02 03 03
Fig 3 4 3 2 3 o1 02 o1
Citrus 4 4 4 3 4 03 o1 02
Guava 4 3 4 3 4 04 04 04

IR= irrigation requirements (ffacre).
NR/month= net return per month (L.E. /acre. month).
NR/m?® = net return per cubic meter of irrigation waters| /nt).

For planning the most sustainable land use, ther¢haee LUT groups; winter crops, summer crops
and orchards. Therefore, there are two choicdserefilanting field crops (winter and summer) orhancls.
The criteria for decision, as used herein, depamdhe physical land suitability. Once, the LUT hhe
highest suitability among its group; then it wi# the most sustainable LUT. If the physical lanitasility
is the same for LUTSs; then the next factor that esinto consideration will depend on its priority.

In the present study, two scenarios are proposed;far the present situation, where there is acttganf
irrigation water in the study area, and the prjor#t given for the LUT with lower irrigation reqement.
The other scenario considers abundance of irrigatiater, therefore, the net return per month andetern
per cubic meter will have the priority after theypital land suitability, Table 17.

The results indicated that most sustainable croyieuthe limited irrigation conditions are clovdragrely ,
wheat and sorghum. Fig and olive are the most isadii® orchards in area, whereas guava can be
considered in the Cp134 mapping units.

Organized by NARSS & AARSE 18 ISBN 1-920-01710-0




6t" International Conference on Earth Observation & Geoinformation

Sciences in Support of Africa’s Development
30 October — 2 November, 2006

AF E’“‘i”“c A'S Cairo, Egypt
DEVELOPMENT
Table 17. The most sustainable land use for the ment and the coming up situations scenarios.
LMU Scenario | Decision criteria Most sustainable lad use
Cp133 1 IR Clover and Sorghum against Fig
2 NR/n? &NR/month Wheat and Sorghum against Fig
Cp134 1 IR Barely and Sorghum against Guava
2 NR/n? &NR/month Wheat and Sorghum against Guava
Cp221 1 IR Barely and Sorghum against Fig
2 NR/n? &NR/month Wheat and Sorghum against Fig
Cp222 1 IR Barely and Sorghum against Fig
2 NR/n? &NR/month Wheat and Maize against Fig
Cp413 1 IR Wheat and Sorghum against Fig
2 NR/n? &NR/month Wheat and Sorghum against Fig

IR= irrigation requirements (ffacre).

NR/m® = net return per cubic meter of irrigation watef /nt).

NR/month= net return per month (L.E. /acre. month).

3.7- Soil erosiorrisk assessment and effect of sustainable Land usa erosion risk:

To investigate the environmental impattthe proposed sustainable land use, the soila@rossk is
estimated before and after applying the sustainkrld use. The USLE (A=R.K.LS.C.P.) was used to
estimate the soil loss due to water erosion. THevdRue is calculated as 370 J/ha , the soil erdidabK”
values are obtained using the monograph, develbpedlischmeier et al. (1971), the slope length dred t
slope steepness factors are derived with the hietheoGIS, the cropping management factor values ar
assigned 0.2 as an average for cultivated areasldor the areas with spares and scattered veégetat
depending on the land use map created from the SP@gde of the area, and the management factor was
assigned to 1 for all the study area, as thera@ggnificant management practices in the area.

The potential soil loss and the predicted soiklafter applying sustainable land uses in the study
area are presented in Table 18 and Maps 6&7. Thainad results indicated that the soil loss will be
decreased significantly in the soils of Cpl134, Ch2Cp222 and Cp4ll mapping units by applying the
proposed sustainable land use and proper erositrotpractices that enhance water percolation.

Table 18. Predicted annual soil loss for each mappj unit (excluding urban areas)

Potential soil Soil loss after
Map unit | K-factor |L-factor |S-factor loss average|sustainable land us{ Area (acres)
(mt/haly) (mt/haly)

Cpll1l 0.12 0.631 0.3383 9.06 9.06 1970.37
Cpl22 0.12 0.645 0.2415 6.83 6.83 1280.64
Cpli2 0.12 0.645 0.2219 6.25 6.25 372.35
Cp113 0.12 0.647 0.0923 2.72 2.72 387.21
Cpil21 0.12 0.605 0.5497 13.67 13.67 1851.29
Cpl3l 0.14 0.648 0.1859 6.14 6.14 4192.57
Cp133 0.28 0.646 0.1717 11.30 11.30 14113.71
Cpl32 0.12 0.645 0.1945 5.46 5.46 2985.31
Cpl34 0.25 0.646 0.1143 6.77 1.42 3071.18
Cp211 0.12 0.617 0.4077 10.53 10.52 3703.08
Cp212 0.12 0.644 0.2388 6.52 6.31 1640.77
Cp221 0.33 0.643 0.2152 16.52 16.52 14970.46
Cp222 0.28 0.646 0.1731 11.23 2.25 12751.88
Cp223 0.12 0.646 0.1711 8.91 8.92 2003.87
Cp311 0.12 0.570 0.9222 22.02 22.02 2152.28
Cp321 0.26 0.637 0.2416 14.28 14.28 9431.29
Cp322 0.23 0.646 0.1116 6.04 6.04 3760.31
Cp4l1l 0.12 0.611 0.5243 13.07 11.15 1254.78
Cp412 0.06 0.624 0.4169 5.50 5.22 1274.43
Cp413 0.25 0.608 0.5281 27.79 27.74 1291
Cp414 0.18 0.635 0.1917 7.44 7.41 1168.83
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Map 6. Current soil loss.
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Map 7. Predicted soil loss after the sustainable land use.
F20000 F23000 30000 F33000
425000 3425000
N
3420000 —3dz0000
41000 3415000
B Slight
B Moderate
1 High
3410000 2410000 =i UE[‘]‘ high
§‘ Bl Severe
340000 — 3405000
| | | |
F20000 F25000 T30000 F35000
| = . T I
0 10 km

Organized by NARSS & AARSE 20 ISBN 1-920-01710-0



Lscmmons
AFRICA'S

6t" International Conference on Earth Observation & Geoinformation

Sciences in Support of Africa’s Development
30 October — 2 November, 2006
Cairo, Egypt

DEVELOPMENT

4. CONCLUSIONS

4.1 More than 55000 acres in the area are margioapiable for agriculture.
4.2 The present study proved that GIS, combined middeling and soil data, are powerful tools for

water
management decision making in the area.

4.3 The most sustainable land use recommended threlpresent limited water resources are clover ,

barely , wheat and sorghum as field crops. Whefeaslive and occasionally guava are the most
sustainable orchards cultivations.

4.4 Considerable decrease in the erosion soildos$e achieved by applying the recommended

sustainable land use with proper erosion contratfes.
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