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ABSTRACT

The current study was carried out on the soils el Fayoum Governorate, adjacent
to Cairo - Assiut desert road, Egypt. The studyeaino conduct a semi-detailed soil
map suitable to conduct a soil capability and pteisisuitability evaluation using
ILWIS GIS and the Automated Land Evaluation Sys{ainES).

Visual interpretation was first undertaken on arhated natural color
composite Landsat TM image, overlaid on Digital vakon Model (DEM) for the
preparation of geo-pedological soil map using tbe@S analysis. The mapping units
were strictly verified in the field where transeait sample areas including 29 soil
profiles were selected to represent the differeappmg units. The soil profiles were
carefully described; the main physical and chemidaracteristics of the different
mapping units were determined and stored into ILMBIS database. The soils were
classified up to the sub group according to thégmal of the United States Department
of Agriculture (USDA Soil Taxonomy, 2003). The masnils groups recorded in the
studied area are; Petrogypsids, Haplocalcids, Haptts, Torriorthents and
Haplotorrerts.

USDA soil capability classification was applied léoled by physical land
suitability evaluation using ILWIS-GIS to createsttesulted maps. Eight land use types
were selected; cotton, wheat, sorghum, sugar be&n, chamomile, olive and citrus.
Five land qualities were considered based on thgaimements of the selected LUTS,
i.e., salinity & alkalinity, nutrient availabilitymoisture availability, oxygen availability
and rooting conditions. The physical evaluationultssindicated that the southern,
middle and eastern parts of the studied area assiied as moderately suitable.
Whereas, the northern parts are mostly classifeedharginally or not suitable due to
their salinity and cementation constraints.
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1. INTRODUCTION

El Fayoum Governorate occupies a circular depradsithe Eocene Limestone
plateau at the northern part of the western Degdegypt. It is Located at about 90 km
to the south west of the Great Cairo. It is dividetb six districts, namely; Tamia,
Senours, Ibshaway, ElI Fayoum, Yousef El Sadic ésal According to the population
of 1997, the agricultural lands per capita is ofl¢ kirate. This hammers on the
importance of exploring the desert lands aroundoBay Governorate to find out the



suitable soils for agriculture and meet the urger®d to match land types and land uses
in the most practicable and logical sustainable .wHye full understanding of the
geological, geomorphological and pedological, alk @eemical and physical properties
of these soils, is considered as the fundamensd fta a successful reclamation plan in
the area. Many private sector investments were ipaidclaiming soils around Fayoum
depression, but sustainable agriculture are vemy. & is the duty of soil scientists to
survey new lands and furnish the most suitable g@oe for reclaiming and
management of such soils.

1.1 Research objectives

The present study aimed to meet the following abjes;

a) To setup a suitable geographic soil database dha aid in the agricultural
development east of El Fayoum Governorate, extetal@dsiut desert road, Egypt.

b) To utilize information technology needed for ithy soil database containing
digitized soil maps stored with their attributesadand supported with chosen profiles
point data.

c) To evaluate land resources in the study aredaockate soil capability layer.

d) To evaluate the physical suitability to differenops which will help for planning the
sustainable land use in the area.

1.2 General description of the studied area

The study area is located in the north east ofotay Depression, and pounded
between latitudes 2880’ and 29" 45’ N and longitudes 3100’ and 3% 15’ E (Map 1).
The area is bounded by Fayoum — Cairo desert ro#iteiwestern side and Nile valley
at El Saf District, Giza Governorate in the eastde, while Cairo - Assiut desert road
passes diagonally through the study area.

The area is characterized by a hot and dry sumntlerseanty winter rainfall and bright
sunshine throughout the year. The average anrupktsture is 23C, the average
annual rainfalis 8 mm, while the average of daily evaporatiof.i& mm/day.

According to the geological map of Fayoum 1: 5@00Donoco (1987), Gebel Qatrani
Formation (Toq), belonging to Oligocene period asvihe northern east part of the
study area. It is formed mainly from sequence dftioental to littoral marine clastics,
siltstone, and reddish claystone. Going down westhe study area, Kom el-Shelul
Formation (Tplk) appears. It is belonging to Pdine period that composed mainly
from sandstone beds , coquinal limestone and clagsgig down west in the study area,
Qasr el-Sagha Formation (Tes) appears. It is coetpominly from Littorial marine to
continental clastic sequence intercalated withasit clay stones beds. Reaching beside
the northern rim of El-Fayoum depression, Mokattgraup-Wadi Rayan formation
(Temr) appears which belonging to middle Eocenégelt is composed mainly from
shallow marine limestone intercalated by shale santtly shale. Beside the recent Nile
valley deposits in the west, some isolated QuatgriRaenile deposits (Qn2) appear.
Adjacent to the northern rim of Fayoum depressmmes Protonile deposits also appear.



Map 1. Location map of the study area displayed on the geological map.

2. MATERIALSAND METHODS

The work of this study had been conducted in 2@0tha following stages:
2.1 Satellite data interpretation and GIS application
2.2 Soil map generation.
2.3 Field work, Laboratory analysis and Coding sotadi@ase attributes.
2.4 Land capability assessment.
2.5 Land suitability assessment for different crops.



2.1 Satellite data interpretation and GI S application:
2.1.1 Geometric correction and registration:

The topographic map scale 1:50,000, (EGSA 199@s scanned first with 250 dpi
resolution and then imported into ILWIS GIS and metrically corrected using
polynomial order 1, Transverse Mercator projectmil Helmert 1906 Spheroid. After
that, it was re-projected into ETM projection systeThe georeferenced topographic
map had been used for projecting the TM image (1288) of the study area to the
ETM system, by using image-to-image geometric adiwa module in ILWIS GIS, and
used also for digitizing the contour, roads andddrtayers.

2.1.2 Satellite data processing and infor mation extraction:

Stretching, contrast enhancement and convolutitiariig were applied for
radiometric and spatial enhancement. An enhandse ¢alor composite of bands (7, 4,
1) of Landsat image is visually interpreted on #ween mainly to delineate the
different land uses; namely, arable land, urbaasareare soil, bare rocks, water bodies,
and land cover. On the other hand, with help ofrlayeng the image on the 3D of the
study area, the main landscape and the differgmvgi@phic features important to
produce the soil map of the study area are defined.

The following maps were digitized accurately toWILS” GIS

» Contour lines and spot heights map, has been zBditfrom topographic maps
1:50000 scale with 1 meter intervals accuracy (EGER7).

» Digital Elevation Model (DTM), is made by interpttag the contour lines and spot
heights using ILWIS map-calculation formulas andssifying it to slope classes.
The contour map was imported to ARCVIEW GIS whePerBodel is created.

» Slope map, has been made from the DTM map usingd8-B1S capabilities.

» Irrigation, drainage and road network maps digdticirectly from the topographic
map with scale 1: 50000 (superimposed all maps).

The geo-referenced topographic map, the geologiedad, the enhanced satellite image,
and the 3D model of the study were used to gendrateeeded geopedologic soil map.

2.2 Soil map generation:

The geopedological approach (Zinck, 1989) is adhjpte be applied on the
satellite image interpretation. The enhanced nhtaiaur composite is overlaid on 3D
model, then visual interpretation is made to apily geopedological approach and
produce the soil map, Map 3 and Table 1.

2.3 Field work, Laboratory analysis and Coding soil database attributes.

A general reconnaissance survey is carried out finroughout the study area
using intensive testing auger samples then, trassaopling method is applied to cross
the different mapping units in the area. Threedeats have been done where twenty
three soil profiles were examined, Map 2. Detailedrphological description was
recorded for each of the studied solil profiles,tloa basis outlined by FAO (1977) and
classified according to USDA (2003). The summary tbé studied soil profiles
description is shown on Table 2.



The collected soil samples (disturbed samplespardried; ground gently; and sieved
through 2 mm sieve. Then, the main physical andnoted properties are determined,
Gomaa (2004).

Attributes of soil mapping units and building upetbkoil database have been
achieved by adding the values of different atteisuafter the analysis of representative
soil modal profiles.

Re-interpretation analysis was done to finalizeittierpreted boundaries using
ILWIS-GIS after the establishment of the groundhrin the field. Consequently, the
map legend was finalized and the physiographicsumére finally translated in terms of
soils, the finalized tabular legend was construciaith the help of the terminology
instructions given by Zinck (1989).

The composition of each mapping unit was estimawgthi the help of the
fieldwork combined with the image-interpretation.

2.4 Land capability assessment.
California Storie index, Roy H. Bowman et al, (1978 used to judge the soll
grade for intensive agriculture. The results wiisplayed as maps using ILWIS GIS.

2.5 Land suitability assessment for different crops.
Physical land suitability evaluation is done acaogdto FAO framework using the
automated land evaluation system (ALES) softwaes@Rer and Van Wambeke, 1997).

Figure 1, explains the methodological approachiegpn this research work to
execute and meet the present study objectives.
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Map 2. Location map of the studied soil profiles.
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Figure 1. Methodological approach.




3. RESULTSAND DISCUSSIONS

3.1 Themain mor phological aspects of the studied soils

The main morphological aspects of the studied podfiles are shown in Table 2. The
soil color may reflect important clues about thestduents and about the oxidation-
reduction status of the soils or their layers. iRdicated in Table 2, the yellow color
dominates in most layers of the dry samples. Wisertrge dark yellowish brown is
found in layers of relatively high content of clay.

No clay migration evidence was observed and theyséam texture is the dominant
soil texture in the area. Calcic formations anenfth in most of the studied soil profiles,
especially in the subsurface layers, as lime nadulne concretions, shells and
occasionally as soft powdery which fulfill the reguments of Calcic horizons
especially in the piedmont and plain landscapespsBy concretions, crystals and
cementations are also common. It is noticed tle&toBypsic horizons is very common
in the area especially in the relatively high eteraparts.

3.2 Themain physical , chemical and soil fertility characteristics

The main physical , chemical and soil fertility cheteristics are given in Tables
3,4,5,6 and 7. The results of the particle sizéridigtion, Table 3, reveal variations in
the texture classes whether among the profilesomgahe entire depths of each profile.

Relatively high bulk density values, Table 4, wereorded and ranged between
1.14 and 1.74 g / cm3 in the soil samples. Theseotaxture nature and the low organic
matter contents, may contributed in the obtainéatively high bulk density values.

Relatively high values of soil hydraulic conductyiwere obtained for the
majority of the area reflecting the coarse soituex nature. The maximum value 26.51
cm/hr recoded in profile 27 that having a loamydstaxture. The minimum values were
0.85 to 1.97 cm/hr, recorded in profile 11 thatihgva clayey texture. The average
values of available water, Table 6, ranged from2@&d 26.7%. the minimum value
recoded in a sandy loam texture with 39.78% totabgity, whereas the maximum
value is recoded in a clayey texture with 55.9%ltporosity.

Calcium carbonate content ranged between 1.29.&¥32with a general trend to
increase in the profile bottoms reflecting the aedous parent materials nature in the
studied profile.

The area is characterized by low contents of omyaratter that ranged between
0.05 -1.82 % in a good agreement with the prevgiind conditions .

Free iron oxides is tested in some reddish sangpldsanged from 0.57 to 7.79%.
The occurrence of some iron segregations in Komir@sdrea is attributed to old
intensive leaching process and old enrichment fElrQatrani basic rocks, Shendi
(1990).

Very wide variation in gypsum content are recordedong the studied soil
samples and ranged between 1.36 to 18.82%. Howi\ierhoticed that gypsic and
petrogypsic horizons are common in the majorityhefstudy area.

Most of the studied soil samples indicating sligtdlkaline soil reaction ranging
between 7.12 to 8.32.

Considerably varied salinity level are obtained.sbme profiles salinity increases
with depth reflecting the Eocene marine naturdeprofile bottoms.



Map 3. Geopedological map of the study area.
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The highest salinity value was 35.56 dS/m recolidegrofile 22. Salic horizons were
common in the piedmont high terrace Pelll andséd&tend in Pe121 mapping units.
Associations of salic horizon were recorded alsothia plain high terrace PI121
mapping unit.

The Cation Exchange Capacity values ranged bet&e¥nto 35.68 me /100g soil
which affected mainly by the dominant coarse textadasses. Exchangeable sodium
percentage values are relatively low and varies fo81 to 13.28. The occurrence of
free calcium from gypsum and Cagfay contribute in low ESP values prevailed.

The nitrogen, phosphorus and potassium statushieTa shows a relatively low
fertility potential for the investigated areas.



Table 1. The geopedlogical map legend
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L andscape Relief Lithology Land Form Map Symbol | Area Feddan | Modal Profile Soil Classification
Mesa Gypsiferous Siltstone and reddish claystone Flat 1Pu 722.16 X Rockout crop
Sandstone and marl Flat Pu 121 6374.93 X Rockopt cr
13 Calcic Petrogypsids 70%
Terrace Sandstone and marl Tread Pu 211 18020. Typic Petrogypsids 15%
Typic Torriorthents 15%
Plateau Escarpment Pu 311 2737.41 X Rockout crop
- - 3
PU Sandstone and marl Steep back slope Pu 312 4694.22 6 Typ!c Torrlortheqts 75?
Escarpment Typic Petrogypsids 25%
7 Typic Torriorthents 70%
Marine deposits intercalated with marl Back slope u 3R1 716.73 Calcic Petrogypsids 15%
Typic Petrogypsids 15%
- - o
Hills Marine deposits intercalated with marl Isolatedblcks Pu 411 656.3 4 TypIF: Petrogyp5|.ds 5%
Calcic Petrogypsids 25%
Marine deposits intercalated with marl Tread Pe 111 3502.69 22 Cal(;lc Haplosall'ds 75%
. Calcic petrogypsids 25%
High terrace 23 Calcic Petrogypsids 70%
Gypsiferous Protonile deposits Tread Pe 121 1218.4] °
yps! ! ! pos! Gypsic Haplosalids 30%
Shallow marine limestone, shale Tread Pe 211 3624.]] 10 Cah.:lc Pet_rogyp5|ds 70%
Typic Torrifluvents 30%
Low terrace 24 Lithic Hapl Icids 75%
Undifferentiated Pliocene deposits Tread Pe 221 385G : !C aplocal c! s ?
Typic Haplocalcids 25%
Piedmont Erosional Glacis Undifferentiated Pliocene deposits Inter-fluvesatre Pe 311 34651.92 14 Calcic Petogypsids 1009
Pe Undifferentiated, Protonile deposits Inter-fluvesad Pe 321 4133.07 18 Calcic Petogypsids 1009
. . . 15 Typic Haplocalcids 70%
Alluvial, undifferentiated Swales Pe 411 3601.78 : .
Dry valleys uvial, undi I w Typic Torrifluvents 30%
Shallow marine limestone, shale Summit Pe 511 33838. 26 Calcic Petogypsids 100%
: Marine deposits intercalated with marl Back slope e 5@2 8336.84 25 Calcic Petogypsids 1009
Hills 28 Calcic Pet ids 75%
Marine deposits intercalated with marl Slope faxehplex Pe 513 21935 alcic metogypsias 0
Typic Haplocalcids 25%
Fans Alluvial, colluvial, residual Apical-frontal compke, Pe 610 830.47 29 CaI_C'C Petogyps_lds 75%
Typic Haplocalcids 25%
Alluvial Tread PI111 16436.07 1 Typic Haplotorrerts 75%
Vertic Torrifluvents 25%
- - S
High terrace Alluvial, colluvial, residual Tread Pl 121 1435.73 19 Typlc_ Haplocala.ds 70%
Plain Gypsic Haplosalids 30%
- - 5
Pl Alluvial, residual Tread Pl 131 3451.86 21 Typic Haplocalcids 70%
Typic Calcigypsids 30%
20 Typic Haplocalcids 70%
Basin Alluvial, colluvial, residual Basin complex Pl 211 1129.35 Typic Calcigypsids 15%
Typic Calcitorrerts 15%
Wadi 3 Calcic Petogypsids 75%
Wa Dry valley Alluvial, residual Swales Wa 111 2222.4 Typic Haplocalcids 15%

Typic Torrifluvents 10%




Table 2. The main morphological aspects of the studied profiles.

Mapping | 4 s Soil color Soil Calcicformations | Iron oxides | Stoniness
unit P c S ) . structure >
ymbol | 2 | § | g A R 5 5 _ _ _
= = = o 'Zi — UCS o) © o [N c aj - % ) — % ) — % )
O [} o S > 5| 8| | S| 8| 2l63 | 8|S 8| 8| S| K| | S|K
o T (@] T [a) = | O O] (%] — | T o W L o n L o | ®m L | o
C, 0-5 10YR | 6/4 5/4| sl sh 1 f mag - + - - - - - - g c
1 C, 5-40 716 6/4| s lo 1 - sg cw|  + - - - ba m m r S
C3 40-60 6/4 5/4| s lo 1 - sg d ++4 Ic m 5 sp f m qd g s
Ca 60-90 | 7.5YR| 6/6 56| sl sh 1 f mas g ++ Ic| n n ba mm - - -
C, 0-10 10YR | 6/7 6/6 | sl sh 2 f sbk - ++ Ic m m - - - gl m m
2 C, 10-20 716 6/6 | sl sh 1 f mas d + - - - Vi m c g n| S
C3 20-50 716 6/6| sl sh 1 f mas d ++lcg m f Vi m c g f S
Ca > 50 7/8 6/8 | sl sh 1 m shk d + |lcg m m - - - - - -
C1 0-10 10YR | 7/6 6/6| | h 2 m sbk - ++ In m 5 g m s
Pu211 Cc2 10-20 716 6/6| sil h 2 m sbk  gw ++ Ic m S
5 C3 20-35 7/6 6/6| sl sh 1 f mas d +14c [ m
Cy 35-70 716 6/8 | sl sh 2 f mag d ++Hcg c m
Cs >70 716 6/8 | sl sh 1 f mas d ++icg c m
C, 0-15 7.5YR| 6/6 5/4| sl sh 1 f mas - + - - - g n C|
13+ C, 15-55 6/6 | 5/6| sl sh 1 f mas d +4 In f s
C3 55-90 | 10YR | 6/8 6/4| sl sh 1 m mas d +Heg c m pa m m
Cy >90 6/8 6/4 | | h 2 M sbk] gw| + |lcg c m ba m m
12 C1 0-20 75YR| 6/6 | 5/4| | h 2 F sbk - ++ In f s gl m c
C, 20-50 | 10YR | 7/6 | 6/6] Is sh 1 - sg gV ++lcg m m sp f m
Texture Structure Consistence Calcic formations Boundary Mottling Stones
cl=Clay loam |Grade Size Type sh =Slightly hard|Feature Quantity d = Diffuse Feature Size Feature
sl = Sandy loam |1 = Weak f=Fine mas = Massive h =Hard 1n =Lime nodules |f=Few gs=Gradual smootlsp = Spots |s=Small |g = Gravel
Is = Loamy sand |2 = Moderate |m = Medium |sbk=Subangular blocky|vh = Very hard |1c=Lime concretions|m = Moderate|gw=Gradual wavy |pa= patches|m= Medium |r = Rock fragment
s = Sand 3 = Strong ¢ = Coarse |abk = Angular blocky |l =loose sh = Shells ¢ = Common |cw = Clear wavy |ba=band |c = Coarse
g = Gypsum vi = Veins

10



Table 2. Cont.

Mi‘?ﬁt’ng g Soil color Soil structure | Calcicformations | Iron oxides | Stoniness
c [¢}] H
symbol | 2 | R | £ 5 %0 o S8 . - -
5 5|88 ¢ | »|2|%|5| 8 g/ 8558|588 g|g/8|g|5|8g
2 - = | ~53 | 8| 3| N|8|3| N8| 3| N
o T [a RS T O |2 |+—-|lO|lO0O || FlzelW|L|O|H|L|O| O | L|O| D
Pu312 6* Cl 0-30 10YR | 8/4 6/4| sl S| 2 f Sbk - +4lcg m m
Pu321 * C1 0-30 7.5YR | 6/6 514 |1 h 2 f spk | -- ++ lcg | ¢ m pa | m m -- -- --
C1 0-10 10YR | 7/6 6/6 || sh 2 m sbk | -- + - - - - - - g m c
Pudll 4* C, 10-30 5YR 714 716 | cl h 2 m sbk | cw | ++ |lcg c c pa | m c - - -
Cs > 30 10YR | 7/6 6/6 | cl h 2 m sbk | d ++ |lcg C c - - - - - -
Pelll 2o C1 0-20 75YR | 6/6 5/4 || h 2 f spk | -- ++ Icg | c m pa | m m -- -- --
Cc2 20-50 10 YR | 7/6 6/6 |Is sh 1 -- sg gw | ++ in f 5 -- -- -- g m [«
C1 0-10 10YR | 7/6 6/6 || h 2 m spk | -- ++ in m s g m s
Cc2 10-20 716 6/6 | sil h 2 m spk | gw | ++ ic m S
Pel2l 23* | C3 20-35 716 6/6 | sl sh 1 f mas | d +++ | ic c m
C4 35-70 716 6/8 | sl sh 2 f mas | d +++ icg c m
C5 70-100 7/6 6/8 | sl sh 1 f mas | d +++ |icg | C m
9 Ap 0-30 10YR | 6/6 5/6 | cl h 2 m sbk | -- + - - -
Pe211 GCs 30-100 | 7.5YR | 5/4 6/6 || h 2 m shk | gs |+ - - - pa |c m
10% C1 0-10 10YR | 6/6 5/4 | sl sh 2 m mas | -- + - - - pa | m m g m c
Cc2 >10 5YR 6/8 5/8 | scl | h 2 m sbk | cw | ++ |lcg m m ba | m m
Cs 0-5 10YR | 7/6 6/6 || h 2 f sbk | -- +++ |lcg c m g m S
8 Cc2 5-15 7/6 6/6 | sl sh 1 f mas | cw | ++ In m m
Pe221 C; 15-30 716 6/6 | sl sh 1 f mas | d + - - - pa | m s g m s
C; 0-5 10YR | 8/4 714 | sl sh 1 f mas | -- ++ In m m
24* [ 5-25 716 6/4 | sl sh 1 f mas | d + - - - ba |c m
Cs 25-45 5YR 5/8 4/8 | sil h 2 m sbk | cw | +++ | Ic C m ba c m
C 0-20 10YR | 6/6 5/8 | lIs sh 1 - sg -- ++ In m m
14 C, 20-70 6/4 5/6 |Is sh 1 - Sg D ++ |lcg f S pa | m m
C3 >70 5/4 4/4 | cl h 2 m sbk | gw | ++ |lcg c m ba | m m
Pe3il 16 Cs 0-5 10YR | 8/4 714 | cl h 2 m sbk | -- +++ | In [ m
Cc2 5-20 8/4 716 | cl h 2 m sbk | D +++ |lcg c c pa | m m
Ap 0-5 10YR | 6/6 5/8| | h 2 m sbk| - ++ In f s
17 C, 5-15 6/6 5/6 | cl h 2 m sbk gw  ++|lcg m m pa m m
Cc2 >15 7.5YR| 6/6 5/6| cl h 2 m sbk d +H+ e c

11




Table 2. Cont.

Mapptlng g Sail color Sail structure |Calcicformations |Iron oxides |Stoniness
syurglbol ° | § | c g -?; © 5% : :
y— —_— =~ W fra} © Q N c . - - -
5|5 |8 2| >|5|§|5|® 8| &552& |5 /8| e § 8 8¢ g
a T ol T Q| S| +H|O|O0O || F TS W | UL | OB |L|O| 0| L (0]
C; 0-5 10YR | 7/6 6/6| sl sh 1 m mas - +4 In g mc
Pe321 18% C2 5-30 716 6/4| Is sh 1 - sg vl ++ Icg m m sp f m - -
C3 30-50 7/6 7/8| sl sh 1 f mas  gs +Hcg m m pa | m m g [
C4 50-90 716 7/8| scl| h 2 m sbk cvi +ieg c c ba m m g C
15* | C1 0-20 10YR| 7/6 6/6] sl sh 1 f mas - + - g m
C, 20-35 716 6/6| Is sh 1 - sg gs +4 in g fl
C; 35-100 7/6 6/6| sl sh 1 m mas g + - g m
Pe411 27 Ap 0-10 10YR | 7/6 6/6| Is sh 1 - ] -- + - g fl m
C1 10-30 6/6 5/8| Is sh 1 sg d + -
Cc2 30-65 6/6 5/6] sl sh 1 f mag 3 ++ In
C3 > 65 716 6/6| s lo 1 - sg cw  ++ Ic f g m
Pe511 26* Cl 0-20 10YR| 7/6 6/6] cl vh 2 m sbK -- +4lcg m f g c
C, > 20 8/4 714 sl sh 1 f mas  Ccw + |lcg c m
Pe512 25* Cl 0-20 10YR | 7/6 | 6/6 | sl vh 2 m spk_ | -- ++ icg | m f g c
C2 20-40 8/4 | 7/4 | sl sh 1 f mas | cw | + icg | ¢ m
Pe513 28* Cl 0-20 10YR | 7/6 | 6/6 | cl vh 2 m spk | -- ++ icg | m f g c
C2 20-50 8/4 | 7/4 | sl sh 1 f mas | cw | + icg | ¢ m
Pe611 29* Cl 0-20 10YR | 7/6 6/6 | cl vh 2 m spk | -- ++ icg | m f g c
C2 20-50 8/4 | 7/4 | sl sh 1 f mas | cw | + icg | ¢ m
11* Ap 0-30 10YR | 4/4 4/2] c h 2 m sbk - + -
Pl111 Ciss 30-60 4/4 42| c vh 3 C abk d + -
C,ss | 60-120 4/4 | 412 ¢ vh 3 c ab d + -
19* Cl 0-20 10YR | 7/6 | 6/6 | sl sh 1 f mas | -- + g m
Pl121 C2 20-35 716 | 6/6 |lIs sh 1 -- sg gs | ++ in f 5 g 5
C3 35-100 7/6 | 6/6 | sl sh 1 m mas | gw | +
PI131 21* | Ap 0-25 716 6/6 | cl h 2 m sbk| - ++ In S
C, 25-50 6/6 7/4| scl| h 2 m sbk  gw +Hicg c C sp f S
P11 20* | AP 0-25 7/6 | 6/6 |cl h 2 m spk | -- ++ |in f S
Cc2 25-50 6/6 | 7/4 |scl | h 2 m spk [ gw | +++ |icg | C c sp S
3* Cl 0-15 10YR | 7/6 6/6] Is sh 1 - sg -- +4 1 g S
Walll C, 15-35 716 6/6| sl sh 1 m mas  gs + Ig g fl
C3 35-70 8/6 7/6| sl sh 1 f mas d + |lcg c m sp f s
C, > 70 6/7 6/6 | sl sh 1 f mag d + |lcg C [
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Table 3. Particlesizedistribution of the studied area

- - - TR —
M%L:]rthlng PrNofiIe Depth G:avtelo/ Coarpszrtldelfi‘rzlzdlsugllﬂlon /OCI Textural grade
symbol 0. (cm) | content % <nd sand t ay
0-5 47.05 17.3 55.1 15.2 12.4 Ve Grli‘ﬂy Sandy
1 5-40 7.85 23.6 734 6.8 5.2 Sand
40-60 31.47 65.3 24.2 6.5 4.0 Gravelly Sand
60-90 -- 9.7 59.6 19.1 11.6 Sandy loam
0-10 16.00 26.9 37.2 18.5 17.4 Gravelly Sandy loam
2 10-20 15.56 27.6 48.4 16.2 7.8 Gravelly Sandy loam
20-50 9.69 16.8 54.3 12.5 16.4 Sandy loam
> 50 -- 25.4 32.6 23.3 18.7 Sandy loam
PU211 0-10 15.38 2.4 44.8 40.7 12.1 Gravelly Loam
10-20 -- 2.1 334 56.4 9.1 Silty loam
5 20-35 -- 255 45.3 22.8 6.4 Sandy loam
35-70 -- 214 57.6 9.9 11.1 Sandy loam
> 70 - 18.7 43.5 25.2 12.6 Sandy loam
0-15 24.11 14.1 61.5 16.4 8.0 Gravelly Sandy logm
13+ 15-55 -- 25.7 41.1 215 11.7 Sandy loam
55-90 - 19.8 38.4 27.6 14.2 Sandy loam
> 90 -- 5.1 43.6 33.8 17.5 Loam
12 0-20 11.75 7.9 40.3 29.0 22.8 Loam
20-50 - 32.4 46.6 12.7 8.3 Loamy sand
Pu312 6* 0-30 - 9.1 64.7 17.6 8.6 Sandy loam
Pu321 7* 0-30 11.75 7.9 40.3 29.0 22.8 Loam
0-10 24.67 2.9 40.1 33.6 23.4 Gravelly Loam
Pu411l 4* 10-30 -- 3.3 36.63 313 28.8 Clay loam
> 30 - 1.6 31.0 35.5 31.9 Clay loam
. 0-20 11.75 7.9 40.3 29.0 22.8 Loam
Pelll 22 20-50 -- 32.4 46.6 12.7 8.3 Loamy sand
0-10 15.38 24 44.8 40.7 12.1 Gravelly Loam
10-20 -- 2.1 334 56.4 9.1 Silty loam
Pel21 23* | 20-35 - 25.5 45.3 22.8 6.4 Sandy loam
35-70 -- 214 57.6 9.9 11.1 Sandy loam
70-100 -- 18.7 43.5 25.2 12.6 Sandy loam
9 0-30 -- 8.1 29.7 32.7 29.5 Clay loam
Pe211 30-100 -- 5.6 38.4 37.3 18.7 Gravelly Loam
10* 0-10 17.29 11.2 58.7 19.4 10.7] Sandy loam
>10 -- 18.3 30.0 27.2 24.5 Sandy clay loam
0-5 16.54 7.5 40.6 28.8 23.1 Gravelly Loam
8 5-15 - 5.8 65.8 16.5 11.9 Sandy loam
Pe221 15-30 13.73 6.3 59.6 25.1 9.0 Sandy loam
0-5 -- 3.2 58.3 27.0 115 Sandy loam
24* 5-25 -- 14.6 45.5 23.7 16.2 Sandy loam
25-45 - 2.5 20.8 54.0 21.7 Silty loam
0-20 -- 47.6 36.5 9.7 6.2 Loamy sand
14* 20-70 -- 46.9 32.3 13.8 7.0 Loamy sand
> 70 -- 1.8 34.9 35.6 27.7 Clay loam
0-5 - 3.5 414 30.6 315 Clay loam
Pesll 16 5-20 - 5.2 24.7 375 32.6 Clay loam
0-5 - 2.9 45.6 29.4 22.1 Loam
17 5-15 -- 15 26.3 38.8 33.4 Clay loam
>15 -- 1.4 29.8 32.1 36.7 Clay loam
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Table3. Cont.

Mapping Profile| Depth Gravd Particlesi;edistribution %
unit No (cm) content | Coarse | Fine Silt Cla Textural grade
symbol ) % sand sand Y
0-5 28.37 3.5 61.6 19.4 15.5 Gravelly Sandy loam
" 5-30 -- 38.1 454 9.7 6.8 Loamy sand
Pes2l 18" 73050 | 32.79 | 28.9 | 46.3| 13.6 11.p  Gravelly Sandy loam
50-90 39.82 7.4 48.4 23.5 20.7V. GravellySandy clay loam
0-20 9.87 42.7 26.4 16.9 14.0 Sandy loam
15* 20-35 9.09 55.9 23.9 11.7 8.5 Loamy sand
35-100| 15.77 45.3 29.2 18.7 7.8 Gravelly Sandy loam
Pe411 0-10 13.04 27.4 51.7 13.3 7.8 Loamy sand
27 10-30 -- 14.9 67.8 10.0 7.3 Loamy sand
30-65 -- 18.2 40.5 29.1 12.2 Sandy loam
> 65 24.08 76.4 11.6 7.2 4.8 Gravelly Sand
Pe511 o6+ 0-20 56.19 1.7 374 334 | 277 V.Gravelly Clay loam
> 20 -- 19.2 55.3 16.0 9.5 Sandy loam
Pe512 o5k 0-20 56.22 1.9 37.3 355 | 253 V.Gravelly Clay loam
20-30 -- 20.1 54.5 16.0 9.4 Sandy loam
Pe513 g 0-20 57.24 2.1 35.3 32.6 30 V.Gravelly Clay loam
20-45 - 19.80 55.4 15.0 9.8 Sandy loam
Pe611 20 0-20 56.22 5 38.3 28.3 | 28.4 |V.Gravelly Sandy clay loam
20-50 -- 22.9 55.6 13.0 9.5 Sandy
0-30 -- 1.6 21.0 29.4 | 48.0 Clay
PI111 11* 30-60 -- 0.9 17.4 31.1 50.6 Clay
60-120 -- 0.7 11.9 32.1 | 55.3 Clay
0-20 9.87 42.7 26.4 16.9 14.0 Sandy loam
PI121 19* 20-35 9.09 55.9 23.9 11.7 8.5 Loamy sand
35-100| 15.77 45.3 29.2 18.7 7.8 Gravelly Sandy loam
PI131 o1 0-25 -- 8.2 27.8 35.6 284 Clay loam
25-50 - 23.3 33.7 19.1 | 23.9 Sandy clay loam
PI211 o0 0-25 -- 8.2 27.8 35.6 28.4 Clay loam
25-40 -- 23.3 33.7 19.1 | 234 Sandy clay loam
0-15 9.16 27.5 57.3 8.9 6.3 Lamy sand
Walll 3+ 15-35 3.98 8.4 60.4 20.7 | 105 Sandy loam
35-70 -- 25.2 34.9 265 | 134 Sandy loam
>70 - 7.9 45.3 29.0 | 17.8 Sandy loam

*=The model profile for each mapping unit.

14



Table 4. Some physical properties of the studied soils.

Mapping Soil Deoth Bulk | Hydraulic Soil moisture content % Total

unit profile (?21) density [Conductivity| Field | Wilting |Available| porosity
symbol No. (cm®) (cm/h) | capacity | point water %

0-5 1.59 17.89 14.19 4.73 9.46 42.15

1 5-40 1.67 24.26 11.71 7.08 7.63 40.08

40-60 1.69 25.03 10.78 3.87 6.91 39.52

60-90 1.62 19.59 13.34 4.61 8.73 41.98

0-10 151 14.52 16.97 6.89 10.08 48.36

5 10-20 1.62 21.79 9.93 3.81 6.12 39.78

20-50 151 13.68 17.31 6.79 10.52 48.09

> 50 1.59 11.96 19.26 7.48 11.78 49.87

0-10 1.57 13.08 15.45 5.41 10.04 42.05

Pu211 10-20 1.63 22.56 13.81 4.82 7.99 41.87

5 20-35 1.69 24.79 9.95 3.67 6.28 40.82

35-70 1.61 17.65 13.20 4.11 9.09 42.08

> 70 1.60 12.81 14.92 5.07 9.85 41.90

0-15 1.58 24.65 10.37 3.64 6.73 39.72

13* 15-55 1.63 18.41 13.06 4.91 8.15 42.08

55-90 1.64 15.36 16.56 6.69 9.87 46.04

> 90 1.57 9.82 17.07 6.88 10.19 49.60

12 0-20 1.38 8.89 19.04 8.14 10.90 50.11

20-50 1.69 21.37 10.93 3.65 7.08 40.16

Pu312 6* 0-30 1.57 24.05 11.70 4.63 7.07 40.06

Pu321 7* 0-10 1.69 21.37 10.93 3.65 7.08 40.16

0-10 1.38 10.85 20.99 8.92 12.07 50.51

Pu411 4* 10-30 1.34 9.15 24.05 9.15 14.90 51.76

> 30 1.32 8.57 25.89 10.33 15.56 53.08

" 0-20 1.38 8.89 19.04 8.14 10.9 49.6

Pelll 22 20 - 50 1.69 21.37 10.93 3.65 7.08 40.16

0-10 1.57 13.08 15.45 541 10.04 42.05

10-20 1.63 22.56 13.81 4.82 7.99 41.87

Pel21 23* 20-35 1.69 24.79 9.95 3.67 6.28 40.82

35-70 1.61 17.65 13.2 4.11 9.09 42.08

70 - 100 1.6 12.81 14.92 5.07 9.85 41.9

9 0-30 1.33 9.57 24.99 9.97 15.02 48.54

Pe211 30-100 1.54 12.06 20.59 8.72 11.87 43.29

10* 0-10 1.58 21.90 12.88 4.38 8.50 40.87

>10 1.47 9.79 23.67 10.57 13.10 48.00

0-5 1.41 9.78 19.18 8.46 10.72 49.01

8 5-15 1.60 16.35 13.18 4.58 8.60 41.87

pe221 15-30 1.62 21.69 12.16 4.35 7.81 40.95

0-5 1.60 20.85 13.20 4.31 8.89 42.08

24* 5-25 1.54 12.44 16.60 6.17 10.43 44.94

25-45 1.47 10.08 19.73 7.95 11.78 46.25

0-20 1.67 25.98 10.68 3.83 6.75 38.75

14* 20-70 1.72 24.07 11.81 4.11 7.70 39.66

>70 1.41 9.83 25.00 10.88 14.12 49.81

Pe31l 16 0-5 1.29 8.15 27.80 11.07 16.73 50.27

5-20 1.34 7.89 28.90 11.81 17.09 51.81

0-5 1.39 11.07 19.70 8.97 10.73 47.29

17 5-15 1.35 7.12 28.63 10.96 17.67 51.36

> 15 1.32 6.74 30.31 12.16 18.15 52.70

0-5 154 10.83 17.27 7.15 10.12 46.23

" 5-30 1.69 23.37 11.43 3.98 7.45 39.80

pes21 18 30-50 1.71 17.45 13.40 4.84 8.56 42.05

50-90 1.48 11.81 17.95 7.97 9.98 4411

*=The model profile for each mapping unit.
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Table4. cont.

M apping Soil Deoth Bulk | Hydraulic | Soil moisturecontent % at | Total

unit profile (gfn) density |Conductivity| Field | Wilting | Available | porosity
symbol No. (cm?) (cm/h) | capacity| point water %

0-20 1.61 11.45 15.75 7.01 8.74 43.03

15* 20-35 1.72 21.33 12.60 4.61 7.99 40.17

35-100 1.75 20.76 11.14 4.04 7.10 39.60

Pe411 0-10 1.64 26.51 14.81 4.03 6.78 40.11

27 10-30 1.62 24.98 12.09 4.15 7.94 39096

30-65 1.59 18.40 22.11 4.98 10.13 43.02

> 65 1.74 25.61 11.00 3.72 7.28 39.25

" 0-20 1.35 10.22 23.65 9.77 13.88 47.81

Pesil 26 >20 | 164 21.19 11.39 | 3.78 | 7.61 | 4103

" 0-20 1.35 10.22 23.65 9.77 13.88 47.81

pesl12 25 20 - 45 1.64 21.19 11.39 3.78 7.61 41.03

" 0-20 1.35 10.22 23.65 9.77 13.88 47.81

Pesls 28 20 - 50 1.64 21.14 11.39 3.78 7.61 41.03

" 0-20 1.61 11.45 15.75 7.01 8.74 43.03

Pe6ll 29 20 - 50 1.64 21.19 11.39 3.78 7.61 41.03

0-30 1.14 1.97 42.99 16.29 26.70 55.90

PI111 11* 30-60 1.19 1.03 42.11 18.05 24.06 57.72

60-120 1.23 0.85 43.89 21.11 22.78 61.55

0-20 1.61 11.45 15.75 7.01 8.74 43.03

PI121 19* 20-35 1.72 21.33 12.6 4.61 7.99 40.17

35-100 1.75 20.76 11.14 4.04 7.1 39.6

PI131 o1 0-25 1.34 9.54 23.62 8.95 14.67 49.26

25-50 1.42 9.01 20.59 9.76 10.83 47.09

PI211 o0 0-25 1.34 9.54 23.62 8.95 14.67 49.26

25-40 1.42 9.01 20.59 9.76 10.83 47.09

0-15 1.66 23.74 10.75 4.05 6.70 39.56

" 15-35 1.65 19.27 13.37 4.63 8.74 41.71

Walll 3 35-70 1.66 12.38 14.78 5.05 9.73 43.04

>70 1.55 10.91 17.04 7.06 9.98 49.16

*=The model profile for each mapping unit.
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Table 5. Chemical analysis of soil paste extract.

Mapping ) Soluble cations and anions (me/l)
unit | Profile Depth !JH ECe " " . A S ] ] R
symbol No. (cm) (1:25)| (dS/m)| Ca Mg Na K CO3“|HCO;| CI SO,
0-5 7.61 2.12 13.50 3.14 5.13 0.6 -- 2.96 11.76 7.65
1 5-40 7.65 3.83 17.82 5.63 15.65 0.5 -- 2.65 26.73 10.22
40-60 7.79 13.95 38.88 25.60 70.93 0.8 -- 2.97 | 117.60 15.64
60-90 7.73 16.35 50.20 29.05 87.75 1.7 -- 1.89 95.88 70.93
0-10 7.87 4.42 28.70 7.74 9.62 0.46 -- 2.98 21.56 22.00
5 10-20 7.71 6.56 27.80 5.88 18.88 0.34 -- 2.95 26.66 23.29
20-50 7.45 7.09 36.48 5.12 29.19 0.28 -- 2.16 30.04 38.87
> 50 7.30 22.50 57.26 27.22 | 139.75 1.22 - 1.97 | 131.28 92.20
0-10 7.86 11.60 32.40 14.60 71.86 0.84 -- 1.95 67.24 49.98
Pu211 10-20 | 7.79 | 12.85 | 41.84 | 19.92 | 69.24 0.90 -- 196 | 72.43 57.51
5 20-35 | 7.67 | 13.42 | 43.10 | 19.22 | 73.11 0.77 -- 1.77 | 79.19 55.24
35-70 7.53 14.35 49.70 25.90 67.66 0.75 -- 2.97 71.32 69.72
>70 7.24 24.46 90.20 28.60 | 133.55 1.35 -- 1.98 | 150.17| 101.35
0-15 7.67 | 4.95 20.38 | 8.94 21.50 0.78 -- 2.85 | 25.48 23.27
13+ 15-55 7.80 12.95 46.16 30.40 57.39 0.65 -- 2.73 91.37 40.50
55-90 7.60 14.40 53.72 30.12 63.86 0.50 -- 2.56 85.87 60.47
> 90 7.81 | 1575 | 48.08 | 41.36 | 71.92 0.54 -- 1.67 | 94.52 65.71
12 0-20 774 | 16.20 | 40.76 | 27.64 | 95.69 0.81 -- 1.94 | 95.10 67.86
20-50 7.59 32.40 94.46 50.36 | 194.88 0.90 -- 1.96 | 233.41| 100.23
Pu312 6* 0-30 7.72 12.15 46.80 16.86 59.61 125 -- 2.95 53.02 67.93
Pu321 7* 0-30 7.74 | 16.20 | 40.76 | 27.64 | 95.69 0.81 -- 1.94 | 95.10 67.86
0-10 7.66 4.47 26.18 9.06 12.08 0.57 -- 2.06 19.60 25.33
Pu411 4* 10-30 7.51 9.63 40.60 20.66 37.32 0.46 - 2.10 41.64 55.60
> 30 7.57 | 13.94 | 50.52 | 12.45 | 78.18 1.15 -- 1.87 | 80.96 59.47
Pelll oo 0-20 774 | 16.20 | 40.76 | 27.64 | 95.69 0.81 -- 1.94 | 95.10 67.86
20-50 7.59 35.56 94.46 50.36 | 194.88 0.90 -- 1.96 | 233.41| 100.23
0-10 7.86 11.60 32.40 14.60 71.86 0.84 -- 1.95 67.24 49.98
10-20 7.79 1.85 41.84 19.92 69.24 0.90 -- 1.96 72.43 57.51
Pe121 23* 20-35 | 7.67 | 13.42 | 43.10 | 19.22 | 73.11 0.77 -- 1.77 | 79.19 55.24
35-70 7.53 14.35 49.70 25.90 67.66 0.75 -- 2.97 71.32 69.72
70-100 | 7.24 24.46 90.20 28.60 | 133.55 1.35 -- 1.98 | 150.17| 101.35
9 0-30 7.70 5.83 20.20 | 11.76 | 27.14 0.60 -- 2.15 | 38.08 19.47
Pe211 30-100 | 7.81 6.15 26.08 6.40 29.20 0.42 -- 2.36 42.28 17.46
10* 0-10 7.67 | 1350 | 44.72 | 2477 | 67.37 1.04 -- 1.95 | 95.56 40.59
> 10 7.85 14.40 59.70 23.80 61.58 0.97 - 2.17 81.13 62.75
0-5 7.41 | 14.40 | 52.38 | 25.10 | 66.99 1.58 - 290 | 77.48 65.67
8 5-15 7.82 10.46 43.16 22.96 39.01 1.07 - 2.65 61.05 42.50
pe221 15-30 7.63 7.20 28.88 18.72 26.30 0.50 -- 2.90 48.66 22.84
0-5 7.80 | 13.56 | 45.08 | 10.44 | 82.12 0.96 -- 2.16 | 103.24| 33.20
24* 5-25 7.65 | 24.34 | 96.92 54.28 | 92.87 2.00 -- 1.87 | 185.63| 58.57
25-45 8.01 27.55 | 52.92 25.08 | 199.00 2.1 -- 197 226.40 50.73
0-20 8.03 5.85 23.46 | 14.62 | 22..10 0.72 -- 2.86 | 36.66 21.38
14* 20-70 | 759 | 20.72 | 81.20 | 28.60 | 100.67| 0.83 -- 1.97 | 113.47| 95.86
> 70 712 | 2446 | 91.32 | 40.20 | 116.22| 0.76 -- 1.95 | 130.01| 116.54
pe3ll 16 0-5 8.15 10.35 41.04 14.08 49.73 0.95 -- 2.16 60.37 43.27
520 | 832 | 1530 | 63.72 | 16.88 | 75.91 0.79 -- 1.95 | 89.11 66.24
0-5 7.78 6.90 20.60 | 15.44 | 34.19 0.57 -- 2.17 | 33.91 35.72
17 5-15 7.65 8.72 39.68 17.40 31.97 0.85 - 1.96 41.40 46.54
> 15 7.99 9.16 30.22 19.10 43.79 0.69 -- 1.85 49.15 42.80
0-5 8.01 | 13.95 | 3392 | 24.16 | 82.25 0.97 -- 2.17 | 85.06 55.07
Pe321 18* 5-30 769 | 14.16 | 59.53 | 21.33 | 63.22 0.62 -- 2.15 | 77.43 65.12
30-50 7.52 17.72 62.70 26.42 90.51 0.57 -- 1.95 | 106.96 71.29
50-90 8.11 19.87 73.03 30.70 97.47 0.50 -- 1.87 | 112.86 86.97

*=The model profile for each mapping unit
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Table5. cont.
Mapping . Soluble cations and anions (me/l

unit Profile Depth pH ECe

No. (L:25)| (dSm)| ca™ | Mg™? | Na' K* |CO3?|HCO;s| CI S0,2
symbol (cm)

0-20 763 | 310 | 1406 | 6.12 | 1252 0.50 -- 2.95 | 14.19 16.06
15* 20-35 778 | 555 | 20.70 | 9.10 | 27.69 0.31 - 2.77 | 3058 | 24.45
35-100 | 7.65 | 10.35 | 40.50 | 12.02 | 52.30 0.28 - 1.98 | 63.62 | 39.50
Pe4ll 0-10 767 | 375 | 1512 | 9.92 | 13.01 0.50 -- 1.99 | 20.56 16.00
27 10-30 763 | 485 | 17.22 | 1176 | 21.48 0.46 - 1.95 | 28.68 | 20.29
30-65 772 | 585 | 2350 | 9.02 | 27.48 0.35 - 2.96 | 33.64 | 23.75
> 65 769 | 7.90 | 30.63 | 16.44 | 34.90 0.33 - 2.26 | 44.08 | 35.96
Pe511 26+ 0-20 779 | 510 | 2532 | 6.32 | 19.52 0.94 - 1.96 | 22.92 | 27.22
> 20 741 | 630 | 2510 | 858 | 29.12 0.77 -- 256 | 29.20 | 34.81
Pe512 o5 0-20 779 | 510 | 2532 | 6.32 | 19.52 0.63 - 2.17 | 28.16 | 20.32
20-40 736 | 6.30 | 2510 | 858 | 29.16 0.97 - 223 | 2767 | 24.07
Pe513 2+ 2-20 798 | 5.08 | 2541 | 6.37 | 19.52 0.73 - 3.1 28.30 | 20.41
20.45 736 | 6.42 | 2507 | 861 | 29.16 0.97 - 2.20 | 2767 | 2411
Pe611 29+ 0-20 781 | 5.05 | 2541 | 6.40 | 19.61 0.67 - 2.20 | 2831 | 20.36
20-50 729 | 639 | 2513 | 870 | 29.20 0.91 - 2.23 | 2767 | 24.07
PIL11 11* 0-30 767 | 710 | 2459 | 16.57 | 31.69 1.05 -- 1.99 | 5892 | 39.98
30-60 762 | 406 | 1369 | 6.98 | 19.83 0.55 - 2.12 | 22.22 16.71
0-20 763 | 310 | 1406 | 6.12 | 12.52 0.50 - 2.95 | 14.19 16.06
Pl121 19* 20-35 778 | 555 | 20.70 | 9.10 | 27.69 0.31 -- 2.77 | 3058 | 24.45
35-100 | 7.65 | 10.35 | 40.50 | 12.02 | 52.30 0.28 -- 1.98 | 63.62 | 39.50
PI131 1% 0-25 770 | 11.28 | 31.19 | 18.99 | 64.11 0.80 - 2.05 | 65.14 | 47.90
25-50 761 | 17.67 | 62.96 | 37.72 | 77.67 0.70 - 1.95 | 103.65| 73.45
PI211 20+ 0-25 770 | 11.31 | 31.22 | 18.99 | 64.11 0.82 -- 2.05 | 65.14 | 47.90
25-40 761 | 17.71 | 62.96 | 37.81 | 77.72 0.75 - 1.95 | 103.65| 73.45
0-15 758 | 420 | 1524 | 7.20 | 20.58 0.56 - 2.87 | 21.57 19.36
Walil 3 15-35 7.73 | 11.64 | 37.78 | 22.30 | 58.57 1.05 - 1.90 | 68.81 | 48.99
35-70 737 | 1442 | 5536 | 7.68 | 84.79 0.77 -- 2.07 | 8261 | 63.92
> 70 712 | 17.04 | 59.13 | 26.07 | 89.76 1.94 - 1.89 | 96.82 | 78.19

*= The model profile for each mapping unit
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Table 6. Some chemical properties of the studied soils.

M apping CaCO; [Organic|Gypsum| Iron Cation Exchangeable
unit . Depth . exchange
symbol Profile No. (cm) content | matter | content | oxides capacity Na
% % % % . %
(me/100 soil)
0-5 3.38 0.11 -- -- 8.64 3.15
1 5-40 451 0.07 -- 3.37 3.84 5.76
40-60 7.83 0.05 -- 0.57 2.88 9.82
60-90 8.96 0.08 -- 4.86 7.65 11.03
0-10 9.23 0.12 - - 10.39 4.87
5 10-20 5.38 0.07 -- 5.45 4.81 6.29
20-50 6.32 0.11 9.26 3.12 9.95 7.02
> 50 2.97 0.12 16.74 -- 12.23 10.61
0-10 8.92 0.10 - - 8.17 8.58
Pu211 10-20 6.13 0.09 - - 6.01 2.24
5 20-35 12.06 0.07 -- -- 4.22 8.01
35-70 19.57 0.08 4.28 -- 6.49 10.25
> 70 23.80 0.06 8.49 - 7.51 12.63
0-15 2.90 0.09 -- 0.67 5.43 5.74
13+ 15-55 7.26 0.11 -- 1.92 7.08 9.37
55-90 21.53 0.08 7.65 - 9.18 10.11
> 90 8.19 0.09 12.38 - 11.54 12.56
12 0-20 7.96 0.16 -- -- 14.97 9.10
20-50 10.65 0.08 2.45 6.43 5.76 14.64
Pu312 6* 0-30 6.35 0.09 1.36 - 5.76 8.18
Pu321 7* 0-30 10.67 0.10 2.50 6.43 5.77 14.64
0-10 2.54 0.15 - - 15.64 3.40
Pu411 4 10-30 6.69 0.17 7.67 3.85 18.97 7.74
> 30 7.85 0.13 1.82 - 2.85 9.46
. 0-20 7.96 0.16 -- -- 14.97 9.10
Pelll 22 20-50 10.65 0.08 2.45 6.43 5.76 14.64
0-10 8.92 0.11 - - 8.17 8.85
o3+ 10-20 6.18 0.10 - - 6.04 2.42
Pel21 20-35 12.06 0.09 -- -- 431 8.06
35-70 19.61 0.06 4.28 - 6.94 10.26
70-100 | 23.80 0.05 8.5 - 7.51 12.65
9 0-30 2.20 1.32 -- - 19.65 4.05
Pe211 30-100 5.16 0.87 - 3.72 13.06 5.20
10+ 0-10 5.18 0.12 - 1.79 7.09 8.56
> 10 9.23 0.015 8.07 4.88 16.84 9.75
0-5 12.28 0.14 4.15 - 16.01 9.37
8 5-15 8.06 0.09 -- -- 7.98 7.42
Pe221 15-30 2.12 0.07 - 3.47 5.76 5.66
0-5 9.76 0.11 -- -- 7.45 10.06
24*% 5-25 1.94 0.13 - 6.86 10.70 12.97
25-45 12.15 0.10 -- 7.79 14.60 11.88
0-20 11.65 0.08 - - 4.26 6.17
14* 20-70 9.27 0.06 10.79 3.06 4.80 11.95
> 70 8.19 0.12 18.82 6.25 18.75 12.86
0-5 16.11 0.23 - -- 14.58 7.35
Pe3ll 16 520 | 3257 | 0.9 527 272 1572 10.07
0-5 8.25 0.47 - - 14.65 6.35
17 5-15 11.84 0.39 6.78 -- 7.05 8.41
> 15 13.58 0.16 -- 3.08 19.64 10.80
0-5 11.55 0.12 - - 10.44 7.16
. 5-30 7.21 0.07 4.85 1.78 4.70 7.87
Pe321 18 30-50 9.04 0.05 9.47 - 7.85 8.76
50-90 17.39 0.09 13.80 -- 11.09 11.02
0-20 1.29 0.11 - - 8.89 3.95
15 20-35 7.89 0.08 - - 5.07 4.08
35-100 2.54 0.06 -- -- 4.89 7.13
Pe411 0-10 3.42 0.11 -- -- 5 .05 3.79
o7+ 10-30 2.89 0.07 - - 4. 89 4.07
30-65 6.21 0.18 - - 7.87 6.35
> 65 6.32 0.09 - - 3.62 7.89
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Table 6. Cont.

Mapping . CaCO; | Organic | Gypsum | Iron Cation Exchangeable
X Profile Debth . exchange
Unit No ept content | matter | content | oxides capacit Na
Symbol : (cm) % % % % | (m 6/200 S‘é”) %
o511 - 0-20 9.50 0.17 6.78 -- 17.84 5.45
e
> 20 2.28 0.09 14.83 -- 6.43 7.80
Pes12 258 0-20 9.50 0.20 6.78 -- 17.91 5.45
e
20-30 2.31 0.11 14.83 -- 6.34 7.86
Pe513 og* 0-20 9.50 0.13 6.78 -- 17.91 5.43
20.45 2.28 0.06 14.91 -- 6.36 7.70
0-20 9.60 0.09 6.79 -- 17.89 5.44
*
Pe6ll 29 20-50 2.30 0.11 14.85 -- 6.42 7.83
PI111 11* 0-30 2.19 1.82 -- -- 31.72 6.64
30-60 1.67 1.05 -- -- 33.89 4.92
0-20 1.31 0.09 -- -- 8.89 3.95
Pl121 19* 20-35 7.91 0.06 - - 5.11 4.11
35-100 2.60 0.11 -- -- 4.89 7.20
0-25 6.73 0.36 -- -- 18.12 9.28
*
Pl131 21 25-50 13.48 0.14 1.94 -- 12.78 11.04
. 0-25 6.70 0.41 -- -- 19.01 9.30
Pi211 20 25-40 13.51 0.15 1.94 -- 12.87 11.06
0-15 1.88 0.08 -- -- 4.35 3.21
15-35 6.27 0.07 -- -- 6.55 7.15
*
Walll 3 35-70 5.81 0.09 11.57 0.94 8.91 9.04
> 70 3.95 0.07 17.08 -- 11.67 11.68
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Table7. The available content of macronutrientsin the studied soils.

Mapping Soil Depth Macro nutrients (mg/kg)
Unit Symbol profile (cm) N P K
0-5 6.7 2.1 54.8
1 5-40 3.2 14 42.6
40-60 24 15 36.1
60-90 4.9 1.8 49.5
0-10 10.7 2.9 89.3
> 10-20 51 1.8 52.4
20-50 9.5 2.7 81.1
> 50 9.8 2.9 117.8
0-10 7.2 2.6 67.8
Pu211 10-20 5.6 1.8 57.1
5 20-35 3.9 14 41.9
35-70 5.8 2.1 76.5
>70 5.6 2.2 87.1
0-15 5.2 1.9 52.4
13* 15-55 54 2.0 63.9
55-90 51 1.8 77.1
> 90 4.9 2.0 111.6
12 0-20 10.7 3.1 156.3
20-50 4.9 1.6 52.1
Pu312 6* 0-30 6.2 2.3 61.5
Pu321 7* 0-30 10.7 3.1 156.3
0-10 14.2 4.4 218.3
Pu411 4* 10-30 18.6 8.9 237.6
> 30 17.5 9.1 259.9
" 0-20 10.7 3.1 156.3
Pelll 22 20-50 4.9 1.6 52.1
0-10 7.8 2.7 67.8
10-20 5.6 2.1 56.1
Pel21 23* 20-35 1.1 1.6 40.9
35-70 5.8 1.90 77.3
70-100 6.1 2.3 85.3
9 0-30 17.7 9.2 261.9
Pe211 30-100 9.1 3.8 169.2
10% 0-10 6.3 2.2 57.7
> 10 12.9 4.1 227.5
0-5 13.7 4.2 221.9
8 5-15 6.6 2.3 63.5
15-30 5.8 1.9 53.7
Pe221 05 6.3 2.2 59.8
24* 5-25 8.5 2.6 74.4
25-45 9.8 2.9 167.3

*=The model profile for each mapping unit
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Table 7. cont.

Mapping Unit Soil Depth Macronutrients (mg/kg)
Symbol profile (cm) N P K
0-20 4.2 15 449
14*
20-70 3.9 14 46.5
> 70 7.1 1.6 218.6
Pe311 16 0-5 16.5 8.9 252.7
5-20 12.8 7.7 303.1
0-5 17.9 6.4 378.6
17 5-15 21.6 8.9 462.7
> 15 14.2 7.6 478.5
0-5 8.7 2.8 815
5-30 4.1 1.9 58.2
%
Pe32l 18 30-50 4.3 2.0 61.7
50-90 4.7 1.8 146.9
0-20 9.2 27 81.5
15+ 20-35 5.1 17 55.6
35-100 35 11 48.7
Ped11 0-10 8.9 39 715
27 10-30 51 17 49.4
30-65 5.3 1.8 62.9
> 65 24 11 335
0-20 13.6 6.7 253.4
*
Pes1l 26 >20 5.7 2.4 63.8
0-20 13.6 6.8 253.3
*
Pes12 25 20-30 6.1 2.1 69.8
0-20 13.9 6.3 254.1
ol
Pes13 28 20-45 5.89 2.2 65.1
0-20 12.98 6.4 252.9
*
Pe611 29 20-50 6.25 2.25 67.1
0-30 67.6 19.8 992.2
PI111 11* 30-60 59.8 11.6 817.5
60-120 485 9.3 786.4
0-20 9.2 2.7 82.1
PI121 19* 20-35 5.2 1.6 84.9
35-100 3.6 1.3 485
0-25 32.7 9.8 248.5
*
PI131 21 25-50 16.4 5.6 209.1
0-25 32.5 9.8 248.4
*
PI211 20 25-40 16.3 5.7 209.1
0-15 4.4 1.8 45.8
15-35 5.9 2.0 61.2
o3
Walll 3 3570 6.1 2.2 795
>70 8.2 1.9 176.3

*=The model profile for each mapping unit
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3.3 Soils of the study area

To satisfy and meet the objectives of the preseiys geopedomorphic map "soil map"
of the studied area was conducted first throughbatintegration of physiographic
interpretation of satellite image which overlaid andigital elevation model DEM

created on the GIS.

The geopedological map and its legend, is showMadp (3) and Table (1). The
legend represents the hierarchical structure of dglee-pedomorphic units. Four
landscapes are presented in the area; plateaim@ie, plain and Wadi.

As shown in the legend, the modal profile for tiné is indicated through which
all the main soil characteristics is extractedtf@ map unit and stored within the GIS
as a geographic database. Percentage of the midsnasal their associations were
estimated during the field studies.

Map 4, shows the soil classification of the studsaaas attribute map .

Plate 1. Petrogypsic horizon exposed on thePlate 2. Gypiferouslat summit on
soil surface beside profile 26 Pe511 map unit.

3.4 Land capability assessment.

Quantitative estimation of environmental conditi@ml soil properties such as A: (soil
profile depth) , B: (texture, permeability, avaibwater), C: (slope), X: (drainage,

CaCO03, gypsum, salinity and alkalinity) were usedthe numerical land evaluation,

California Storie index, Roy H. Bowman et al, (1278he studied soil profiles were

placed into classes according to their calculatedability indices. The calculated

capability rating indices are presented in Tabkn8 Map 5. The data showed that the
soils of the investigated area were placed in e84 and 5.

3.5 Land evaluation

The following main steps were done for performiagd evaluation of the study area:

1) selecting and describing land use types, 2)dder on land use requirements and
factor ratings, 3) preparing the relevant land tjeal and land characteristic for each
land map unit and finally, 4) matching land useuisgments with land qualities using
the Automated Land Evaluation Systems (ALES), Splkdiying the results as maps in
ILWIS GIS. Table 9, summarize the tested landtypes.
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Map 4. Soil classification of the study area.
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Map 5. Soil capability grades for intensive agriculture.
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Table 8. Capability rating indices and capability classes.

Map unit Rating index Capability Class Area
(Faddan)

Pulll N.A* 6- Very Poor 722.2
Pul2l N.A. 6- Very Poor 6374.9
Pu211 28.22 4- Moderately Good 18020.9
Pu3ll N.A. 6- Very Poor 27374
Pu312 18.29 5- Poor 4694.2
Pu321 11.81 5- Poor 716.7
Pu41l 12.32 5- Poor 656.3
Pelll 20.35 4- Moderately Good 3502.7
Pel21 25.22 4- Moderately Good 1218.5
Pe211 27.64 4- Moderately Good 3624.2
Pe221 15.47 5- Poor 35039
Pe311 20.81 4- Moder ately Good 34651.9
Pe321 15.01 5- Poor 4133.1
Pedl1l 29.34 4- Moder ately Good 3601.8
Pe511 17.15 5- Poor 3338.2
Pe512 30.47 4- M oder ately Good 8336.8
Pe513 41.67 3-Good 2193.5
Pe611 34.58 4- M oder ately Good 830.5
PI111 42.25 3-Good 16436.1
PI121 36.68 4- M oderately Good 1435.7
PI131 23.75 4- Moderately Good 3451.9
PI211 21.76 4- Moderately Good 1129.4
Walll 21.28 4- Moderately Good 2222.4

N.A.*: Not applicable

Table9. Selected land usetypes.

Land use | Cultivation L and use descriptive name
type period

LUT1 Summer cotton followed by clover
LUT2 Winter wheat / barley followed by maize or sorghum
LUT3 Summer sorghum followed by wheat, clover or vegetables
LUT4 Winter sugar beet followed by summer crop
LUT5 Summer onion followed by winter crop
LUT6 Winter chamomile followed by summer crop
LUT7? Permanent | olive mostly intercropped with date palm
LUT8 Permanent | citrus mostly lemon
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Figure 2. Land suitability for wheat, sugar beet, sorghum and cotton.
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Figure 3. Land suitability for chamomile, onion, olive and citrus.
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Table 10. Suitability areasfor the selected land uses.

Cotton Onion

Suitability Area Suitability Area
Class (Feddan) Class (Feddan)
Sl 16436.1 S1 16436.07
S2 0.0 S2 0.0

S3 90917.7 S3 20392.80
N 51714.3 N 122239.27
Wheat Chamomile

S1 16436.07 S1 16436.07
S2 0.0 S2 0.0

S3 22615.20 S3 25146.34
N 120016.87 N 117485.731
Sorghum Olive

S1 16436.07 S1 16436.07
2 0.0 S2 10884.10
S3 94255.92 S3 65629.55
N 48376.15 N 66118.42
Sugar beet Limon

S1 16436.07 S1 0.0

2 0.0 S2 17871.80
S3 49911.54 S3 27469.27
N 92720.54 N 113727.07

The land use requirements are the independentolesiaf the land evaluation model.
In the FAO framework for land evaluation, land igtition types have one or more
land use requirements, which are matched with theesponding land qualities
(Rossiter and Wambeke, 1997). The most relevamd lase requirements “land
gualities and their diagnostic factors” were salddor each land use type, on the basis
of the available bibliography and the informatioollected during the fieldwork. A
review was made taking into account the effectshefland qualities and diagnostic
factors upon the use. The requirement tables wengaped, for which some reference
books and publications were used such as, FAO {1%i@erius (1992) and Sys et al.
(1993). There is no doubt that land use requirenbies have to be adapted and
adjusted for the studied area, Gomaa (2004). Toeeplure of factor ratings applied on
this model was to set up values which indicate il each land use requirement is
satisfied by particular conditions of the corresgiog land qualities, i.e. the suitability
of the land quality for a specific land use typacter rating was done in this study in
terms of four classes as follows: S1 = highly saléaS2 = moderately suitable, S3 =
marginally suitable, N = not suitable. The suil&piareas for the selected land uses
are shown in Table 10 and Figures 2 &3.
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4. CONCLUSIONS

» The southern and eastern parts of the studied ameamoderately suitable for
agriculture, whereas, the middle parts are modtgsified as marginally or not
suitable due to their salinity and cementation transs.

* Due to elevation limitation and limited irrigatiomater in Tamia District, Fayoum
Governorate, it is recommended to connect the masterthern parts of the study
area with a direct irrigation canal from El Ayatsiict, Giza Governorate.
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