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ABSTRACT

Hurghada and other several tourism areas at the Red Sea coast are in a great
need for agricultural products. Due to the fast increase in tourist number and mining
activities at the Red Sea coast; investments in agricultural development could be
fruitful. Studies on soil survey and land evaluation are the main steps for any
agricultural development programme. Therefore, the aim of this study is to evaluate
Hurghada soils in respect to its suitability for certain crops or even biofuel plants.

The studied area is bounded by longitudes 33° 26" 00"" and 34° 00" 00" 'E and
latitudes 26° 45° 00" and 27° 23° 00°'N. Visual interpretations of merged Digital
Elevation Module (DEM) and Landsat Enhancemed Thematic Mapper (ETM) image
together with knowledge drawn from topography map, ground truth data and soil
survey and classification are used to define and evaluate the different soils of the
study area. Two land evaluation systems were applied for evaluating the studied soils;
Sys and Verhey 1978 and Ahmed 2007. Results indicated that Hurghada soils are
aimost not suitable for irrigated agriculture according to first system, whilst are
differentiated between very good (class 1) and extremely poor (class V) according to
second system. Coarse texture, stoniness and salinity are the main constrains
affecting soil suitability for agriculture. Some biofuel plants such as Jojobe and
Jatropha are introduced to be grown in the studied area as these plants can grow in
marginal gravelly sand soils and proved to sustain in the harsh desert conditions.
Keywords: DEM, ETM, GIS, Hurghada soifs, suitability, biofuel plants.

INTRODUCTION

Desert agricultural expansion, on scientific basis, is considered
mainstay of Egypt's national economy to take up and cope with the current
economic changes. Hurghada area is a part of the Eastern Desert of Egypt,
located at the extreme northern part of the Red Sea coast. It is bounded by
longitudes 33° 26" 00" and 34° 00" 00"'E and latitudes 26° 45" 00" and 27°
23 00N, Fig. (1). The total area is about 2249.122 km?. The aridic climate is
prevailing in this area, the mean annual temperature is 23°, the annual rainfall
is extremely low over the year (about 3.05 mm/year), the relative humidity is
fluctuating between 40.6 and 51 % and evapotranspiration rate ranged from
7.7 to 16.5 mm/day, Egyptian Meteorological Authority (1996).

The sources of water available for agricuiture are ground water and
treated sewage water. With respect to the first source there are three
important ground water aquifers, those are the Quaternary alluvial (EC,, 1.8 —
11.5 dS/m), the Middle Miocene carbonate (ECy, 7.1 - 9.1 dS/m) and the Pre-
Cambrian(EC,, 0.24 - 15.2 dS/m), El-Sharbi (1993). Labour force and other
environmental conditions (e.g. local or foreign marketing, roads and airport)
are good.
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Hurghada, as a part of the Red Sea coastal zone, is characterized by
. a wide diversity of naturat resources, such as, coral reefs, mangroves, sandy
beaches, clear water and skies, barren terrain and many of rare wildlife
species. in the past few de\,ades Hurghada area has witnessed major
changes in tourism industry with an increased rate of building hotels and
tourism villages. The area has a vast coastal plain which is promising of
establishing sustainable agricultural devetopmental projects that help and
promote other activities like tourism, mining and oii production there and help
settle local inhabitants and encourage inflow to the area.

The current study was undertaken to evaluate suitability of Hurghada
solls for certain crops, i.e. biofuel plant Jojobe (Simmondsia chinensis) and
Jatropha (Jatropha curcas).
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Fig. (1) Location map of the study area

MATERIALS AND METHODS

Digital Eievation Model (DEM) of the study area has been generated
from the vector contour lines; ERDAS Imagine 9.2 software was used for this
function. Landsat ETM+ image and Digital Elevation Model (DEM) were
merged and processed in ERDAS Imagine 8.2 software to define the different
landforms of the study area.

Unsupervised soil map for the resultant land forms was
produced. Fifty fife soil profiles were taken to represent unsupervised sail
map by using the GPS, Fig. (2). These profiles were morphologically
described following the guidelines for soil description, FAQ (1990). The
collected soil samples were subjected to some physical and chemical
analyses using the soil survey laboratory methods manual, USDA (2004).
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Soil characteristics were recalculated over a certain depth, some of
them by using weighting factors for the different profile sections, Sys and
Verheye, (1978), Table (1),

Table (1) The main soil characteristics of the studied soil profiles

—Luwdform_, —Landlm__
Soil Attributes  Unit present channel with flat to nearly level slop EG16/1) present channel with very gentle slope (EGI6/2)
Profile No 3 6 s 9 2 13 16 IT 8 19| 23 M 28 29 30 3t 03 M 33 n 4
Altitude meter| 35 128 190 120 170 S0 108 55 335 (45(190 30 40 240 215 190 170 105 45 75 80 45 10
Slope % lo3 03 07 07 07 03 07 07 07 07|15 15 L3 15 15 15 13 15 15 15 L5 1S L5
Drairage Class | Exce Exce Exce Exce Exce Exce Exce Exce Exce Exce|Evce Exce Exce Poorly Exce Exce Exce Exce Exce Evce Exce Ewce Exce
Texture/structure| Class ) €5 ¢S ¢S ¢§ ¢8 5 8 ¢ o5 c¢S]cS ¢S S S 8 & S S TS S S oS S
Coarse fragments| % |[23.8 339 403 403 40.7 188 40 513 J68 42 397 379 103 43 )06 30 42 541979 36 51 310 0
Soil depth em | 130 140 150 140 120 130 150 130 150 (00135 30 150 40 15 150 130 13% 150 150 110 150 150
Ca(03 o |52 19 4] 36 368 31 38 A8 29 3i8J395 367 31T 51 LIl 13 338 60 39 37 338 §d 4
CaSO4-2H.0 %»|lv o 0 ¢ o 0 ¢ o 0 O] 9 O 0 ¢ 0 o 0 0 0o 0 084 Olo
pH m paste 9 831 § 74 T 18 T3 6 % 18(°° 19 17 83 %) 8) S84 8 30 % $ "8 b
OM % |02 007 o 0 02 011 018 08 0.4 021 0 014 014 0 0 0 0 ¢ v 007 0 07 00"
ECe dS/m| 44 18 934 168 139 719 304 6 1[99 47 (132 136 14 14 048 19 109 47 08 >33 569 151 239
ESP °% |708 169 86 100 It 11 156 159 146 162|351 149 128 129 IL1 I23 1E3 1635 6839 (22 1472 135 1528
Table (1) cont'd
Landform Landiorm

Soil Aurbutes  Unnt delta plan {Umm Duhays basin} wrth flas (EG16/5 peneplam with flat 10 neah tevelslape (EGlub.
Profile No 102 6 47 8 4 30 5 813 % 8 s 10 143 W
Altitude meter] 200 23 18 200 23 238 12 47l M T | e S N [V R (R S [
Slope o lo2 02 02 02 02 02 02 02 02 0 ol w2f0 03 07 07 vt 0T o
Dratnage Class | Exce Exce Exce Exce Exce Exce Exce Exce Esce Exce Exce Exce[imp Imp imp Imp Exce Exce V' poorh
Texturesstructure] Class| ¢85 ¢S ¢S ¢S ¢S ¢8 ¢S ¢S 5 5 8 S]eS S S 5 ey S
Coarse fragments| % 229 314 13 154 158 295 318 304 185 233 lo 5203390 S 350 131 NS IS o
Soil depth cm | 140 150 150 120 130 125 (50 125 12§ 130 110 30| 2% 83 0% % 150 1500 o
1CaCO3 Jo {27 105 57 61 69 79 409 31 431 3T b6 V6[49  bo 4] 2433 436 vl
CaSO4-2H0 % 1048 045 03 0 0 O 162 L3 &7 17 18 0|1 [} 167 181 064 0 T
pH n pasie 83 73 8 T8 T8 19 Te TS TN T3 CV(TS g4 i TC ey Ty
oM °% [ 02 027 003 007 00> 0 0.4 007 007 02 02 017j018 007 O 0l ol 00T v
ECe dS/m| 449 206 3.09 108 246 118 227 477 187 9f 63 64|40 (T9 (8 113 533 8§ 4
ESP % 199 35 122 25 29 19 3 7 38 M4 35 182373 1001 330 101 314 186
Table (1) cont'd

Landtonn Landtorm Lanaionn
Soil Attributes  Unat_peneplain w ith very pentle slopu (EG 16/71 |allus 1l fans with nearh fevet slope 1£G 16/3) alluvial fans with vers entte sope (G 16 41 | sabkha (16/8)
Profile No 70 21 2N 3 15 3t 4 I
Altitude meter) 300 190 190 130 90 108 186 105 ux 0y
Siope o |13 15 5 15 15 18 (U 1.5 [Ud wl
Dramage Class | Exce Exce Exce Exce Exce Poorly Exce Exce \" poorh
Texture/structure{ Class[ ¢§ ¢S ¢S ¢S ¢S 8 [ S ms S
Coarse frag % | 46 363 176 305 316 483 519 488 1} 0
Soil depth cm [ 140 90 100 100 0 40 150 140 o0 30
CaCO3 % (82 327 26 33 241332 47 43 H3 o178
CaSO4-2H,0 %l]0 0 0 0 167 0 0 1 68 1S
pH 1 paste 8 79 17 79 8 138 38 79 s S
o.M % [ 0 018 021 015 O 003 on 0 05 04
ECe dS/m|2.03 31.8 283 169 386 153 4 121 i 90
ESP % | 11 204 t6d 135 35 203 158 28 12,9 1245
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"The obtained data were imported in a- GIS database; the digital
landforms map was used as base map in the database. The spatial analysis
function in ArcGIS 9.2 software was used to create the thematic layers of the
following soil characteristics: slope gradient, drainage, texture, structure,
coarse fragments, soil depth, CaCO,, gypsum, pH, Organic matter, salinity
and alkalinity. Two systems for land evaluation were applied; those are Sys
and Verheye 1978 and Ahmed 2007.

Soil requirements for certain biofuel plants were cited from the web
site internet of General Agricultural Forum — Agric. Experts Form, (2005),
Table (2). Different characteristics of the studied soils were compared with
soil requirement for Jojobe and Jatropha plants and resultant application was
introduced.

Table (2) Land use requirements for Jojobe (Simmondsia chinensis) and Jatropha
(Jatropha curcas), General Agriculture Forum — Agric. Experts Forum (2005)
Class and degree of limitaion

Land S1 S2 S3 N1 N2
Charucteristics [} 1 2 3 4
100 90 78 50 35 20
Topography (1)
Slope (%) 0-4 +8 8-16 16-28 - > 28
Drainage Good Good Moderate Imperfect Poor very poor
Physical soil
charachteristics (s)
Texture/structre SL,.SCL, L, SiL, Si, S Cm, SiCm. C>80s,
SiCL.CL, LS C<80s,SC -

Coarse fragment (%) 0-18 15-38 3588 5878 - > 78
Soil depth (cm) > 150 150-120 120-100 100-80 - < 80
CaCO3 (%) any
Gypsum (%) 0-10 10-18 1520 20-25 - > 25

Soil fertility

characteristics (N

pH  (in puste) 6.5-7.8 7.5-8.0 8.0-8.5 8.5-9 >9
Organic matter (%) >8 0.4-0.8 <0.4 -

Salinity and

Alalinity (n)
EC (dS/m) 0-5 s-10 10-15 15-20 20-25 > 28
ESP (%) 0-15 15-28 2538 35-48 - > 48

RESULTS AND DISCUSSION

1- Land suitability classification for irrigated agriculture according to
Sys and Verheye, (1978).
This system is based on the standard granulometrical and physico-
chemical characteristics of soil profile.
The land characteristics influencing the land suitability with regard to
irrigation as proposed by Sys and Verheye (1978) are as follows:-
t : topographic limitation
w: wetness limitation, mainly based on drainage condition
s : limitations referring to-physical soil condition as:
s1: texture including stoniness
s2: soil depth
s3: calcium carbonate content
s4: gypsum content
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n : salinity and alkalinity limitation.
The land suitability indice for irrigated agricuiture (Ci) is calculated
according to the following formuia:-
Ci =t*w/100 *s1/100 * s2/100 * s3/100 * s4/100 *n/100
Based on the value of Ci, (soil index), the suitability classes are
defined as follows:
index Suitability class
100-75  S1: very suitable
75~50 S2: moderately suitable
50-25 S3: marginally suitable
25-12.5 N1 : currently unsuitable
<12.5 N2 : permanently unsuitable

Concerning to the investigated area, Data in Table 3 reveal that
almost all the studied soil profiles can be categorized as not suitable for
agriculture, either currently (N1) or permanently unsuitable (N2). Soils
belonging to class (N1) have one or more severe limitation factors that can be
carrected and currently exclude their use. While soils belong to ciass (N2)
have one or more severe limitations that cannot be corrected either currently
or permanently.

From results in Table 3, it is evident the ali soils represented by most
of the studied profiles belongs to N1, in other words these soils are not
suitable for agriculture currently. However, the dominant limiting constrain is
coarse texture. There is along debate between soil scientist whether sail
texture is considered as correctable soil characteristic or not. Tremendous
amount of research had been carried out in the 70" and 80" of the last
centenary toward improving soil texture and consequently soil characteristics
relating to it This was done either by added natural (O.M, taffla, deposit
natural adsorbents) or synthetic deposits (polymers and others). The recent
techniques in soil technology for reclaiming sandy desert soils pay much
attention to the nutritional aspect, this is done through fertigation. However
whether the constrains are correctable or not, the end result of the studied
soils is considered not suitable for agriculture. Meanwhile few soils
(represented by profiles 4, 10, 36, 42, 43 and 54) are considered permanently
unsuitable for agriculture (N2) as the main constrain is soil depth beside soil
texture and salinity. In summary according to Sys and Verheye (1978), the
soils of the studied area are not suitable for agriculture.

2- Land Capability Classification according to Ahmed, (2007).

Ahmed (2007) claimed that all arguments about soil evaluation are
directed to soil texture rating, i.e., once soil is sandy this decreases its rank
drastically. Most of the previous systems refer to soil texture as uncorrectable
properties. In addition, problems related to water and nutrient supply in sandy
soils can be corrected effectively. He added that in most system for land
evaluation values assigned to high and low limits for some correctable factors
such as soil salinity and pH should also be revised.
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Table (3) Land suitability classification for irrigated agriculture of
Hurghada area, according to Sys and Verheye (1978).

Land |Profile] Land characteristics and their ratings Suitability | Suitability
form No. | t | w sl |[s2]s3]|sd n index (Ci) classes
s 3 |100| 100 25 | 100 95 | 90 | 100 5} N
=3 OB IS 03 N
5= 8 [100[100( 25 10095 90| 90 19,2 Ni
=5 9 [ 100 100 25 [100] 95 | 90 | 100 214 NI
ss 7 [100[ 100 25 |100] 95 | 90 | 85 13,2 N1
2 [3 (100100 23 [100| 95 [ 90 | 90 19,2 N1
s 6 (100100 253|100 95 [ 90| 93 20,3 N1
z 77 [100[ 100 23 [100[ 95 | 90 | 95 20,3 Ni
2 8 | 100|100 25 (100 95] 90| 95 20,3 N1
- 9 [T00[ 100 | 25 ST 95 183 NI
£3 ;
%2 73 | 100100 25 |100] 95| 90| 95 70,3 N1
= 3 27 (100|100 25 | 100 95 | 90 | 93 20,3 N1
o 28 (100 35 255519590 95 6,1 N2
2 20 [100(100] 25 | 100 95 [ 90 | 95 20,3 NT
s 30 (100100 23 [100| 93 | 90 | 100 113 N1
s 37 (100 100 25 | 100 95 | 90 | 100 214 N1
z 33 [ 100|100 25 | 100 95 [ 90 | 90 19, N1
= I3 [ 100|100 25 | 100 95 | 90 | 100 114 N1
2 33 [ 100 100] 23 | 100 95 [ 90| 93 20,3 N1
a 37 [100[100] 25 | 100 93 | 90| 90 19,2 NT
2 38 | 100|100 25 (100 95| 90 | 85 | 18,2 N1
hi 4T [T [ TO [ 25 [ T00 [ 95 | 90 | 203 NT
Alluvial fans > y
Alluvial fans 2 s
] )
7 (100|100 25 [100|100| 90 | 80 | 18,0 N1
° 36 | 100|100] 23 | 100 95 | 90| 93 20,3 N1
s &7 | 100|100 23 [ 100 95 | 90 17,1 N1
= 48 (100100 25 (100 95 | 90 | 16,0 N1
=3 39 (100100 25 [ 100 95 [ 90| 85 | 182 Ni
d 50 [ 100|100 25 [100[ 95 (100 75 | 178 N1
= 3T [ 100|100 23 [100] 95 | 100 133 N1
s 32 [ 100|100 25 | 100 95 | 100 19,0 Ni
= 53 | 100100 25 | 100 95 | 100 85 20,2 Ni
34 (100|100 25 | 100 95 |100| 43 10,7 N2
) dd TOU[T00[ 25 [ 100 95 [ 90 19,2 NI
t=topography limitations (slope)

w=wetness limitations
s=physical soil limitations sl=Texture, s2=Soil depth, s3=CaC0;. s4=(ypsum

n=salinity and alkalinity limitaions 7725
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Table (3) cont'd
Land Profile] Land characteristics and their ratings Suitability Suitability
form No. t w | sl | s2 | s3 | s4 n Index (Ci) classes
@ ? I, Y
'5' fod 5T 25 90 | 55 13,7 NT
g 0|1 BT [95 (10075 10,7 N2
§ 71 75 0075 13,3 N1
& p 235 1 25 [ 1 100 58 138 NT |
E -3 £0 1 2> 1 b4l 30 15,3 N1
N >
2 3 20 1 25 [ 00 | 93 80 13,4 N1
R _E 2T [ 1 25 93 [ 90 :{1) 15,4 N1
L} 77 1 73 95 90 5 18,3 N1
g i 27 [ 1 25 [ 100 95 | 100 38 3.3 N1
Z 36 1 5 [ 25 [ 55 [ 95 | 90 | 38U 5.0 . NZ
d
3 S0 | I3 | NZ |
t=topography limitations (slope)

w=wetness limitations
s=physical soil limitations sI=lexture. sZ=>oul depth, s3=CaC0U;. s4=GUypsum
n=salinity and alkalinity limitaions

After reviewing many previous systems for land evaiuation, Ahmed
(2007) concluded that most effective factors determining productivity of sandy
soils are slope (a), texture and stoniness (b), profile depth (c), calcium
carbonate content and fineness (d), gypsum (e) and salinity and alkalinity (f).

The above soil characteristics are rated according to proposed rates
by Ahmed (2007) who used the following equation to find out the capability
index of sandy soil (CISS).

CISS = a* b/10Q * ¢/100 * d/100 * e/100 * f/100

Based on the resultant value of the Capability index, the capability
classes are defined as follows:
Index values for different capability classes according to Ahmed (2007)

Capability index Soil grade Definition
100-70 | Very good
70-50 Il Good-
50-30 1l Fairly good (average)
30-15 v Poor
<15 \Y Extremely poor

Results in Table 4 indicated that soils of investigated area are:
differentiated between class | and class V. About 20 % of the studied profile
are rated as grade | (very good soils), these are soils represented by profiles
No. 6, 9, 11, 23, 24, 29, 30, 35, 41, 46, while 15 % belong to soil grade I
(good soil), these are soil's represented by profiles 13, 16, 18, 31, 34, 52, 7
and 22. The soils of grade Il are affected by slight to moderate limitations.
Texture and stoniness and salinity and alkalinity are the main limiting factors.
Furthermore, 42.3 % of the studied profiles belong to grade Ili (fairly good
soils or average soils). Soils belonging to this class dominate the majority of
the studied area and are affected by moderate to severe limitations.
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Table (4) Land capability classification accoding to the proposed

system by Ahmed (2007)

Land Profile |Land characteristics and their ratings Capability] Capability
form No. a b c d e f index (Ci) | classes

] g 3 100 | 75 [ 100 | 90 | 100 [ 70 47,3 [T
e 6 100 | 75 [ 100 | 100 | 100 | 95 71,3 1
1 - 8 100 [ 75 | 160 | 100 | 100 | 50 37,5 [
2 E 9 100 | 75 [ 100 | 100 | 100 | 100 75,0 1
38 12 100 | 60 | 100 | 100 | 100 [ 60 36,0 1
3 13 100 | 85 | 100 [ 100 | 100 | 80O 68,0 1]
g . 16 100 | 60 | 100 | 100 | 100 | 100 60,0 11
2 17 100 | 60 | 100 | 100 | 100 | 60 36,0 11
- 18 100 | 60 | 100 | 100 | 100 | 100 60,0 11
© 19 100 | 60 90 100 | 100 [ 80 43,2 10
- 11 100 | 75 | 100 ] 100 | 100 | 95 71,3 1
7 23 100 | 75 [ 100 | 100 | 100 | 95 71,3 I
g 24 100 | 75 | 100 | 100 [ 100 | 100 75,0 1
g 28 100 | 60 50 90 | 100 | 95 25,7 1V
§_ 29 100 | 75 [ 100 [ 100 | 100 | 95 71,3 1
2 30 100 | 75 | 100 | 100 | 100 | 95 71,3 1
g 31 100 | 60 | 100 | 100 | 100 | 95 57,0 11
3 33 100 | 60 [ 100 [ 90 [ 100 [ 70 37,8 imn
] 34 100 | 85 | 100 | 100 | 100 | 80 68,0 11
2 35 100 | 75 [ 100 | 100 | 100 | 95 71,3 1
z 37 100 | 60 90 90 | 100 [ 70 34,0 i
:§~ 38 100 [ 75 [ 100 [ 90 | 100 | 60 40,5 imn
41 100 | 75 100 | 100 | 100 | 100 75,0 1
Alluvial fan 15 100 | 60 | 100 | 100 | 100 [ 70 42,0 i
Alluvial fan 32 100 [ 60 | 100 | 100 | 100 | 50 30,0 T
] 100 | 75 1 100 ] 90 | 100 | 70 47,3 i
2 100 75 [ 100 | 90 [ 100 | 50 33,8 i
¥ 46 100 | 85 [ 100 | 90 | 100 | 95 72,7 1
g 47 100 85 100 | 90 100 | 60 45,9 1T
Z 48 100 | 85 | 100 | 90 | 100 | 50. | 38,3 1
2 49 100 | 75 [ 100 | 90 [ 100 | S0 33,8 n
Py 50 100 | 78 100 | 100 [ 100 | 50 37,5 n
3 51 100 | 75 | 100 | 90 | 100 | 30 20,3 v
52 100 | 85 | 100 | 100 | 100 [ 60 51,0 1]
53 100 | 75 | 100 | 100 | 100 | 60 45,0 1
54 100 | 75 90 90 | 100 [ 30 18,2 v
35 100 | 60 | 100 | 9 [ 100 [ 80 43,2 1

a=topography limitations (slope)

b=texture and stoniness. c¢=Soil depth, d=CaCO; content and fineness, e=Gypsum
f=salinity and alkalinity limitaions
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Table 4? cont'd
Land Profile |Land characteristics and their ratings |Capability Capability
form No. a b c d e f index (Ci) | classes
37 4 100 75 | 80 | 100 | 100 | 30 18,0 v
2 ,E"_ 5 100 | 60 | 80 | 90 | 100 [ 40 17,3 v
TE 10 00| 75 | 80 | 100 | 100 | 50 30,0 m
=% 14 | 100 | 85 | 80 | 90 | 100 | 50 | 306 1
2 i 25 100 | 85 | 100 [ 100 | 100 | 25 21,3 v
2 26 100 | 85 | 100 | 100 | 100 | 40 34,0 1T
g 44 100 75 [ 20 [ 100 | 25 [ 80 3,0 v
s 3 7 100 | 60 | 100 | 90 | 100 | 95 51,3 1
a3 20 104 75 | 90 | 100 | 100 | 25 16,9 v
3E 21 100 | 8 | 9 | 100 | 100 | 50 38,3 ]
‘a 2 100 | 75 | 90 | 100 | 100 | 95 | 64,1 T
§.§ 27 100 | 75 | 100 [ 100 | 100 | 25 18,8 v
” 36 100 | 60 50 | 100 | 100 | 60 18,0 v
£g 42 100 | 85 50 70 | 100 | 25 7.4 V
* 43 100 8 [ so [ 70 | 100 | 25 7,4 Y

a=topography limitations (slope)
b=texture and stoniness, c=S0il depth, d=CaCO; content and fineness, e=Gypsum
f=salinity and alkalinity limitaiens :

.

, Those soils are represented by profiles 3, 8, 12, 17, 19, 33, 37, 38,
15, 32, 1, 2, 47, 48, 49, 50, 53, 55, 10, 14, 26 and 21. Texture, stoniness,
salinity and alkalinity are the main limiting factors, however they are fairly
good for certain specialized crops. Moreover, 17.3 % of the soil profiles (51,
54, 4, 5, 25, 20, 27, 36 and 28) have grade IV (poor soil); these soils are
affected by severe limitations. Texture, coarse fragment, soil depth, salinity
and alkalinity are the limiting factors. These soils have a narrow range of
agricultural capability and the rest of the studied profile (42, 43 and 44) 5.4 %
belong to grade V (extremely poor soil). The soils of grade V are affected by
very severe limitations; texture, soil depth, calcium carbonate content, salinity
and alkalinity problems are the limiting factors. Those soils are not capable of,
any agricultural production.

Applying CISS proposed by Ahmed (2007), It can be concluded that
20 % of the studied area are graded as almost good soils (classes | and i)
and about 80 % are either fairy good or poor. soils. Modifying the upper and
lower limits of the different soil constrains improved the rank of soil class,
according to Ahmed (2007). However further intensive studies should be
directed in the future to adopt a more convenient system for the sandy soils in
Egypt.

Now a day the idea of biofuel occupies the mind of most scientists.
And the need to renew and add new sources of energy is a must to meet the
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over increasing demand for different source of energy. As some developed
nations use crops needed for human food to make biofuel, a policy which will
increase the number of hungry people and the poverty of poor nations, we
propose the use of what we call marginal soils (soils graded as class lIl, IV
and even V) to be cultivated with certain crops suitable for making fuel such
as Jojobe and Jatropha, without affected the area of soils suitable for crops
needed to human nutrition.

In the following is a proposed plan for utilizing soils ranked as
marginal soils for producing biofuel plants:

Suitability of Hurghada soils for biofuel plants

Jojobe (Simmondsia chinensis) and Jatropha (Jatropha curcas) are
the most adaptable industrial crops to the harsh desert circumstances in
terms of climate and soil. These plants can-well withstand high temperatures
up to 50 C° although temperature ranging between 28 — 36 C° during the day
and 13 - 18 C° at night produce higher y|eId General Agriculture Forum -
Agric. Experts Forum (2005). They grow well in gravelly sand soils and that
contain calcium carbonates and gypsum of wide range. The plants are
tolerant to high salinity that could reach up to 10000 ppm and can tolerate a
wide range of alkaline soils. Jojobe and Jatropha plants are tolerant to water-
logging as well as drought so that they can withstand lack of irrigation for as
long as a year. Treated sewage water cotild be used for irrigation. The plants
can do well in low fertile soils as those prevailing in sandy soils. So these
crops suit the desert conditions in Egypt in terms of climate and soils that are
not suitable for traditional crops.

Jojobe and Jatropha are consigered of high economic value; oil is
extracted from their seeds and is valued as a clean alternative source of
energy as a biofuel, non pollutant, a substitute to the engine oil, odor free,
inexpensive, can be used to generate electricity in charcoal or nuclear-energy
plants. The oil is also used in several purposes such as the petrochemicals
and medical ones, Agriculture productlon Forum — Agric. Experts Forum
(2005).

Characteristics of the studled soils listed in Table (1) are compared
with land requirements for both Jojobe and- Jatropha plants according to
General Agriculture Forum (2005), Table (2), results are shown in Tables (5)
and (6).

From the above mentioned tables, it can be concluded that:

1- Halif of the studied area are either (S2) moderately suitable for biofuel plant
(= 85679 feds), or (S3) marginally suitable (= 36230 feds) for the same
crops. Soil constrains in both classes (S2 and S3) are one or two of the
following: coarse texture, stoniness, salinity, alkalinity and fertility level.

2- The other half of the studied soils = 122613 feds are not suitable to be
cultivated with either Jojobe or Jatropha plants. This is due to presence of
more than one severe constrains (together) such as coarse texture,
stoniness, high salinity and alkalinity, very low fertility, shallow depth to
bedrock and shallow water table.

3- The obtained results was not expected as some soils of the studied area
according to Ahmed (2007) were rated in class |, and those soils are
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ranked as moderately suitable (S2) for biofuel plants, according to
parameters mentioned by FAO (2007) for different crops.

4- We believe that FAO parameters over estimate the effect of soil constrains
on land suitability for Jojobe and Jatropha plants, i.e. as mentioned in Table
(5) two constrains soil texture (s1) and fertility (f2) affect each other, so one
of them (i.e. soil texture) would be enough for land evaluation. Also soil pH
and ESP are chemically having the same effect. So pH is the constrain
considered, especialy ESP in sandy soil has very low values and
practically is not very precisely estimated.

5- It is noticed that the pH range considered highly suitable for Jojobe and
Jatropha plants is 5 - 8, and this range is believed to be narrow for those
plants especially in sandy soils. Therefore this range is increased to reach
from 5 to 8.5. .

6- Neglecting the constrains O.M, ESP and using a pH range from 5 to 8.5,
The following table is proposed to estimate Hurghada soil suitability for
biofuel plants, Table (7).

Table (5) Land suitability evaluation for some biofuel piants (Jojobe and Jatropha) at Hurghada area
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Table (5) cont'd
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Table (6): Summary of suitability classes of the studied soils for Jojobe
and Jatropha plants at Hrghada area.

Actual sutability area (fed.) ~Profile No.
class subclass
S2 S2 .iun 18070 3.8.13, 24, 29. 30. 34. 35, 1,46, 53
S2 citm 3704 36, 47. 49, 52,
S2 oiray 83805 8.9, 16, 16, 11, 23, 31, 33, 41, 15,55, 7
s3 S3q10an 8100 22
S3citzan 8672 19, 37
S3itan 17255 12,17, 32
S3¢i.r.m 2203 2,26
Total 121908
N1 Nluipm 10130 48, 50, 51, 54, 25
Nl wsn 51007 14,21, 27
N woas o 41116 4,5 20
N2 N2 20360 26. 10. 36, 42, 43, 44
Total 122813

All area (§2. §3. N1, N2) 244521
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Table (7) Land suitability evaluation for some biofuel plants (Jojot;e and Jatropha)

f=soil fertility limitations (pH)

n=salinity |

itaions (EC)

at Hurghada area
Land Profile Ch istics. i level, ratings and max. land class Current Suitability
form No. t d sl 52 $3 34 [2) f n limitation W]
:_r 3 S1]100|S1]100) S2 | 75 ] S1 ]100| S) | 100] S1 |100] S1 |100) S1 | 100 S1 | 100 St (s 75
}i 6 |S1]100iS1]100]|S2] 75| S1[100] S1 }100( St |100{ St |100| S2 | 95 | SI | to0 S2 (s,) 73
*e 8 [s1]1o0[st[woo]s2]|7s|s2[7s]s1]100] 51100 s1[100] st [100] s1]100 52 (51,30 68
H 9 |st]100]st[100]s2] 7s]s2] 75| s1]100] s1[100] s1]100] 51 ]100[ S1 [100 $2 (s, 5,) 65
i 12 [s1]100ls1|100|s2| 75| s2] 75| S1[100] S1 |100[ S1 |100)| S1 [100]| S2 | 78 S2 (s, n s;) 56
‘; V3 | S1{100}S1]100] S2] 75 St 1100} S1 | 100] Si |100) S1 |100] S1 | 100) Si | 100 Sts) - 75
== 16 |S1]100{S1[100]S2]|75|S2]| 75| S1|100| S1 [100]| S1 |100| S1 [100] SI | 100 82 (su30) 65
H 17 |Si|100|S1|100|S2|75|S2| 75| S1|100] S1]|100| S1/100] St 100} S2 | 75 S2 (s, 055 56
i 18 |S1]100{S1]100[ S2{ 75| S2 [ 78| SI |100] S1 |100{ S1 [ 100} S1 {100 S1 | 100 S2 (s50) 65
# 19 |St|100|S1|t00|S2)75|S2| 75|S2] 75| S1j100| S1 [100{ SI {100] S} | 100 82 (s, 5. 355) 56
It [St}100{51]100|S2]75]|S2{ 75| S1]|i00|SI [i00]| Si1|100]| S1 [100] SI | 100 82 (s s) 65
i 23 |S1/100|S1[100]|S2| 75| S2| 75| St |100]| S1 | 00| S1 (100| St | 100] S1 | 100 S2 (su. 53) 65
i 24 1S1]/100|S1]100]| S2| 75| S1 [100] S1 | 100]| S1 [100| S1 |100| S1 |100]| S1 | 100 S1(sy) 78
H 28 [Si[100|Nt| 35 [S2]75[S2]|75[N2| 35| S1]100] St [100} S2]{ 90| S3 100 NI 15
% 29 |Si|to0|S1|to0| S2| 75| S1 [500[ S1 |100| S1 [100( S? | 100 S) | t00| St | 100 S1(s) 75
; 30 |S1[100)S1[100| S2| 75| S5 |100] S1 | 100 St (100 SI (100] St | 100| SI | 100 Sls,) 78
| 31 [S1}100|S1{100|S2|75[S2| 75| S1|100] SI |100| S1 |100| S1 [100] S} | 100 S2 (s, 54) 68
3 33 |st|100|S1{100|S2{75|S2|75|S1|100]|S1]|100) S1|100! S1 [100] S1 | 100 $2 s, 51} 68
: 34 |S1]100|S1[100]| S2| 75 [ S1 [100] S1 |100]| St | 100| St (100 S2 | 75 | S1 | 100 S2¢s,. 0 65
H 35 [s1]|100{s1]100{s2| 75|51 100 S1[100(s1 [100( 1 [100]s1[100] S1 |00 Sty [ s ]
™ 37 [sifio0{si|100]s2]7s}s2{75]s2] 75| si]i00] s1]100] si]100] Si 100 S2(s.sisy | 56
3% |S1[100{St|i00| S2| 75| SI|100] SI [100| S1 |100| S1 |100)| S1 [100]| S2 | 75 S2 (s, n) J 68
41 [St|100|S1|100(S2(75|S2| 75| SI|100|S1|100]| S1|t00| St [100| S1 |100 S$2 s, 5y J 68
t=topography limitations (slopc) LI= Land index by Squan: Root Method (Khiddir. 19%6)
d=dminage
s=physical soil limitations si=Tex . s2=Coarse fr s3=Soil depth. s4=CaCO:. s3=Gypsum
F=so1l fertility limitations (pH)
n=salmity limitaions (EC)
Table (7) cont'd
Land [ Profile Ch limi level. ratings and max. land class Current Sustability
fonn No. v [ da ] st ] 2 ] s3 sd | 5 T T [ n lLimitation [
|Attuvist fans | 15 [S1]100{SI[100|S2| 75| S2 | 75| S1 ] 100] S1 ] 100| S1 | 100 S| | t00] S! | 100 S2 (51 3) 68
Alluvial fans | 32 |S1|100|S1|100| S2 | 75| S2| 75| S1 | 100| SI | 100| S1 | 100| St | 100( S1 | 75 S$2 (s, n5) 56
T
i §1]100|S1|100)|S2| 75 | S1 |100| S1 | 100 St [100| S1 [100{ S2| 90| S1 {100 $2¢s.0 i}
2 S1[100)St|100)S2) 75 [S!1/100] S1|100] S1 [100| St |100] St |100| S3 | <0 $3 s n) 43
_z 46 _[S1[100{St{100]S2| 75| S1 100} SI | 100 SI [100| S1 |100| S1 |100] SI | toO S1ts,) 78
g 47 |S1[100[S1[100)|S2| 75| St |100{ S1 | 100{ S1 |100| Si [100( S1 | {00} 82 | 78 S$2 (s ) o8
:3 48 [S1]100|S1]100]| 52| 75| St |100]| St | 100| Si | 100]| St | 100| S1 | t00| NI | 35 S3 (s, m 30
£ 49 (SI1|{100]S1/100]|S2| 75| S1 |100]| S1 | to0| S1 {100| St |100| S1 |100| S2 | 75 $2 (s n) 6%
z S0 [S1[100)Ss{100}S2| 75| S1 [100{ SI | 100] SI [100| S1 |100{ S [100| NI | 3% $3 (s,. n) 3o
51 | S1[100{S1)100)|S2| 75 (St |100({ S1 |100| S) [100] S1 [100| SI [100| N1 | 35 S3¢(s,. n) 30
32 [st{1o0{s1]100]s2] 75| st |100] 51 |100] St [100] 1 [ 100] 51 [100] 52 | 75 §2 (s, n) 65
53 |si{i00jS1j1o0]s2] 7s|s) j100] s |100] S1 |{100] s1 [100] si fr00] s1 ] 90 S2 (s.) |
54 | s1]100{si[100]s2] 75 [ s1[100] S1[100] s1[100] st [100] s1{100] N1] 35 S3 (s, n) 30 |
35 |S1|100|S1|t00]|S2| 75| S2| 75| S1]|100] S1|100| SI [100| S1 | 100| S1 | 100 $2¢(s,s;) 68
17 4 |sitoo|s3| so sz 75|51 /00| s3] 301 100]St[100[s1]100]Ni]3s] NI(s,.n.s3,d 15
;1 5 1Stjioolsiisols2irsis2|75(s3]s0)sStjtoofst 100]stitools3]so] Nig,nsdds2) 19
3 0 |S1{100[S3) 50 [S2] 781 S21 7S N1 | 38| Si|100] 51 [100] S1 [100] N1 [ 35 N2 i1
_3-; 14 |S1{100|S1]100]|S2| 75 [ S1 [100] S2 | 75 | St [100| S1 |100] S1 |100] S1 [ 100 8$2(s,.1,n,s,) 65
2 25 fsi|1o0]s1{100]s2] 7551 100] st f100{s1[to0] st [100]s1]r00]n1]3s $3 (s, n) 30
N 26 _|S1]to0|Si[t00]s2] 75| ss |too] s1[100[ s1]100] St [100] st 100] Ni | 38 S3 (s,) 30
- 44 [SI{100|N2]| 20 | S2| 75| S1 |100[ N2[ 20 | S [100] S1 [j00] S1 |100] St [ 100 N2 []
t=1opography limilations (slopc) Li= Land index by Square Root Mcthod (Khiddir. 1986)
d=drainsge
s=pin-sical soil limitations sl=Ti / s2=Coarse fragn s3=Soil depth. 34=CaCO,. s$=Gypsum
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Table (7) cont'd

Land | Profile Ch ics. limitation level. ratings and max. land class Current Suitabiliny
form No. t [ d sl s2 3 ? s4 s3 f n imitati Li
ig 7 _[S1[100iS1i100|S2)|75]|S2|75[S1]100]SI |100]S1|1001 Si|100(SI |100 S2 (s s 65
;'g- 20 |S1|100|Si[100(S2|75)S2| 75| S3| S0 | S1|[100] 1100 S1 [100[ N1 | 35 N1 (s,, n, 53, 52) 19
3, 21 |s1[100|Si{100{S2]| 75[s1 100 52| 75 [ s1 |too] 1100 S1{100] N1 | 35 S3 (s, f, ns) 6
- 22 1S1]100|S1|100(S2| 75| St {100| S2 | 75| S1 j100| SI|100] S1 [100] Si |i00 S3 (s 35) 65
g 27 |S1|100|Si[100(S2]78)S1|100[ S2| 75 | S1 |100]| S1 | 100]| St [100[ N1 | 35 S3(s,, n.85) 26
- 36 [St]100[{N1] 35 |S2]75S2{ 75| N1| 35 [ S1 |100]{ S1 [100] Si | 100} S2 | 75 N1 (s1, n, 53, 52) 13
R 42 100[N2| 20 1 S2[ 75} S1[100] N1 | 35 | S1 |100] S1 [100]| S1 | 100} N2 | 20 N2 5
) |sx[|oo[Nz|zo|sz|75[51]|oo]m[3s[51]m|51Ixoo St {too] N2 | 20 N2 s
t=topography limitations (siope) LI= Land index by Square Root Mcthod (Khiddir. 1986)
d=dranage
s=physical s01) limnations s1=Tes / . s2=Coarse fi $3=Soil depth. s4=CaCO,. s5=Gypsum
t=soil fertiliy hmitatons (pH)
n=salinty imiaons (EC)

From the comparison between results of land evaluation by FAO
system, 2007, (Table 5) and the proposed modification, (Table 7), it can be
concluded that:

About 80 % of the studied area are either suitable (20 % of the
studied area) or moderately suitable (60 % of the studied area) for biofuel
plants, according to the proposed modified FAO system. And about 12 % and
8 % are either marginally suitable or not suitable for biofuel plants (Jojobe
and Jatropha). In other words, most of the studied soils can be cultivated with
either Jojobe and Jatropha plants, as = 80 % of the studied soils are either
suitable or moderately suitable for biofuel plants, that means the soils of the
studied area could contribute in increasing land resources to produce the
fuel.

Conclusion

This study was undertaken to evaluate soil resources at Hurghada
area where tourist and mining activity are in sever need for agricultural
production. Choused area is studied pedologically using advanced modern
technique (remote sensing and GIS).

To evaluate the studied area for agricuiture production two land
evaluation systems, Sys and Verhey 1978 and Ahmed 2007, were tested.

According to these systems, all the studied soils are not suitable for
agriculture production (Sys and Verhey, 1978) while only 20 % of the
investigated area is suitable for certain crops (Ahmed, 2007). As there is
urgent need calling for renewing source of energy, biofuel plants are suggest
to be cultivated in such soils, leaving better soils for traditional crops. Some
modifications are introduced to land use requirement system of FAO 2007,
after those modification, Hurghada soils could be cultivated by Jojobe and
Jatropha plants.
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