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ABSTRACT

In this study, the selection of suitable crops and the water management were considered as the
main pillars of sustainable agriculture in dry deserts. The main objective is to use remote sensing
and GIS for setting a suitable cropping pattern and estimate the crop water requirements in arid
desert area. A newly reclaimed area located to the west of the Nile Delta was selected for this work.,
A Landsat KETM+ and a Shuttle Radar Topography Mission data were processed using KNVI 4.7
software for landforms mapping. The recognized landforms comprised; old deltaic plain, aeclian
plain and depression with alluvial deposits. The mapped units were represented by 24 soil profiles
and 36 observation points. The scil profiles were morpholoegically described, sampled and analyzed.
A GIS soils database was established using the landform map and the results of the land surveying
and seil analysis. Based on land characteristics (i.e., soils, water and climate) the suitable crops for
each landform were proposed. The land surface temperature (LLST) and Crop evapotranspiration
(ET) are estimated from Landsat ETM+ thermal band by using the Surface Energy Balance
Algorithm for Land (SEBAL). The water requirements of the proposed crops were calculated and
the irrigation management is discussed with respect to the scil properties. Results indicated that
partial land uses could be achieved the agricultural sustainability in such area.
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INTRODUCTION

The scarceness of fertile soils and water resources in cultivated dry deserts imposes considerable
attention in both cropping pattern and water requirements. In KEgypt, most of the newly developed
lands were situated along the western fringes of the Nile Delta. The cost of reclamation of such
regions for canals, pumping stations, main roads, electricity transmission facilities, utilities and
related buildings is rather high (MALR, 1994). Therefore, the land suitability for crops in this area
is an essential action in order to maintain the sustainable development of investment as well as the
sustainable usage of the soils. Land evaluation is a vital link in the chain leading to sustainable
management, of land resources. It is assigned the indispensable task of translating the data on land
resources into terms and categories, which can be understood and used by all those concerned with
land improvement and land use planning (FAQ, 1991, 2007). In ard regions, water resources are
naturally limited and the challenge to produce more food under water shortage is real
{Bouman, 2007). The accurate estimation of Crop Water Requirements (CWR) in such areas is a
must. Traditional methods of estimating the CWR are based on the crop coefficient (Ke)
approach that requires the determination of reference Evapotranspiration (ETo) and Ke. Potential
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evapotranspiration is then determined as a product of the KTo and Ke (FAO, 1998). Values of Ke
from a reference table assume homogeneity over a respective area and may contribute to an error
in estimating crop water requirements due to their empirical nature (Ray and Dadhwal, 2001). In
the view of this limitation, new techniques for estimating actual evaporation and transpiration is
being developed using spatial and temporal information. The quantification of CWR using satellite
data 1s the optimum way to independently and regularly measure of water requirements on a field-
by-field basis over large land areas. In the area under investigation, typical field sizes of newly
reclaimed lands range between 10 and 20 acres (GARPAD, 1997). These sizes require high
resclution images (e.g., Landsat ETM+) to extract spatial information. Soil properties and landforms
are most significant factors controlling the Irrigation Water Management (IWM). Moreover, soil
information database can improve the estimation of the current and the future land potential
productivity and can help identifying land and water use limitations (FAO/ITASA, 2008). This study
aims to use remote sensing data and GIS to create a scil database, propose suitable crops and
estimate their water requirements for the newly reclaimed arid desert located to the west of the Nile

Delta.

MATERIALS AND METHODS

Study area: The area under investigation is located to the west of the Nile Delta and extended
between 30° 317 30" and 30° 46" 04" K longitudes and 30° 19" 45" and 30° 31" 15" N latitudes,
(Fig. 1). It covers an area of 113.49 km?. This area has always been confined as a possible area for
reclamation and utilization due to its location and the presence of ground water that is suitable for
irrigation (El-Maghraby, 1990). It is considered as an extremely arid region where, the mean
annual rainfall is 41.4 mm, mean annual evaporation 1s 1715.6 mm, mean temperature 15 21°C,
wind speed average is 3.4 m sec! and the mean relative humidity is 48%. (Igyptian Meteorological
Authority, 1998). The main landforms exhibit the west Nile Delta region are, river terraces, levees,
flood plain, old deltaic plain and windborne deposits (Sadek, 1984). The Pleistocene formations
which are composed of sand and gravel in this area are of assorted sizes bordering the cultivated
areas where they form a series of various elevation terraces (Hermina and Klitzsch, 1989).

Establishing soils database: The Landsat Enhanced Thematic Mapper Plus (ETM+) records 7
spectral bands in the visible, infrared and thermal portions of the electromagnetic spectrum. The
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Fig. 1{a-b): (a) Loecation of the study area on Egypt map and (b) Landsat ETM+ (bands 7, 4, 2) of
the study area
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spatial resolution of this sensor 1s 30 m {(except thermal band-6 of 60 m resolution). The Scan Line
Corrector (SLC) of the Landsat 7 was failed in May 31, 2003, creating a scanning pattern of
wedge-shaped gaps. The Landsat. 7 still to gain data with the SLC-off, generating images of about,
22% missed data (Storey ef al., 2005). To recover the capability of the image, the SLC-off data is
exchanged with calculated values from the histogram-matched scenes using ENVI 4.7 software.
Landsat ETM+ image acquired during the year 2010 (pass 177/row 39) was used, the image was
enhanced by using ENVI 4.7 software. To improve the contrast and enhancing the edges, the
image was stretched using linear 2%, smoothly filtered and their histograms were matched
according to Lillesand and Kiefer (2007). The atmospheric correction was done to reduce the noise
effect using FLAASH module. Image was radiometrically and geometrically corrected to accurate
the irregular sensor response over the image and to correct the geometrie distortion due to Earth's
rotation (ITT, 2009). The Digital Elevation Model (DEM) of the study area (Fig. 2) was extracted
from the Shuttle Eadar Topography Mission (SRTM). The SRTM 1s a respected space data of land
surface that obtained by accurate positioned radar scanning earth at 1-arc seconds intervals. This
data could be combined with multispectral images to realize better view of the landscape. The
Landsat ETM+ image and SRTM data were processed in ENVTI 4.7 software to identify the different
landforms and establish the scil database (Dobos et al., 2002; Zinck and Valenzuela, 1990). A semi
detailed survey was carried out throughout the investigated area in order to gain an appreciation
on soll patterns, land forms and the landscape characterstics. A total of 80 ground truth sites were
studied in the field from which twenty four soil profiles and thirty six cbservation peints were
collected to represent the different preliminary mapping units. The morphological description of the
profiles was carried out according to the guidelines outlined by FAO (2006) and the soil color is
defined according to Munsell Color Charts (555, 1975). Sum of 67 disturbed soil samples was
collected and prepared for laboratory analyses. A total of 9 water samples were collected from the
irrigation sources (artesian wells) in the study area, where each landform was represented by one
water sample. Representative soil and water samples were collected and analyzed according to
USDA (2004) and Klute (1986). The obtained data from land survey and laboratory analyses were
recorded in the attribute table of the landform map using Arc-GIS 9.2 software. The standard
deviation of soil properties in each landform was computed using SPS5.12 software.
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Fig. 2: Surface elevation derived from SRTM image (30 m resolution)
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Land suitability for crops: The land suitability classification for crops was carried out according
to FAO (1985, 2007) methodology using the following data:

* Soil properties: Soil depth, texture, structure, available water percent, pH value, CaCO,
percent, Organic Matter (OM%), electrical conductivity (KC as d5/m), Exchangeable Sodium
Percentage (ESP) and surface slope %

*  Water quality: pI value, electrical conductivity KC (dS m™), Na (meq L™, Cl (meq L™,
Mg (meq L™, HCO, (meq L ™) and B (ppm)

*+  Climatic data: Wind speed (m sec™), relative humidity%, temperature (°C) and rainfall
(mm year™)

Satellite based estimations

Land surface temperature (LL.ST): The thermal bands of Landsat KTM+ (band 6) manifests the
amount of infrared radiant flux (heat) emitted from different surfaces. The long infrared waves are
radiations that are detected as heat energy; therefore, the thermal IR band well correlate with the
temperature of the surfaces it scans (KOBSC, 1994). For the current study, six available Landsat
ETM+ images band 6, of path 177 and row 39, acquired during the period 3/7/2008 and 19/05/2009
are employed. Satellite detectors acquire thermal data and store it as Digital Numbers (DIN) with
a range of 0-255. The DN values were transformed to temperature degrees in Celsius as follows:

Converting the DNs to radiance values as:

CVR = G » (CVDN)+B (1)
where, CVR is the cell value as radiance, CVDN is the cell digital number, G and B are the gain

and the bias obtained from the image header file (NASA, 2002).
Converting the radiance to degrees in Celsius as:

T = [K2In (K 1/CVR+1)]-273 (2)

where, T = Temperature in Celsius, K1 =666.09 and K2 = 1282.71, (NASA, 2002).

Normalized difference vegetation index (NDVI): NDVI show patterns of vegetative growth
by indicating the quantity of actively photosynthesizing biomass on a landscape (Burgan ef al.,

1996). The NDVI can be assessed as follows:
NDVI = (NIR-REDY/(NIR+RED) unitless ratio (3)

where, NIR is the near infrared band (DN values) and RED is the red band (DN values).
The obtained NDVI values are located in the range (-1 to 1), the negative values point to non

vegetated surfaces, while the positive values indicate vegetated surfaces (Burgan and
Hartford, 1993).

Crop evapotranspiration (ET): The estimation of the crop ET by Surface Energy Balance
Algorithm for Land (SEBAL) requires several data input i.e., NDVI, emissivity, broadband surface
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albedo and LST, these inputs are obtained from digital image processing (Bastiaanssen ef al., 1998).
The broadband albedo is estimated from the weighting factors of the multispectral bands, while the
surface emissivity is calculated from NDVI, (Liang ef al., 1999), Calculation of the net incoming
radiation and soil heat flux is done by using Bastiaanssen (1995) procedure, while the sensible heat.
flux 1s determined after Tasumi et al. (2000). The difference between air and soil temperature for
the “hot” pixel is calculated and the air density is obtained consuming meteoroclogical data of
relative humidity. Maximum air temperature 1s obtained from the El Tahrir climatic station at the
time of the satellite overpass. The ET was calculated using SEBAL from the instantaneous
evaporative fraction (A) and the daily averaged net radiation, Rn24 according to Hafeez (2003) as
follows:

A= AERn-Go = AF/A +H o unitless ratio (4)

ETy, (mmd™) = AR ,, ((2.501-0.002361x LST)x10%)] (5)

n24 ¢

where, AK is the latent heat flux, Rn i1s the net radiation absorbed or emitted from the earth’s
surface, (3, is the soil heat flux, H_ is the sensible heat flux (W m™%, ET,, = daily KT (mm day );
Rn24 is the average daily net radiation (W m™2) and LST is the land surface temperature as °C.
The difference between (A) and the evaporative fraction resulting from the 24 h integrated
energy balance is marginal and may be neglected (Brutsaert and Sugita, 1992; Crago, 1996;
Farah, 2001). For 24 h or longer, G, can be ignored, so, the net available energy (Rn-G) can be
reduced to net radiation (Rn). The use of remote sensing data accurately provides the spatial
distribution of the caleulated KT,, However, this calculation can not be used directly where the KT,
is commonly affected by the local climatie conditions and moisture content in the field, which
fluctuate hourly. Therefore, simulating daily records is required to obtain accurate results of
seasonal ET. Missing values of KT, could be obtained by ealculation of daily KTo using the modified
Penman-Monteith methed (Tasumi ef al., 2000). The erop ETe (mm d7%) could be calceulated as:

ETc =KexET,, (B)

where, Ke is the crop coefficient obtained after FAO (1998),

RESULTS

Landforms: Digital Elevation Model (DEM) is a 3D electronic model of the land’s surface
{Brough, 1988). It provides better functionalities than the topographic maps. A DEM can be
employed to offer varieties of data that can assist in mapping of landforms and soil types.
Information derived from a DEM, i.e., surface elevation, slope % and slope direction, could be used
with the satellite images to increase their capabilities for soil mapping (Lee ef al., 1988). The
landforms of the study area were delineated by using the digital elevation model, Landsat KTM+
and ground truth data. The produced map was imported into a (Geo-database as a base map

{Fig. 3), the following landforms were recognized:
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Fig. 3: The main landforms in the study area

« Old deltaic plain: This landscape covers an area of 53.56 km® representing 47.20% of the total
area. The main landferms in this landscape are high terraces HT, (18.98 km?), moderately high
terraces MT, (158.38 km?), low terraces LT, (8.50 km?) and eroded terraces (9.90 km?

* Aeolian plain: This landscape covers an area of 48.30 km?, i.e., 40.80% of the total area. It
includes the landforms of almost flat sand sheet AS, (30.71 km?), gently undulating sand sheet.
(38, (9.42 km® and undulating sand sheet US, (6.17 km?

+ Depression: This unit covers an area of 13.63 km?, representing 12.00% of the total area. It
is subdivided into gently undulating alluvial deposits G4, (6.14 km? and low elevated alluvial
LA, (7.49 km?)

Soils: The merphological description and seme physical and chemical analyses of the investigated
soils are shown in Table 1-3. Standard Dewiation (5D) of soil properties (Table 4) represents the
high homogeneity of scils within each landform. The obtained data show that the soils of the study
area are, in general, characterized by very pale brown (10 YR 7/3) to pale brown (10 YR 6/3). The
soil texture is sandy in the aeclian plain landforms, while it differs from loamy sand to gravely sand
in the old deltaic plain. Surface gravel i1s few in the aeolian plain landforms, while it differs from
few to many on the surfaces of old deltaic plain. Soil structure is single grained, except for the soils
of low and moderately high terraces, which have a weak sub-angular blocky structure. These types
of s0il structure indicate initial stage of scil development that may be related mainly to an increase
in sand percentage and a decrease in Organic Matter (OM) content. Soil stickiness and plasticity
are none to slight as they coincide with the soil texture. The particle size distribution shows that
the medium and fine sand 1s dominated in the soils. The sail profiles in the different landforms are
deep as the soil depth differs from 110 to 160 cm. The hydraulic conductivity of the scils changes
from rapid (23.7 em h ™) to moderate (15.9 em h™), which is mainly due to the sandy texture, single
grain texture and low OM content. Field capacity and wilting point ranged between 13.5to 15.3%
and 4.5 to 7.4%), respectively. The percent of OM is very low in the different landforms of the
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Table 1: Morphological description of the soils in the different landforms

Soil color
Landform P 3] Slope % Dry Moist, Te Bug Str Sti Pla Ce Ca
High terraces (HT) 3 11 G 10YR7/3  10YR6/3 GS Ma Sg NST NPL W 8T
Moderately high terraces (MT) 3 10 A 10YR7/6  10YRG/6 LS C WSB  SST SPL M ST
Low terraces (LT) 3 9 A 10YR7/4  10YR6/M4 LS F WSB 88T SPL M ST
Eroded terraces (ET) 2 7 U 10YR7/4 10YRG/M4 GS Ma Sg NST NPL, M ST
Almost, flat sand sheet (AS) 3 3] A 10YR7/4 10YR7/3 S F Sz NST NPL, W MO
Gently undulating sand sheet (GS) 3 6 G 10YR7/3 10YRG/3 F Sg NST NPL W MO
Undulating sand sheet (US) 3 6 U 10YR7/4  10YR6/4 S F Sg NST NPL W MO
Gently undulating alluvial (GA) 2 6 U 10YR7/6  10YR6/6 S C Sg NST NPL W 8T
Low elevated alluvial (LA) 2 6 A 10YR7/4  10YR7/3 LS C WSB  SST SPL M ST

P: Sum of representative soil profiles for each land form (total 24), S: Sum of soil samples for each landform (total 67), G: Gently
undulatiug, A: Almost flat, U: Undulating, Te: Texture, Sug: Surface gravel, Str: Structure, Sti: Stickiness, Pla: Plasticity, Ce:
Cementation, Ca: Carbonates, GS: Ggravelly sand, LS: Loamy sand, S: Sandy, C: Common, F: Few, Ma: Many, Sg: Single grains, WSB:
Weak sub-angular blocky, NST: Non sticky, SST: Slightly sticky, NPL: Non plastic, 8PL: Slightly plastic, W: Weak, M: Moderate, ST:
Strong effervescence with HCl, MO: Moderate effervescence with HCL

Table 2: Some physical properties of the investigated soils

Particle size distribution (mm) (%) Volume basis (%)
Landform Soil depth (cm) 2-1 -0.5 -0.25 -0.125 -0.063 <0.063 HC{em h™!) FC WP AW
High terraces 150 16.0 23.7 35.4 241 0.5 0.3 19.5 15.2 7.6 7.6
Moderately high terraces 160 3.6 12.4 47.2 23.3 29 10.7 18.6 14.2 4.9 9.3
Low terraces 150 10.4 25.2 42.5 9.4 0.4 12.2 16.7 14.3 4.5 9.8
Eroded terraces 110 18.5 16.6 30.1 27.1 5.6 21 16.3 15.3 7.5 7.8
Almost flat sand sheet 170 0.6 7.9 39.2 48.6 3.2 0.4 22.3 13.5 5.8 7.7
Gently undulating sand sheet 120 0.4 10.1 35.7 50.3 3.2 0.4 19.8 14.3 6.6 7.7
Undulating sand sheet 130 2.0 21.6 37.4 33.7 5.2 0.1 23.7 14.1 6.2 7.9
Gently undulating alluvial 140 1.6 18.4 35.5 41.6 2.2 0.6 19.4 15.2 6.3 8.9
Low elevated alluvial 110 4.3 15.4 43.3 23.5 2.4 11.3 16.4 14.3 4.7 9.6

HC: Hydraulic conductivity, FC: Field capacity, WP: Wilting point, AW: Available water, ESP: Exchangeable sodium percent

Table 3: Some chemical properties of the investigated soil

Soil properties
N P K

Landform pH OM (%) CaCO; (%) EC (dS m™Y) CEC {(meq/100 gsoil) ESP {ppm)

High terraces 7.9 0.66 6.2 5.8 8.8 123 6.2 1.4 19.6
Moderately high terraces 8.1 0.52 5.4 4.5 105 145 6.1 1.9 18.4
Low terraces 7.8 0.81 4.6 3.5 12.9 115 7.3 2.1 22.4
Eroded terraces 8.2 0.61 12.4 8.5 5.6 155 7.4 1.2 20.5
Almost, flat sand sheet 7.8 0.53 8.4 1.8 4.6 11.2 5.6 0.8 23.6
Gently undulating sand sheet 7.9 0.43 4.6 36 5.2 9.5 4.6 1.4 21.3
Undulating sand sheet 7.9 0.63 3.5 3.2 7.9 11.4 3.6 1.8 24.8
Gently undulating alluvial 7.8 0.72 4.4 4.2 123 126 7.8 1.6 30.2
Low elevated alluvial 8.1 0.63 6.8 4.5 185 145 8.5 2.3 35.2

OM: Organic matter, KC: KElectrical conductivity, CEC: Cation exchange capacity, KSP: Exchangeable sodium percent
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Table 4: Standard deviation (%) of =s0il properties in each landform

Soil properties
Landforms pH OM CaCO, EC CEC ESP N P K HC FC WP AW
HT 012 1.38 213 0.56 0.85 0.72 1.13 3.14 1.38 231 1.61 1.22 2.34
MT 0.16 2.44 1.26 0.89 211 1.21 1.68 1.27 3.41 1.53 0.84 0.93 1.55
LT 0.54 1.08 0.98 1.28 1.87 0.97 0.97 1.34 1.11 2.41 1.35 1.48 1.32
ET 0.48 1.12 1.74 1.39 2.34 2.32 0.84 3.67 2.16 1.97 2.34 233 1.09
AS 013 0.95 2.08 2.62 0.68 0.94 1.02 1.67 3.18 0.96 1.05 1.44 1.36
GSs 0.23 0.86 1.62 1.84 1.19 1.42 1.36 213 1.84 0.87 1.64 1.73 251
Uus 0.82 1.33 1.27 211 1.88 1.03 1.27 1.12 2.14 1.23 2.43 211 1.12
GA 1.2 1.08 1.95 1.64 3.58 2.62 1.27 1.35 2.55 2.13 231 1.85 3.22
LA 0.98 1.14 2.16 2.34 213 1.85 0.98 2.65 1.25- 1.62 1.98 3.41 2.57

HT: High terraces, MT: Moderately high terraces, LT: Low terraces, ET: Eroded terraces, AS: Almost flat sand sheet, GS: Gently
undulating sand sheet, US: Undulating sand sheet, GA: Gently undulating alluvial, LA: Low elevated alluvial, HC: Hydraulic
conductivity, FC: Field caparity, WP: Wilting point, AW: Available water, ESP: Exchangeable sodium percent

study area as it not exceeds 0.81%. Calcium carbonate changes from 12.4% in the soils of eroded
terraces to 3.5% in the undulating sand sheet landform. The Electrical Conductivity (EC) values
ranged from 1.8 to 8.5 dS m™, the high values characterized the scils of the old deltaic plain which
could be ascribed to its high CaCOgcontent. The Exchangeable Sodium Percent. (ESP) varies from
9.5 to 15.5, representing a high positive correlation with KEC (0.895%%) CaCO, (0.761**) and
fraction <0.125 mm (0.588%).

Irrigation water: Table 5, shows some chemical properties of the irrigation water in the study
area. The data reveal that it is characterized by low salinity as the electrical conductivity ranges
between 0.8 and 1.2 dS m ™. The concentrations of soluble Na, Mg, Cl and HCO, are located in the
ranges of (6.3-8.9), (0.2-1.9), (7.2-8.9) and (0.5 and 0.9) meq L', respectively. The pH values differ
from 7.3 to 7.5 and boron (B) concentration varies from 0.7 to 1.2 ppm. According to Ayers and
Westceot, (1994) the irrigation water was classified as high quality in the different landforms except,
for MT, LT, US and LA units which have a moderate limitation of Cl, Mg and B concentrations.

Table 5: Some analyses of irrigation water

Landform pH EC(@Sm™) Na(megqL™ MgmeqL™ Cl@megql ) HCO;(meqL™ B (ppm)
High terraces (HT) 7.4 0.9 7.4 0.4 8.4 05 0.8
Moderately high terraces (MT) 7.5 1.2 6.8 0.6 7.2 0.6 1.2
Low terraces (LL'TH 7.3 0.8 8.2 0.4 8.9 0.8 1.2
Eroded terraces (ET) 7.4 1.2 89 0.6 8.8 09 0.7
Almost, flat sand sheet (AS) 7.4 0.9 7.6 0.2 8.3 0.8 0.9
Gently undulating sand sheet (GS) 7.5 0.9 8.1 1.3 8.6 0.7 0.9
Undulating sand sheet (US) 7.3 0.8 8.4 1.9 8.7 09 1.2
Gently undulating alluvial (GA) 7.3 0.9 6.5 1.4 7.6 0.6 0.7
Low elevated alluvial (LA) 7.4 1.1 6.3 1.2 7.4 08 1.2

Land suitability for crops: One of the most important factors affect the agricultural
sustainability 1s the classification of land according to its suitabihty for crops. In this study the land
suitability was obtained for the following land uses:

+ Field erops: Barley, maize, peanut, soya bean, sugar beet, sunflower and wheat
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*+ Vegetables and forage crops: Alfalfa, cabbage, onion, pea, potato, serghum, tomato and
watermelon
¢ Fruits: Apple, banana, citrus, date palm, fig, grape, olive and pear

The land suitability classes for the above mentioned land uses were obtained from matching
crop requirements and land characteristics i.e., soil, water and climate. The results indicated that
the most suitable land uses (S1 and 82) in the area are, peanut, sunflower, maize, soya bean, pea,
potato, sorghum, tomato, watermelen, apple, date palm, citrus, fig, grape and olive. Crops sensitive
to the high values of both relative humidity and the atmospheric temperature i.e., Onion, Cabbage
and Pear (Sys et al., 1993; FAO, 1985) were classified as marginally or not suitable (84 and
N). Citrus is very sensitive to Boron (Maas, 1984) and so it was classified as marginally or not
suitable except for ET and GA landforms. Boron concentration in irrigation sources in these two
units 1s less than 0.75 ppm. The land uses of barley, maize, peanut, soya bean, sugar beet,
sunflower, wheat, alfalfa, pea, potato, sorghum, tomato, watermelon and olive are mainly affected
by the sail factors 1.e., texture, salinity and sodicity (Abd El-Kawy et al., 2010; Aldabaa ef al., 2010;
Ali ef al., 2007). Consequently, their suitability classes were differed from site to ancther. The
landforms of old deltaic and aeolian plains (i.e., HT, MT, LT, ET, GS and US) have several
limitations related to the soil, so few suitable land uses are obtained. Table 6 represents the most.
suitable crops for each landform in the study area.

Table 6: Land snitability classification for crops

Land snitability for crops
Landform 81 52 83 S4 N
High terraces (HT) - Date palm, fig, Potato Citrus, olive, apple, pear, tomato, Banana, cabbage,
grape, peanut sunflower, sugar beet, barley, onion, pea, soya bean
wheat, sorghum, maize, alfalfa,
watermelon
Moderately high Date palm Patato - Fig, grape, citrus, olive, apple, pear, Banana, cabbage,
terraces (MT) tomato, peanut, sugar beet, maize anion, pea, soya bean,
sorghum, alfalfa, watermelon, barley, wheat,
sunflower
Low terraces (LL'TH Date palm Tomato, peanut Fig, citrus Grape, olive, apple, pear, tomato, Banana, cabbage,
sugar heet, alfalfa, watermelon, onion
sunflower, sorghum, barley, wheat,
pea, maize, soya bean
Eroded terraces (ET) - Date palm, olive, Maize Fig, grape, cabbage, sugar beet, Peanut, soya bean,

tomato, sorghum,

sunflower, patato

alfalfa, barley, wheat, pea

apple, citrus, pear,

banana, onion

watermelon
Almost, flat Date palm Fig, grape, dlive, - Cabbage, citrus, sugar Banana, onion
sand sheet (AS) apple, tomato, beet, alfalfa, barley,

peanut, potato,
sunflower,
watermelon, pea,
sorghum, maize,

sova bean

wheat, pear
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Table 6: Continue

Landform Land snitability for crops
81 52 383 S4 N
Gently undulating  Date palm Fig, grape, peanut, - Citrus, olive, apple, pear, tomato, Banana, cabbage,
sand sheet (GS) potato sunflower, sugar beet, barley, onion
wheat, pea, sorghum, maize,
alfalfa, watermelon
Undulating sand Date palm Fig, grape, peanut, - Citrus, olive, apple, pear, tomato, Banana, cabbage,
sheet (US) potato sunflower, sugar beet, barley, onion
wheat, pea, sorghum, maize,
alfalfa, watermelon
Gently undulating Date palm, Patato, pea, Soyabean (Cabbage, sugar beet, barley, Banana, onion
alluvial (GA) fig, tomato, watermelon, wheat, alfalfa, pear,
grape sorghum, citrus,

apple, maize, olive

sunflower, peanut,
Low elevated Date palm, Sunflower, olive, fig, - Cabbage, citrus, sugar beet, Banana, onion
alluvial (L.A) tomato potato, watermelon, barley, wheat, alfalfa, pear

grape, sorghum,

peanut, pea, maize,

apple, soya bean
S1: Highly suitable with no yield reduction, S2: Snitable, with 20% yield reduction, S3: Moderately snitable, with 40% yield reduction,
S4: Marginally suitable, with 60% yield reduction, N: Not suitable

Crop water requirements: The common problem of the predictable methods for ETe estimations
is that they can only prowvide accurate KT estimations for a homogenecus region around a
meteorological station. However, this problem 1s solved from a technical point of view by remote
sensing (T'souni ef al.,, 2008). The SKBAL model was used for estimating KT and mapping its spatial
distribution and seasonal variation over the area. A sum of 6 Landsat (KTM+) satellite images
{dated to 03 July, 05 Sep. and 26 Dec./2008 and 27 Jan, 16 Mars and 19 May/2009) were processed
to generate ET maps for winter and summer seasons. Land Surface Temperature (LST) was derived
for all acquired images, averages of LST in winter and summer seasons are shown in Figure 4 and
5. The obtained data indicate that the calculated averages of LST during the winter 2009 differ
from 15.6 to 23.3°C, while it differs from 26.3 to 33.2°C in the summer 2008. It is noticed that the
gently undulating alluvium, almost flat alluvium, high terraces and eroded terraces have the
highest wvalues of surface temperature in both winter and summer. Daily reference
evapotranspiration (KET,,) was computed, the spatial distribution and seasonal wvariation
are represented in Fig. 6 and 7. The obtained data refers that the winter values of KT24 differ
from 2.5 to 3.72 mmiday while the computed summer wvalues wvary from 4.21 to 5.32
mm/day. These results were matched with soll and crop data to estimate the water
requirements for the most suitable crops by using the CROPWAT 8.0 software produced by
FAO (1992). The Leaching Requirement (LR) in the different landforms was calculated
considering the salinity of irrigation water and the soils using the model developed by Rhoades
and Merrill (1976). Table 7 represents the estimated CWR and LR for the most suitable land uses
(51 and 52).
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Table 7: The CWR and leaching requirements (m®acre per season) in the studied landforms
Leaching requirements (L.LR)
Crop CWR HT MT LT ET AS GS us GA LA
Peamt. T57.0 nr nr 656.4 nr 0.0 632.6 280 632.6 nr
Sunflower 720.8 nr 0.0 0.0 307.0 0.0 0.0 0.0 0.0 0.0
Maize 681.8 nr nr 975.8 nr 1042.5 913.2 476.9 913.2 10425
Soya bean 769.7 nr or or nr 1225.2 1225.2 nr or nr
Pea 215.7 or nr nr or 905.6 905.6 or nr or
Patato 499.4 nr nr 900.8 nr 842.9 842.9 440.2 842.9 962.3
Sorghum 632.4 nr 0.0 nr 213.9 0.0 0.0 0.0 0.0 0.0
Tomato 855.7 nr 373.1 6505.8 nr 0.0 587.3 272.8 5784 634.4
Watermelon 612.8 nr nr 750.6 nr 7024 702.4 366.8 7025 801.9
Apple 1289.1 nr nr 1276.1 nr 1194.1 1194.1 623.6 1194.1 nr
Date palm 1609.3 326.6 365.7 710.9 3656.7 0.0 0.0 0.0 5899 T32.6
Citrus 1186.1 nr nr 1576.4 nr 1475.1 14751 770.3 1475.2 nr
Figs 1569.8 265.2 289.2 0.0 289.2 0.0 0.0 0.0 0.0 0.0
Grapes 1079.4 871.1 10721 1393.6 nr 1293.1 1293.1 697.4 1293.1 1501.7
Olives 1171.6 266.2 289.2 0.0 289.2 0.0 0.0 0.0 0.0 0.0

nr: The LR is excessively large and the production of that crop is not recommended in relevant landform, HT: High terraces, MT:
Moderately high terraces, LT: Low terraces, ET: Eroded terraces, AS: Almost flat sand sheet, GS: Gently undulating sand sheet, US:
Undulating sand sheet, GA: Gently undulating alluvial, LA: Low elevated alluvial

DISCUSSION
Soils are well-known as the essential part of the landscape and their features are mainly

controlled by the landforms on which they are formed. In the area under investigation, the soils

represent a high correlation with associated landforms. Accordingly, results of crop suitability and

water management were discussed considering the landform level. It was found that the soil water

constants in the study area are mostly controlled by the particle size distribution. Thus, the lowest
values of Wilting Point (WP) were cbserved at Low Terraces (LT) and low elevated alluvium units
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(LLA). As consequently the highest values of the Available Water (AW) were expected. While high
and eroded terraces (HT and ET) have the highest values of WP and FC, hence, low values of
available water were found. This result may be due to high content of sand (2-1, 1-0.5 and till
0.250 mm) which reflects the dominant coarse pores (Huang et al., 2008) regardless the high
amount of CaCO,. This means that CaCO, does not have any role as cement material in these
landforms, where they have a single grain structure. Increasing HC value was recognized in these
landforms, whereas, the improvement of hydro-physical properties through inecreasing organic
matter content is necessary (Hudsoen, 1994). Under these conditions, irrigation intervals should be
very short in LT and LA than any other landforms to set up low discharge emitters avoiding water
loss through evaporation and deep percolation. Short intervals will take place in case of the high
and eroded terraces according to the slope aspect (gently undulating and undulating topography)
saving system pressure and fulfill high uniformity of water distribution. According to the high EC
and KSP values specially in the soils of eroded terraces, leaching requirements must be added to
the irrigation water to drive salts away active root zone. In some cases the excessive amount of
leaching water should be applied before cultivation until salts reach a suitable level for crops. In
most homogeneous aeolian plain values of the soil water constant (FC, WP and AW) range between
13.5t0 15,4, 5.8 t0 8.6 and 7.6 to 7.9% on the volume basis. The HC reach its highest values in the
aeclian plain, where it ranges between 19.8 and 23.7 cm h™. These could be ascribed to their own
characteristics e.g., sandy texture, single grain structure and weak cementation. The clear
homogeneity in all the studied features of these landforms except slope gradient means that the
application of a small amount of irrigation water is needed to eliminate water loss by the ways
mentioned above, So, lateral length and emitters discharge, relative to soil HC, are the most
important parameters in irrmgation system design. The depression landscape contains two landforms
i.e., gently undulating alluvium (GA) and low elevated alluvium (LA). In the LA values of HC, FC
and WP decrease by about 15.5, 5.9 and 25.4%, while the AW, CaCO,, EC and ESF values were
increased behave the contrary situation. Accordingly, irrigation intervals would be shortened in
gently undulating alluvial rather than almost flat landform. In scheduling irrigation, it is
important to identify the critical periods in which plant water stress has the most pronounced effect,
on growth and yield of crops. Since, this is also directly related to the nutrient requirements by the
crop. Analyses of soil, water and climatic factors indicated that the soil texture and boron
concentration in irrigation water limited the suitability of wheat, barely and onion (Maas, 1984).
The suitability of maize, soya bean, peanut and sorghum was limited by the coarse scil texture,
high salinity and ESP (FAO, 1985). The cultivation of apple and banana is limited by soil salinity
{(Maas, 1986), atmospheric temperature and relative humidity, while olive and date palm trees were
moderately limited by the soil texture and salinity. In old deltaic plain (i.e., HT, MT, LLT and ET)
cropping system was limited by cultivation of 10 crops i.e., Date palm, fig, grape, peanut, olive,
tomato, sorghum, sunflower, watermelon, potato. Constrains of this unit are soil texture, soil
salinity and exchangeable sodium percentage. In the aeclian plain (.e., AS, GS, US) the crop
suitability is only limited by the coarse soil texture and thus more crops (14 crops of 81 and 52)
were recommended. In the landforms of Gently Undulating {(GU) and low elevated alluvial (LA)
moderate limitation of soil salimty and sodicity affect the suitability of the salt sensitivity crops. In
view of that, sustainable agriculture in the study area faces several limitations and requires

considerable attention related to the choice of appropriate crop and water management.
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CONCLUSION

Analysis of the results of this study can be conclude that numerous constrains related to soil
properties, chmatic conditions and water quality face the agricultural sustainabihty in the dry
desert. To overcome these constrains; crop type and water management must be compatible with
the land rescurces. Remote sensing and GIS techniques facihtate the selection of the suitable crops
and improve the estimations of irrigation water requirements. The application of these techniques
in the study area indicate that the most suitable crops are peanut, sunflower, maize, soya bean,
pea, potato, sorghum, tomato, watermelon, apple, date palm, citrus, fig, grape and olive. The crop
suitability in the investigated area is limited by coarse soil texture, soil salinity, relative humidity
and boron concentration in irrigation water. The seasonal land surface temperature and
evapotranspiration over the study area were estimated by using SEBAL model, the result offer an
accurate data to estimate the water requirements for the recommended crops. The quantities of
irrigation water required for one crop differ widely from landform to ancther due to the soil salimity
variations that affect the leaching requirements. In some cases (e.g., soils of old deltaic plain), salts
must be leached from scail profiles to ensure that a subsequent crop’s salt tolerance will not be
exceeded. Achieving agricultural sustainability in this area requires significant efforts related to
farm management, which should be in line with available land resources.

REFERENCES

Abd El-Kawy, O.R., HA. [smail, J K. Red and A.S. Suliman, 2010. A developed GIS-based land
evaluation model for agricultural land suitability assessments in arid and semi arid regions.
Res. J. Agric. Bicl. Sci., 6: 589-599,

Aldabaa, A A., H. Zhang, A. Shata, 5. El-Sawey, A. Abdel-Hameed and J.L. Schroder, 2010, Land
suitability classification of a desert area in Egypt for some crops using microleis program.
American-Kurasian J. Agric. Environ. Sei., 8 80-94,

Ali, R., G. Ageeb and M. Wahab, 2007, Assessment of scil capability for agricultural use in some
areas west of the Nile delta, Kgypt: An application study using spatial analyses. J. Applied Sei.
Res., 3: 1622-1629.

Avers, R.8. and D.W. Westeot, 1994, Water quality for agriculture. FAO Irrigation and Drainage
Paper No. 29,

Bastiaanssen, W.(G.M., 1995, Regionalization of surface flux densities and moisture indicators in
composite terrain, a remote sensing approach under clear skies in Mediterranean climates.
Report 109, Agricultural Research Department, Wageningen The Netherlands.

Bastiaanssen, W.G.M., H. Pelgrum, J. Wang, Y. Ma, J.F. Moreno, G.J. Roerink and T. Van Der
Wal, 1998 A remote sensing surface energy balance algorithm for land (SKBAL). Part
2: Validation. Int. J. Hydrol., 212-213: 212-228,

Bouman, B.A M., 2007. A conceptual framework for the improvement of crop water productivity
at different spatial scales. Agric. Syst., 93: 43-60,

Brough, P.A., 1986. Principle of Geographical Information Systems for Land Resources Assessment.
Oxford University Press, USA., ISBN-13: 978-0198545927, Pages: 220,

Brutsaert, W. and M. Sugita, 1992, Application of self-preservation in the diurnal evolution of the
surface energy budget to determine daily evaporation. J. Geophys. Res., 97: 18,377-18,382,
Burgan, R.E. and R.A. Hartford, 1993 Monitoring vegetation greenness with satellite data.
General Technical Reports INT-297, Ogden, UT: US Department of Agriculture, Forest Service,

Intermountain Research Station, pp: 13.

129



Int. J. Soil Sci., 7 (4): 116-131, 2012

Burgan, R.E., R.A. Hartford and J.C. Eidenshink, 1996. Using NDVI to assess departure from
average greenness and its relation to fire business. General Technical Reports INT-GTR-333,
Ogden, UT: US Department of Agriculture, Forest Service, Intermountain Research Station,
pp: 8.

Crago, R.ID., 1996, Conservation and variaility of the evaporative fraction during the day time. .
Hydrol., 180: 173-194.

Dobos, K., B. Norman, W. Bruee, M. Luca, J. Chris and M. Erika, 2002. The use of DEM and
satellite images for regional scale soil database. Proceedings of the 17th World Congress of Seil
Science, August 14-21, 2002, Bangkok, Thailand.

EOSC, 1994, Landsat system status report. Earth Observation Satellite Company (EOSC),
Lanham, Md., pp: 1-11.

Egyptian Meteorclogical Authority, 1996, Climatic atlas of Egypt. Published report, Ministry of
Transport, Cairo, Egypt.

El-Maghraby, M.M., 1990. Geographical and hydrological studies of Sadat City, Egypt. M.Sc.
Thesis, Faculty of Science, Alexandria University, Alexandria, Egypt.

FAQ, 1985, Land Evaluation for Irrigated Agriculture. FAO, Rome, Italy.

FAQ, 1991. Land Use Planning Applications. FAQ, Rome, Italy.

FAO, 1992, CROPWAT, A Computer Program for Irrigation Planning and Management. FAOQ,
Rome, Italy.

FAQO, 1998, Crop Evapotranspiration: Guidelines for Computing Crop Water Requirements. FAC,
Rome, Italy.

FAQO, 2006, Guidelines for Soil Description. 4th Edn., Food and Agriculture Organization of the
United Nations, Rome, Italy.

FAQ, 2007, Land Evaluation, Towards a Revised Framework. FAO, Rome, Italy.

FAOITASA, 2008. Harmonized World Seil Database. FAQ, Rome, Italy.

Farah, H.O., 2001. Estimation of regional evaporation using a detailed agro-hydrological model.
J. Hydrol., 229: 50-58,

GARFAD, 1997, Strategy for horizontal expansion land reclamation up to 2017 in relation with
national horizontal expansion strategy. Central Directorate for Studies of Agricultural Projects,
GARPAD, Cairo, Egypt.

Hafeez, M.M., 2003. Water accounting and productivity at different spatial scales in a rice
irrigation system: A remote sensing approach. Ph.D. Thesis, University of Bonn,

Hermina, M. and E. Klitzsch, 1989, Stratigraphic Lexicon and Explanatory Notes to the Gecological
Map of Egypt 1:500000. Technelogy University, USA., ISBIN: 9783927541092, Pages: 264,
Huang, G.H., E.D. Zhang and Q.Z. Huang, 2006. Modeling scil water retention curve with a

fractal method. Pedosphere, 16: 1537-146,

Hudson, B.D.,, 1994, Soil organic matter available water capacity. J. Soill Water Conservat,,
49: 189-194.

ITT, 2009. ITT corporation EINVI 4.7 software. 1133 Westchester Avenue, White Plains, NY 10604,
USA.

Klute, A., 1986, Water Retention: Laboratory Methods. In: Methods of Sail Analysis, Part I,
Physical and Mineralogical Methods, Klute, A. (Ed.). Agronomy Monograph No. 9, American
Society of Agronomy, Madison, WI. USA., pp: 635-662,

Lee, K.S., G.B. Lee and E.J. Tyler, 1988, Thematic mapper and digital elevation modeling of soil
characteristics in hilly terrain. Soil Seai. Soc. Am. J., 52: 1104-1107.

130



Int. J. Soil Sci., 7 (4): 116-131, 2012

Liang, 5., A.H. Strahler and C.W. Walthall, 1999. Retrieval of land surface albedo from satellite
observations. J. Appl. Meteorol., 38: 712-725,

Lillesand, T.M. and R.W. Kiefer, 2007. Remote Sensing and Image Interpretation. 5th Edn., John
Wiley and Sons, New York, USA., ISBIN-13: 9788126513352, Pages: 820,

MALR, 1994. New lands agricultural services project-appraisal report. International Fund for
Agricultural Development (IFAD) and New Lands Agricultural Services Project (NLASF), Cairo.

Maas, K.V., 1984. Salt Tolerance of Flants. In: The Handbook of Flant Science in Agriculture,
Christie, B.R. (Ed.). CRC Press, Boca Raton, Florida.

Maas, E.V., 1986, Salt tolerance of plants. Applied Agric. Res., 1: 12-26.

NASA, 2002, Landsat7 science data users handbook. landsat project science office. NASA Goddard
Space Flight Center, Greenbelt, MD., USA.

Ray, 8.8, and V.K. Dadhwal, 2001. Estimation of crop evapotranspiration of irrigation command
area using remote sensing and GIS. Agrie. Water Manage., 49: 2539-249,

Rhoades, J.D. and 8.D. Merrill, 1976, Assessing the suitability of water for irrigation: Theoretical
and empirical appreaches: Prognosis of salinity and alkalinity. Scils Bull. FAQ.,, 31: 69-109.

588, 1975, Boil Munssel Colour Chart. Seil Survey Staff (855), 1.8, Department of Agriculture,
Washington DC., pp: 47.

Sadek, A., 1984, Scoil mapping and pedological features of the interference zone between the Nile
delta deposits and the Western Desert deposits. Ph.D. Thesis, Faculty of Agriculture Cairo
University, Egypt.

Storey, J.C., P. Bearamuzza and . Schmdt, 2005, Landsat 7 scan line corrector-off gap filled
product development. Proceedings of the 16th Conference on Global Priorities in Land Remote
Sensing, (GPLRS'05), Sioux Falls, South Dakota, pp: 23-27.

Sys, C., E. van Ranst and J. Debaveye, 1993, Land evaluation part III, crop requirements.
Agricultural Pubhecation No. 7. General Administration for Development. Cooperation, Brussels,
Belgium.

Tasumi, M., W.G.M. Bastiaanssen and R.G. Allen, 2000. Application of the SEKBAL methodology
for estimating consumptive use of water and stream flow depletion in the bear river basin of
Idaho through remote sensing. EOSDIS Project Report, Raytheon Systems Company and the
University of Idaho, USA.

Tsouni, A., C. Konteoes, D. Koutsoyiannis, P. Elias and N. Mamassis, 2008, Estimation of actual
evapotranspiration by remote sensing: Application in thessaly plain, Greece. Sensors,
8: 3586-3600.

USDA, 2004, Soil SBurvey Laboratory Methods Manual, Scil Survey Investigation Report No. 42,
Version 4.0. 3rd Edn., USDA, NRCS, Washington, DC., USA.

Zinck, J.A. and C.R. Valenzuela, 1990. Soil geographic database: Structure and application
examples. ITC J., 3: 270-272,

131



	116-131_Page_01
	116-131_Page_02
	116-131_Page_03
	116-131_Page_04
	116-131_Page_05
	116-131_Page_06
	116-131_Page_07
	116-131_Page_08
	116-131_Page_09
	116-131_Page_10
	116-131_Page_11
	116-131_Page_12
	116-131_Page_13
	116-131_Page_14
	116-131_Page_15
	116-131_Page_16
	IJSS.pdf
	Page 1


