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ABSTRACT
 
The main objective ofthis work is to detect the suitable irrigation systems 
and crops based upon soil properties in new farm as a reclaimed area at 
Wadi El-Natroun. Studied area which extends about 634 feddans were 
surveyed by digging 454 soil profiles representing current farms and 
dominant problems. The soil properties ofthe study area such as texture, 
depth. electrical conductivity. soil reaction (PH), calcium carbonate 
content, sodium adsorption Ratio (SAR), elevation, and slope. Once the 
soil properties were analyzed and evaluated, suitability maps were 
generatedfor the studied area using geographic information system. The 
soils of the studied area are nonsaline to moderately saline (EC values 
rangefr0ln: 1.0 to > 16 dSlm). Soil texture is mostly sandy to sandy loam 
{(clay percentage (4.5: 8.7%), silt percentage (4.3: 22.1%), and sand 
percentage (69.2: 91.2%)}. Soil pH values range from 2 to 8.0, Sodium 
Adsorption Ratio (SAR) range from 0.5% to > 16 % and slope range from 
1% to 15%. The obtained results indicated that, 85.5% ofthe studied area 
were suitable for cultivation and 14.5% of the studied area were 
unsuitable for cultivation according to EC and (SAR), 28.12% ofsuitable 
area were optimal for surface irrigation system and 71.88% of suitable 
area were optimal for sprinkler and drip irrigation systems according to 
slope. 91.5% of the studied area were alkaline soil, 8.25% were neutral 
soil and 0.25% were acid soil according to ph. Additionally, Because the 
water used in irrigation is groundwater. so it's best to use the sprinkler 
and drip irrigation systems instead of surface irrigation system. 
Moreover, the main limiting factors in using different irrigation systems 
in this area were (soil texture. CaC03 and slope) and electrical 
conductivity (EC) for crops. In conclusion. the using GIS maps reliable 
to be a good indicator for detecting the suitable irrigation systems and 
crops for. this area ofstudy. 
Keywords: Irrigation, soil properties. slope, GIS 
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INTRODUCTION 

Detecting the suitable irrigation systems and crops by application 
of Geographic Information Systems (GIS) is a very important 
piece of information in agriculture development and future 

planning. Based on that, a land suitability for Agriculture purpose has 
been conducted in order to help decision makers, agriculture development 
planners and determine how proper or appropriate it is for a particular use 
of the land in a particular location which are more suitable for certain 
agriculture use. There is no doubt that the ratio between the land 
resources and human resources is the most critical problem in Egypt. So 
agriculture expansion in the Western Desert is one of the most vital 
objectives of the Egyptian policy to meet the food security requirements 
of the tremendous increase in population. Wadi El-Natrun area could be 
considered as one of the promising areas for agricultural development. 
Land suitability is essential for the studied area in order to provide the 
planners with the necessary information they needed. However, 
sometimes the survey data are difficult to be understood by them. When, 
the variables are translated into productivity terms, they become more 
relevant and supporting. 

The intensification of agriculture is the most likely means to meet food 
demand of growing population, the land resources need to be utilized to 
the fullest extent. Land suitability analysis is a prerequisite for sustainable 
crop production. Crops grow best in locations where the climatic 
conditions meet their growth requirements. Elevation, slope, aspect, soil 
(pH, drainage and texture), land cover and many climatic factors that 
affect crop growth, help in determining the most suitable crop growth 
areas. The process of land suitability classification is the evaluation and 
grouping of specific areas ofland in terms of their suitability for a defined 
use. The main objective of the land evaluation is the prediction of the 
inherent capacity of a land unit to support a specific land use for a long 
period of time without deterioration, in order to minimize the 
socioeconomic and environmental costs (De la Rosa, 2000). The Land 
Suitability Classification Under a Framework for Land Evaluation 
developed by FAO (2007), the land suitability is a system to evaluate the 
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grouping of soil in term of their suitability for defined uses. Land 
suitability is divided into two order~: Suitable and Not suitable. The 
suitable order is divided into three classes. The four classes of land 
suitability that are recognized that are: Class S1 highly suitable: Land has 
no significant limitations to reduce productivity. Class S2 Moderately 
suitable: Land has moderately severe limitations to reduce productivity. 
Class 3 Marginally suitable: Land has severe limitations to reduce 
productivity. Class N Not suitable: Land has very severe limitations to 
produce economic crops. Class S1 and S2 of Land suitability 
classification are also in a meaning of prime agricultural land. (Stockle, 
2007) estimates indicate that about one-third of the irrigated lands in the 
major countries with irrigated agriculture is badly affected by salinity or 
is expected to be salinized in the near future. Current estimates of the salt
affected soils as percent of the irrigated lands for different countries are: 
27% for India, 28% for Pakistan, 13% for Israel, 20% for Australia, 15% 
for China, 50% for Iraq, and 30% for Egypt. Khalifa (2009) studied the 
assessment of soil limiting factors effect on land productivity at Wadi EI
Faregh area, West of Delta, Egypt. This study aimed at evaluating the 
influence of soil limiting characteristics on its productivity in a newly 
reclaimed area at Wadi EI-Faregh area. He concluded that, limiting 
properties of land capability may be concluded as dominant sand content, 
shallow profile depth at some sites, salt and/or lime some affected sites 
and poor fertility status. The studied area is evaluated as order "Suitable" 
and classified into two capability classes; "Fair" representing 83.6% as 
productivity index ranged between 41.0 57.3%, and "Poor" extending 
over 16.4% of the area with productivity index varied from 29.5 35.9%. 
Best recommended winter crops are wheat, barely, alfalfa and faba bean, 
while in summer they are sorghum, sunflower and peanut: Seven different 
fruit trees are suitable in the studied area with the following sequence: 
date palm, olive, grape, apple, citrus, pummel and guava. Land evaluation 
is a process of predicting land performance over time according to the 
specific types of use (Lee and Yeh, 2009; Martin and Saha, 2009; 
SonneveId et aI., 2010). Agriculture land suitability assessment is defined 
as the process of assessment of land performance when used for 
alternative kinds of agriculture. The principle purpose of agriculture land 
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suitability evaluation is to predict the potential and limitation of the land 
for crop production (Pan and Pan, 2012). Land suitability for agriculture 
is a very important piece of information in agriculture development and 
future planning. Based on that, a land suitability assessment for 
Agriculture purpose has been conducted in order to help decision makers, 
agriculture development planners and determine how proper or 
appropriate it is for a particular use of the land in a particular location 
which are more suitable for certain agriculture use. Its major objective is 
to find out places which are most suitable for certain agricultural use. 
Land suitability tools have been extensively applied to identify better 
management Practices in agricultural areas. These tools evaluate the 
suitability of an agricultural Land to a specific practice or land use. So, 
GIS has contributed· to the speed and efficiency of overall planning 
process in agricultural land use suitability because quick and efficient 
access to large amount of information was enabled by GIS, exhibiting 
relationships, patterns, and trends that are useful in combining soil survey 
information to monitor land use suitability evaluation. (Singha and 
Swain 2016). Good planning is essential for successful irrigation, 
including: 1) The selection of an irrigation system that provides the best 
practical and economical irrigation system alternative, 2) the design and 
installation of a system according to standards and accepted engineering 
practice and 3) system management that ensures a correct and timely 
application of water that is based on crop requirements and avoids 
unnecessary water use (Holzapfel et al., 1985). Sys et al. (1991) 
suggested a parametric evaluation system for irrigation methods which 
was primarily based upon physical and chemical soil properties. In their 
proposed system, the factors affecting soil suitability for irrigation 
purposes can be subdivided into four groups: Physical properties 
determining the soil-water relationship in the soil such as permeability 
and available water content; Chemical properties interfering with the 
salinity/alkalinity status such as soluble salts and exchangeable Na; 
Drainage properties; and Environmental factors such as slope. Mbodj et 

. al. (2004) performed a land suitability evaluation for- two types of 
irrigation, Le., surface irrigation and drip irrigation, in the Tunisian Oued 
ROle! Catchment using the suggested parametric evaluation. According to 
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the results, the drip irrigation suitability gave more irrigable areas 
compared to the surface irrigation pr~ctice due to the topographic slope, 
soil depth and texture, and drainage limitations encountered within the 
surface irrigation suitability evaluation. Barberis and Minelli (2005) 
provided land suitability classification for both surface and drip irrigation 
methods in Shouyang County, Shanxi Province, China, where the study 
was carried out by a modified parametric system. The results indicated 
that due to the unusual morphology, the area suitability for the surface 
irrigation 34% is smaller than the surface used for the drip irrigation 62%. 
The most limiting factors were physical parameters including slope and 
soil depth. Liu et al. (2006) evaluated the land suitability for surface and 
drip irrigation in the Danling County, Sichuan Province, China using a 
Sys's parametric evaluation system. For surface irrigation the most 
suitable areas S1 represented about 24% of Danling County, 33% was 
moderately suitable S2, %9 was classified as marginally suitable S3, 7% 
of the area was founded currently not suitable NI and 25% was very 
unsuitable for surface irrigation due to their high slope gradient. Drip 
irrigation was everywhere more suitable than surface irrigation due to the 
minor environmental impact that it caused. Areas highly suitable for this 
practice covered 38% of Danling County; about 10% was marginally 
suitable the steep dip slope and the structural rolling rises of the Jurassic 
period. The steeper zones of the study area 23% were either 
approximately or totally unsuitable for such a practice. Dengize (2006) 
also compared different irrigation methods including surface and drip 
irrigation in the pilot fields of central research institute, Lkizce research 
farm located in southern Ankara. He concluded that the drip irrigation 
method increased the land suitability by 38% compared to the surface 
irrigation method. The most important limiting factors for surface 
irrigation in study area were soil salinity, drainage, and soil texture, 
respectively, whereas the major limiting factors for drip or localized 
irrigation were soil salinity and drainage. Albaji et al. (2008) carried out 
a land suitability evaluation for surface and drip irrigation in the Shavoor 
Plain, Iran. The results showed that 41 % of the area was suitable for 
surface irrigation; 50% of the area was highly recommended for drip 
irrigation and the rest of the area was not considered suitable for either 
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irrigation method due to soil salinity and drainage problem. Naseri et al. 
(2009) investigated soil quality for different irrigation methods in Lali 
plain and considered 6 factors: soil texture, soil depth, lime, soil salinity, 
drainage, and slope. The results showed that 1732 ha (48.5%) of studied 
lands were appropriate for three irrigation methods of surface, drip, and 
sprinkler, while 384 ha (10.8%) of the studied lands were not appropriate 
for surface irrigation and were appropriate for sprinkler and drip 
irrigations. Albaji et al. (2010) evaluated and compared land suitability 
for surface, sprinkle, and drip irrigation methods based on the parametric 
evaluation systems for the Abbas Plain in the Elam Province, Iran. The 
results obtained showed that sprinkle and drip irrigation systems are more 
suitable than surface irrigation method for most of the study area. The 
major limiting factor for both sprinkle and surface irrigation methods was 
soil texture. However, for drip irrigation method, soil calcium carbonate 
content and soil texture were restricting factors. Moreover, because of the 
insufficiency of surface and ground water resources and the aridity and 
semi aridity of the climate in this area, sprinkle and drip irrigation 
methods are highly recommended for a sustainable use of this natural 
resource; hence, the changing of current irrigation methods from gravity 
surface to pressurized sprinkle and drip in the study area is proposed. 
Gizachew (2014) evaluated the land suitability for surface and sprinkler 
irrigation in the Guang watershed, Ethiopia based on FAO guidelines. 
Geographical Information System (GIS) techniques were used to develop 
land suitability map. Land characteristics used as criteria for irrigation 
requirements were soil depth, soil texture, electric conductivity, pH, 
drainage and slope factors. The results showed that 990.25 ha (39.61 %) of 
the Guang watershed were highly suitable (S 1) for surface irrigation 
method. However, 2370 ha (94.8%) of the region was unsuitable (N) for 
sprinkler irrigation method due to soil salinity, drainage and ph. 
Moreover, this showed that the surface irrigation method was more 
efficient than the sprinkler irrigation method to intensively and 
extensively use the land. The resultant map can assist decision makers in 
ensuring that lands are used according to their suitability. Moreover, GIS 
technique can provide a powerful tool in agricultural planning. of an area 
for the land use suitability. The technological approach defines GIS as a 
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set of tools for the input, storage and retrieval, manipulation, analysis and 
output of spatial data. This approach however ignores the problem solving 
aspects of GIS and it has been argued that GIS functionality can playa 
crucial role in a comprehensive decision-making process. Application of 
GIS in land use planning was well documented and implemented (Salem 
et al., 2008). Soil survey data and GIS are important tools in land use 
planning. Intertwined, they represent an invaluable and underutilized 
resource. Hazrat et al. (2003) found that the GIS is an important tool that 
can be used for optimal allocation of water resources of an irrigation 
project. Mean water balance components results for different months 
were stored in GIS databases, analyzed and displayed as the monthly crop 
water requirements maps. A methodology was developed using a 
Geographi~ Information System (GIS) to select, design, install and 
manage an irrigation system for a farm. GIS was used to develop different 
thematic layers, each consisting of a particular attribute required for 
analysis of alternative irrigation system types. These layers included data 
such as: topography, soil texture, soil water retention, bulk density, 
infiltration rate of water and field drainage system. The GIS facilitated 
irrigation planning. GIS was found to be a useful tool for a general farm 
planning analysis. (Holzapfel et al.2012). The main objective of this 
research was to evaluate land suitability for irrigation methods and crops 
based on soil mapping by using Geographic Information Systems (GIS). 

MATERIALS AND METHODS 
Location: 
Studied area include an area of about 600 feddans at Wadi EI-Natron 
which lies in the north western portion of Egypt. The studied area is 
located south west of Wadi El Natron. It is bounded by I~titudes 30 15.0" 
and 30 20.0" N and longitudes 3010.0" and 3015.0" E. (map 1). 
Climate: 
The climate of the area is characterized by extreme aridity long rainless 
summer and short cold winter with rare rains. The mean monthly 
maximum temperature ranges from 20.0 to 34.8Co. while the mean 
minimum temperature ranges from 7.2 to 20.5Co. Rainfall is ranged from 
53.7 to 65.8 mm / year and precipitations is strictly confined to winter 
season. 
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Map (1): Location map of the studied area at Wadi EI-Natron 

Geomorphology:
 
The land surface of the area is almost flat to slightly undulating and
 
generally sloped towards the Nile Delta.
 

1- Field work:
 
The studied area extends about 638 feddans was surveyed using 454 soil
 
profiles were chosen to represent different point and degraded portions of
 
the studied area (Map 2). Representative profiles were morphologically
 
described according to FAO (2007), and sampled for further laboratory
 
analyses.
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Map 2. Locations of soil profiles in the studied area at Wadi El-Natron 

Soil analyses: 
Collected soil samples were analyzed to detennine (I) physical properties 
(Page et ala 1982) soil texture (2) chemical properties such as: electrical 
conductivity (EC), soluble cations and anions and soil reaction (pH), total 
calcium carbonate. 
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Measuring soil salinity in the field:
 
This method is a reasonably accurate way ofestimating sodicity, salinity and
 
pH in most districts. It is most accurate if the soil is dried, ground and
 
weighed out e.g. (20g soil plus 100ml water). But the test can also be
 
performed in the field, as set out below. It is most convenient to analyse
 
several soil samples at the same time.
 
-Equipment:
 
Hand held salinity meter (Calibrated). - Clean jar, with sealing lid (400

500ml is ideal).
 
Clearly mark the jar at 250ml and 300ml level. - Distilled, deionised or
 
rainwater. - Stirring rod.
 
-Procedure:
 
1. Depending on the soil texture and its moisture, the soil may be hard or
 
moist (especially in clay soils) thus making it difficult to break down, if this
 
is the case then use a cheese grater to break the soil down before adding to
 
the distilled water. Alternatively use a stirring rod to crush soil in the
 
distilled water.
 
2. Add distilled, deionised or rainwater up to the bottom mark (250ml) of the
 
sample jar. Then add soil, crushed as fine as possible and air dried, until the
 
level reaches the top mark (300ml, equivalent to approximately 50g soil).
 
This equates to a 1:5 soil/water ratio.
 
3. Put the lid on and shake the solution vigorously for at least two minutes
 
then allow it to settle for five minutes.
 
4. Dip the EC meter into the top, clear part of the solution and take a reading
 
(Zhang et al.2005).
 
GIS processing:
 
Radar Sat Images (SRTM) were used as a source of elevation in the study.
 
The ArcGIS Spatial Analyst 10.2.1 extension provides tools for spatial data
 
analysis like (buffering, masking, interpolation.... etc) that apply statistical
 
theory and techniques to the modelling for spatially referenced data.
 
Land evaluation:
 
Land suitability classes for irrigation systems, cultivation and for several
 
field, forage, vegetables and fruit crops were identified for each soil unit
 
according to ( Burt, 1995 ; Sys, 1979 ; Ayers and Westcot, 1985 ; Scianna,
 
2002) with soil properties and climate conditions.
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RESULTS AND DISCUSSION 
General description of the studied ar~: 

The studied area has level to nearly level land surface except for some 
few undulated sites. Elevations ranged gradually between < 80 m abave 
sea level (A.S.L) and > 160m A.S.L with different slope degrees towards 
western east direction as shown in map (3). The higher elevation value 
that recorded > 160m A.S.L about 1.8% for the studeid area, when the 
lower elevation value that recorded < 80 m A.S.L about 38.6% for the 
studeid area. Morever, the other elevation value that recorded from 80
120 m A.S.L about 16.2% and that recorded from 120-160 m A.S.L about 
43.4% of the studied area. 

Map (3): Elevation of the studied area at Wadi EI-Natro" 
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Topography 
In general, the topography is a graphical representation of the landscape 
in the area and quantitatively expressed in units of slope (grade, length, 
and shape). Slopes are generally calculated in percent (%) or degrees (0). 

Classification of slope, in the studied area refers to (Burt, 1995). The 
slope analysis in Map (4) found that studied area is dominated by the 
slope of the class (4-15%) it is an area of 71.88%. The remaining 28.12% 
is the slope class (0-3%). View of the slope criteria for settlements into 
two slope classes, the studied area that represented 71.88% and slope (4
15%) were more suitable for sprinkler and drip irrigation systems, when 
the studied area that represented 28.12% and slope (0-3%) were more 
suitable for surface irrigation system. 
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Map (4): Slope of the studied area at Wadi EI-Natron 
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Electric conductivity (EC) 
As shown in Map (5), most of the stu,died area soils are non-saline to 
slightly saline where electric conductivity (EC) varied between 0.90 and 4 
dS/m, while some studied profiles were salt 

affected and have saline EC values ranged between (8-16 dS/m) and> 16 
dS/m, where the most dominant soluble salts were sodium chloride' 

according to (Scianna, 2002) . Additionally, the Ee valuse ranged from 
(0-2 dS/m), (2-4 dS/m), (4-8 dS/m), (8-16 dS/m), and (> 16 dS/m) 
represent 69.84%,16.15%,8.78 %,4.85% and 0.38% of the studied area 

respectively. III general, if the soil salinity in the surface soil (seeding 
area) is greater than 4 ds/m, it may inhibit or delay germination and early 
seedling growth. 
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Map (5): Electric conductivity (EC) of the studied area at Wadi EI-Natron 
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This slowed germination may then delay emergence, allowing soil 
crusting and disease problems to reduce the crop stand. Moreover, it is 
clear that the salinity ranging from (0-2 dS/m) , (2-4 dS/m),and (4-8 
dS/m) were suitable for most of all crops and does not affect the 
productivity of most crops, while the salinity ranging from (8-16 dS/m) 
and (>16 dS/m) will lead to reduced crop yields for more than 50% 
(Ayers and Westcot, 1985). 
Soil reaction (PH) 
Soil reaction values were neutral with relatively alkaline tendency, where 
pH ranged from7.3 to 8.4 for the whole area (97.4% of the studied area). 
Most of the studied area was non alkaline except for some limited sites 
ranged from 8.5 to > 9 (2.25% of the studied area) , while 0.35% of the 
studied area were acid that ranged from < 3.5 to 6.5 (Map 6). This results 
according to (Scianna, 2002). 
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Map (6): Soil reaction (pH) of the studied area at Wadi EI-Natron 

Misr J, Ag. Eng., January 2017 - 194



IRRIGATION AND DRAINAGE 

12:-1 .. 

14.1 

• -6 8-10 

6 - 0 10- 12 

30'11'O"E 

SAR
M <C5 .0,5.2 

2·' 
, 

1:' "I 'tl~t';o r..:>.., .. __ "lS7 '" 
~- \ I.' ,__ 

Map (7): Sodium adsorption ratio (SAR) of tile studied area at Wadi 

In arid regions like Egypt, limited rainfall results in minimal leaching of 
bases and salts under non-irrigated cond.itions, so soluble salts of Ca, Mg, 
and Na remain in high concentrations in the soil. As shown in map (7) the 
sodium adsorption ratio (SAR) exceeds 16 and varied in a wide range 
from <0.5 to > 16. 

El-Natron 

Most of the studied area (99.86%) were (SAR) less than 12 and 0.14% of 
the studied area were (SAR) between 14 and more than 16. This means 
that, most of the studied area especially that had EC about 'less than 4 
ds/m and SAR less than 12 represented normal soil and suitable for most 
crops (86% of the studied area), On the other side, the EC more than 4 
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ds/m. and SAR below or above 13 represented saline soil and unsuitable 
for most of crops (14% of the studied area) (Horneck et aI., 2007: Scianna, 
2002). Granted, sodium adsorption ratio (SAR) describes the ratio ofNa 
relative to Ca and Mg - two cations that moderate the adverse effects of 
Na. The greater the SAR, the more Na relative to Ca and Mg, the greater 
the toxicity to plants. According to maps 8, 9, and 10 for distribution of 
(Na) , (Ca) , and (Mg) in the studied area. It can be noted that, the Read 
and Orange color that represented the high levels ofNa (800-1000 ppm) 
and more than 1000 (ppm) and about 0.8% of the studied area were 
highly in (SAR). Conversely, the dark Green and Green that represented 
the low levels ofNa (<20 ppm) and (20-200 ppm) and about 79.73% of 
the studied area were decreased in (SAR). 
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CONCLUSIONS 
The results show that the GIS maps based on soil properties, most of the 
studied area were suitable for cultivation and few of the studied area were 
unsuitable for cultivation according to EC and (SAR), limiting in suitable 
area for surface irrigation system and increasing of suitable area for 
sprinkler and drip irrigation systems according to slope. Also, most of the 
studied area were alkaline soil, few of the studied area were neutral soil 
and acid soil according to ph. Additionally, On the other hand, because of 
the insufficiency of water in arid and semiarid climate, the optimization 
ofwater use efficiency is necessary to produce more crops per drop and to 
help resolve water shortage problems in the agricultural sector. The shift 
from surface irrigation to modem irrigation systems, e.g., sprinkler and 
drip irrigation systems, therefore, offers significant water-saving 
potentials. Moreover, the main limiting factors in using different 
irrigation systems in this area were (soil texture, CaC03 and slope) and 
electrical conductivity (EC) for crops. Finally, the using GIS maps 
reliable to be a good indicator for detecting the suitable irrigation systems 
and crops for this area of study. 
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