
Journal of Applied Sciences Research, 7(6): 997-1006, 2011
ISSN 1819-544X
This is a refereed journal and all articles are professionally screened and reviewed

ORIGINAL ARTICLES

997

Corresponding Author: M.Abdel-Hady, Water Relations and Field Irrigation Dept., National Research Centre, Cairo,
Egypt.
E-mail: hadymnrc@yahoo.com

Assessment of Some Hydrophysical Properties for Selecting Irrigation Methods

M.Abdel-Hady, Ebtisam I. El-Dardiry and M.Y. Tayel

Water Relations and Field Irrigation Dept., National Research Centre, Cairo, Egypt

ABSTRACT

In the study an attempt is made at deciding the best agricultural irrigation system in a study area located
in the eastern part of the Nile Delta, Ismailia governorate, Egypt. The area covers approximately 609 hectares
and consists mostly of uncultivated land. Fifty eight soil profiles (25 fed. each) were taken to represent area’s
soil and similar clusters were representative in one cluster, so eight clusters were obtained. The parameters
investigated (Soil texture, soil depth, CaCO3 content, soil EC, drainage state and slope) all fall within the
tolerable limit for irrigation purpose. With the current potential of these soils for irrigation, if fully harnessed
and properly utilized, it will increase crop productivity and consequently maximize the outcome from water
unit. Within agricultural policies, it should be considered as save-able water for irrigated area expansion, or
for other uses. The obtained results reveal that the soils are suitable for both surface irrigation and drip
irrigation at various rating levels (Highly and moderately suitable). Results pointed out that the total suitable
area for drip irrigation is 25 % (cluster 4) followed by 22.4 % (cluster 2) with capability highly suitable and
moderately suitable, respectively. While about 44.8 % (cluster 1, 3, 6, 7; 8) with currently suitable capability
of the studied is currently not suitable for drip irrigation followed by cluster 5 which represent 6.9 % of the
total studied area. So, it is better to use surface irrigation especially in area belongs to cluster 5 due to highly
EC value (6.94 dSm-1 ) in the surface layer and highly content of CaCO3. In respect to the HC value, it could
expect helping in leaching salt out of the profile. Whereas, clusters 1, 3, 6, 7 and 8 could irrigate by surface
irrigation till leaching salt is completed then replaced by drip one. The clusters (1, 3, 6, 7 and 8) that were
classified as currently not suitable under drip irrigation is now classified as moderately suitable for drip
irrigation because of soil texture is regarded as a critical factor for drip irrigation. 

Key words: hydrophysical soil properties, irrigation methods, irrigation water management. 

Introduction

Regarding to the accelerating of both population and development rates, different fresh water consume
sectors are competing on the available water resources. Bouman (2007) stated that in arid and semi-arid
regions, surface and ground water resources are naturally limited, and the challenge to produce more food
under increasing water scarcity is real. Abou Zeid (2000) mentioned that a basic understanding of
soil/water/plant interactions will help irrigators efficiently to manage their crops, soils, irrigation systems and
water supplies. The water resources are becoming constrained to meet the growing demand, as it is projected
that for the world to feed itself in 2025, 17 % more irrigation water will be needed (Molden et al., 2000).
Optimization water use in agriculture is a key factor in rural development and environmental management. The
full utilization of the available water means the possibility of enlarging the irrigated area and reducing the
environmental impact (Andrea et al, 2005). 

Soil properties are most important factor, which contribute in selecting both the irrigation method and
management processes. Therefore, soil information database improve the estimation of current and future land
potential productivity and identifying land and water use limitations (FAO/IIASA, 2008). Amusan et al. (2006)
stated that knowledge of soil properties is important in determining the use to which a soil may be put
especially soil physical properties which play an important role in this concern. Determining the suitability of
land for irrigation method requires a thoroughly evaluation of soil properties, the topography of the land within
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the field and water quality to be used for irrigation (FAO, 1985; Sys et al 1991 and 1993). 
Soil texture, structure and organic matter content control soil porosity. Coarse textured soils have larger

pores in size than the fine ones and therefore allow for more water flow under saturated conditions and the
opposite is true under the saturated one (Balba , 1995 and Mousavi et al, 2000). In soils with abrupt horizon
changes, corresponding changes in the hydraulic conductivity (HC) values can have serious effects on the
movement of irrigation and drainage water within the soil profile. As a rule of thumb, a horizon with a HC
less than 10 % of the overlying horizon should be regarded a effectively impermeable (Dexter, 2004).

The aim of the work was to evaluate some soil characteristics mainly affect on the most suitable irrigation
method selected. 

Materials and Methods

The area under investigation lies in the eastern part of the Nile Delta, Ismailia governorate, Egypt. It
extended between longitudes, 32º 14´ E and latitudes, 30º 45´ N (map 1). The studied area was selected for
investigation because of its high priority for agricultural extension, in desert reclamation programs and the
presence of ground water in a suitable quality for irrigation (El- Maghraby, 1990). It covers an area of about
1450 fed. (609 ha). It is considered as an extremely arid region where the mean annual rainfall and estimated
evapotraspiration are 32.4 and 1275.5 mm (mean value of the last 10 years), respectively while the maximum
and minimum temperature were 44.2 to 10.5º C (Egyptian Meteorological Authority, 1996). 

Fifty eight soil profiles (25 fed. each) were taken to represent area’s soil, Ismailia Governorate (map 1)
and similar profiles were representative in one cluster after FAO (2006), so eight clusters were obtained. Most
layers were sampled in duplicates but mean values were used. Soils were classified as Entisols, calciorthids
and Typic calcic. 

Some soil characteristics were determined as follows: soil particle size distribution by pipette method after
Gee and Bouder (1986), CaCO3 content by Scheibler calcimeter (Soil survey Staff, 1993). Some physical and
chemical characteristics shown in Table (1) were determined after USDA (2004).

HC was measured in the laboratory under a constant head technique (Klute and Dirksen, 1986) using the
following formula:

HC = (QL)/(At.ΔH) 

Where: HC = water quantity flowing through saturated soil sample/area / unit time, Q = volume of water
flowing through saturated soil sample per unite time (L3/T), A = cross sectional flow area (L2) L = length of
the soil sample (L) and ΔH = differences in hydraulic head across the sample (L) and t = time (hr).
Soil water retention at 0.3 (FC) and 15.0 (WP) bars were estimated after Klute (1986). According soil available
water was calculated by subtracting FC –WP. 

Simple correlations coefficients and descriptive analysis were estimated after SAS Institute Inc. (1999).
The work aimed to evaluate some soil characteristics mainly affect on the selecting most suitable irrigation

system. 

Results and Discussion

Site Description:

According to the meteorological data obtained from Egyptian Meteorological Authority, 1996) of the
studied area, evaporation exceeds the amount of the rain precipitation by about 29 fold. So there is a need to
increase the amount of the precipitation through irrigation process to be more than evaporation to avoid soil
salinization. This issue must take place when an irrigation method is considered. 

Regarding to the selected profiles (Table 1), data revealed that there are a homogeneity in clusters 1, 2,
3, 4 and 8 where the texture of the three upper layers are similar, except cluster 4 which the last three ones
are similar. Whereas, clusters 7 and 8 were recognized into three texture classes. Also, one can notice that fine
fractions increase with increasing profile depth. Decreased soil BD with depth was noticed in profiles with
highly content of silt and clay. This finding could attributed to root distribution and micro organisms activity
in the lower BD of the upper layers and effect of weight of layers and increase clay content in the deepest
ones. Same trend was observed in case of the estimated total porosity (TP) which represents the percentage
of the pore in the soil where it could be filled by air and/or water. Also, data pointed out that the moisture
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Map 1: Location of the studied area.

content at different soil water constants were correlated with fine particles content in different layers in the
investigated soils. The highest values of water content at AW were 20.2, 23.2, 20.0, 18.2, 21.2, 15.7, 19.7 and
19.9 % at soil layers 4th, 3rd, 1st, 2nd, 3rd, 4th, 1st and 4th in cluster No. 1, 2, 3,4, 5, 6, 7 and 8, respectively.

In respect to the water movement estimated as hydraulic conductivity (HC) through soil, which plays an
important role in choosing the most appropriate irrigation system used especially localized one and hence
selecting dripper the more suitable discharge, which ranged from moderately ( 2.0 – 6.0 cm h-1) to moderately
rapid (6.0 – 8.0 cm h-1). Whereas the HC values ranged from 1.1 cm h-1 (4th layer, cluster 3) to 7.1 cm -1 (1st

layer, cluster 5). Also, results pointed out that all highest values of HC were recorded in the surface layers
and the opposite was true in all investigated clusters. Also, the odd values of the estimated HC were observed
in the middle layers which attributed to increase fine particles and/or CaCO3 content and the effect of weight
of the upper layers. According to Landon (1991) the lowest HC values were observed in cluster 6, which
varied between 3.4 cm h-1, in surface layer, and 2.1 cm h-1 in the lowest one. This result could be attributed
mainly to layer content from fine particles especially third one and CaCO3 content. Also, data notice that the
surface layer for different profiles is more permeable than lower ones. Also, data indicates a close correlation
significantly at 5% level between HC from side and both soil texture class and BD from the other one
(r=0.342*). 

According to the CaCO3 content, data in Table (1) shows that the highest values were recorded at clusters
1 followed by 5 and the lowest ones were recorded in cluster 7 followed by 6. Regarding to the soil pH
mostly ranged from neutral (clusters 3 and 8) to alkaline (the rest clusters). Mostly all investigated soil clusters
were saline, except cluster 2. Also, soil EC of the surface soil layers were less than the others except cluster
1, 2 and 8 where the opposite was true. Also, clusters could be arranged relative to the soil salinity in
ascending order as follow: clusters 2<7<4<1<8<3<5<6 concerning slope, clear homogeneity in all the studied
clusters in this area except cluster 6 (5-8 %). 
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Table 1: Some soil characteristics of the studied clusters. 
Cluster Soil Particle size distribution % BD TP Water content % (w/w) at HC cm pH EC CaCO3 Slope
no. depth ---------------------------------------------------------------- gcm-3 % ------------------------------------- h-1 dSm-1 -----------------------

cm Coarse Fine Silt Clay Tex. FC WP AW        %
sand sand

1 0-15 1.6 17.5 42.2 38.8 C L 1.41 46.8 35.8 18.1 17.7 5.8 8.1 6.34 41.0 0-1
15-45 2.3 21.2 39.1 37.4 C L 1.35 49.1 37.9 20.3 17.6 3.7 8.3 4.74 38.5
45-80 2.8 23.6 37.1 36.5 C L 1.32 50.2 37.1 20.1 17.0 5.2 8.3 7.4 44.6
80-150 1.2 16.8 38.4 43.7 Clay 1.44 45.7 41.3 21.1 20.2 2.3 8.1 9.98 35.7

2 0-25 21.7 21.2 37.2 20.0 L 1.48 44.2 35.8 14.6 21.2 4.4 8.3 2.8 8.2 1-3
25-45 15.7 28.6 37.7 18.1 L 1.49 43.8 37.2 15.7 21.5 3.6 9.0 0.7 7.1
45-70 14.3 31.8 33.0 21.0 L 1.41 46.8 38.1 14.9 23.2 3.2 9.0 0.68 7.6
70-150 9.5 29.9 33.1 27.6 C L 1.38 47.9 37.9 16.1 21.8 3.7 9.0 0.62 7.6

3 0-15 5.4 41.9 38.6 14.1 L 1.48 44.2 33.6 13.6 20.0 4.1 7.4 2.28 14.2 0-1
15-40 9.4 29.8 37.6 23.3 L 1.38 47.9 35.2 17.8 17.4 3.6 7.5 8.84 19.2
40-75 11.5 31.6 29.6 27.3 L 1.37 48.3 35.3 17.0 18.3 3.5 7.7 8.64 20.1
75-150 9.7 33.7 28.0 28.6 S C L 1.35 49.1 36.0 18.2 17.8 1.1 7.7 9.1 21.4

4 0-20 4.1 30.3 38.3 27.3 L 1.47 44.5 34.2 16.6 17.6 3.6 8.3 1.74 19.6 1-3
20-60 13.7 34.9 20.3 31.1 S C L 1.42 46.4 37.1 18.9 18.2 3.2 8.1 2.3 12.4
60-85 10.4 32.8 24.8 32.0 S C L 1.32 50.2 37.8 19.6 18.2 3.3 7.9 8.4 19.2
85-150 9.4 37.0 23.1 30.5 S C L 1.32 50.2 38.0 20.2 17.8 3.2 8.1 5.4 19.6

5 0-15 3.2 25.4 41.8 29.6 C L 1.57 40.8 25.8 14.8 11.0 7.1 7.2 6.94 23.3 0-1
15-40 37.0 38.5 14.2 10.3 S L 1.55 41.5 26.6 15.6 11.0 6.2 7.2 12.14 20.5
40-75 60.5 18.5 14.7 6.3 L S 1.31 50.6 38.4 17.2 21.2 3.9 6.3 14.6 22
75-150 54.7 19.5 14.1 11.7 S L 1.31 50.6 38.3 18.8 19.5 4.8 7.4 11.8 23.7

6 0-20 26.3 24.5 32.4 16.9 S L 1.44 45.7 31.2 16.8 14.4 3.4 8.8 6.34 14.2 5-8
20-65 22.6 28.5 25.8 23.1 S L 1.45 45.3 30.8 17.2 13.6 3.2 8.2 7.4 9.6
65-90 25.0 19.3 35.4 20.3 S L 1.22 54.0 31.1 18.1 13.0 2.3 8.3 5.72 8.2
90-150 36.8 20.4 24.6 18.2 S C L 1.38 47.9 34.0 18.3 15.7 2.1 8.4 6.24 9.4

7 0-25 45.5 23.6 18.3 12.6 S L 1.36 48.7 32.8 13.1 19.7 6.5 7.9 3.4 8.2 1-3
25-55 4.4 33.5 40.5 21.6 L 1.35 49.1 32.0 15.1 16.9 5.7 8.5 4 6.4
55-85 8.5 27.7 38.5 25.3 L 1.35 49.1 31.5 15.3 16.2 4.8 8.6 9 3.5
85-150 7.7 28.1 36.1 28.1 C L 1.32 50.2 35.8 16.8 19.0 4.6 8.6 8.6 4.4

8 0-20 31.6 34.5 14.4 19.5 SL 1.38 47.9 30.6 14.5 16.1 5.7 8.2 21.7 7.1 1-3
20-60 23.3 28.3 23.2 25.1 S C L 1.34 49.4 33.5 15.8 17.7 4.3 8.3 8.7 11.4
60-95 17.2 28.4 30.2 24.3 L 1.31 50.6 32.8 15.3 17.5 2.3 8.2 5.26 17.1
95-150 19.5 31.8 28.1 21.1 S C L 1.35 49.1 35.0 15.1 19.9 1.9 8.2 6.24 16.2

C: clay, CL: clay loam, SCL: sandy clay loam, SL: sandy loam, L: loam, LS: loamy sand, BD: bulk density, TP; total porosity, FC: field capacity, WP: wilting point, AW: available
water, HC: hydraulic conductivity, EC: electrical conductivity 

Table 2: Descriptive analysis of the selected profiles.
Parameters Particle size distribution % BD TP % Water content % (w/w) at HC cm pH EC Ca

----------------------------------- gcm-3 ----------------------------------- h-1 dSm-1 CO3
%

Sand Silt Clay FC WP AW
----------------------
Coarse Fine

Mean 17.69 27.90 30.32 24.09 1.38 47.79 34.6 16.89 17.75 3.94 8.09 6.81 16.9
Min. 1.15 16.84 14.10 6.30 1.11 40.76 25.8 13.1 11 1.14 6.3 0.62 3.5
Max. 60.5 41.85 42.15 43.65 1.57 58.113 41.3 21.1 23.24 7.14 9.01 21.7 44.6
SD 15.4 6.5 8.9 8.6 0.1 3.2 3.5 2.1 2.9 1.4 0.6 4.40 10.7
SE 2.73 1.14 1.57 1.51 0.02 0.57 0.62 0.37 0.51 0.25 0.10 0.78 1.9
C L 5.57 2.33 3.21 3.09 0.03 1.17 1.26 0.75 1.05 0.51 0.21 1.59 3.9
Standard Error, SD: Standard deviation, BD: bulk density, TP: total porosity, FC: field capacity, WP: wilting point, AW: available water,
EC: electrical conductivity , CL: Coefficient level at 95%

Data of the descriptive analysis recorded in Table (2), which illustrates great differences between maximum
and minimum values of the studied soil properties and hence showed the beneficial statistical parameters such
as standard deviation and standard error. This means there is a wide contrast which ensures that the selected
profiles within cluster were good. 

Table 3: Simple correlation of the studied parameters under selected soil clusters.
Soil Particle size distribution % BD TP % Water content % (w/w) at HC cm pH EC
properties ----------------------------------- gcm-3 ----------------------------------- h-1 dSm-1

Sand Silt Clay FC WP AW
----------------------
Coarse Fine

F san -0.248
Silt -0.792 -0.164
Clay -0.793 -0.138 0.513
BD -0.173 0.251 0.149 -0.033
TP 0.173 -0.251 -0.149 0.033 -0.989
FC -0.116 -0.232 0.035 0.347 -0.278 0.278
WP -0.195 -0.324 0.007 0.587 -0.323 0.323 0.553
AW 0.001 -0.046 0.037 -0.004 -0.101 0.101 0.802 -0.054
HC 0.089 -0.004 -0.011 -0.150 0.342 -0.342 -0.456 -0.394 -0.264
pH -0.384 0.008 0.381 0.291 -0.075 0.075 0.128 -0.060 0.196 -0.196
EC 0.410 -0.077 -0.515 -0.146 -0.160 0.160 -0.187 0.128 -0.316 0.190 -0.482
CaCO3 -0.251 -0.348 0.173 0.536 0.041 -0.041 0.309 0.620 -0.074 0.052 0.355 0.154
Standard Error , SD: Standard deviation, BD: bulk density, TP: total porosity, FC: field capacity, WP: wilting point, AW: available water,
EC: electrical conductivity , CL: Coefficient level at 95%
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Table (3) showes simple correlation coefficients among the most important characteristics used in this
evaluation. According to the soil depth, all studied clusters are deep till 150 cm. Clusters 1, 3 and 5 are
recognized by shallow surface layers (0-15 cm) and the rest ones were more than 15 cm. The soil texture
ranged from heavy soil such as cluster no. 1, 4 and 8 to coarse texture such as the other studied clusters,
which ranged from loam to the sandy loam. The previous mentioned features were reflected in differential in
soil BD, which ranged from 1.22 g cm-3 (cluster 6, 65-90 cm) to 1.49 g cm-3 (cluster 2, 25-450 cm). Same
trend was obtained in total porosity data, which calculated from BD and real density values. According to the
water content at field capacity, WP and AW, data recorded in Table (1) mentioned that the maximum values
of these points were obtained in cluster 1 (80-150 cm, 41.3 %), cluster 1 (80-150 cm, 21.10 %), and cluster
2 (45-70 cm, 23.2%), while the lowest ones were recorded at cluster 5 (0-15 cm, 25.8%), cluster 7 (0-25 cm,
13.1%) and cluster 6 (65-90 cm, 13.0%), respectively.

From estimated simple correlation coefficient (Table 3) one can notice that CaCO3 content negatively
correlated with both coarse and fine sand which means that most of the CaCO3 content exists in the fine
fraction (silt and clay). This result is reflected in the positive correlation with fine particles in the studied soil
clusters. Also, CaCO3 content positively correlated with both water content at FC and WP, however, r values
of WP are more than FC, which supports the last finding mentioned above about highly ability of CaCO3 to
absorb water from side and clay and silt are the dominant fractions of CaCO3. According to the soil pH, there
is a significant positive correlation with CaCO3 fraction. 

Calcium carbonate in the form of free lime in the soil affects soil structure and interferes with infiltration
and evapotranspiration (ET) processes. It also influences both soil moisture regime and availability of nutrients
(Balba, 1975). 

Evaluation Method:

The investigations depends mainly on the following tables which prepared by Sys (1985).

Table 4: Suitability index for the irrigation suitability indexes (SI) Classes.
Capability index Class Definitions Symbol
> 80 1 Highly suitable S1
 60- 80 2 Moderately suitable S2
45 – 60 3 Marginally suitable S3
30 – 45 4 Currently suitable N1
< 30 5 Permanently suitable N2

In respect to the soil depth effect, their rating was 100 due to increase all studied clusters than 150 cm
(Sys, 1995). According to CaCO3 status, used procedure indicated that CaCO3 at less than 0.3 and 0.3 -10 %
takes rating values 90, 95 for both surface and drip irrigation, while CaCO3 at 10 – 25, 25 – 50 % take 100,
90; 80 and 95, 80 and 70 for surface and drip irrigation, respectively. 

According to the effect of CaCO3 rating on the selecting irrigation system, one can notice that all soil
clusters were considered suitable for irrigation use. Soil clusters 1, 3, 4, 5 and 8 were more suitable to the
surface irrigation system while the rest were equality to both irrigation systems. But quality and quantity of
available irrigation water is a limited factor in this concern.

Table 5: Textural classes rating for irrigation suitability
Soil texture Rating for surface irrigation Rating for drip irrigation

--------------------------------------------------------------- ------------------------------------------------------------------------
Fine gravel Coarse gravel Fine gravel Coarse gravel
----------------------------------- ------------------------ ------------------------------------- -----------------------------
< 15 15 - 40 40 - 75 15 - 40 40 - 75 < 15 15 - 40 40 - 75 15 - 40 40 - 75

Clay Loam 100 90 80 80 50 100 90 80 80 50
Silty Loam 100 90 80 80 50 100 90 80 80 45
Sandy Clay Loam 95 85 75 75 45 95 85 75 75 45
Loam 90 80 70 70 45 90 80 70 70 45
Silty Loam 90 80 70 70 45 90 80 70 70 45
Silt 90 80 70 70 40 85 95 80 80 44
Silty Clay 85 95 80 80 45 90 80 70 70 45
Clay 85 95 80 80 40 85 95 80 80 40
Sandy Clay 80 90 75 75 35 95 90 85 80 35
Silty Loam 75 65 60 60 35 95 85 80 75 35
Loamy Sand 55 50 45 45 25 85 75 55 60 35
Sandy 30 25 25 25 70 65 50 35 35 35
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Table 6: Soil electric conductivity rating for irrigation suitability.
EC dSm-1 Rating for surface irrigation Rating for drip irrigation

---------------------------------------------------------- ----------------------------------------------------------------------
C, SiC, S, SC textures Other textures C, SiC, S, SC textures Other textures

< 4 100 100 100 100
4 – 8 90 95 95 95
8 – 16 80 50 85 50
16-30 70 35 75 35
> 30 60 20 65 20

Regarding to the EC rating and their effect on selecting irrigation system, data showed that a large
proportion of the studied clusters, where most cluster‘s layers were more than 4 dSm-1 recommended as critical
values for saline.

Table 7: Drainage classes rating for irrigation.
Drainage classes Rating for surface irrigation Rating for drip irrigation

----------------------------------------------------------- ------------------------------------------------------------
C, SiC, S, SC textures Other textures C, SiC, S, SC textures Other textures

Well drained 100 100 100 100
Moderately drained 80 90 100 100
Imperfectly drained 70 80 80 90
Poorly drained 60 65 70 80
Very poorly drained 40 65 50 65
Drainage status not known 70 80 70 80

The data generated from the field for each cluster (which contain more than a cluster) was then used to
calculate the suitability index for irrigation (Si) using the equation below the eight clusters

Si = A x B X C X D X E X F
100 100 100 100 100

Where: A: Soil texture, B: soil depth, C: CaCO3, D: EC, E: drainage and F: slope %
Statistical analysis of the suitability rating for irrigation methods (surface and drip) was compared

together using rank correlation coefficient to see whether there is a correlation between the two methods as
evaluated for irrigation using Sys (1985) method. 

Table 8: Land and soil characteristics of the clusters (mean weight values).
Clusters Soil texture Soil depth CaCO3 EC Drainage Slope
1 CL 150 40.0 7.1 Imperfectly 0-1
2 L 150 7.6 1.2 Imperfectly 1-3
3 L 150 18.7 7.2 Imperfectly 0-1
4 SCL 150 17.7 4.5 Imperfectly 1-3
5 SL 150 22.4 11.4 Imperfectly 0-1
6 SL 150 10.4 6.4 Imperfectly 5-8
7 L 150 5.6 6.3 Imperfectly 1-3
8 SCL 150 13.0 10.5 Imperfectly 1-3
CL: clay loam, L: loam , SCL: sandy clay loam, SL: sandy loam

Table 9: Land and soil characteristics rating and capability index for drip irrigation of the clusters.
Clusters A B C D E F Capability Rating Total area
No. Soil texture Soil depth CaCO3 EC Drainage Slope for irrigation ----------------------------

fed. %
1 100 100 80 50 100 100 40.0 N1 75 5.2
2 90 100 95 100 90 100 77.0 S2 325 22.4
3 90 100 95 50 90 100 38.5 N1 125 8.6
4 95 100 95 95 100 100 85.7 S1 375 25.9
5 85 100 95 35 100 100 28.3 N2 100 6.9
6 85 100 95 50 90 90 32.7 N1 250 17.2
7 90 100 95 50 100 100 42.8 N1 75 5.2
8 95 100 95 50 100 100 45.1 N1 125 8.6

1450
S1 = Highly Suitable, S2 = Moderately Suitable, N1 = currently not Suitable,N2: permanently suitable, EC = Electrical conductivity EC
= dSm-1 rating

Suitability: 

The dominant limiting parameter for irrigation suitability of most investigated soil clusters is fine particles
such as silt and clay, where the low level of clay content is considered coarse textured soils. CaCO3 content
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is the second most limiting parameter for choosing convenient irrigation system due to their effect on soil
structure from side and its ability to play an important role as colloidal materials which absorb water and
adsorb plant nutrients. Different agricultural policies and methods of irrigation or cropping or farm
management, can all affect the use of land and the practical limits represented by particular (Andrea et al,
2005). 

Table 10: Land and characteristics rating and capability index (SI) for surface irrigation of the clusters.
Cluster Soil Tex soil depth CaCO3 EC drainage Slope
no. ---------------------- ------------------- ------------------- ----------------------- ------------------------- --------------------------

SI DI SI DI SI DI SI DI SI DI SI DI
1 100 100 100 100 90 80 50 50 90 100 100 100
2 90 90 100 100 95 95 100 100 80 90 95 100
3 90 90 100 100 100 95 50 50 80 90 100 100
4 95 95 100 100 100 95 95 95 90 100 95 100
5 55 85 100 100 100 95 35 35 100 100 100 100
6 55 85 100 100 95 95 50 50 80 90 80 90
7 90 90 100 100 95 95 50 50 100 100 95 100
8 95 95 100 100 100 95 50 50 90 100 95 100

It is advisable to obtain a rough assessment of the HC properties of the soils in the area and it hydrology
conditions as early as possible during a survey, so as to have a general idea not only of the suitability of
irrigation system but also of the desired type of drainage system. The anticipated depth of such a system, for
instance is a factor to be kept in mind (Amusan et al., 2006).

The most suitable irrigation system to apply in the studied area is surface system followed by the drip one.
These methods are considered the most suitable because the area of (S1 + S2) represents more than 48.3 %
of the investigated area. In contrast, the cluster 5 for each method of the studied clusters, which represent 6.9
%. It is necessary to mentioned that approximately 24.1 % of the studied area is actually unsuitable for surface
irrigation as a result of dominant sand. Table (9) shows the maximum, minimum and average suitability index
values for the most suitable irrigation methods. Whereas, cluster No. 1 and 7 is recommended for both surface
and drip irrigation methods relative to the suitability index, but in cluster 1, CaCO3 content is high ranging
from 35.7 % in the last layer to 41.0 % in the surface layer (0-15) and soil EC ranged between 6.34 in the
surface layer to 9.98 dSm-1 in the last one. Also, cluster No. 7 took same suitability index, but its content from
CaCO3 is low (4.4–8.2 %) and EC value (3.4 – 9.0 dSm-1) on the upper layer and bottom one in same cluster.
So, surface irrigation is better than drip system in the cluster 1 to leach the excess of salts, while the cluster
no 7 is suitable for drip irrigation system according to the lowest value of soil EC in the bottom layers and
it is possible to increase leaching requirement to drive salt out soil profile. 

Also, it is better to apply surface than drip irrigation system in the area belongs to the characters of cluster
1 according due to small slope (0-1 %), which helps in using this system and leaching salts exist in soil of
cluster.

In general, permeability decreases with increasing BD, making field crops more susceptible to the adverse
effects of water logging. Dexter (2004) noticed that under certain circumstances, such as where crops are direct
drilled, permeability may be largely affected by the size and abundance of fissures and macropores. He found
that there is very after a tendency for BD values to rise with depth, due to depth as affects of cultivation
process and OM content decrease. 

Also, Sauer and Logsdon (2002) stated that the presence of coarse particles in soil layers can have a
profound impact on measured water movement and the variations of surface soil HC influence the amount,
distribution, and routing of overland flow. They added that at saturation, HC tends to increase with increasing
coarse particles content (sand) and contact with the surrounding fine-soil fraction influence water flow by
affecting HC continuity near fragment surfaces. Soils suitability was assessed for irrigation according to the
method described by Sys 1985. This evaluation of soils for irrigation is based on the available soil properties
such as depth, drainage, texture and slope, which are mainly known to constitute some kind of hindrance to
irrigation crop production. Also soil chemical properties that are usually considered (e.g., fertility) can be
improved with minor processes. 

The limiting factor that lowers cluster 2 to S2 is mainly the soil slope (1-3%) status (Table 9). Also in
some cases, the slope class also imperatives the use for drip irrigation purpose as mentioned in soil of cluster
6 which can be used up to 6 % slope where slope is employed to operation pressure. Simple slopes of 1 %
or less are commonly used for surface irrigation if there necessity. Slopes greater than 1 % should be irrigated
with sprinkler or drip systems if there is no infrastructure for the establishment of localized irrigation system.
To fit an irrigation application method such as drip systems, the slope in a field can be adjusted through land
leveling. However, land smoothing may cause fertility reduction for one to three growing seasons. The place
where topsoil was removed is most likely to have yield reductions. Special management of these areas through
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increased fertilizer and organic matter application may be required for accelerated recovery. 
Results pointed out that the total suitable area for drip irrigation is 25 % (cluster 4) followed by 22.4 %

(cluster 2), while about 44.8 % (cluster 1, 3, 6 :8) of the studied is currently not suitable for drip irrigation
followed by cluster 5 which represent 6.9 % of the total steadied area. So, it is better to use surface irrigation
especially in cluster 5 due to highly EC value, which is 6.94 dSm-1 in the surface layer and increased with
depth to reach 11.8 dSm-1. Also because of highly content of CaCO3 which ranged between 23.3 and 23.7 %
in same sequence. In respect to the HC value, it could expect helping in drive salt out of the profile. Whereas,
clusters 1, 3, 6, 7 and 8 could irrigate by surface irrigation till leached salts are completely leached then
replace surface irrigation by the drip one. In this circumstance the limiting factor is mainly soil texture, which
is an index to soil water characteristics such as permeability, infiltration, HC and water holding capacity of
the soil. For drip and localized irrigation systems, a good proportion (25.9 %) of the area (cluster 2) is highly
suitable (S1) while 22.4 % of the area (cluster 4) is classified as moderately suitable (S2). The cluster (1, 3,
6, 7 and 8) that was classified as currently not suitable (N1) under drip irrigation is now classified as
moderately suitable (S2) for drip irrigation because of soil texture is not regarded as a critical factor for drip
irrigation. The comparison of the two types of irrigation pointed out that it would be more beneficial to irrigate
by localized irrigation system, as the latter mode improves all the suitability to the irrigation purposes (e.g.,
N1 ‘s cluster, 1, 3, 6, 7 and 8).

Irrigation Management:

Irrigation water management mainly depends not only on the application of crop water management
program only but also managing soil properties to supply plant by its need from water and nutrients applied,
which are closely related to their soil characteristics. So improving soil properties, especially the hydrophysical
ones, is a must. This can be carriedout through improving soil structure. Application of inorganic and organic
soil amendments is necessary to encourage aggregates formation , stability and hence new pores size
distributions which help in retain more water in soil (Abdel-Hady, 2005). 

According to the hydrophysical properties of the studied area, increasing moisture content at FC and WP
related mainly to the particles size distribution where the highest values of WP were observed at moderately
highly content of the both fine particles and CaCO3 content and the opposite is true in the lowest values.
Although the highest amount of CaCO3 in clusters No. 1, which has no effect in increasing water content in
the soil. This means that CaCO3 does not have any role as cement material encourage structure and improve
aggregation and due to most of them were in the non-active one. Also the opposite trend was observed in
clusters 2 and 8 (Tayel and Abdel Hady, 2005).

Clear homogeneity in all the studied features of the clusters in this area except slope 5-8 % (cluster 6).
This means that application rate of irrigation water must not exceed its intake rate, but also to eliminate
nutrients soil and water loss by runoff process. So lateral length, distance between laterals and emitters
discharge relative to soil intake-rate are urgent parameters must take into consideration in irrigation system
design and its applicability. Under these conditions, irrigation intervals are very short in this cluster than the
other studied clusters. Short intervals will take place in case of this high and eroded terraces according to the
slope state to save system pressure and fulfill high uniformity distribution. Leaching requirements must be
added to the ET to leach salts from the active root zone especially in case of high soil EC in the surface layer.
Also because of the acute imbalance between annual precipitation and potential ET, application leaching
requirements is a must to avoid salt accumulation and/or soil salinization.

It has been established that an efficient management of water resources will assist significantly in the
problems of poor irrigation management. To realize this fact, a lot of countries in last decade had placed high
premium on irrigated area development. Unfortunately, most of these soils lie within regions where
underground water is a main source (Singh, 2000).

Serrano (1990) stated that a particular surface irrigation method can be safely operated in a zone with
relatively low IR, use of the same technique may be avoided in the nearby zone with high infiltration capacity.
This approach allows one to decrease water and nutrient losses from the bottom of the root zone and to
increase water application efficiency. 

Conclusion and recommendation: 

From the result of the study, the following recommendations are suggested: It is better to irrigate the soil
using the drip irrigation system since it proves suitability to the irrigation purposes and also ensures the
sustainable use of the land for irrigation agriculture. 
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As a result of the competing demand of land for agriculture urban and other water use activities within
the studied area, land use plan is therefore necessary to conserve and protect this suitable agricultural land
against other land uses. The quality of water used for irrigating the soils must be evaluated appropriately.
Further studies have to be carriedout on water quality requirement for irrigation agriculture in this area.
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