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ABSTRACT: Egypt faces challenges to irrigation water shortage concerns because of its arid region location, 
which requires the use of modern irrigation systems, and appropriate agriculture management especially in 
sandy soils, to improve the soil and to avoid water stress. Field experiments were carried out at the NRC farm 
of research and production in Nubaria, Egypt, during the winter season 2017/2018 and 2018/2019 in a sandy 
soil cultivated by faba bean (Vica Faba L.) (G 843 Variety), using the drip irrigation system with four different 
irrigation levels of the ET0 35, 65, 100 and 135 %, and two rates of Humic Acid Compost Fertilizers (HACF) 
40 and 20 kg per feddan. The obtained results indicated that the best production of faba bean was under 40 kg 
HACF with water treatments ET0 100% or 135%. Also, there is no significant difference between the economic 
faba bean crop data under both two water treatments ET0 135% and 100%. Under current experimental 
conditions, no more than 100% of the Evapotranspiration of water should be added due to the non-response of 
the crop to additional quantities of water. By increasing the amount of water more than ET0 100%, no 
significant increase resulted in yield and water and fertilizers productivity, therefore, it is not recommended to 
add more water than ET0 100% under this condition. It could be concluded that a large amount of compost with 
100% or 65% of ET0, it was helped to save more water in the sandy soil to avoid water stress on faba bean 
plants. 
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1. INTRODUCTION  

The drip irrigation system is characterized as 
the usual irrigation system of many advantages 
regarding the application efficiency of water and 
irrigation uniformity, especially in the case of 
scarcity of irrigation water. The use of drip 
irrigation system helps to save large quantities of 
irrigation water and increase the productivity and 
quality of the crop. The use of many forms of 
modern technology related to irrigation punctuation, 
assist to increase the regular distribution of 
irrigation water and addition efficiency to farms and 
fields [1]. Bressler [2] found that the maximizing 
uniformity in the application of water is one of the 
ways of saving the irrigation water, therefore it is 
necessary to evaluate the uniformity emission of the 
drip irrigation system in the field. Hanafy [3] states 
that the moisture profile of the frequent irrigation 
treatments under the cropped conditions, downward 
water movement is restricted to depth 0.6 m in 
which lateral movement occurs and no further than 
0.6m from the emitter. Whereas, the same authors 
mentioned that the movement of water was 
observed to almost 1.0 m from the emitter, while 
downward movement is restricted to about 0.65 m.  

The soil moisture distribution varied when the 
irrigation water was applied with different rates of 

the drippers discharges. In addition, the continuous 
drip irrigation treatments showed a water loss, by 
the deep percolation, about 26 % of the total water 
amount of irrigation water below 0.6 m depth after 
720 min. Moreover, the lateral lines, water 
distribution, in the same treatments, showed that 
80 % of the water in the wetted volume was 
distributed up to 0.45 and 0.43 m horizontally from 
the point source after 720 and 1440 min, 
respectively. Only 12% of water loss under the 
depth of 0.6 m was found with the pulsed irrigation 
group and 0.29 and 0.4 m lateral distribution after 
720 and 1440 min, respectively [4]. Bacon and 
Davy [5] stated that drip irrigation system resulted 
in the outward movement of water from the 
application point to wet the profile. The size and 
duration of the wetted profile depended on the 
irrigation period, irrigation intervals and the length 
of the season time for drip irrigation, but the 
deployment depth was caused by the lowest 
hydraulic conductivity of the irrigated soil. The 
lateral movement of drip irrigation was enhanced if 
the soil was stratified, initial soil moisture was low, 
and the rate of application was low. At the high 
moisture tension (low moisture content), the lateral 
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movement of the drip irrigation system was low in 
coarser layers and high in the fine soil layers,[6]. 

The organic matter decomposes, resulting in a 
final humus product, and the humus benefits are 
several in different agricultural systems. The most 
important use of humus is to increase the soil's 
water retention capacity. This will assist to increase 
water productivity in sandy soil [7].  Adding humic 
compost to the soil aids to better water conserve and 
higher nutrients efficiency in sandy soils [8]. Selim 
et al., [9] found that the application of organic 
fertilizer and plant residues assist to increase the 
statues of nutrients in the soil significantly. Also, in 
the increasing, the concentration of micronutrients 
helps to increase crop production, particularly in the 
sandy soil. 

The following studies have confirmed the 
importance of humus to maximize water 
productivity under different irrigation systems [10-
19].  Another related study on the maize crop had 
proved the role of the good drip irrigation system in 
saving water irrigation and increasing crop 
productivity.  Otherwise, increasing plant density 
leads to increase the maize grain production until 
the optimal density of plants is obtained in the unit 
area [20]. Regarding [21-22] the density of maize 
plants, 90,000 plants per hectare had the higher 
maize yield and is common plant density in many 
countries where maize crop is grown. Regarding 
[23] that conducted a field experiment to investigate 
the effect of fertilization and water irrigation 
treatments on Faba bean yield, where the three 
irrigation rates were 35, 65 and 100% of the field 
capacity, in addition of adding phosphorus and 
potassium fertilizers. The same author found that 
the best irrigation treatment was 65% of the field 
capacity and under fertilization 100, 200 kg/ha-1 of 
phosphorus and potassium respectively. Moreover, 
[24-25] focused on studying the new energy, and 
water lifting equipment in off-grid pastoral areas 
(2012), applied the FSH-400 high-performance 
wind water-lifting machine to the remote pastoral 
areas. In addition to providing the needs of drinking 
water for people and livestock. Also, an experiment 
was carried out based on micro-drip irrigation 
technology, and saving water irrigation in field crop, 
rural landscape.  

In the drip irrigation system of agricultural 
wind-driven water lifting unit, the use of a capsule 
diaphragm pump to extract groundwater enhances 
the anti-corrosion ability, improves the volumetric 
efficiency and expands the application range of drip 
irrigation system, trials were being carried out on 
small farms in Sudan  [26-28]. Tayel et al., [29] 
studying the effect of different water amounts of 
drip irrigation with expressed as a percent of 
reference evapotranspiration, crop 
evapotranspiration, on soil, water holding capacity 
and (irrigation requirement / cumulative pan 

evaporation ratio), it was obvious that yield 
(quantity and quality), growth characters and water  
productivity increased with increasing irrigation 
water applied up to specific amounts depending on 
crop species, climate, irrigation method and soil.  
The objective of this study is to investigate the 
effect of the automatically controlled drip irrigation 
system with different irrigation water (ET0) and 
organic fertilizer rates on the faba bean yield, water 
and fertilizers productivity.  
 
2. MATERIAL AND METHODS 

 
This filed experiment was carried out at the 

National Research Centre (NRC) farm of research 
and production, El-Nubaria district, western Delta, 
Egypt at coordinates 30o 30’ 0’’ - 30o 30’ 5’’N and 
30o 19’ 20’’ - 30o 19’ 30’’ E (Fig. 1), during the 
winter seasons of 2017/2018 and 2018/2019 in a 
sandy soil. Moreover, the experiential farm located 
in a hyper-arid climate where the maximum 
temperature reached to 36.4 in June, and negligible 
annual precipitation with 18.5 mm, and with 
significant annual evapotranspiration of 1450 mm.  

The experiment was carried out on the sandy 
soil with the faba bean crop (Vica Faba L.) (G 843 
Variety), the cultivation was on October, and the 
plants remained for 135 days, which is the length of 
the growing season, with using automatic control 
drip irrigation system, under four irrigation water 
addition rates from reference evapotranspiration 
ET0  35, 65, 100 and 135%,  and two composting 
levels from Humic Acid Compost Fertilizers 
(HACF), 40 and 20 kg per feddan. Soil physical 
analysis was determined according to [30] as shown 
in Table 1 Soil bulk density (BD), was measured 
according to the reference [31]. Evapotranspiration 
calculation using a soil water balance 

 

  
Fig. 1. Location of Agricultural Research 
Station, NRC. Egypt (A), western Delta (B), 
and NRC farm (C). 
 

The crop evapotranspiration (ET) was 
determined using the following 
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Soil water balance equation 
 

𝐄𝐄𝐄𝐄 =  𝐈𝐈 +  𝐑𝐑 −  𝐃𝐃𝐃𝐃 −  𝐑𝐑𝐑𝐑 ±  𝚫𝚫𝚫𝚫        (𝟏𝟏) 
 
Where, R, the rainfall (mm); I, the amount of 
irrigation (mm); Dp, drainage below the root zone 
(mm) which was taken as 90 cm in this case; ΔS, 
change in soil water storage (mm); and Rf, surface 
runoff (mm). There were no major rainfall events to 
cause runoff. The equation then reduces to 
 
𝐄𝐄𝐄𝐄 =  𝐈𝐈 +  𝐑𝐑 −  𝐃𝐃𝐃𝐃 ±  𝚫𝚫𝚫𝚫                   (𝟐𝟐)                         
 

2.1 Soil and Water Analysis 
 

Soil hydraulic conductivity (HC) was 
determined under a constant head technique by 
[33].  Soil chemical characteristics were determined 
according to [34] and [35] as shown in Table 2. The 
source of irrigation water was underground water. 
An irrigation water analysis is given in Table 3 
Particle Size distribution PSD according to [32] and 
moisture retention, according to [36].  Soil and 
water chemical analysis were carried out regarding 
[37]. 

Table 1 Soil physical analysis 

Depth,  
cm 

PSD (%)  Texture  
class 

θS % on weight basis  HC 
(cmh-1) 

BD 
(g/cm³) 

P 
(cm³ voids 
/cm³ soil) 

C.  
Sand 

F.  
Sand Silt Clay FC WP AW 

00-15 8.5 77.5 8.4 5.6 Sandy 14.0 6.0 8.0 6.68 1.69 0.36 
15-30 8.6 77.7 8.3 5.4 Sandy 14.0 6.0 8.0 6.84 1.69 0.36 
30-45 8.5 77.5 8.8 5.2 Sandy 14.0 6.0 8.0 6.91 1.69 0.36 
45-60 8.8 76.7 8.6 5.9 Sandy 14.0 6.0 8.0 6.17 1.67 0.37 

FC, Field Capacity; WP, Wilting Point; AW, Available Water; HC, Hydraulic conductivity (cmh-1);   
BD, Bulk density(g/cm3); and Porosity (cm³ voids/cm³ soil); PSD, Particle Size distribution (%). 
 
Table 2 Soil chemical analysis 

 Depth,  
cm 

pH 
 1:2.5 

EC 
dS/m 

Soluble cations, meq/l Soluble anions, meq/l 
Ca++ Mg++ Na+ K+ CO3

-- HCO3
- SO4

-- Cl- 
00-15 8.30 0.33 0.35 0.39 1.02 0.23 0.0 0.11 0.82 1.27 
15-30 8.20 0.34 0.51 0.44 1.04 0.24 0.0 0.13 0.86 1.23 
30-45 8.30 0.35 0.56 0.41 1.05 0.23 0.0 0.12 0.81 1.23 
45-60 8.40 0.74 0.67 1.46 1.06 0.25 0.0 0.14 0.86 1.22 

 
Table 3 Irrigation water chemical analysis 

pH EC (dS/m) 
Soluble cations, meq/l Soluble anions, meq/l 

SAR 
Ca++ Mg++ Na+ K+ CO3

-- HCO3
- SO4

-- Cl-- 
7.3 0.37 0.74 0.26 2.62 0.11 0 0.93 0.25 2.55 1.14 

2.2 Automatic Drip Irrigation Design 
 
The drip irrigation, automatic control system 

consists of damp sensors, temperature sensors, 
signal circuits, digital adapters, an LCD module, a 
data transfer engine and a spiral coil control. A 
signal is sent via the unit in Figure 1, and important 
data are automatically estimated by ground 
moisture and temperature measurements. 
Resistance Tensiometer Domain (RTD), such as 
PT100, is used as temperature sensors, but a density 
sensor can be used to detect soil moisture. The 
sensors are installed in the soil below a certain depth 
(depending on the cultivated plant).  

It can be shortened as follows: When the soil 
moisture increasing till the saturation status, the 
sensors send signals that are quickly amplified by 
the amplifier AMP signals to the control unit for the 
purpose of stopping the irrigation and thus transfer 

them to the valves. Otherwise, in case of water 
deficit valves will receive an order through 
irrigation system control to irrigate the farm.The 
electrostatic drip related to the execution of an order 
to close it and the automatic system is activated 
without the intervention of the human factor in the 
process throughout the growing season until the 
start of harvesting measures as in the forms in  Fig. 
2 and 3 of the automatic control unit and application 
in the field. 

The drip irrigation network includes the 
following parts and described in Fig. 3; 

1 - Main control unit: It is located beside the 
source of water, and includes: centrifugal pump 4/4 
(ID Φ), and works with an electric motor and the 
disposal of the pump is about 100 m3 / hour and 50 
m lift, filter sand 48" (2 tanks), screen filter 2" (120 
mesh) non-return valve, pressure regulator, pressure 
gauges, disposal meters, control valves and 
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fertilization unit., 2 - Main lines: PVC pipes with a 
diameter of 4-6" (ID Φ), and connect water from the 
water source to the sub-main lines., 3. Sub-main 
lines: PVC pipes with a diameter of about 63 mm 
(IDΦ), which connect water from the main pipes to 
distribution lines or what is known as manifold., 
and 4. Lateral lines: These are pipes made of PE 
diameter 16 mm (IDΦ) and installed inside or on the 
dots or drip irrigation devices, which in turn to add 
water to the plants at the required rates and working 
in optimal conditions at the pressure of 1 bar to give 
a flow of 4 liters / hour., These components of 

irrigation systems were installed and operated 
according to, [11, 12] and [14]. 

 
2.3 Statistical Analysis 

 
Statistical analysis was performed using the 

COSTAT program. The comparison between all 
treatments, the study factors and interactions were 
done using the P technique to analyze the 
differences between the ANOVA values and using 
the least significant difference at the level of 1% 
[38]. 

 
A) Automatic controller unit components 

 
B) Applied sensors in the experimental field 

Fig. 2. Automatic controller unit components, A); and Applied sensors in the experimental field, B). 
 

 
Fig. 3. The layout of the field experiments under drip irrigation systems design 

 
3. RESULTS AND DISCUSSION 

 
3.1 Climate Conditions  
 

The climate parameters (temperature and 
precipitation) data of the last 20 consecutive years 
(1997-2017)  of the nearest weather station to the 
study area were obtained. The climate parameters 
were attached into the climate database CDBm of 

MicroLEIS DSS [39], the elementary data of 
CDBm were the daily data of mean, minimum and 
maximum, temperatures, as well as daily 
precipitation. Fig.4 illustrates the climate condition 
during the aforementioned period. 

Agro-climatic factors, such as potential 
evapotranspiration and aridity index (Ari), numbers 
of arid months in which the actual precipitation is 
lower than evapotranspiration was calculated based 
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on the data (1997-2017) of the closest weather 
station to the study area. Potential 
evapotranspiration (PE) was calculated based on the 
following two methods; [39, 40].. Hence, the 
climate of the study area can be characterized as a 
hyper arid climate where the annual 
evapotranspiration (ET) reached 1450 mm by [39] 
and the annual precipitation represent only 18.5 per 
year, Table 4   Therefore, the experiment based on 
using different quantities of irrigation from the Nile 
as a result of the negligible rainfall. Table 4 
illustrates the climatic parameters of the climate 
station of the study area. These include Tm, mean 
temperature (oC), Tmax, maximum temperature 
(OC), Tmin, minimum temperature (OC), P, 
precipitation (mm). 

The monthly distribution of precipitation means 
temperature and evapotranspiration of the climate 
analysis is shown in Fig. 4 The data were joined into 
the climate database CDBm of MicroLEIS DSS 
[42],  where the elementary data of CDBm are the 
mean values of daily data set for a specific month 
such as maximum, minimum and mean 
temperatures, as well as daily precipitation.  

 
3.2 Yield, Water and Fertilizer Productivity 

 
In respect to faba bean yield under drip 

irrigation system by the automation controller 
system, when using humic acid compost fertilizer 
(HACF) 20 kg/fed as shows Table 5 grain yield 
production was the highest value (2070 kg/fed) by 
using (ET0 100%), then came the (ET0 65%) value 

was (1535 kg/fed). The lowest value (970 kg/fed) 
was achieved under (ET0 35%). 

There was a significant difference at the 1% 
level in faba bean yield between the three treatments. 

When HACF 20 kg/fed, as shows Fig 5; Fig. 6; Fig. 
1; ET0 135% treatment of faba bean yield was the 
highest yield value (2139 kg/fed); then under (ET0 
100%) value (2134 kg/fed); followed by ET0 65%  
that a had a yield value of 1643 kg/fed, while the 
lowest value (1012 kg/fed) was observed under ET0 
35%. There was the non-significant difference at 
the 1% level between the treatment 135 % ET0 and 
100% ET0, and there is a significant difference 
between both of 100 % and 135 % from ET0 and 
others 65% and 35% from ET0 in Faba bean yield 
treatments. 

The increase in Faba bean yield under HACF 40 
kg/fed were 14.0, 4.5 and 6.2 % in comparison with 
HACF 20 kg/fed under ET0 (35, 65, and 100) %, 
respectively. According to water productivity WP 
(kg/m3) as shown in Fig 5 and Fig. 6, treatments 
used could be arranged in the following ascending 
order: 135 > 100 > 65 > 35 % ET0 under HACF 40 
and 20 kg/fed. WP values of ET0 (100, 65, and 
35)% were 2.0, 1.9, 1.8 respectively  and it were 2.2, 
2.0, 1.9 under HACF 20 kg/fed and HACF 40 
kg/fed, respectively. 

 Differences between any two treatments were 
significant at the 1 % level except (HACF 20 kg/fed 
with 100 % ET0), (HACF 40 kg/fed with 65 % ET0) 
and (HACF 20 kg/fed with 65 % ET0), (HACF 40 
kg/fed with 35 % ET0). Interactions were 
significant at the 1 % level. The increase in WP 
under HACF 40 kg/fed were 14.0, 4.5 and 6.2 % in 
comparison with HACF 20 kg/fed under ET0 (100, 
65, and 35) %, respectively. 

 In Fig 7, we noticed that: the change in NP took 
the same trend of grain yield and parameter and thus 
took the same trend of WP, due to aforementioned 
reasons mentioned. Concerning the positive effect 
of (HACF and ET0) on NP, PP and KP they could 
be ranked in the following descending orders: 
HACF 40 kg/fed > HACF 20 kg/fed and 135 > 100 
> 65 > 35 % ET0. In respect to HACF and field 
capacities treatments effect on faba bean nitrogen, 
phosphorus and potassium use efficiencies (NP, PP 
and KP) in the unit (kg grain yield / kg fertilizers) 
as shows Table 6, a significant difference at the 5 % 
level between all means values of HACF factor and 
ET0 treatments. According to the effect of HACF 
factor and field capacities treatments on (NP, PP 
and KP), there were significant differences at the 
5 % level at all interactions. The maximum and 
minimum values of (NP, PP and KP) were obtained 
in HACF factor 40kg/fed * 100 % ET0 and HACF 
factor 20 kg/fed * 35 % ET0, on ranking. The 
increase in NP, PP and KP under HACF 40 kg/fed 
were 14.0, 4.5 and 6.2 % in comparison with HACF 
20 kg/fed under 35, 65, and 100 % ET0, 
respectively.  
 
3.3 Discussion 

 

Fig. 4. The climatic parameters of the closest 
weather station to the experiment area. Tm, mean 
temperature (OC); P, precipitation (mm); ET0, 
potential Evapotranspiration (mm); GS, Growing 
season; Ari, Aridity index. 
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Because the yield of broad bean of winter crops, 
the temperature drops on the day further after the 
completion of flowering and with increasing the 
amount of irrigation water enough help to increase 
the quality of heat around the total vegetative and 
thus the plant faba bean continue to increase 
vegetative growth dramatically in areas dry and 
semi-arid as in the present study. This helps to 
increase the grain yield of the faba beans in the 
absence of water stress as these areas don’t have 
long-season rains. Therefore, the post-pollination 
period in the faba bean is short, of the spring in this 
region where the temperature control dramatically 
in vegetative growth of faba  bean and at the same 
time, adequate and regular irrigation operation is 
performed along the season, which helps to increase 
the productivity of water and fertilizer,[10-19]. 

 
Table 4 Summary of Agro-meteorological parameters 
of the represented climate station. Tm, mean 
temperature (OC); Tmax, maximum temperature (OC); 
Tmin, minimum temperature (OC) ; P, precipitation 

(mm); ET0(T), Evapotranspiration calculated by 
Thornthwaite method; ET0(H), Evapotranspiration 
calculated by Hargreaves method. 
 

Months Tm Tmax Tmin P, 
mm 

ET0(T) ET0(H) 
mm mm 

January 14.3 20.0 8.6 4.2 28.0 90.1 
February 15.5 21.5 9.4 4.5 31.3 99.9 
March 17.6 24.4 10.9 2.4 48.3 113.2 
April  21.3 28.7 13.9 1.3 77.3 127.7 
May 24.6 32.2 16.9 0.4 116.1 132.3 
June  27.4 35.0 19.9 0.0 139.5 134.9 
July 29.2 36.4 21.9 0.1 151.7 139.2 

August 29.2 36.1 22.3 0.0 151.7 143.7 
September  27.7 34.3 21.0 0.0 139.5 142.8 

October 24.0 30.2 17.8 1.0 108.8 126.8 
November 19.7 25.6 13.8 1.8 63.0 107.8 
December 15.9 21.4 10.4 2.8 37.0 91.6 

Annual 22.2 28.8 15.6 18.5 1092.2 1450.1 

Fig. 5 Effect of drip irrigation by the automatic control system, different humic acid compost fertilizer 
(HACF) and Evapotranspiration (ET0) rates on faba bean yield. 

 
Fig. 6 Effect of drip irrigation by the automatic control system, different humic acid compost fertilizer 
(HACF) and Evapotranspiration (ET0) rates on Faba bean water productivity. 
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Fig. 7 Effect of drip irrigation by the automatic control system, different humic acid compost fertilizer 
(HACF) and Evapotranspiration (ET0) rates, on faba bean Fertilizers Productivity. 
 

These results attributed to Faba bean plants 
avoid the water stress under 100 % ET0 but 
adversely affected by water stress under ET0 35 and 
65%. The biggest addition amount of HACF 40 
kg/fed impacted positively on Faba bean plants, 
because of containing more content of macro and 
micro nutrients and it helps save water with sandy 
soil, which leads to avoiding water stress as well. In 
respect to fertilizers productivity (FP), the effect of 
both HACF and ET0 treatments on faba bean 
nitrogen, Phosphorus and potassium productivity 
(FP), (NP, PP; KP) in the unit (kg grain yield/kg 
Fertilizers). These results agree with those obtained 
by [43-47]. 

The vegetative growth cover is one of the most 
important determinants of the water productivity of 
dry matter, grain yield of Faba beans, and hence 
productivity, water and fertilizers, because it 
significantly controls the rate of radiation that 
occurs during the vegetable growth phase of the 
Faba bean, which in turn increases yield 
productivity, [48-49]. 

However, in some cases, lead to a negative 
impact, preventing and reducing the process of 
connecting the light to all parts of the vegetative 
growth of faba bean farmyard which reduces the 
productivity of the yield of the grain, bean 
municipal crop, can know the maximum limit to the 
size of the growth of vegetation by the productivity 
of the plant leaves and index leaves space Plant to 
the stage of flowering in the faba bean [50-58]. 

Nevertheless, there are some crops are not 
limited in size in the vegetative growth, such as faba 
bean, especially some varieties of crops that mature 
in the middle of the post-flowering, and in this case, 
irrigation is ineffective dramatically after the 

completion of maturity where vegetation does not 
grow significantly after arrival to this stage, the 
addition of water may have a negative impact on the 
irrigation efficiency and water productivity of the 
faba bean. But if there is no water stress on plants 
in the vegetative growth stage helps a positive 
relationship between vegetation after flowering 
above-ground dry matter (AGDM) and grain yield 
of faba bean crop, where it is estimated the water 
productivity of grain yield depending on the size of 
the vegetative growth in the post-flowering and start 
grain formation, [59-66]. 
 
4. CONCLUSION 

 
Under drip irrigation with the automatic control 

system in sandy soil, the highest yield of faba bean 
was observed under 40 kg/fed humic acid compost 
fertilizer (HACF) and 100% ET0, while the crop 
adversely impacted under 20 kg/fed HACF and 
35% ET0 with lower grain yield. Significantly, 
using a large amount of HACF helped to save water 
irrigation and avoided water stress on bean plants 
under 65% ET0 irrigation treatment, which means 
35 % of irrigation water have been saved. 
Consequently, under 40 kg/fed of HACF and 65 %, 
100% of ET0 faba bean have been avoiding the 
water stress and there is no negative impact on crop 
productivity.  Hence this research achieved that the 
using of modern irrigation system jointly with a 
high amount of HACF helps to save irrigation water 
by one third, therefore this work assists the 
Egyptian policy for horizontal expansion and 
reclaiming new land particularly under this desertic 
condition and Egyptian water scarcity  
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