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ABSTRACT 
 
Maximizing irrigation water use efficiency is a common concept should be used in Egypt due to limited water 
resources. The experiments were carried out during the two growing seasons  2012 and 2013, at the Research 
and Production Station, National Research Centre, El-Nubaria region, El-Behira Governorate, Egypt  to evaluate 
the performance of new design for drip irrigation system compared with two traditional designs to maximize 
water and fertilizers use efficiency under desert environment conditions. Designs of drip irrigation systems were 
(1) Design1: drip irrigation system (control), (2) Design2: drip irrigation system with PRD technique (partial 
root drying; one emitter will irrigate one part of the root system and emitters of other lateral will irrigate other 
half of root system) with the same direction for main lines and laterals and (3) New design: drip irrigation 
system with PRD technique with opposite direction for main lines and laterals. The following parameters were 
studied to evaluate the effect of different irrigation methods on (1) emission uniformity, (2) soil moisture 
distribution  (3) application efficiency (4) Growth characteristics of maize plant (5) yield of maize (6) irrigation 
water use efficiency of maize "IWUE maize". (7) economical evaluation. Statistical analysis indicated that the 
maximum values of growth, yield,  IWUE maize and total income were detected under new design of drip 
irrigation system with PRD technique with opposite direction for manifolds lines and laterals. 
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Introduction 
 
 Maximizing irrigation water use efficiency is a common concept used by irrigation project managers; also, 
the visual quality of the crop yield is the primary criteria on used to assess irrigation systems effectiveness. In 
recent years, however, growing competition for scarce water resources has led to applying modified techniques 
for maximizing water use efficiency and improving crop yields and quality, particularly in arid and semi arid 
regions. Drip irrigation is highly efficient because only the immediate root zone of each plant is wetted (Grabow 
et al. 2004). Water supplies are also under pressure from agricultural users and saving of water resources and 
increasing agricultural productivity per unit of water (“more crop per drop”) are becoming of strategic 
importance for many countries. Nowadays the great emphasis is placed in the area of crop physiology and crop 
management for dry conditions physiology with the aim to make plants more efficient in water use or to 
increase in crop water use efficiency (WUE). Many crops have high water requirements and supplemental 
irrigation is necessary for successful production. The predictions are that the demand for irrigation will increase 
considerably in years to come to alleviate the consequences of climate change and more frequent and severe 
droughts, which are expected to become the main limiting factor in agricultural production. 
(www.cropwat.agrif.bg.ac.rs).  With increasing human demand for food more efforts had been done to expand 
crop cultivation area in sandy soils based on new technologies as new irrigation methods (Girgis 2006). Partial 
root drying (PRD) the half of the root zone is irrigated, the other half is allowed to dry out. The treatment is then 
reversed, allowing the previously well-watered side of the root system to dry down while fully irrigated 
previously dry side. The frequency of the switch is determined according to soil type, genotypes or other factors 
such as rainfall and temperature. The principle behind PRD is that irrigating part of the root system keeps the 
leaves hydrated, although exposing the remaining part of the roots to soil drying triggers synthesis and transport 
of chemical signals from roots to transport of chemical signals from roots to the shoot where they reduce 
stomata conductance and shoot growth. The PRD irrigation must be switched regularly from switched regularly 
from one side of the root to the other to keep roots in dry soil alive and fully functional and sustain the supply of 
root. The time of switching required could present significant difficulty in operating PRD irrigation. Usually in 
the most applied PRD systems the switching is based on soil water applied PRD systems the switching is based 
on soil water depletion measured by specific apparatus. (www.cropwat.agrif.bg.ac.rs).  
 The specific objective is study the comparison between three methods to irrigate maize crop to maximize 
water and fertilizers use efficiency under desert environment conditions in Egypt. 
 
 
 

http://www.cropwat.agrif.bg.ac.rs/
http://www.cropwat.agrif.bg.ac.rs/
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Materials and Methods 
 
2.1. Description of Study Site: 
 
2.1.1. Location and climate of experimental site:  
 
 Field experiments were conducted during two maize seasons from 10 May to 20 September 2012–2013 at 
the experimental farm of National Research Center, El-Nubaria, Egypt (latitude 30o 30\ 1.4\\ N, and longitude 
30o 19\ 10.9\\ E, and mean altitude 21 m above sea level) as shown in fig. (1). The experimental area has an arid 
climate with cool winters and hot dry summers prevailing in the experimental area. The data of maximum and 
minimum temperature, relative humidity, and wind speed were obtained from “Local Weather Station inside El-
Nubaria Farm” as shown in table (1). 
 
Table 1: The data of maximum and minimum temperature, relative humidity, and wind speed were obtained from “Local Weather Station 

inside El-Nubaria Farm. 
Items 

 
Precipitation 

[mm] 
Wind speed [m/sec] HC Air temperature [°C] HC Relative humidity [%] 

Sum Aver. Maxi. Aver. Mini. Maxi. Aver. Mini. Maxi. 
 

2012 
 
 
 

0.0 1.9 5.0 23.3 14.7 32.2 60.5 23.7 95.4 
0.0 2.0 5.1 26.0 18.8 34.2 65.9 30.0 97.0 
0.1 1.9 5.1 27.7 21.3 35.5 70.1 30.7 99.4 
0.1 1.6 4.7 27.2 20.6 35.1 72.1 29.8 99.9 
0.1 1.4 4.3 24.4 17.4 32.0 74.2 37.2 100.0 

 
2013 

 
 
 

0.0 2.2 5.7 23.9 16.3 33.2 64.2 24.2 98.3 
0.0 2.3 5.5 25.6 18.4 33.5 66.1 26.6 99.3 
0.0 2.0 5.3 25.4 19.2 32.5 74.6 35.6 100.0 
0.0 1.3 4.2 26.1 19.5 34.1 76.0 34.8 100.0 
0.0 1.6 4.8 24.5 17.5 32.6 72.5 33.2 99.4 

 

 
 
Fig. 1: Location of the experimental farm in EL-NUBARIA Region, Egypt. 
 
2.1.2. Irrigation system:  
 
 Irrigation system components consisted of control head, pumping and filtration unit. It consists of 
centrifugal pump with 45 m3/h discharge and it was driven by electrical engine and screen filter and back flow 
prevention device, pressure regulator, pressure gauges, flow-meter, control valves. Main line was of PVC pipes 
with 110 mm in diameter (OD) to convey the water from the source to the main control points in the field. Sub-
main lines were of PVC pipes with 75 mm diameter (OD) was connected to the main line. Manifold lines: PE 
pipes was of 63 mm in diameter (OD) were connected to the sub main line through control valve 2`` and 
discharge gauge. Emitters, built in laterals tubes of PE with 16 mm diameter (OD) and 50 m in long (emitter 
discharge was 4 lph at 1.0 bar operating pressure and 30 cm spacing between emitters.  
 
2.1.3. Some physical and chemical properties of soil and irrigation water:  
 
 Some Properties of soil and irrigation water for experimental site are presented in (Tables 2, 3 and 4). 
 
Table 2: Some chemical and mechanical analyses of soil study site. 

Texture Mechanical  analysis Chemical analysis  
 

Depth 
Silt+ 
clay 

Fine sand Course 
sand 

CaCO3 

% 
EC 

(dSm-1) 
pH 

(1:2.5) 
OM 
(%) 

Sandy 2.49 49.75 47.76 7.02 0.35 8.7 0.65 0-20 
3.72 39.56 56.72 2.34 0.32 8.8 0.40 20-40 
3.84 59.40 36.76 4.68 0.44 9.3 0.25 40-60 

OM= organic matter. pH= power of hydrogen EC= Electrical Conductivity 
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Table 3: Soil water characteristics.                                                                                        
Hydraulic conductivity(cm/hr) A.W (%) W.P (%) F.C (%) SP (%) Depth 

22.5 5.4 4.7 10.1 21.0 0-20 
19.0 7.9 5.6 13.5 19.0 20-40 
21.0 7.9 4.6 12.5 22.0 40-60 

S.P. = saturation point, F.C. = field capacity, W.P. = wilting point and A.W. = available water. 
 
Table 4: Some chemical characteristics of irrigation water in the open channel at farm study site. 

S
A

R
 %

 Cations and anions (meq/L) 

EC 
(dSm-1) pH 

Anions Cations 
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--
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C
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--
C

O
3 

K
+
 

N
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M
g

+
+
 

C
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+
 

2.8 1.3 2.7 0.1 -- 0.2 2.4 0.5 1 0.41 7.35 
pH= power of hydrogen EC= Electrical Conductivity SAR= Sodium Adsorption Ratio 

 
2.2. Crop Requirements:  
 
2.2.1. Irrigation requirements:  
 
 Seasonal irrigation requirements were estimated. The seasonal irrigation water applied was found to be 
1808 m3/fed./season for drip irrigation system by following equation and as tabulated in table (5):   
IRg = (ETO x Kc x Kr) / Ei - R + LR         (1) 
Where:  
IRg     = Gross irrigation requirements, mm/day 
ETO   = Reference evapotranspiration, mm/day (estimated by the meteorological data of local sation in EL-
NUBARYIA farm and according to Penman-Monteith equation)  
Kc      = Crop factor (FAO reference)  
Kr       = Ground cover reduction factor, Values of Kr suggested by different authors (FAO, 1984)   
Ei      = Irrigation efficiency = Ea x EU where Ea = (Vs/Va) x 100 where Vs = Average water stored in root 
zone; Va = Average water applied; EU = Coefficient reflecting the uniformity of application= (qm / qa) x100 
where qm = the average flow rate of the emitters in the lowest quartile, (l/h); and qa = the average flow rate of 
all emitters under test, (l/h). 
R         = Water received by plant from sources other than irrigation, mm (for example rainfall) 
LR     = Amount of water required for the leaching of salts, mm = LRt x (IRn/Ei) where: LRt = leaching 
requirement ratio under drip irrigation = ECw /(2 x max ECe) where ECw = electrical conductivity of irrigation 
water (ds/m); max ECe = electrical conductivity of saturated soil extract that will reduce the crop yield to zero 
(dS/m); IRn (net irrigation requirement) =  ETo x Kc x Kr 
 
Table 5: Estimation of total irrigation requirements for maize per season in EL-NUBARYIA province (average of two seasons, 2012 – 
        2013). 

No. Items Growth stages of maize 
Init. Dev. Mid Late 

12 May – 31May 1 June – 5 July 6 July – 14 Aug. 15 Aug. – 10Sep. 
1 ETo (mm/day) 6.3 6.3 5.6 5.0 
2 Crop coefficient, Kc 0.7 0.95 1.2 0.48 
3 Reduction factor, Kr, % 0.24 0.35 0.82 0.47 
4 Emission  uniformity, EU 0.9 0.9 0.9 0.9 
5 Application efficiency, Ea, % 0.91 0.91 0.91 0.91 
6 LR, mm/day 0.03 0.05 0.14 0.03 
7 R , mm 0 0 0 0 
8 No. of days/ stage 20 35 40 27 
9 IRg, (mm/stage) 26 91 275 38 

10 IRg, (m3 / fed. / stage) 111 382 1155 160 
11 IRg, (m3/fed./season) 1808 

 Hectare =2.4 fed.; R= water received by plant from sources other than irrigation, mm (for example rainfall); IRg = Gross irrigation 
requirements, mm/day L = Leaching requirement  

 
2.2.2. Fertilization program, weed and pest control:  
 
 Fertilization program had been done according to the recommended doses throughout the growing season 
(2012 - 2013) for maize crop under the investigated irrigation systems using fertigation technique. These 
amounts of fertilizers NPK (20-20-10), were 80 kg/fed of (20 % N) and 40 kg/fed of (20 % K2O). While 65 
kg/fed of (10 % P2O5) in addition to, adding 20 m3

compost/ fed. For all plots, weed and pest control applications 
followed recommendations of maize crop in El-Nobaria, Egypt. 
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2.3. Experimental Design:  
 
 Experimental design was evaluation new design for drip irrigation system with two traditional designs. (1) 
design 1 was drip irrigation system (control), (2)design 2 was drip irrigation system with PRD technique (partial 
root drying; one emitter will irrigate one part of the root system and emitters of other lateral will irrigate other 
half of root system) with the same direction for main lines and laterals and (3) New design was drip irrigation 
system with PRD technique with opposite direction for main lines and laterals. More details for all designs  as 
shown in fig. (4). 
 
2.4. Evaluation Parameters:  
 
2.4.1. Emission uniformity:  
 
 Emission uniformity (EU) of water was estimated (Marriam and Keller, 1978) along laterals drip irrigation 
system in every plot area under pressure range of 1.0 bar by using 20 collection cans and following Equation:    
 EU = (qm / qa) 100           (2) 
 Where: EU = Emission uniformity, %; qm = the average flow rate of the emitters in the lowest quartile, 
(l/h); and qa = the average flow rate of all emitters under test, (l/h). 
  
2.4.2. Soil moisture distribution:  
 
 Soil moisture content was determined according to Liven and Van  (1979). The soil samples were taken at 
maximum actual water requirements by profile probe before and 2 hours after irrigation and from different 
locations. In the case of 70 cm laterals space the sample locations were at 0, 10, 20, 30 and 35 cm on the X-
direction (space between laterals). For each of these locations, soil samples were collected from different depths 
from soil surface, which were 0, 15, 30 and 45 cm on the Y-direction. By using “contouring program Surfer 
version 8”, we obtained on contouring maps for different moisture levels with depths. 
 
2.4.3. Application efficiency:  
 
 Application efficiency relates to the actual storage of water in the root zone to meet the crop water needs in 
relation to the water applied to the field. According to El-Meseery, (2003) application efficiency "AE" was 
calculated using the following relation:                                                       
 AE = Vs/ Va            (3) 
 Where: AE = Application efficiency, (%), Vs = Volume of stored water in root zone (cm.3) where:        
Vs = (θ1 – θ2) * d * ρ*A           (4) 
 Va = Volume of applied water (cm3), A = wetted surface area (cm.2), d = Soil layer depth (cm), θ1 = Soil 
moisture content after irrigation (%), θ2 = Soil moisture content before irrigation (%), ρ = Relative bulk density 
of soil (dimensionless). Table (6) show estimation method of application efficiency in the field. 
 
Table 6: Estimation method of application efficiency.  

Soil depth, cm θ1 

% 
θ2 
% 

d, 
cm 

Ρ A, 
cm2 

Vs =(θ1– θ2)*d*ρ*A 
cm3 

Va , 
cm3 

AE = Vs/ Va 
AE = (Vs1+ Vs2 + Vs3)/ Va 

0 -15      Vs1   
15 -30     Vs2 
30 -45     Vs3 

AE = Application efficiency, Vs =Volume of stored water in root zone, Va =Volume of applied water, A = wetted surface area, d =Soil layer 
depth, θ1 =Soil moisture content after irrigation, θ2 = Soil moisture content before irrigation, ρ = Relative bulk density of soil 
(dimensionless). Vs1= Volume of stored water in root zone from 0 – 15 cm , Vs2= Volume of stored water in root zone from 15 – 30 cm, Vs3= 
Volume of stored water in root zone from 30 –45cm 

2.4.4. Measurements of maize plant growth:  
 
 Measurements include, plant height (cm), leaf length (cm), leaf area (cm2), number of leaves plant-1 and 
total chlorophyll content, %.  
 
2.4.5. Yield of maize:  
 
 At harvest, a random sample of 100 X 100 cm was taken from each plot to determine grain yields in the 
mentioned area and then converted to yield (ton/fed.).  
 
2.4.6. Irrigation water use efficiency of maize: 
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Fig. 2: Layout of drip irrigation systems under study 
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Design 1 = Drip irrigation system (control) 
Design 2 = Drip irrigation system with PRD technique with the same direction for manifolds and 
laterals  
New Design = Drip irrigation system with PRD technique with opposite direction for manifolds 
and laterals 
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"IWUE maize" was calculated according to James, ( 1988) as follows:     
IWUEmaize = (Ey/Ir) x100           (5)  

 Where: IWUEmaize is the irrigation water use efficiency (kg grain / m3 water), Ey is the 
economical yield (kg grain /fed.); Ir is the amount of applied irrigation water (m3 water /fed./season). 
 
2.4.7. Economical evaluation:  
 
 Total income− CM more than MC = Total income - (Costs of all required materials which more than the materials 
which used in the control treatment) where: 
 
 Total income− CM more than MC = TI – [(CL/2L1) + (CP/2L2) + (CV/2L3)]     (6) 
 
 CM more than MC: Costs of all required materials which more than the materials which used in the control 
treatment 
TI: Total income = Total yield (ton/fed.)* price of ton 
CL/2L1: Costs of laterals/ season, L.E./fed.,                       Lifecycle, L1= 7 years  
CP/2L2: Costs of pipes/season, L.E./fed.                            Lifecycle,L2= 25 years  
CV/2L3: Cost of valve & elbows /season, L.E./fed.,                Lifecycle, L3= 10 years     
 
2.5. Statistical Analysis: 
 
 Combined analysis of data for two growing seasons was carried out according to Snedecor and Cochran 
(1980) and the values of least significant differences (L.S.D. at 5 % level) were calculated to compare the means 
of different treatments.  
 
Results and Discussion 
 
3.1. Emission Uniformity:  
 
 Emission uniformity "EU" of drip irrigation system is a measure of the uniformity of emissions from all the 
emission points for field test. Emission uniformity was calculated by dividing average rate of emitter discharge 
readings of the lowest one-fourth of the field data by average discharge rate of the emitters checked in the field. 
Fig. (3), table (7) and Fig.(4) showed EU under design 1, design 2 and new design of drip irrigation system. 
Highest value of EU occurred under new design this may be due to there were two emission points built in 
laterals and every lateral was opposite direction of the other this mean, one is the lack of a corresponding 
increase in the other, and this ensures equal distribution of water along laterals, resulting in a high uniformity of 
distribution under this new design compared with design1 and design 2 . 
 

 
 
Fig. 3: Emission uniformity for three designs under study. 
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Table 7: Emission Uniformity under three designs of drip irrigation systems. 
Can No. Design1 Design2 New Design 

Dripline1 Dripline1 Dripline2 Aver. Dripline1 Dripline2 Aver. 
1 5.0 5.2 5.3 5.25 5.2 2.5 3.85 
2 4.8 4.8 4.9 4.85 4.8 2.5 3.65 
3 4.6 4.6 4.7 4.65 4.6 2.6 3.60 
4 4.5 4.5 4.6 4.55 4.6 3.0 3.80 
5 4.3 4.3 4.3 4.30 4.2 3.1 3.65 
6 4.2 4.2 4.3 4.25 4.2 3.1 3.65 
7 4.1 4.1 4.2 4.15 4.1 3.1 3.60 
8 3.9 3.9 3.9 3.90 3.9 3.4 3.65 
9 3.8 3.8 3.8 3.80 3.8 3.5 3.65 

10 3.7 3.8 3.7 3.75 3.8 3.7 3.75 
11 3.7 3.8 3.7 3.75 3.7 3.8 3.75 
12 3.5 3.5 3.4 3.45 3.5 3.8 3.65 
13 3.4 3.4 3.4 3.40 3.4 3.9 3.65 
14 3.1 3.1 3.1 3.10 3.1 4.1 3.60 
15 3.0 3.1 3.0 3.05 3.1 4.2 3.65 
16 3.0 3.0 3.0 3.00 3.0 4.3 3.65 
17 2.8 3.0 2.8 2.90 3.0 4.5 3.75 
18 2.7 2.7 2.7 2.70 2.7 4.6 3.65 
19 2.5 2.5 2.7 2.60 2.5 4.8 3.65 
20 2.3 2.4 2.5 2.45 2.4 5.1 3.75 

Aver. qm 2.66   2.73   3.62 
Aver. qa 3.65   3.69   3.68 

EU,% = (qm/ qa)*100 73   74   98.4 

 
 Aver. qm: the average flow rate of the emitters in the lowest quartile, Aver. qa: the average flow rate of all 
emitters under test,  EU: Emission uniformity, %; 
 

 
 
Fig. 4: The relation between length of laterals and average of emitters discharge along laterals.  
 
3.2. Soil Moisture Distribution: 
 
 Figs. (5,6 and 7) represented soil moisture distribution and wetted soil volume (more than or equal 100 % 
from field capacity) in root zone " WSV≥100%FC ".  WSV≥100%FC in root zone was determined by calculating the 
wetted soil volume surrounded by contour line 12 which approximately representing the field capacity. 
WSV≥100%FC in the root zone increased under new design compared design1 and design2 this may be increasing 
of emission points through two laterals especially if these points built in two laterals with opposite direction. 
Under new design occurred highest value for WSV≥100%FC in the root zone hence, decreasing from drought stress 
inside root zone along laterals and this will create a healthy environment for plant growth. 
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Fig. 5: Soil moisture distribution along laterals under design 1(Drip Irrigation System (control)). 
 

 
 
Fig. 6: Soil moisture distribution along laterals under design 2 (Drip Irrigation System with PRD technique with    

the Same Direction for manifolds and laterals). 
 
 

 
 
Fig.7: Soil moisture distribution along laterals under new design (Drip irrigation system with PRD technique 

with opposite direction for manifolds and laterals).  
 
3.3. Application Efficiency: 
 
 Application efficiency, "AE" was calculated by dividing the volume of stored water in root zone by the 
volume of applied water so, increasing of WSV≥100%FC in the root zone increased from AE. Fig. (8) and tables 
(8,9 and 10) indicated that maximum value of AE occurred under new design compared with design1 and 
design2 this due to two reasons, first of all,  most of irrigation water stored in effective root zone and this is due 
to increasing number of emission points which increased from WSV≥100%FC in the root zone and the second 
reason was equality in the applied water volume along laterals. 
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Fig. 8: Application efficiency for three designs under study. 
 
Table 8: Application efficiency at peak actual water requirements under design1 . 

Soil depth, 
cm 

θ1 

% 
θ2 
% 

d, 
cm 

Ρ A, 
cm2 

Vs =(θ1– θ2)*d*ρ*A 
cm3 

Va , 
cm3 

AE = Vs/ Va 
AE = (Vs1+ Vs2 + Vs3)/ Va 

0 -15 12.7 8.0 7.5 1.4  
1470 

Vs1 = 1036  
2886 

 
 

90 
15 -30 11.5 7.0 7.5 1.5 Vs2 = 744 
30 -45 10.6 6.0 7.5 1.6 Vs3 = 811 

A= 30 cm*70 cm *0.7(Percentage of wetted surface area for one plant) = 1470 cm2          Va = 1443*2(Irrigation every 2 days) = 2886 cm3 
 
Table 9: Application efficiency at peak actual water requirements under design 2.  

Soil depth, cm θ1 

% 
θ2 
% 

d, 
cm 

Ρ A, 
cm2 

Vs =(θ1– θ2)*d*ρ*A 
cm3 

Va , 
cm3 

AE = Vs/ Va 
AE = (Vs1+ Vs2 + Vs3)/ Va 

0 -15 14.5 8.5 7.5 1.4  
2100 

Vs1 = 1323.00  
2886 

 
 

97 
15 -30 12.0 9.0 7.5 1.5 Vs2 = 708.75 
30 -45 11.0 8.0 7.5 1.6 Vs3 = 756.00 

A= 30 cm*70 cm *1(Percentage of wetted surface area for one plant) = 2100 cm2          Va = 1443*2(Irrigation every 2 days) = 2886 cm3 
 
Table 10: Application efficiency at peak actual water requirements under new design.  

Soil depth, cm θ1 

% 
θ2 
% 

d, 
cm 

Ρ A, 
cm2 

Vs =(θ1– θ2)*d*ρ*A 
cm3 

Va , 
cm3 

AE = Vs/ Va 
AE = (Vs1+ Vs2 + Vs3)/ Va 

0 -15 15.2 9.6 7.5 1.4  
2100 

Vs1 = 1234.80  
2886 

 
 

98 
15 -30 13.3 9.2 7.5 1.5 Vs2 = 968.63 
30 -45 11.5 9.0 7.5 1.6 Vs3 = 630.00 

AE = Application efficiency, Vs =Volume of stored water in root zone, Va =Volume of applied water, A = wetted surface area , d =Soil layer 
depth, θ1 =Soil moisture content after irrigation, θ2 = Soil moisture content before irrigation, ρ = Relative bulk density of soil 
(dimensionless). Vs1= Volume of stored water in root zone from 0 – 15 cm , Vs2= Volume of stored water in root zone from 15 – 30 cm, Vs3= 
Volume of stored water in root zone from 30 –45cm, A= 30 cm*70 cm *1(Percentage of wetted surface area for one plant) = 2100 cm2    Va 
= 1443*2(Irrigation every 2 days) = 2886 cm3 

 
3.4. Growth Characteristics of Maize Plant:  
 
 Table (11) indicated that improving of all growth characteristics of maize plant under new design with 
significant deference's with design1 and design2 this may be due to increasing of emission uniformity and 
improving of soil moisture distribution inside root zone in addition to increasing of AE along laterals hence, 
created a healthy environment for plant growth.  
 
3.5. Yield of maize: 
 
 The main goal from any development in agriculture is increasing the yields. Yield of maize was studied 
under three designs of drip irrigation systems. Data in fig.(9) and table (11) represented the grain yield of maize 
under these designs. Maximum value of yield was occurred under new design with significant deference's with 
other designs and this may be due to equality the volume of irrigation water and fertilizers along laterals hence, 
increasing the yield under the new design compared with other designs. 
 
3.6. Irrigation water use efficiency of maize:  
 
 Irrigation water use efficiency "IWUE" is an indicator of effectiveness use of irrigation water unit for 
increasing crop yield. Irrigation water use efficiency of maize "IWUE maize" was calculated by dividing total 
yield by total applied irrigation water during the growth season of maize plant. Fig. (10) and table (11) With the 
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stability of the amount of irrigation water for the three designs IWUE maize  took the same trend productivity 
where the maximum value of IWUE maize was under new design.  
 

 
 
Fig. 9: Grain yield for three designs under study. 
 

 
 
Fig. 10: Water use efficiency of maize for three designs under study. 
 
Table 11: Effect of new design for drip irrigation system on maize plants growth, grain yield and irrigation water use efficiency of maize" 

IWUE maize". 
Designs Growth Characteristics of maize plant Grain 

Yield, 
ton/fed. 

IWUE maize, 
Kg grain/m3 water Leaf area, 

cm2 
Plant height, 

cm 
Leaf 

length, cm 
No. of 

leaves per 
plant 

Chlorophyll 
content, % 

Design 1 462.33 c 183.33 c 58.00 c 14.67 c 27.67 c 2.27 c 1.25 
Design 2 484.33 b 192.33 b 65.67 b 16.33 a 33.67 b 3.00 b 1.66 

New Design 526.00 a 199.00 a 72.00 a 16.67 a 44.67 a 3.97 a 2.19 

 
Table 12: Total costs of all required materials more than materials of control treatment. 

Evaluation Parameter Items Design 1 
(Control) 

Design 2 New 
Design 

 
 

Total income, L.E./ fed. 

Total yield(ton/fed.) 2.27 3.00 3.97 
Price of ton, L.E. 2500 2500 2500 

Total yield (ton/fed.)* price of ton, L.E. 5675 7500 9925 
 
 

Costs of laterals/season, 
L.E./fed. 

Total length of laterals, m/ fed. 0 6000 6000 
Costs of laterals, L.E.= 15 * 320 L.E. 0 4950 4950 

Lifecycle, years 7 7 7 
CL/2L 0 354 354 

Costs of pipes/season, 
L.E./fed. 

Total length of pipes, m /fed. (PVC, Ø75 mm) 0 100 100 
Total length of pipes, m /fed. (PVC, Ø63 mm) 0 84 200 
Total length of pipes, m /fed. (PVC,Ø 50 mm) 0 0 168 

Costs of pipes, L.E./ m (PVC, Ø75 mm) 7 7 7 
Costs of pipes, L.E./m (PVC, Ø63 mm) 5.5 5.5 5.5 
Costs of pipes, L.E./m (PVC, Ø50 mm) 3.5 3.5 3.5 

Lifecycle, years 25 25 25 
CP/2L 0 23 48 

 
 

Cost of valve & elbows  
/season, L.E./fed. 

No. of valves 0 1 1 
Cost of valve & elbows, L.E.( 3// PVC) 250 250 350 

Lifecycle, years 10 10 10 
3// PVC & elbows 0 25 35 

Installation costs, 
LE/season 

Installation costs/2L 0 15 40 

Total income− CLP, L.E./fed.  5675 c 7083 b 9448 a 
L: Lifecycle;   PVC: Poly Vinyl Chloride      L.E.: Egyptian Pond;     CL: Costs of laterals 
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3.7. Economical evaluation: 
 
  There were three designs for drip irrigation system and every design has a deferent cost so, calculating the 
total revenue after subtracting the costs of all required materials which more than the materials which used in 
the control treatment was the only economical parameter which used in this study. Costs of all materials which 
more than the materials which used in the control treatment did not affect the significant differences between the 
values of total revenue. Although increasing the cost of new design but also this design achieved the highest 
yield compared with design1 and design2. The large increase of the differences between the total revenue was 
not affected by the high cost of the new design for a drip irrigation system. 
 
References 
 
AOAC, 1980. Official Methods of Analysis of Association of official Analytical Chemists. 12 Ed. Washington, 

D.C.  
ASAE, 1994. ASAE, EP405.1. American Society of Agricultural Engineers, 724-727. 
Barragan J., V. Bralts and I.P. Wu, 2006. Biosystems Engineer-ing, 93(1): 89-97. 
Bationo, A., F. Lompo, S. Koala, 1998. Research on nutrient flows and balances in west Africa: state-of-the-

art.Agric. Ecosyst. Environ, 71: 19-35. 
Biswas, T.D. and B.K. Khosla, 1971. In Proc. Int. Symp. on Soil Fert. Eval. India, 1, 831-842. 
Chapman, H.D.  and  R.F. Pratt, 1978. Methods Analysis for Soil, Plant and Water. Univ. of California Div. 

Agric. Sci., 16-38. 
Christiansen, J.E., 1942. Irrigation by Sprinkling. California Agricultural Experiment Station Bulletin, P.670. 
DMays, D.A., G.L. Terman, J.C. Duggan, 1973. J. Envi. Qual., 2: 28-91. 
El-Meseery, A.A., 2003. Effect of different drip irrigation systems on maize yield in sandy soil. The 11th Annual 

Conference of Misr Society of Agr. Eng., 15-16, 576- 594  
Feller, C., M.H. Beare, 1997. Physical control of soil organic matter dynamics in the tropics. Geoderma, 79: 69-

116. 
Girgis, M.G.Z., 2006. Response of wheat to inoculation with phosphate and potassium mobilizers  and organic  

amendment. Annals Agric. Sci., Ain Shams Univ., Cairo, 51(1): 85-100.  
Gomez, K.A. and A.A. Gomez, 1984. Statiscal Procedures for Agriculture Research 2nd Ed., pp|:180 John wily 

and sons, New York U.S.A. 
Grabow, G.L., R.L. Huffman, R.O. Evans, K.E. Dmisten and D. Jordan, 2004. Subsurface  drip irrigation 

research on commodity crops in North Carolina. Tech. Report, N. C. University, USA. 
Gupta, S.C., R.H. Dowdy, W.E. Larson, 1977. Soil Sci. Soc. Am. Proc., 41: 601-605. 
Hillel, D., 1980. Applications of Soil Physics. Academic Press, New York, 385. 
Howell, T.A., R.H. Cuence and K.H. Solomon, 1990. Crop Yield Response. In: Hoffman GJ., et al. (Eds.), 

Management of Farm Irrigation Systems. ASAE, St. Joseph, MI, pp: 312. 
James, L.G., 1988. Principles of farm irrigation system design. John Willey & sons. Inc., Washington State 

University, 73:152-153,350-351. 
Keller, J. and R.D. Bliesner 1990. Sprinkler and Trickle Irrigation. Van Nostrand Reinhold, New York. 
Keller, J. and D. Karmeli, 1975. Trickle irrigation design parameters. Trans. of ASAE, 17(4): 678-684. 
Kladiviko, E.J., D.W. Nelson, 1979. J. Water Pollu. Cont. Fed., 51: 325-332. 
Klute, A. and W.C. Jacob, 1949. Soil Sci. Soc. Am., 14: 24-28. 
Lal, R., 1997. Soil quality and sustainability. In: Lal, R., Blum,W.H., Valentin, C., Stewart, B.A. (Eds.), 

Methods for Assessment of Soil Degradation. CRC Press, Boca Raton, pp: 17–31. 
Letey, J., A. Dinar, C. Woodring and D.J. Oster, 2000. Irrigation Science, 11(1): 37-43. 
Liven, P.C. and F.C. Van, 1979. Effect of discharge rate and intermittent water application by point-source irri- 

gation on the soil moisture distribution pattern. Soil Sci-ence Society of America Journal, 43: 5-8.  
Marriam, J.L. and L. Keller, 1978. Farm irrigation system evaluation: A guide for management. Utah State 

University, Logan, Utah. Dept. of Agricultural &Irrigation Engineering. 
Mizyed, N. and E.G. Kruse 2008.Transaction of the ASAE, 26(1): 451-458. 
Ouattara, B., 1994. Contribution à l’étude de l’évolution de propriétés physiques d’un sol ferrugineux tropical 

sous culture: pratiques culturales et états structuraux du sol. Thèse UNCI, Abidjan, 153. 
Ouédraogo, E., A. Mando, N.P. Zombré, 2001. Use of compost to improve soil properties and crop productivity 

under low input agricultural system in west Africa. Agric. Ecosyst. Environ., 84: 259-266. 
Rizk, E.K., 2007. Irrigation scheduling and environmental stress coefficient of kidney bean under some 

irrigation systems in North Sinai. Egypt. J. of Appl. Sci., 22(11): 286-296. 
Salter, P.J. and F. Haworth, 1961. J. Soil Sci., 12: 335-342. 



710 
Middle East j. Appl. Sci., 4(3): 699-710, 2014 

Snedecor, G.W. and W.G. Cochran, 1982. Statistical Method.7th edition, Iawa State Univ., Press. Ames, Iawa, 
U.S.A: 325:330. 

Snedecor, G.W. and W.D. Cochran, 1980. Statistical Methods 7th Edition. Iowa State Univ., Press. Ames. Iowa, 
U. S. A.  

Tagar, A.A., M.S. Mirjat, A. Soomro and A. Sarki, 2010. Journal of Agriculture,Agricultural Engineering and 
Veterinary Sciences, 26(2): 48-59. 

Tiarks, A.E., A.P. Mazurak, Leon Chesin, 1974. Soil Sci. Soc. Am. Proc., 38: 826-830. 
Unger, P.W. and B.A. Stewart, 1974. Soil Sci. Soc. Am. Proc., 38: 954-957. 
Vengadaramana, A. and P.T. Jashothan, 2012. Effect of organic fertilizers on the water holding capacity of soil 

in different terrains of Jaffna peninsula in Sri Lanka, J. Nat. Prod. Plant Resour. 2(4): 500-503. 
(http://scholarsresearchlibrary.com/archive.html) 

Volk, V.V. and C.H. Ullery, 1993. Dep. of Soil Sci., Oregon state Univ., Coruallis, 50p 
Webber, L.R., 1978. J. Envi. Qual., 7: 397-400. 
Weil, R.R. and W. Kroontje, 1979. J. Envi. Qual., 8: 387-392. 
Williams, R.T.B. and G.W. Cooke, 1961. J. Soil Sci., 93: 30-39. 
Wu, I.P., J. Barragan and V. Bralts, 2006. Micro-irrigation for Crop Production , Amsterdam, Elsevier, 357-387. 




