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ABSTRACT 

 
        To evaluate some modern surface irrigation systems and their effects on some 
water relations and nitrogen use efficiency on maize crop, a field experiment was 
conducted at El-Hamoul District, Kafr Elshiekh Governorate at North Delta. The 
experiment included traditional surface irrigation, alternative surface furrow irrigation, 
gated pipes and alternative gated pipes furrow, with three nitrogen treatments (0,101 
and 135 Kg fed

-1
).  

The main obtained results could be summarized as follows: 

 Using gated pipes method for irrigating maize crop resulted in less amount of water 
applied compared to traditional surface method. On the other hand, gated pipes 
technique saved irrigation water by 19.5 and 31.4 % for alternative gated pipe 
technique and gated pipe technique, respectively compared to traditional surface 
irrigation. This method realized the lowest value of actual water consumptive use  
,improved water application efficiency and water distribution efficiency compared to 
traditional irrigation method 

 There is no effect on maize yield due to different irrigation systems used in this 
study. Whereas, grain yield was increased by 110.9 % and 85.5% for the N 
recommended dose and 75% of the recommended dose, respectively over control 
treatment (0 Kg N Fed

-1
). It can be observed that alternative furrow irrigation by 

gated pipe achieved the highest grain and stalk yield followed by gated pipes under 
the highest nitrogen application rate.  

 Nitrogen use efficiency and N recovery % was increased with increasing N level. 
The highest value of N recovery % was found under alternative gated pipe system 
and the N recommended dose. 

Keywords: Traditional surface irrigation, alternative surface furrow irrigation, gated 

pipes , alternative gated pipes, nitrogen use efficiency, water relation, 
maize crop.   

 

INTRODUCTION 

 
Increasing water productivity is the main goal through increasing the 

water use efficiency. This can be achieved by managing the controlled 
modern surface irrigation systems and adjusting them to soil hydraulic 
properties and to the water and nutritional requirements of the specific crop 
growth. 

Increasing the agricultural production per unit volume of water is the 
main goal through increasing the water use efficiency. This goal can be 
achieved by advanced surface irrigation through applying gated pipes for 
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irrigating field crops. Gated pipe could save irrigation water by 16.94% for 
maize compared to traditional surface irrigation (Abo Soliman ,et al. 2002). 

Morsi (2001) carried out field experiments to develop furrow surface 
irrigation by using alternative and surge-alternative systems, in comparison 
with continuous furrow irrigation, using maize yield as an indicator. The 
results showed that grain yield for surge alternative method was increased by 
3.21% and 4.73% comparing with continuous and alternative method, 
respectively. 

Ahmad et al.., (2002) reported that furrow irrigation and nitrogen 
band placement resulted in the highest grain yield of maize, when they 
examined the effect of different irrigation methods (flood, furrow and alternate 
furrow irrigation) and nitrogen application methods (broadcast or band 
placement)  

In their studies on alternate furrow irrigation technique, Abdel-
Maksoud et al.., (2002) reported that alternate furrow irrigation at 7 days 
intervals increased maize grain yield by 14.5 and 28.4%, comparable with 
every-furrow and alternate-furrow irrigation at 14 days intervals, respectively.   

Looking at the problems of surface irrigation system, a proximally half 
of the irrigation water applied was with 24% going to deep percolation and 
24% to run off (Jensen, 1980). On the other hand, the traditional surface 
irrigation system can be improved using gated pipes with the furrows or basin 
irrigation systems without major changes in design or in operating procedure 
of the current irrigation system. Gated pipes have low cost, relative high 
application and distribution efficiencies and it easily to be used by the low 
experienced workers (Abou El-Soud, 2010).  

It is well known that nitrogen is the most important element for plant 
growth and development, and it is an integral component of many 
compounds essential for plant growth processes including chlorophyll and 
many enzymes (Mkhabela et al.., 2001). 

The main objectives of this work are to evaluate: different surface 
irrigation systems, amount of water saving, maximizing maize crop yield, 
water utilization and nitrogen use efficiency under different surface irrigation 
systems. 

 

 MATERIALS AND METHODS 
 

A field experiment was  conducted during the summer  season of 2008   
in El Hamoul District, Kafr El Shiekh Governorate (4 m altitude, 31 42 53

-
 

latitude and 31 07 40
- 
longitude) to evaluate some modern surface irrigation 

methods and its effect on some water relations and nitrogen use efficiency  
with maize crop. 

The experimental design used was split plot design, the main plots 
were irrigation treatments which included three types of irrigation systems (I) 
i.e.  

 The traditional furrow irrigation technique (I1) 

 The traditional alternative furrow irrigation system (I2) 

 Gated pipe furrow irrigation system (I3) 
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 Gated pipe alternative irrigation system (I4)., and  
The sub plots were devoted to nitrogen fertilization treatments (N) i.e.,  

 N1- control treatment (0 Kg N Fed
-1

) 

 N2- 75% of the recommended dose (101 Kg N Fed
-1

) 

 N3- The recommended dose (135 Kg N Fed
-1

)  
Maize grains, cultivar triple cross (Sakha 324) were sown in May 11

th
, 

2008. Nitrogenous fertilizer in the form of urea (46.5 % N) was divided into 
two equal doses, the first dose was applied before the second irrigation, and 
the second dose was applied before the next one (the third irrigation).  

Potassium fertilizer (recommended dose) was applied as potassium 
sulphate (48 % K2O), before the fourth irrigation. Phoshorus (recommended 
dose) in the from of Ca-superphosphate  ( 15.5%P2O5)was added through 
soil preparation. 
Soil analysis 

 Soil samples were collected from different layers and subjected to the 
following hydrophysico- chemical analysis according to Richards (1954) 
and Jackson (1967).  

 Moisture parameters; Field capacity (F.C.) and permanent wilting point 
(P.W.P) were determined by pressure membrane method according to 
Klute (1986). 

Some chemical and physical properties of the experimental soil are 
shown in tables (1-2). 
 
Table (1): Some chemical properties of the experimental soil before the 

growing season 
Soil 

depth 
(cm) 

OM 
% 

pH* 
 

EC** 
(dS/m) 

Soluble cations 
(meq L

-1
) 

Soluble anions 
(meq L

-1
) 

SAR 
 
 

Available   
nutrients (ppm) 

Na
+
 K

+
 Ca

++
 Mg

++
 CO

-
 HCO

-3
 CL

-
 SO4

--
 N P K 

0-15 1.21 8.25 2.62 17.8 0.3 4.2 5.8 0 5 12.5 10.6 7.99 53.2 9.4 331 

15-30 1.20 8.22 3.51 23.9 0.4 5.6 7.7 0 4 16.7 16.8 9.24 63.8 9.9 333 

30-45 0.91 8.26 7.15 48.6 0.7 11.4 15.7 0 3.5 34.0 39.0 13.19 42.6 9.6 323 

45-60 0.56 8.29 7.17 48.8 0.7 11.5 15.8 0 12.5 34.1 30.1 13.21 31.9 9.5 317 

* pH was determined in soil water suspension (1:2.5). 
** EC was determined in saturated soil paste extract. 

 
Table (2). Some physical properties of the experimental soil before the 

growing season. 

  Amount of water applied 
Traditional surface irrigation: the applied irrigation water was measured 

by using cut –throat flume (20 x 90 cm) according to Early (1975). 

Soil depth 
(cm) 

Particle size 
distribution 

Texture 

Basic  
infiltration 

rate 
(cm/hr) 

Bulk 
density  
(g/cm

3
) 

Soil moisture 
characteristics 

Sand 
% 

Silt 
% 

Clay 
% 

Field 
capacity 

% 

Wilting 
point 

% 

Available 
water 
% 

0-15 16.89 23.97 59.14 clayey 

1.4 

1.16 41.1 22.3 18.8 

15-30 16.55 25.57 57.88 clayey 1.24 40.1 21.8 18.3 

30-45 16.22 24.52 59.26 clayey 1.33 38.6 20.8 17.8 

45-60 17.60 26.26 56.14 clayey 1.37 38.2 20.7 17.5 
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 Improved surface irrigation (gated pipes): the discharge through an 
orifice was determined as described by (Brater and King 1976) 

 Water consumptive use (CU): was calculated using the equation of 
Israelson and Hansen (1962). 

 Irrigation application efficiency (Ea): Values of irrigation application 
efficiency (Ea) in percent for each treatment were obtained by dividing 
the total water stored in the root zone on the applied irrigation water 
according to Downy (1970) as follows: 

 
Ea =   Ws    ×100             where: 

        Wd   
Ea = Water application efficiency (%)  
Ws= Water stored in the root zone  
Wd = Water applied to the field plot. 
 

 Maize yield and yield components: data were recorded for grain yield, 
plant height, leaf area and chlorophyll (%). The grain yield was adjusted 
based on the moisture percent of 15.5 % 

 Crop water use efficiency (CWUE). 
      It was calculated by the following equation according to Abd El -Rasool et 

al.. (1971).  
  

                     Yield (Kg fed
-1

) 
C.W.U .E. =   ــــــــــــــــــــــــــــــــــــــــــــــــــــــ 

                     Water consumptive use (m
3
 fed

-1
) 

  Field water use efficiency (FWUE).  
It was calculated in Kg m

-3
 for different irrigation systems to clarify how 

much Kg yield is produced from one cubic meter applied (Michael,1978) 

 Nitrogen in plant: was determined in grain and stalk digestion by micro-
Kjeldahl method as explained by Hesse (1971) 

 Nitrogen use efficiency was calculated as grain yield (Kg) produced 
due to adding units of  nitrogenous fertilizer . 

  Nitrogen recovery % 
Apparent nitrogen recovery of fertilizer (%) was calculated for each 

treatment according to the following equation ( Crasswell  and Godwin , 
1984)  

Recovery of N fertilizer % = 
  

N-uptake from fertilized plot – N-uptake from 
control  X 100 

N-applied from fertilizer 

 
Statistical  analysis       

Data were statistically analyzed using analysis of variance (ANOVA). 
Treatments means and significance of differences were calculated and 
presented using (LSD) according to Steel and Torrie (1980) and (LSR) 
according to Duncan (1955). 
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RESULTS AND DISCUSSION 
 
Some water relations:- 
Amount of irrigation water applied. 

Data in Table (3) show that using gated pipes method for irrigating 
maize crop resulted in less amount of water applied compared to traditional 
surface method. The lowest amounts of water applied were achieved by I4 
(alternative gated pipes system), followed by I3 (gated pipes system), where 
the highest one was obtained from traditional method I1. It is worthy to 
mention that, gated pipes technique saved irrigation water by 19.5 and 31.4 
% for I4 and I3, respectively. These results are in a good agreement with 
those obtained by Abo Soliman, et al. (2002) and Abou El-Soud  (2010). 
Actual water consumptive use:- 

Data in Table (3) indicate that the seasonal water consumptive use 
values for maize crop were affected by surface irrigation methods .The 
highest value (54.45 cm.) was obtained from traditional furrow irrigation 
technique (I1). While, the lowest one (39.32cm.) was obtained under gated 
pipe system (I4) followed by gated pipes system (I3). These results are in 
somewhat similar to those recorded by Abo Soliman, et al. (2002) and Abou 
El-Soud (2010).   
Water application efficiency:- 

Data in Table (3) reveal that the highest value of water application 
efficiency (74.11%) was achieved with gated pipes (I3) under   maize crop, 
while the lowest one (66.05%) was detected under (I2) treatment. It was 
expected that application efficiency was improved by 6 % and 8 % due to 
irrigation with gated pipe (I3) and alternative gated pipe (I4) compared to 
traditional surface irrigation (I1) and (I2), respectively. This may be due to 
uniform water distribution from the outlet of gated pipe compared to traditional 
surface irrigation which tend to reduce the percolation losses. These results 
agreed with numerous investigators like Abo Soliman, et al. (2002) and Abou 
El-Soud (2010). 
Water distribution efficiency:- 

Regarding water distribution efficiency, gated pipes system slightly 
improved the water distribution efficiency compared to traditional irrigation 
method. The higher value of water distribution efficiency was achieved with 
irrigation by fresh water for maize crop under gated pipes (Abo Soliman, et al. 
2002)  
 
Table (3): Water consumptive use, water stored, irrigation water applied, 

water saving %, irrigation application and water distribution 
efficiency % as affected by different treatments during maize 
growing season. 

Surface 
 irrigation 
methods 

Water 
 onsumptive 

use (cm) 

Water  
stored (m

3
 

fed
-1
) 

Irrigation water 
applied  

(m
3
 fed

-1
) 

Irrigation 
application 
efficiency % 

water 
saving 

 % 

water 
distribution 
efficiency %  

I1 54.45 2393.35 3422.73 69.93 0.00 95.67 

I2 44.42 1895.64 2869.88 66.05 16.15 92.75 

I3 46.36 2041.45 2754.74 74.11 19.52 96.04 

I4 39.32 1689.86 2349.77 71.92 31.35 93.29 
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Water use efficiency of maize:  
Data  in Table (4) showed a highly significant effect of irrigation 

systems on water use efficiency (CWUE and FWUE) .The obtained results 
reveal that the highest value of FWUE (2.01kg grain m

-3
) was obtained under 

(I4) and recommended dose of nitrogen (N3). Meanwhile, the lowest value of 
FWUE (1.25 kg grain/m

3
) was achieved by the control (I1) under (N3).  

On the other hand, crop water use efficiency for maize grain (CWUE) 
is significantly affected by irrigation systems and nitrogen dose. It could be 
observed from the data that the highest value of CWUE (2.7kg grain / m

3
) 

was achieved under (I4) and (N3), while the lowest one (1.84 kg grain/m
3
) was 

recorded with control (I1). It can be observed that the values of CWUE and 
FWUE gradually increased with increasing   nitrogen dose up to 135 Kg fed

-1 

(N3). 
By other words, using modern irrigation by gated pipes improved 

FWUE and CWUE values. This may be attributed to the amounts of the water 
applied and consumed as well as the crop productivity. These results are in 
somewhat similar to those recorded by Abo Soliman ,et al. (2002), Sonbol,et 
al. (2009) and Abou El-Soud (2010). 

 
Table (4): Maize grain yield, crop (CWUE) and field (FWUE) water use 

efficiencies as affected by irrigation system and nitrogen 
fertilizer. 

 
 
YIELD  
Irrigation effect: 

Data in Table (5) reveal insignificant effect on grain and stalk of 
maize yield due to irrigation treatments. Using gated pipe technique all 
furrows recorded the highest reduction in grain yield but not insignificant (-
6.25 %) as compared to control treatment (I1) 

Surface irrigation 
methods 

Nitrogen 
fertilization 

Grain yield 
(kg fed

-1
) 

CWUE (kg 
m

-3
) 

FWUE  
(kg m

-3
) 

I1 

N 1 2560.93 1.21
j
 0.77

j
 

N 2 4232.03 1.81
h
 1.24

h
 

N 3 4428.03 1.84
g
 1.25

g
 

I2 

N 1 2736.9 1.56
i
 0.99

i
 

N 2 3709.01 2.04
e
 1.29

f
 

N 3 4548.89 2.25
d
 1.53

d
 

I3 

N 1 1883.26 1.04
l
 0.71

l
 

N 2 3936.28 2.00
f
 1.43

e
 

N 3 4699.57 2.28
c
 1.65

c
 

I4 

N 1 1623.12 1.01
k
 0.71

k
 

N 2 4458.12 2.68
b
 1.90

b
 

N 3 4891.43 2.71
a
 2.01

a
 

F Test ** *** *** 

LSD at 0.05 521.62 2.42 2.07 
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Nitrogen fertilization effect 
As shown in Table (5) data reveal that increasing nitrogen application 

rates increased grain and stalk yield of maize. High significant effect  is 
detected on maize  yield  due to nitrogen fertilization, where the highest grain 
yield (4642 Kg Fed

-1
)  was obtained with the highest nitrogen application 

dose  (N3).  
 Grain yield increased by 110.9 % and 85.5% for N3 and N2 

compared to N1 treatment, respectively. Data also reveal that stalk yield took 
the same trend of grain yield, where the mean values of stalk yield increased 
by 52.3 and 71.3 % for N2 and N3 compared to N1, respectively.  

It is well known that nitrogen is the most important element for plant 
growth and development, and it is an integral component of many 
compounds essential for plant growth processes including chlorophyll and 
many enzymes (Mkhabela et al.., 2001). 

These results agree with numerous investigators like Mosa (2006).    
 
Table (5): Effect of irrigation and nitrogen fertilization on grain and stalk 

yield (Kg fed
-1

)  of maize crop. 
Treatments Grain 

(Kg fed
-1

) 
Relative 

change % 
Stalk 

(Kg fed
-1

) 
Relative 

change % 

Irrigation Treatment 

I1 3740.3 0 12683.3 0 

I2 3665.0 -2.01 12916.6 1.83 

I3 3506.4 -6.25 12283.3 -3.15 

I4 3657.6 -2.21 12216.7 -3.68 

F-Test ns - ns - 

LSD at 0.05 441.60 - 1524.9 - 

Nitrogen fertilization effect 

N1 2201.1 
c
 0 8887.5 

c
 0 

N2 4083.9 
b
 85.5 13537.5 

b
 52.32 

N3 4642.0 
a
 110.9 15225 

a
 71.30 

F-Test *** - *** - 

LSD at 0.05 260.81 - 746.5 - 
 * In the same column, means followed by a common letter are not significantly different at 

5% level by Duncan (1955).  

 
Interaction effect:  

The influence of interaction between irrigation treatments and 
nitrogen fertilization on grain yield was significant for grain yield but 
insignificant for stalk yield. As shown in Table (6), it can be observed that (I4) 
achieved the highest grain and stalk yield followed by (I3) under the highest 
nitrogen application level. This may be due to the improvement of soil 
aeration conditions and more uniformity of water distribution along the furrow, 
(Morsi 2001), enhancing root system (primary root number, root density and 
total root dry weight), (Kang et al.., 2000) and enhancing water and nutrients 
uptake (Abdel-Maksoud et al.., 2002).     
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Table (6): The interactions effect between irrigation system and nitrogen 
fertilization treatments on maize grain and stalk yields (Kg  
Fed 

-1
). 

Season First season 

Treatments Grain Stalk 

I1 

N1 2560.93
e
 9500

d
 

N2 4232.03
bcd

 13650
bc

 

N3 4428.03
abc

 14900
ab

 

I2 

N1 2736.9
e
 9800

d
 

N2 3709.01
d
 13650

bc
 

N3 4548.89
ab

 15300
ab

 

I3 

N1 1883.26
f
 7700

e
 

N2 3936.28
cd

 13850
abc

 

N3 4699.57
ab

 15300
ab

 

I4 

N1 1623.12
f
 8250d

e
 

N2 4458.12
abc

 13000
c
 

N3 4891.43
a
 15400

a
 

F Test ** ns 

LSD at 0.05 521.62 1493.05 

 
PLANT GROWTH MEASUREMENTS: 
Plant height: 

Data presented in Table (7) exhibit a significant influence of irrigation 
systems on maize plant height. The highest mean value of plant height is 
achieved with (I1) followed by (I4). While the lowest ones are recorded by I3 
and I2. the longest plants are recorded with gated pipes system (Abou El-
Soud, 2010) 

Regarding to nitrogen effect, data indicate that plant height values 
are significantly affected by nitrogen application rates up to 135 Kg N fed

-1
 . 

The interaction effect between irrigation techniques and nitrogen 
fertilization rates is significant. The highest value is achieved by the 
combination between (I4) and N3.These results are in harmony with those 
obtained by Sahar (2005) and Sonbol,et al. (2009) 
Leaf area: 

The effect of different irrigation systems and nitrogen fertilization on 
of maize crop is presented in Table (7). Data impose a significant effect on 
leaf area due to irrigation systems. The highest mean value was obtained 
under (I4) followed by (I2), while the lowest one was recorded with (I3).Also, 
nitrogen show high significant effect on leaf area which increased with 
increasing N level up to the recommended dose . The tendency of these 
results are similar to those obtained by Sahar (2005) and Sonbol, et al. 
(2009) 

Concerning the interaction effect between irrigation systems and 
nitrogen fertilization, data in Table (8) show insignificant interaction effect on 
leaf area.  
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Chlorophyll: 
Data in Table (7) indicate that maize chlorophyll contents are 

insignificantly increased under different irrigation systems while , nitrogen 
fertilizer rates impose highly significant effects on chlorophyll content The 
highest mean values of chlorophyll (59.11 %) is recorded with the highest 
rate of nitrogen fertilizer. while, the lowest one is found with the control. 
Because the relationship between leaf chlorophyll content and N 
concentration is not universal for all crops or across cultivars, it is difficult 
to calibrate chlorophyll meters directly in terms of N concentration. The 
interaction between irrigation systems and nitrogen fertilization on chlorophyll 
content is not significant. These results are similar to those obtained by 
Sahar (2005) 
 
Table (7): Effect of irrigation and nitrogen fertilization on maize plant 

height, leaf area and chlorophyll content. 
Treatments Plant height 

(cm) 
Leaf area 

(cm
2
) 

Chlorophyll % 

Irrigation Treatment 

I1 313
a
 812.55

bc
 51.53 

ab
 

I2 268.55 
b
 833.66

ab
 54.32 

a
 

I3 263
b
 766.64

c
 46.52

b
 

I4 303.88
a
 869.57

a
 51.18

ab
 

F-Test ** * ns 

LSD at 0.05 23.08 47.74 5.18 

Nitrogen fertilization effect 

N1 251.75
c
 685.77

c
 39.75

c
 

N2 297.41
b
 825.39

b
 53.81

b
 

N3 312.16
a
 950.66

a
 59.11

a
 

F-Test *** *** *** 

LSD at 0.05 7.54 50.77 3.72 

 
Table (8): The interaction effect between irrigation and nitrogen 

fertilization treatments on maize plant height, leaf area and 
chlorophyll content. 

Treatments Plant height (cm) Leaf area (cm
2
) Chlorophyll% 

I1 
 

N1 288.66
bc

 690.33
ef
 40.14

c
 

N2 326.33
a
 811.13

bcd
 54.39

ab
 

N3 324
a
 936.2a 60.08

a
 

I2 
 

N1 241
e
 713.73

de
 44.34

c
 

N2 263
d
 790.1

cde
 58.4

a
 

N3 301.66
b
 997.16

a
 60.24

a
 

I3 
 

N1 215
f
 606.29

f
 36.89

c
 

N2 283 
c
 797.09

bcde
 46.34

bc
 

N3 291
bc

 896.55
abc

 56.35
ab

 

I4 
 

N1 262.33
d
 732.73

de
 37.64

c
 

N2 317.33
a
 903.26

ab
 56.14

ab
 

N3 332
a
 972.73

a
 59.77

a
 

F Test ** ns ns 

LSD at 0.05 15.08 101.54 7.44 
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Effect of irrigation systems, nitrogen fertilizer and their interactions on 
nitrogen concentration and uptake by maize crop. 

Irrigation effect: 
Data in Table (9) illustrate the impact of irrigation treatments on 

nitrogen concentration and its uptake by maize organs, and it can observe 
that nitrogen concentration is increased in alternate furrow irrigation 
treatments (I2 and I4) comparing with traditional irrigation treatment (I1).in 
addition to the nitrogen concentration increased under gated pipe (I3 and I4) 
comparing with traditional irrigation treatment (I1). 

This result may be explained as the alternate furrow irrigation 
enhanced root volume as a result of good aeration and improving soil 
physical properties (Kang et al.., 2000) & (Morsi 2001), then improving root 
volume which increased nitrogen uptake. Similar results were also obtained 
by (Aiad 2003 and Mosa 2006). 

Further more, decreasing nitrate leaching as it will be explained in the 
interaction between irrigation and nitrogen fertilization .   

The highest mean values of nitrogen concentration in maize grains and 
stalks are detected with I4 followed by I3.  

Nitrogen uptake takes the same behavior of nitrogen concentration, as 
nitrogen uptake is highly significant increased with decreasing irrigated 
furrows. 

There is no doubt that nutrient concentration in stalk tissues is reflects 
its concentration in grains, so it can predict that irrigation treatment highly 
significant affected nitrogen concentration in stalk. 
 
Table (9): Effect of irrigation systems and nitrogen fertilization 

treatments on nitrogen concentration and uptake by maize 
crop . 

Treatments 
Nitrogen concentration (%) Nitrogen uptake (kg fed-1) 

Grain Stalk Grain Stalk 

Irrigation Treatment 

I1 0.83
d
 0.58

d
 27.24

b
 18

b
 

I2 0.89
c
 0.6

c
 28.8  

b
 18.2

b
 

I3 0.94 
b
 0.64

b
 29.68 

b
 19.1 

b
 

I4 1.09 
a
 0.77 

a
 35.83 

a
 21.7 

a
 

F-Test *** *** ** ** 

LSD at 0.05 7.95 1.57 3.67 1.52 

Nitrogen fertilization effect 

N1 0.73
c
 0.45 

c
 13.54

c
 8.9

c
 

N2 0.87
b
 0.68

b
 30.05

b
 21.11

b
 

N3 1.21
a
 0.81 

a
 47.58

a
 27.69

a
 

F-Test *** *** *** *** 

LSD at 0.05 3.78 4.35 2.19 1.08 
 

Nitrogen fertilization effect:  
Data obtained in Table (9) show that nitrogen concentration (%) and 

its uptake (Kg Fed
-1

) of both grain and stalk organs increased with increasing 
nitrogen levels as a result of increasing amounts of available nitrogen in the 
root zone. 
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The statistical analysis revealed that nitrogen concentration and 
uptake increased significantly in grain and stalk with increasing nitrogen 
application rate from 0 to 135 Kg N Fed

-1
. The highest amounts of nitrogen 

uptake of grains and stalks, 47.6 and 27.7 Kg N Fed
-1

, respectively were 
found under (N3) whereas, the lowest ones for straw are detected under 
control treatment (13.5 and 8.9 Kg N Fed

-1
 respectively). These results are in 

accordance with findings of Sahar (2005) and Mosa, (2006).  
Interactions effect: 

Data in Table (10) reveal the interaction effect between irrigation 
systems and nitrogen fertilization on nitrogen concentration and its uptake by 
grain and stalk. 

Concerning nitrogen concentration and uptake, it is obvious that the 
effect of interactions between irrigation and nitrogen fertilization are highly 
significant with grains and stalk. Regarding to data of nitrogen concentration 
in grain and stalk, it can be observed that I4 treatment was the superior 
irrigation treatment with all nitrogen levels, and this is attributed to less nitrate 
leaching, and so increasing nitrogen concentration in root zone.  

Similar results were obtained by Abde-Maksoud et al., (2002) and 
Mosa, (2006).  
 
Table (10): Interaction effect between irrigation and nitrogen fertilization 

treatments on nitrogen concentration (%) and nitrogen 
uptake (kg fed

-1
) of grains and stalk 

Treatments 

Nitrogen concentration 
(%) 

Nitrogen uptake 
(kg fed

-1
) 

Grain Stalk Grain Stalk 

I1 

N1 0.657
i
 0.32 

j
 14.2f

g
 6.86

g
 

N2 0.789
g
 0.63 

f
 28.16 

e
 19.7

e
 

N3 1.052 
d
 0.81 

b
 39.3 

c
 27.46

b
 

I2 

N1 0.723 
h
 0.46 

j
 16.7 

f
 10.2 

f
 

N2 0.854 
f
 0.6 

g
 26.76

e
 18.6

e
 

N3 1.117
c
 0.74

d
 42.9 

bc
 25.7

bc
 

I3 

N1 0.723
h
 0.46

j 
 11.5 

g
 8.03

g
 

N2 0.92
e
 0.7 

e
 30.6 

de
 22.2 

d
 

N3 1.183
b
 0.77

c
 46.9 

b 
  27

b
   

I4 

N1 0.854
f
 0.56 

h
 11.7 

g
 10.6

f
 

N2 0.92 
e
 0.81 

b
 34.66 

d
 23.96

cd
 

N3 1.512 
a
 0.95

a
 61.1 

a
 30.6

a
 

F Test *** *** *** ** 

LSD at 0.05 7.56 8.71 4.38 2.17 

 
Nitrogen use efficiency (NUE): 

It is defined as the amount of harvested crop that is produced per unit 
of nitrogen supplied during the growing season. The effects of irrigation 
technique on nitrogen use efficiency are shown in Fig (1). It is well known that 
increasing nitrogen units applied led to an increase in yield according to 
Mitscerlich theory, so we can observe that nitrogen use efficiency attributed 
by N2 is higher than that obtained by N3, with all irrigation treatments. 
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Data clearly show that the highest values of NUE are obtained by I4 
irrigation treatment, followed by I1 and the lowest one is detected under I2 
irrigation treatment. 

These results are in accordance with those obtained by Abdel-
Maksoud et al., (2002), Sahar (2005) and Mosa, (2006). 
 
Nitrogen -recovery: 

Fig (1) shows the total nitrogen recovery in the whole maize plant 
(grains & straw) at maturity stage. Data indicate that nitrogen recovery was 
increased with increasing N level. The highest value of N recovery % was 
found under I4 and N3 whereas, the lowest one was found under I2 and N3. 
Similar results were obtained by Sahar (2005) 
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Fig. (1). Effect of irrigation treatments on nitrogen use efficiency and N 

recovery for maize crop .  
 
Conclusion 

Using alternative gated pipe system for irrigating maize crop in 
combination with application of nitrogen recommended dose led to improving 
water and nitrogen efficiencies, and saving more water without observed 
reduction in maize crop yield 
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تأأير بعض أأنعتت  أأي علسأأب علسدأأ و علسوأأد اعنعلستدأأي دعلس  تبن   أأ ع  أأ عض أأنع
علس لاقي علسييئ ةعنل تي  ةعيوصنلعلسذبةعف عشييلعلسدستي

عنضنلس  أأأيعيندأأأ مععأويأأأدع  أأأ عأويأأأدع ضأأأدلستيدبع أأأ معطعيويأأأدعيصأأأ   عب أأأ ممعطعأ
عيويندعيويدع ضدلسو عشضي  مم

ع يي ةعلسي صنبةعقدمعللأبلض طععك  ةعلسزبل ةع,عععم
ممعقدمعضوناعتود نعنص ي ةعللأبلض ع,عي هأدعضوأناعللأبلضأ عنلسي أيلعنلسض ئأة,عيبكأزعلسضوأناع

علسزبل  ة
 

و لت ييميا  لايتطونيايي  بعييا بعييت  لع  ييلر   لم  يي بعييت تقايييلر  لييطح  ل يي     قيييي لت
ف  مطكز  ل يلمول  تنطبة  قعية رطه   يمذو  اتلنية م صول  لوكفلء ر   تخا    لاتطوني    لملئية

 بم لفظة كفط لشيخ ف  شملل  لالتل. 
ع-:لسيتوصلع   هينعأهمعلس تيئجع

اتج باه تقعيل كمية  لملء  لمضلفة مقلطاية بيللطح  لذطه   تخا    لمو  يط  لمبوبه ف  طح م صول  -
% 4593% و 5.91ط كمييية ميييله طح  ييو ل  يفتيي  تييو  ل يي     لتقعييياح ن وميي  ال ييية  خييط 

مقلطاية بيللطح  ل ي     بعا  لتطتيب  لمو  يط  لمبوبه و لطح  لتبلال  بللمو  يط  لمبوبة ة   بو
و  يي  ميي  كفلئيية لإ ييتك ا  لمييلئ   لفععيي    ييل  ييي  ل  لييطح بللمو  يييط  لمبوبييهكمييل  قيي   تقعييياح ل

كفييلء ر   ييتخا    لميييله مقلطايية بييللطح  ل يي     لتقعييياح و كفييلءت توزيييم  لمييلءت بييي   لمييلء و
لا يونا تأثيط معاوح و .بكل م   لت ميا  لايتطونيا  ا ل قع ( ت ر  لكمية  لموص –   صول) لم

م صييول ز ا  هييذت  لاط  يية بيامييلت يير لييطح  لمختعفيية  طت باييا   ييتخا   اظيي  ذبعييا م صييول  ليي
بكييل ميي     لموصيي% ميي   لمعييال  51%  و  500% مييم 5191% و .5509ب ييو ل   ل بييوب 

ايتطوني ( وم   لتفلبل بي   ط   ليطح  باو طتيب مقلطاة بللكاتطول )  لت ميا  لايتطونيا   بللت
 ق  اظل   لطح  لتبلاولا بو   ة  لمو  يط  لمبوبية  بعيا  لقيي  لم صيول  لايتطونيا   و لت ميا 

  ل بوب و  لقش وتبعه اظل   لطح بللمو  يط  لمبوبة ت ر  بعا  لقيمة م   لت ميا  لايتطنيا .

ع
عقيمعضتوك معلسضوا

 

ع يي ةعلسي صنبةع–ك  ةعلسزبل ةععلسد دعيويندعفنز علسود د أ.دع/ع
عيبكزعلسضوناعلسزبل  ةعيويندعأويدع ضدعلسو  معأضنعلسد ندأ.دع/ع


