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ABSTRACT 
 
Two field experiments were conducted at Farm of Sids Agricultural Research Station, Egypt, during 2013 and 2014 

seasons to study the effect of different irrigation regimes (I1 = 100 %, I2 = 85 % and I3 = 70 % from irrigation requirements) and 
nitrogen levels (90, 120 and 150 kg N fed-1) on maize growth, yield and its yield attributes and some crop-water relationships. 
The most important results could be summarized as follows:Irrigated maize plants with full irrigation produced higher values of 
plant height, ear diameter, 100- grain weight, weight of grains ear-1 and grain yield as well as total amount of irrigation water 
applied, seasonal consumptive use and the net income. Irrigated maize plants with 80 % from irrigation requirements gave the 
highest values of water use efficiency and utilization efficiency.Supplied maize plants with 150 kg N fed-1 induced highest values 
of the abovementioned growth, yield and its attributes and net income as well as improve seasonal consumptive use, water use 
efficiency and utilization efficiency.Irrigated maize plants with full irrigation requirements and supplied with 150 kg N fed-1 
produced highest yield and net income of maize plants. 
Keywords: Maize yield, yield components, irrigation requirements, nitrogen fertilization levels and crop - water relations. 

 
INTRODUCTION 

 

The rapid inclination of population growth 
worldwide in general and in the developing countries in 
particular forces to increase food production and 
expansion of agricultural lands (Elias et al, 2014). In 
contrary to the water need for irrigation of agricultural 
land for enhancing crop production, there is an 
increasing demand for limited water resource for 
municipality, industries and for natural resource 
rehabilitation. Moreover, agriculture is the highest water 
consuming sector worldwide (Biswas 1997, Abu-Zied, 
1999 and Pereira 2006).  

Maize (Zea mays L.) is one of the most important 
crop worldwide after rice and wheat because of its high 
grain and forage yields and the cultivated area of maize 
in 2013 was 703,921 hectares with average productivity 
equals 7.72 ton/ha under surface irrigation (Zohry and 
Ouda, 2015 and Abdullah et al, 2015). Maize growth 
and yield are most sensitive to nitrogen application 
under moisture stress condition. Improper fertilizer and 
water management are the two major factors adversely 
affecting maize growth and productivity under dry land 
condition. The main objective in agriculture production, 
so far, focused mostly on the increasing of yield and 
production (Ulusoy, 2001 and Amanullah et al, 2014).  

Efficient water management under moisture 
stress could enhance the crop productivity in the coming 
decades (Yudelman 1994). Poor water availability and 
high temperatures result significant stress during critical 
phases of maize development (Al-Kaisi et al, 2013). 
Payero et al. (2006) reported that deficit irrigation of 
maize distributed over the entire crop growing season 
might not always result in increasing crop water 
productivity. They added that maize yield due to deficit 
irrigation at 50% and 75% levels as compared to the full 
irrigation would highlight the issues of irrigation water 
management in the regions with limiting water supply. 
Karam et al. (2007) showed that with increasing 
drought stress grain yield and its components decreased. 
Water use efficiency is an important crop index used to 
assess how soil water is used efficiently for total 
biomass and grain yield production (Daniel et al, 2011). 

Elias et al, 2014 reported that moisture stress applied at 
some growth stages enhance water use efficiency of 
maize without significantly reducing the yield. Abdullah 
et al. (2015) stated that maize growth and net income 
decreased with decreasing in the amount of irrigation. 
Sani et al. (2008) reported that water use and water use 
efficiency for maize were the highest with application of 
full consumptive use requirement at each growth stage. 
Masoero et al. (2013) found that the total amount of 
irrigation water was 494 mm under full irrigation. In 
Egypt, Yousri (2014) reported that the amount of 
applied water for maize under full irrigation was 8143.0 
m3/ha. He added that the full irrigation regime improved 
maize yield, stem diameter, grain weight and 1000-grain 
weight. In connection, Khalil and Mohamed (2006) 
found that applying full irrigation significantly 
increased maize grain yield and yield components. In 
maize, the reduction in grain yield caused by drought 
ranges from 10 to 76% depending on the severity of the 
drought and the growth stage at which it occurs 
(Bolaoos et al, 1993). Payero et al. (2006) stated that 
deficit irrigation at any crop growth stage of the maize 
crop led to decrease grain yields, and deficit irrigation 
that spanned across two or more growth stages affect 
grain production drastically. 

The low fertility status of most tropical soils 
hindered maize production as maize has strong 
exhausting effect on the soil. It was generally observed 
that maize fail to produce good grain in plots without 
adequate nutrients (Adediran and Banjoko, 2003). 
Therefore, the supply of nitrogen is important for crop 
maize production as much as water. On the other hand, 
indiscriminate use of nitrogen leads to increase in 
production costs and environmental contamination 
(Gurpreet et al, 2013). Inorganic nitrogen fertilizer exert 
strong influence on plant growth, development and yield 
(Stefano et al, 2004). The availability of sufficient 
nutrients from inorganic fertilizers lead to improved all 
activities, enhanced cell multiplication and enlargement 
and luxuriant growth (Fashina et al, 2002). Luxuriant 
growth resulting from nitrogen fertilizer application 
leads to larger dry matter production (Obi et al, 2005), 
owing better utilization of solar radiation and more 
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nutrient (Saced et al, 2001). In Egypt, many workers 
such as Ismail et al. (1999), Ismail et al. (2006), Sadik 
et al. (2009), Ali et al. (2012) and Abd El-Hafeez et al. ( 
2013) stated that increasing nitrogen levels were 
significantly increased growth yield and its components 
of maize. Moreover, Matusso (2016). Reported that 
increases of N fertilizer level led to increase of yield and 
yield components. Dawadi and Sah (2012) found that 
100 -grain weight, grain weight/ear, and plant height 
increases with increasing nitrogen levels.  

Conditions of water and nitrogen stress lead to 
reductions in crop production by reducing resource 
capture and resource use efficiency. It has been reported 
that maize grown under conditions of limited water 
supply requires less nitrogen to achieve the maximum 
grain yield than that required with well water supply 
(Moser et al, 2006). Meysam and Sarangi (2013) 
reported that maximum grain yield and biomass were 
observed for full irrigation and full nitrogen treatments. 

The main objective of this study are to 
investigate the effect of different levels of irrigation 
water and nitrogen fertilization on maize growth and 
yield and its components as well as some water-crop 
relations. 

 

MATERIALS AND METHODS 
 

Experiment setup: 
The present research trials were conducted during 

2013 and 2014 summer seasons at the Experiment Farm 
of Sids Agricultural Research Station, Beni Swief 
Governorate (Middle Egypt, Lat. 29º 04' N, Long. 31º 
06' E and 30.40 m above the mean sea level). Some 
physiochemical properties and soil-moisture constants 
of the experimental site, determined according to Page 
et al. (1982) and Klute (1986) are listed in Tables 1 and 
2.  

 
Table 1. Soil particle size distribution and some chemical properties of the experimental site in 2013 and 2014 

season. 

Seasons 
Particle size 
distribution* Textural 

class 
Chemical properties** 

Clay Silt Sand O.M. 
(% ) 

EC dSm-1 
(1:5) 

Available (ppm) pH 
(1:2.5) %  N P K 

2013 50.20 33.45 16.35 clay 1.55 0.55 34.00 18.20 213.90 7.85 
2014 50.18 32.47 17.35 1.70 0.60 32.80 19.75 224.31 7.90 
 
Table 2. Some soil water constants and bulk density of the experimental site. 

Seasons 
Soil  

Depth 
 (cm) 

Field  
capacity 

(% , w/w)* 

Wilting  
point 

(% , w/w)* 
Available water   

( % , w/w)* 
Bulk  

density 
(gc m-3)* 

2013 
00 – 15 45.08 21.58 23.50 1.13 
15 – 30 37.95 18.04 19.91 1.24 
30 –  45 35.95 17.32 18.63 1.28 
45 –  60 33.14 16.04 17.10 1.32 

Mean 38.03 18.25 19.79 1.27 

2014 
00 – 15 44.56 22.17 22.39 1.17 
15 – 30 37.09 17.66 19.43 1.29 
30 –  45 35.55 16.92 18.63 1.35 
45 –  60 33.19 15.80 17.39 1.37 

Mean 37.60 18.14 19.46 1.30 
* According to Klute (1986)     **according to Page et al. (1982) 

 
The treatments were laid out in a split-plot 

experimental design with four replicates. Deficit 
irrigation treatments were allocated at the main plots, 
while the assessed nitrogen fertilizer in the form of 
ammonium sulphate (20.5%) levels were occupied the 
sub-plots as follows: 
Main plots (Irrigation levels, I):  
 I1  = 100% Irrigation requirements (Full 
Irrigation),  I2  = 85% from irrigation requirements and 
I3  = 70% from irrigation requirements (the irrigation 
treatments were started after the life irrigation).  
Sub plots (Nitrogen fertilization rates, N):  
 N1  = 90 kg N fed-1, N2  = 120 kg N fed-1 and 
N3  = 150 kg N fed-1 

Maize grains of Single- Cross 10 at the rate of 
15 kg fed-1. were sown on 20 and 25  of May and 
harvested on 23 and 25 of September in 2013 and 2014 
seasons, respectively. 

Fertilization was carried out according to the 
recommendation of the Ministry of Agriculture in Egypt 
as follow: superphosphate and potassium sulphate were 
applied with equipment of soil for planting at rates 30 
kg P2 O5  and 48 kg K2 O fed.-1, respectively. The other 
usual cultural processes of maize plants were practiced. 
At harvesting time ten plants were chosen randomly 
from the two inner rows of each sub-plot and following 
data were measured: Plant height (cm), ear diameter 
(cm), grain weight ear-1 (g), 100- grain weight (g) and 
grain yield (kg fed-1). The quantity of applied irrigation 
water was measured using flow-meter attached to the 
irrigation pump. 

Data collected for the studied variables were 
subjected to statistical analysis using     M-Stat 
computer package to calculate F ratio according to 
(Senedecor and Cochran, 1980). The means were 
compared using Least Significant Difference (LSD) at 
5% level according to Waller and Duncan 1969.  
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Water relations: 
Water consumptive use (CU): 

To determining water consumptive use, soil 
samples were taken using a regular auger just before 
and 48 hours after each irrigation and at harvest time in 
15 cm depth from soil surface down to 60 cm of soil 
profile. Water consumptive use was calculated 
according to Israelsen and Hansen (1962) as follows:  
                                        ( Q2 – Q1 )  
                           CU =   -------------    x D X Bd  
                                            100 
Where: 
CU = Water consumptive use, cm 
Q2 = Soil layer moisture content, wt/wt %, 48 hours after irrigation. 
Q1  = Soil layer moisture content, wt/wt %, Just before irrigation. 
D  = Effective root zone, 60 cm.    
Bd = Bulk density of soil layer, g cm-3 
Water consumptive use as (m3 fed-1) was obtained by 
multiplying the value of WCU (m) by 4200 m2 . 
Water use efficiency (WUE): 

WUE of a crop is a function of multiple 
factors, including physiological characteristics of maize, 
genotype, and soil characteristics, meteorological 
conditions, and agronomic practices. Water use 
efficiency in kg m-3 was estimated for each treatment 
according to the equation described by Vites (1965) as 
follow: 

WUE (kg m-3) = Grain yield (kg fed-1) / 
Consumptive use (m3 fed-1) 
Water utilization efficiency (WUtE):  
Water utilization efficiency (WUtE) values were 
calculated according to Jensen (1983) as follow: 

WUtE (kg m-3) = Grain yield (kg fed-1) / Applied 
irrigation water (m3 fed-1) Applied irrigation water was 
recorded by a flow meter installed in the main unit of 
irrigation water. 
Economical evaluation : 

Economic evaluation aims to study the 
economic evaluation of the experimental treatments. 

This study will be done through calculation of the 
differences between costs of production (L.E. fed-1) and 
incomes profits (L.E. fed-1) to obtain the net return (L.E. 
fed-1) of treatments, will be determine the best 
treatments that achieved the highest financial return 
(L.E. fed-1). All costs of production and incomes profits 
were mathematically changed to be per feddan. On the 
other hand, incomes profits were calculated from the 
actually prices of average maize production per ton fed-1 
equal 2300 L.E. (Economic Bulletin of Ministry of 
Agric., Egypt issued in, 2013). The total production 
costs are calculated as follow: 
• Irrespective of irrigation and fertilizer cost, the other 

cultural practices cost about 2080 L.E. fed-1. 
• The cost of irrigation treatments were: 413.33, 351.33 

and 289.33 L.E. fed-1 for I1 , I2  and I3  respectively. 
• The costs nitrogen fertilization are calculated as 6.83 

L.E. for one kilogram nitrogen. 
 

RESULTS AND  DISCUSSION 
 

Growth and yield components:- 
The measured plant height, ear diameter, 100 -

grain weight and grain weight ear-1 were significantly 
affected due to the adopted irrigation treatments, (Table 
3). The highest values of the abovementioned growth 
and yield attributes were recorded with full irrigation 
(I1 ), which increased by 8.08, 3.86, 2.01 and 5.56; and 
15.61, 6.53, 18.89 and 12.55% comparable with those 
irrigated under I2  and I3 treatments in the first season, 
respectively. Such findings are in parallel with those of 
Khalil and Mohamed (2006) who found that applying 
full irrigation practice significantly increased grain yield 
components for maize. Moreover, Ghooshchi et al. 
(2008) found that water stress before silking, at silking 
or grain filling growth stages caused a significant 
reduction in grains No cob-1 and 1000- grain weight 
comparing with normal irrigation. 

 
Table 3. Plant height, ear diameter, 100 grain weight, grain weight ear-1 and grain yield  as affected by 

irrigation, N-fertilizer rates and their interaction in 2013 and 2014 seasons. 
 
Irrigation 

Plant height (cm) Ear diameter (cm) 100-grain weight (g) Grain weight ear-1 (g) Grain yield (kg fed-1) 
N-fertilizer (2013 season) 

N1 N2 N3 Mean N1 N2 N3 Mean N1 N2 N3 Mean N1 N2 N3 Mean N1 N2 N3 Mean 
I 1

 261.5 268.0 281.5 270.3 4.35 4.60 4.75 4.57 31.77 33.08 34.09 32.98 279.3 323.9 354.3 319.2 2931 3334 3799 3355 
I 2 235.5 247.8 267.0 250.1 4.10 4.45 4.65 4.40 30.96 32.79 33.23 32.33 271.8 304.8 330.5 302.4 2654 3074 3457 3062 
I 3 214.8 228.3 258.5 233.8 4.05 4.30 4.50 4.29 26.93 27.46 28.83 27.74 254.2 291.3 305.2 283.6 2148 2507 3058 2571 
Mean 237.3 248.0 269.0 251.4 4.17 4.45 4.63 4.42 29.87 31.11 32.05 31.02 268.4 306.7 330.0 301.7 2578 2972 3438 2996 

L.S.D at 0.05 
Irrigation  7.42 0.16 0.91 38.39 287.2 
Nitrogen  7.48 0.10 1.52 18.71 201.4 
Interaction 12.97  0.18 2.63 32.42 349.1 

(2014 season) 
I 1

 252.0 277.8 291.8 273.8 4.40 4.65 4.70 4.58 31.36 34.6 35.16 33.71 287.6 336.9 372.0 332.2 3068 3488 3981 3512 
I 2 224.3 253.8 281.0 253.0 4.20 4.55 4.60 4.45 31.10 33.78 34.84 33.24 277.2 313.9 339.2 310.1 2813 3177 3662 3217 
I 3 222.8 243.3 250.8 238.9 4.15 4.20 4.40 4.25 27.70 29.36 30.10 29.06 256.7 297.1 314.4 289.4 2296 2681 3105 2694 
Mean 233.0 258.3 274.5 255.2 4.25 4.47 4.57 4.43 30.05 32.58 33.45 32.03 273.8 316.0 341.9 310.6 2726 3115 3583 3141 

L.S.D at 0.05 
Irrigation  20.20 0.22 2.66 41.02 214.3 
Nitrogen  14.33 0.17 0.87 19.87 215.1 
Interaction 24.85 0.30 1.52 34.43 372.6 
 (I1 , I2  and I3) irrigation treatments : 100, 85 and 70 % from irrigation requirements ; (N1, N2 and N3) nitrogen fertilizer: 90, 120 and 
150 kg N fed-1, respectively  
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Concerning growth and yield attributes (plant 
height, ear diameter, 100 -grain weight and grain weight 
ear-1) as affected by nitrogen levels, results in Table (3) 
reveal that the highest values of the investigated growth 
and yield attributes were recorded with N3  in 1st and 2nd 
seasons.  

The relative increasing caused by N3  treatment 
compared to N1  and N2  for the abovementioned 
parameters reached to 13.4, 11.0, 7.3, and 23.0; and 8.5, 
4.0, 3.0 and 7.6 % in the first season, respectively. The 
corresponding increasing in the second season were 
17.8, 7.5, 11.3, and 24.9; and 6.3, 2.2, 2.7 and 8.2 % in 
the same respect. 

These increment due to increasing nitrogen 
level is mainly explained to nitrogen is the most 
important nutrient for plant growth which caused cell 
developed, then tended be large and function of 
protoplasm, which consequently increased both growth 
and yield attributes of plants. These results agree with 
those obtained by Ismail et al. (2006) and Dawadi and 
Sah (2012). 

The highest values of the studied characters were 
attained due to interaction of irrigation (100%) and 
nitrogen level (N3 ), and such finding was true in 1stand 
2ndseasons. These results are in agreement with Meysam 
and Sarangi (2013) 
Grain yield (kg fed-1): 

The results in Table (3) showed that maize grain 
yield was significantly affected by irrigation and 
nitrogen treatments in 2013 and 2014. The data 
indicated that increasing water amounts resulted in a 
relatively higher yield, since water deficit was main 
yield-limiting factor in both years. The maximum yield 
was obtained at full irrigation (I1 ) and the minimum 
yield at 70% from irrigation requirements (I3 ) in 2013 
and 2014 seasons. The grain yield under irrigation 
treatments (full Irrigation I1 , 85% I2  and 70% from 
irrigation requirements I3 ) were 3355, 3026, 2571 and 
3512, 3217, 2694 kg fed-1 in 2013 and 2014, 
respectively. The highest grain yield values were 
recorded with 100%, which exceeded than the other 
irrigation treatments. The percent increases in grain 
yield under I1  was 9.6, 30.5% and 9.2, 30.4% in 1stand 

2nd seasons when compared with I2  and I3  treatments, 
respectively. The increment in grain yield under 
sufficiently irrigation can be attributed to the adequate 
turgidity which must have prevailed inside the plant 
thereby helping in significantly better shoot 
development, number of leaves per plant and then 
higher grain yield. Such findings are in parallel with 
those reported by El-Tantawy et al. (2007), Jat et al. 
(2008), Payero et al. (2006), Khalil and Mohamed 
(2006) and Gurpreet et al. (2013) who found that 
applying full irrigation practice significantly increased 
grain yield of maize. Moreover, Traore et al. (2000) 
stated that water stress can affect growth, development 
and physiological processes of corn plants, which can 
reduce biomass and ultimately grain yield.  

The highest main values of grain yield 3438 and 
3583 kg fed-1 in both seasons, respectively were 
obtained under N3  (150 kg N fed-1). Comparing with 
those obtained under N1 (90 kg N fed-1) and N2 (120 kg 
N fed-1). The primitive effect of the high nitrogen 
fertilization on maize grain yield could be explained by 
the fact that maize plant responded to great extent to N-
fertilization because its nature as a heavy N feeder crop, 
as well as the deficit in soil – N (Genaidy et al, 1992).   
These results are in harmony with those obtained by 
Abd El-Hafeez et al. (2013) and Matusso (2016).  

Results in Table (3) show that maize grain yields 
significantly affected by the interaction between 
nitrogen rates and irrigation treatments. Applying 150 
kg N fed-1 and full irrigation gave the highest grain 
yield, i.e., 3799 and 3981 kg fed-1 for both growing 
seasons, respectively. 
Irrigation water applied (IWA, m3 fed-1): 

Data in Table (4) show the amount of irrigation 
water applied. Planting and second irrigation watering 
through complete emergence was accompanied with 
amount of (480 and 490 m3 fed-1) and (365 and 368 m3 
fed-1) in the first and second seasons, respectively for all 
treatments. The values of water applied were increased 
under 100% of full irrigation treatment (I1 ) in 
comparison with the other two treatments of 85 and 
70% from irrigation  requirements (I2  and I3 ). 

 

Table 4. Number of irrigation and applied water (m3 fed-1) for each irrigation under different irrigation 
treatments during the 2013 and 2014 seasons. 

Treatments I1 I2 I3 
Seasons 

Irrigation event First Second First Second First Second 
Planting irrigation 
Second 
Third 
Fourth 
Fifth 
Sixth 
Seventh 
Eighth 
Ninth 

480 
365 
390 
405 
415 
400 
395 
370 
305 

490 
368 
395 
410 
425 
415 
405 
375 
307 

480 
365 
332 
344 
353 
340 
336 
315 
359 

490 
368 
336 
349 
361 
353 
344 
319 
261 

480 
365 
273 
284 
291 
280 
277 
259 
214 

490 
368 
277 
287 
298 
291 
284 
263 
215 

Total (m3 fed-1) 3525 3590 3124 3181 2723 2773 
(I1 , I2  and I3 ) irrigation treatments : 100, 85 and 70 % from irrigation  requirements   

The highest values were 3525 and 3590 m3 fed-1 
due to (I1 ) treatment. While, the lowest values were 
recorded under (I3 ) treatment as 2723 and 2773 m3 fed-1 
due to in the two growing seasons, respectively. The 

data revealed that 70% from irrigation requirements (I3 ) 
could saved about 22.75 and 22.76% of applied water, 
compared with full irrigation (I1 ) in the 1st and the 2nd 
seasons, respectively. In addition, under 85% from 
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irrigation requirements (I2 ) the same trend was noticed 
with reduction percentages values reached about 11.38 
and 11.39%, as compared with (I1 ). This is logic and 
expected result and it is attributable to more irrigation 
events applied under full irrigation, similar results were 
obtained by Ouda et al. (2009), Masoero et al. (2013), 
Yousri (2014) and Khalil and Mohamed (2006) they 
stated that applying full irrigation practice significantly 
increased grain yield. 
Water consumptive use (Cu, m3 fed-1): 

Average CU values as affected by irrigation 
treatments on maize crop in the two growing seasons 
are presented in Table (5). Data presented indicated that 
the water consumption was of maize crop as the 
percentage of water added increased i.e. 100, 85 and 
70%, respectively. Data in Table 5 indicated that full 
irrigation gave higher amount of the average CU values 

of 2820 and 2872 m3 fed-1, in 2013 and 2014, 
respectively. On the other hand, irrigation with 85 and 
70% from irrigation requirements reduced average CU 
values to 2217, 2355 and 1970, 2043 m3 fed-1 in 2013 
and 2014 respectively. The high water consumptive use 
for the full irrigation treatment is due to the abundance 
of soil moisture in the soil and the plants tend to grow 
without stress in the last stage of growth and hence use 
more water. These results may be attributed to the 
amount of irrigation increased and the soil moisture was 
more available for extraction by plant roots. These 
results agree with those obtained by Rayan et al. (1999) 
and Moussa and Abdel-Maksoud (2004) In connection, 
Oktem et al. (2003), Ayotamuno et al. (2007) and Abd 
El-Latif et al. (2016) reported that the increment in 
water consumption by plants depended on availability 
of soil moisture in the root zone and plant growth stage. 

 

Table 5. Seasonal water applied (IWA, m3 fed-1), seasonal consumptive use (CU, m3 fed-1), water use efficiency 
(WUE, kg m-3 consumed) and water utilization efficiency (WUtE, kg m-3 applied) as affected by 
irrigation treatments in 2013 and 2014 seasons. 

Irrigation 
treatments 

Nitrogen 
Level 

2013 2014 
IWA CU Grain WUE WUtE IWA CU Grain WUE WUtE 

 
I1 
 

N1 
3525 

2620 2931 1.12 0.83 
3590 

2675 3068 1.15 0.85 
N2 2790 3334 1.19 0.95 2810 3488 1.24 0.97 
N3 3050 3799 1.25 1.08 3130 3981 1.27 1.11 

Mean 2820 3355 1.19 0.95 2872 3512 1.22 0.98 
I2 

 
N1 

3124 
2140 2654 1.24 0.85 

3181 
2210 2813 1.27 0.88 

N2 2175 3074 1.41 0.98 2325 3177 1.37 1.00 
N3 2335 3457 1.48 1.11 2530 3662 1.45 1.15 

Mean 2217 3062 1.38 0.98 2355 3217 1.36 1.01 
I3 

 
N1 

2723 
1860 2148 1.15 0.79 

2773 
1925 2296 1.19 0.83 

N2 1925 2507 1.30 0.92 2030 2681 1.32 0.97 
N3 2125 3058 1.44 1.12 2175 3105 1.43 1.12 

Mean 1970 2571 1.30 0.94 2043 2694 1.32 0.97 
Mean of  
N  
fertilizer 

N1 
3124 

2207 2578 1.17 0.82 
3181 

2270 2726 1.20 0.86 
N2 2297 2972 1.30 0.95 2388 3115 1.31 0.98 
N3 2503 3438 1.39 1.10 2612 3583 1.38 1.13 

(I1 , I2  and I3 ) irrigation treatments : 100, 85 and 70 % from irrigation requirements ; (N1 , N2  and N3 ) nitrogen fertilizer: 90, 120 and 
150 kg N fed-1, respectively 

 

As for nitrogen treatments, the results clearly 
show that the water consumptive use values were 
positively responded to nitrogen levels. Fertilized maize 
plants with 150 kg N fed-1 gave CU values higher than 
those supplied with 90 or 120 kg N fed-1 by about 13.4 
and 9.0 % in the first season, respectively. Similar 
trends were obtained in the second season. These results 
is mostly due to the plants fertilized with 150 kg N fed-1 
exerted higher root and shoot growth, consequently 
consumed more water. 

As for the interaction between water and nitrogen 
treatments, the data, reveal that the plants irrigated with 
full irrigation requirements and received 150 kg N fed-1 

recorded the highest CU values in both seasons. On the 
other hand the plants watered with 80 % from it 
requirements and fertilized with 90 kg N fed-1 showed 
the lowest CU values. 
Water Use Efficiency (WUE, kg m-3): 

The water use efficiency or the productivity of 
maize grains kg m-3 obtained from each cubic meter 
water consumed in both seasons is recorded in Table 
(5). WUE was different based on the treatments and 
years. WUE values ranged between 1.12 and 1.48 kg m–

3 for the both years. The maximum values of WUE were 
obtained from the 85% treatment (1.38 and 1.36 kg m3, 

respectively). Oktem et al. (2003) reported that WUE 
range of 1.04 - 1.36 kg m–3. However, the range of 
WUE obtained in this study was higher than those 
reported by Igbadun et al. (2008) and Pandey et al. 
(2000). Generally, WUE are influenced by crop yield 
potential, irrigation treatments and climatic 
characteristics of the region. The results related to the 
efficiencies shows that when irrigation water is limited, 
25% deficit irrigation can be applied for increase the 
water use efficiencies. The present results are in line 
with those reported by Ghadiri and Majidian (2003), 
Elias et al. (2014), Abdel Mawly and Zanouny (2005), 
Yang et al. (2005) and El-Atawy (2007) who mentioned 
that the efficiency of water use had decreased as the soil 
moisture was maintained high by the frequent irrigation. 

Regarding nitrogen fertilization, the data show 
that water use efficiency was increased as nitrogen 
levels increased. The values of WUE under 150 kg N 
fed-1 surpassed that under 90 and 120 kg N fed-1 by 
about 18.8 and 6.9 % in the first season, respectively. 
The corresponding increasing in the second season were 
15.0 and 5.3 % in the same respect. 

Data in Table (5) indicate that maize plants 
watered with 70 % from irrigation requirements and 
fertilized with high nitrogen level, i.e. 150 kg N fed-1 
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had a high values of water use efficiency in both 
seasons, while the lowest one was produced for plants 
irrigated with full irrigation requirements and fertilized 
with 90 kg N fed-1 . Mansouri et al. (2010) reported that 
irrigation water can be conserved and yields maintained 
in maize plant (as sensitive crop to drought stress) under 
water limited conditions through improved fertilizer 
managements. 
Water utilization efficiency (WUtE, kg m-3): 

Efficiency water utilization is an important 
limiting factor to crop production. Water utilization 
efficiency (WUtE) values for maize yield as affected by 
the tested variables during 2013 and 2014 growing 
season are presented in Table (5). Results showed that 
average water utilization efficiency (WUtE) values were 
affected by irrigation treatments and nitrogen level 
treatments. The obtained results in Table (5) indicate 
that the average water utilization efficiency (WUtE) as 
affected by irrigation treatments in the two seasons, 
were 0.95, 0.98 and 0.94 kg m-3 under 100, 85 and 70% 
from irrigation requirements, respectively in the first 
season. The corresponding value for the second season 
were 0.98, 1.01 and 0.97 kg grain m-3.  

The results obtained show that WUtE was 
positively responded to increasing nitrogen level up to 
150 kg N fed-1 which mainly due to the effect of 
nitrogen on improving the growth of roots and shoots of 
maize in turn improved water absorption from soil.  

The data for the interaction show that the 
maximum value of WUtE were 1.11 and 1.15 kg grain 
m-3 water applied in 2013 and 2014 seasons, 
respectively. It was obtained from I2  irrigation treatment 
and N3  nitrogen fertilizer treatment. While, the lowest 
value of WUtE was 0.79 and 0.83 kg m-3 water applied, 
was obtained by I3 irrigation treatment and N1 nitrogen 
fertilizer in 2013 and 2014 seasons, respectively. 
Net return : 

Total cost, gross return and net return of maize as 
affected by different irrigation treatments are presented 
in Table (6).  
 

 
Table 6. Economic analysis as affected by different 

irrigation  and nitrogen treatments (average 
yield of 2 years) 

Treatments 
IWA 
m3 

fed-1 

Yield 
kg 

fed-1 

Total 
production 
cost (L.E. 

fed-1) 
Income Net 

return 

I1 
N 1 

3558 
3000 3108 6900 3792 

N 2 3411 3313 7845 4532 
N 3 3890 3518 8947 5429 

Mean 3434 3313 7897 4584 

I2 
N 1 

3153 
2734 3046 6288 3242 

N 2 3126 3251 7190 3939 
N 3 3560 3456 8188 4732 

Mean 3140 3251 7222 3971 

I3 
N 1 

2748 
2222 2984 5111 2127 

N 2 2594 3189 5966 2777 
N 3 3082 3394 7089 3695 

Mean 2633 3189 6055 2866 
Mean of N 
fertilizer 

N 1 
3153 

2652 3046 6100 3054 
N 2 3044 3251 7000 3749 
N 3 3511 3456 8075 4619 

(I1 , I2  and I3 ) irrigation treatments : 100, 85 and 70 % from 
irrigation requirements ; (N1, N2  and N3 ) nitrogen fertilizer: 90, 
120 and 150 kg N fed-1, respectively. 

The total cost of production increased with 
increasing both nitrogen and irrigation levels. The 
results revealed that the full irrigation and increasing 
nitrogen fertilizer (I1  N3 ) is the best choice for higher 
yield (3890 kg fed-1) and net income (5429 L.E. fed-1) 
under the study. The present results are in line with 
reported by Pandey et al. (2000), who mentioned that 
the use of full irrigation water management and nutrient 
application is essential to maximize crop production and 
returns for the farmers. 

 

CONCLUTION 
 

 It could be recommended to irrigated maize 
plants with 100% from irrigation requirements and 
fertilized with 150 kg N fed-1 for high production and 
net income. 
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 سمید النتروجینى استجابة الذرة الشامیة للإجھاد الرطوبى تحت مستویات مختلفة من الت
 محمود إبراھیم  بدوىوخالد محمود عبد اللطیف  ،محمد محمود عویس

   مركز البحوث الزراعیة –معھد بحوث الأراضي والمیاه والبیئة 

بنى سویف بھدف دراسة تأثیر معاملات الري  –بمحطة البحوث الزراعیة  بسدس  ۲۰۱٤ ، ۲۰۱۳أقیمت تجربتان حقلیتان خلال موسم
% من الاحتیاجات المائیة ۷۰% ، ۸٥% ، ۱۰۰ ھىالرى المائیة ، وكانت معاملات  النتروجینى على المحصول ومكوناتھ وبعض العلاقات والتسمید

% ۱۰۰أدت معاملة الري الكامل -كجم نیتروجین للفدان). وكانت أھم النتائج ما یلي: ۱٥۰،   ۱۲۰،    ۹۰وثلاث مستویات من التسمید النتروجینى ( 
حبة ووزن حبوب الكوز ومحصول الحبوب للفدان وكذلك  ۱۰۰الـ       حتیاجات المائیة لنبات الذرة إلى زیادة في طول النبات وقطر الكوز ووزنمن الا

% من الاحتیاجات المائیة أعلى قیم لكفاءة استعمال واستخدام المیاه ۸٥سجلت معاملة الري الكمیھ الكلیة لمیاه الري المضافة والاستھلاك المائي وصافى الدخل.
كجم نیتروجین للفدان إلى أعلى قیم لطول النبات وقطر  ۱٥۰% من الاحتیاجات المائیة في كلا من الموسمین.أدى تسمید نبات الذرة بمعدل  ۷۰% ، ۱۰۰مقارنتا بمعاملة 
 ۹۰أو  ۱۲۰ووزن حبوب الكوز ومحصول الحبوب للفدان وكذلك كفاءة استخدام والاستفادة من المیاه وصافى الدخل مقارنتا بالتسمید بمعدل حبھ  ۱۰۰الكوز ووزن الـ 

ول ومكوناتھ كجم نیتروجین للفدان الى تحسین صفات النمو والمحص ۱٥۰% من الاحتیاجات المائیة مع التسمید بمعدل ۱۰۰كجم نیتروجین للفدان.  أدت معاملة الري 
كجم نیتروجین للفدان للحصول  ۱٥۰% من الاحتیاجات المائیة مع التسمید بمعدل ۱۰۰لنبات الذرة وكذلك صافى الدخل.من نتائج البحث یمكن التوصیة برى الذرة بـ 

 على أعلى إنتاجیة وصافى الدخل.
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