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ABSTRACT 
 
 Field experiments were conducted during two successive growing seasons in split split plot design at the 
National Research Center farm , Nubaria area, Behura Governorate .Experiments investigated the effect of 
irrigation system: surface drip irrigation and sub-surface drip irrigation (SDI ; SSDI), irrigation levels 100, 75; 
50% of ETc (IR1, IR2; IR3 ), and nitrogen treatments 350, 262.5; 175 kg/fed (N1, N2; N3) on maize yield and 
quality , water use efficiency (WUE) and nitrogen use efficiency (NUE). Corn grains variety (Zea. Mays L., cv. 
Single cross 10 hybird) were planted on the 2ndweek of MAY and growing season lasted 120 days. The main 
results could be summarized as follows: the highest grain yield (5.8 ton/ fed.) was obtained in treatment 
(SSD×IR2×N1). Maximum value of WUE was 2.729 kg grains / m3 of irrigation water was recorded in the 
treatment (SSD× IR3× N1),while the minimum one was 1.47 kg grains / m3 of irrigation water recorded in the 
treatment (SSD×RI1× N3). The maximum value of NUE in kg kernels/ kg N was 40.8 and the minimum one was 
15.72 in the following interactions: (SSD×IR2×N3) and (SD×IR3×N1), respectively. 
 
Key words: Corn (Zea mays L.), Deficit irrigation, fertilizers, grain yield, Water use efficiency, Sandy soil. 
 
Introduction 
 
 Crop production during the summer months in the semi-arid environment of the Mediterranean regions 
relies on irrigation. River intakes and wells are the main sources of water supply for Egyptian farms. The limited 
water resources in the area and the cost of pumping irrigation water are the most important factors that force 
many farmers to reduce irrigation in many arid and semi-arid regions of the Egypt. The supply of nitrogen (N) is 
also important for crop production as much as water. The discriminate use of nitrogen leads to increase in 
production costs and environmental contamination (Burkart and Kolpin, 1993). Effective management strategies 
are desired that minimize input costs and environmental damage under suboptimal environmental conditions, 
but without sacrificing of crop performance or restriction of economic returns. Conditions of water and N deficit 
lead to reductions in crop production by reducing resource capture and resource use efficiency. Climate change 
predictions of increase in temperature and decrease in rainfall mean water will become even scarcer. Since 
agriculture is the major water user, efficient use of water in agriculture is needed for conservation this limited 
resource. Increases in water use efficiency (WUE) can be achieved by different strategies. One of these 
strategies is to change to crops capable of producing acceptable yields under deficit irrigation (Zwart and 
Bastiaanssen, 2004). Maize is a major summer crop in the irrigated areas of the Mediterranean region. In Nile 
Valley, maize covers 16% of the irrigated agricultural land. It is a water demanding crop, and can achieve high 
grain yields (10–12 ton/ ha) when water and nutrients are not limiting. However, maize is sensitive to water 
deficit (Pandey et al., 2000; Akir, 2004). Maize is particularly sensitive to water and other environmental 
stresses around flowering (NeSmith and Ritchie, 1992; Otegui et al., 1995; Pandey et al., 2000). This high 
sensitivity to water stress means that under water limited conditions it is difficult to implement irrigation 
management strategies without incurring in important yield Losses (Lamm et al., 1994). 
 Under drip irrigation, the ponding zone that develops around the emitter is strongly related to either 
irrigation frequency or water application rate (Wang et al., 2006), which therefore play a key role in determining 
the soil water content around the emitter, the amount of water percolation under the root zone and the water 
uptake pattern (El-Hendawy et al., 2008a,b). Thus, optimizing the coupling or matching between irrigation 
frequency and water application rate could help to achieve maximum yield and water use efficiency (WUE) by 
exerting positive or negative effects on the amount of water percolating under the root zone and/or available for 
uptake between two consecutive irrigation events. For instance, coupling very high irrigation frequency and rate 
will avoid stress situations, but at the cost of reduced drip irrigation and WUE as a result of the increased 
amount of water leaching beneath the root zone. Coupling very low irrigation frequency and rate, by contrast 
can cause water stress between successive irrigation events(especially in sandy soils) because the amount of 
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water applied at each event is insufficient to meet the water requirement of the plants as time proceeds. Water 
deficits will usually be especially acute and/or crucial during the reproductive stages of the crop(tasselling, 
silking, or grain filling). Maize has been reported to be very sensitive to water stress at these phonological 
stages. Forinstance, NeSmith and Ritchie (1992) reported that the reduction in maize yield exceeded 90% due to 
water deficit during the  tasselling and silking stages. 
 Variation in nitrogen (N) supply affects crop growth and development, reduced N supply decreases crop 
growth, kernel number and grain yield (Uhart and Andrade, 1995). Nitrogen availability and/or uptake may also 
be modified by water supply. More residual nitrate remains in the soil at the end of the cropping season when 
soil water is insufficient compared to when it is adequate (Fapohunda and Hussain, 1990). 
 Variable water supply either due to shortage of water or failure of the irrigation system to supply water at 
critical crop growth stages in many irrigated areas is becoming a problem in realizing optimal yield. This calls 
for evaluation of the effects of deficit irrigation under different N supply on maize productivity. Little 
information is available on seasonal crop water requirement and more information is needed on the effect of 
deficit irrigation with differential N rates on yield and quality, growth characters, WUE and NUE of maize 
under stress environment. 
 The objective of this work is to study the effect of irrigation system, irrigation regimes and nitrogen 
treatments on yield, yield component of maize and both water and nitrogen use efficiency. 
 
Materials and Method 
 
Field Experiments: 
 
 Field experiments were conducted in two successive growing seasons to study the effect of irrigation 
system, irrigation regimes and nitrogen fertilization level on plant characters, yield, water and nitrogen use 
efficiency under surface and subsurface drip irrigation in a sandy soil. 
 
Table 1: Some soil physical properties of the experiment at site. 

Sample 
depth, cm 

Particle Size Distribution, %  θw 
(w/w) 

 O.M. 
(%) 

  Texture 
class 

Coarse Sand Fine 
Sand 

Clay 
and Silt 

CaCo3 

(%) 
F.C             W.P           S. P pH 

(1:2.5) 
EC 

(dSm-1) 
0-20 57.76 50.70 2.45 7.02 10.1 4.7 21.0 0.65 8.7 

 
0.35 Sandy 

20-40 56.99 39.56 3.75 2.34 13.5 5.6 19.0 0.40 8.8 0.32 Sandy 
40-60 36.78 59.40 3.84 4.68 12.5 4.6 22.0 0.25 9.3 0.44 Sandy 

where: 
F. C: Field capacity, B.D: Bulk density,  W.P: Welting point, A.W : Available water 

 
Experiment Layout: 
 
 The experiments were carried out in split split plot design with three replications combined over method of 
irrigation. Corn grains ( Zea mays variety ) was planted at the second week of May and growing season lasted 
120 days . The main plots were devoted to surface and subsurface drip irrigation system; sub-main plots were 
devoted to irrigation treatment. Three irrigation rates were 100, 75, and 50 % of ETc (2931,2198 and 1465 
m3/fed) (IR1, IR2 and IR3). On the other hand, N- fertilizer treatments, in the sub-sub-plots. Three levels of N- 
fertilizer namely 350, 262.5 and 175 Kg/fed (N1, N2 and N3) in the form of ammonium nitrate (33.5 % N) were 
used. Three rates represent 100,75 and50% of the recommended by MALR., . The layout mentioned above was 
repeated three times. Maize fertilization schedule include the addition of 100 Kg calcium super phosphate (P2O5 
=15.5%) during seed bed preparation and 100 kg potassium sulfate (K2O =48.5%) in two equal doses during the 
vegetative growth as side application. Surface and subsurface drip irrigation method was used. Standard 
drippers were spaced 30 cm apart along 30 m lateral. Dripper discharge is 4 Lh-1 

 
Irrigation Requirement: 
 
 Standard methods for estimating water requirements and irrigation scheduling were as following: 
A-Estimating of potential evapotranspiration using the following equation (Hargreave and Samnai, 1982) 
ETP = 0.0075 × TF × SS × KS × ETR            (1)  
where: 

ETP = Potential evapotranspiration, (mm/day) 
TF = Mean daily temperature,  0(F) 
SS = Sunshine coefficient, TF  (100 x n / N) 0.5  
N  = Mean daily duration of max. possible sunshine hours hours 
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n = Actual mean daily duration of sunshine,  hours 
KS = Solar radiation coefficient, KS = 0.097 - 0.00042  RH
RH = Mean daily relative humidity,  (%) 
ETR = Extra terrestrial radiation, mm/day  

Irrigation interval was estimated from the following equation  
I = (A.W × A.D × Rd / ETa) ×Ei          (2) 
where: 

I = Allowable intervals between two irrigation, (day) 
A.W = Available soil water, Aw = F.C - P.W.P, (mm/m) 
F.C = Field  capacity,  (mm) 
P.W = Permanent wilting point, (mm) 
A.D = Allowable soil moisture depletion below field  

capacity 
 

Rd = Rooting depth,  (cm) 
ETa = Actual evapotranspiration, ETa = ETP * KC,  (mm/day) 
Ei = Irrigation efficiency, it could be taken as  

90.25% 
 

Water requirements were calculated according to the following equation: 
W.R = ETa× I (1+ L.R) × 4.2          (3) 
where: 

W.R = Water requirement,  (m3/fed) 
L.R   = Leaching requirement {ECIW / 2  ECDW} 

 
 

Total yield and some characters of plant:  
 
 The total yield of each treatment as determined using a frame 1m × 1m size. The frame was placed 
randomly and the maize plants within the frame were weighted. The recorded plant characters are: 
-  plant height (cm), 
-  number of ears per plant, 
-  weight of cob (g/plant), 
-  hundred seed weight (gm), 
-  grain weight per plant (gm), 
-  grain yield (Kg/fed.) and 
-  straw yield (Kg/fed.). 
 
Quality Parameters: 
 
Protein: 
 
 The protein content in the oven dried grains was estimated by indirect method. The oven dried grains was 
finely ground end plant powder was used to determine protein content. The nitrogen content in grains was 
estimated by Microkjeldahls method (Jackson, 1967) . 
 
Starch: 
 
 Hundred milligrams of finely powdered grain sample were homogenized in hot 80per cent ethanol to 
extract sugars. The residue was retained after centrifuging and washing repeatedly (3times) with 80 per cent hot 
ethanol till the washings gave no colour with a throne reagent. To the dried residue, 5.0ml of water and 6.5 ml of 
52 per cent perchloricacid was added. The residue was extracted for 20 minutes and supernatant was saved after 
centrifuging. The procedure was repeated three times with fresh perchloric acid. The volume was determined by 
a throne reagent as per the procedure (Sadasivam andManikam 1992). 
 
Water use efficiency (WUE): 
 
 This terminology refers to corn yield/ cubic meter of irrigation water (kg m-3). It was calculated according 
to Israelsen and Hansen (1962) as follows: 
 
WUE = Y / W         (4) 
 
Where: 
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WUE =  water use efficiency (Kg  m-3), 
Y = total grains yield  (Kg grains fed.-1), and 
W = total water applied  (m3). 
 
Nitrogen use Efficiency (FUE): 
 
 This terminology refers to the production of crop yield / kilogram of P2O5. It was calculated according to 
Israelsen and Hansen (1962), as follows: 
 
NUE = Y / N         (5) 
 
where: 
NUE = nitrogen use efficiency  (Kg grains  kg-1 N), 
N = Amount of N fertilizer applied  (kg N fed.-1). 
 
Statistical analysis: 
 
 All data collected were statistically analyzed as a split-split plot design with three replications using 
analysis of variance to evaluate main and interaction effects as described by Snedecor and Chocran, (1980). 
Means among treatments were compared using Least Significant Difference (LSD) at P 0.05 probability.  
 
Results and Discussion 
 
Grain and straw yield of corn: 
 
 Data in Fig.(1)  showed the  effect  of  irrigation  water  treatments  under surface and subsurface drip 
irrigation systems on grain yields of maize crop. Results indicated that the highest grains yield value was 5.0 
tonfed.-1 observed under subsurface drip irrigating using 75% of the ETc and 350 kg Nfed.-1. Meanwhile, the 
lowest value was 2.33 obtained with 50% of the irrigation water requirements and175 kg Nfed.-1  under Surface 
drip irrigation system. 
 Data in Fig. (2) indicated that the lowest stover yield value (4.17 ton/fed) was obtained under Surface drip 
irrigation system using 50% of the ETc and 175 kg Nfed.-1. On the other hand, the highest value was 6.58 
ton/fed gained with 75% of the ETc and 350 kg Nfed.-1under subsurface drip irrigation system. 
 In general, it can be concluded that subsurface drip irrigation system is appropriate for maize yield 
production under drought conditions. This may be attributing of the good distribution of water and nutrients 
through the active root zone. Also, it can be noticed that maximum Zea mays was observed by using the 
irrigation water amount equal to 75% of actual evapotranspiration. This may be due to the arid condition 
prevailing in the area. Therefore, lake in available water caused water stress that effect plant growth, plant 
physiological processes and consequently crop productivity (Riveroet al., 2007; Farouq, et al 2009 and Ali, et 
al. 2011). These results also reflect that variation in drip irrigation frequency is useful for determining whether 
maximum yield can be obtained under sufficient and limited water applications. For instance, the lower grain 
yield and yield components of IR1 when compared with IR2, despite the higher total amount of water for this 
treatment than IR2 and equal to IR1, could be due to the fact that the IR1 treatment resulted in a very humid 
region locally in the root zone and/or potentially resulted in deep percolation below the effective root (El-
Hendawy and Schmidhalter,2010) 
 It is recognizable that the crop yield was higher when using 75% of ETc in most cases. Also the straw yield 
was higher with 75% of the ETc in the same treatment. This finding indicated that 75% of the ETc may be more 
useful as it could induce a good aeration in the root rizospher and save more irrigation water. Data of the 
irrigation water use efficiency should confirm this result otherwise more work need to be carried out to confirm 
the suitability of using 75% of the ETc rather than 100%. Generally, data of grain and straw yield indicated that 
subsurface irrigation gave more yield than that of the surface one. In this concern, it may be important to 
indicate that such irrigation method require high efficient filtration method otherwise it has more problems than 
the surface drip.  
 
Growth characters: 
 
 Data in table (2) show that although grains per cob were also reduced with both water and N stresses. 
Number of grains was significantly affected by irrigation system, irrigation rates and N treatments. 
 Many kernels being small and light. A yield reduction in maize was attributable to a reduction in the 
number of well developed kernels. These also may be lost during shelling and cleaning. Overall, kernels per 



4737 
J. Appl. Sci. Res., 8(8): 4733-4743, 2012 

 

plant increased as irrigation increased; agree with (NeSmith and Ritchie, 1992) Moreover, kernel growth is 
directly impacted by soil and air temperature, water and N as well as source –sink relations with leaves and 
stem. Dupont, et al. (2006) agree with this finding. 
 Response to applied N each season was quadratic even through the kernels per plant in two season were 
numerically increased to the highest N rate. Similar to overall grain yield, the response to deficit irrigation in 
maize depended on the level of N at which the crop was grown. Water and N stress reduced kernel weight which 
reduced grain yield, but not to the extent that kernel numbers influenced yield. Deficit irrigation during 
vegetative growth had little if any effect on kernel weight, and reductions were found only when water was 
withheld during reproductive growth stages in addition to vegetative stages. It has been observed that drought 
stress reduces both kernel numbers and weight, but that kernel numbers are most impacted by side and air 
temperature, water and N. 
 Ears per plant were significantly reduced each season by both irrigation and N deficits. Similar to kernel 
numbers, N stress reduced ears per plant quadratic ally and water stress reduced ears per plant linearly. There 
was also a greater effect if irrigation was withheld during growth stages. Since the potential yield of maize is 
determined by kernel numbers and weight at a given plant density (Jacobs and Pearson, 1991), it is a certainty 
that shortage of N or water stress reduces grain yield by reducing kernels per ear (Sticker et al., 1995). Low 
supply of water during different phases of plant growth particularly at the reproductive stage is very harmful for 
seed development (Boutraa and Sanders, 2001). Grain yield is governed by the speed and period of grain filling 
stage which is a post-an thesis phenomenon (Nel, 2001). Availability of assimilates, particularly, carbohydrates 
can affect this phenomenon substantially. Assimilation and partitioning of assimilates during grain development 
are, undoubtedly of vital value (Carvalho et al., 2004). 
 In addition,Tarighaleslami, et al. (2012) demonstrated that with increasing severity of drought stress, grain 
yield decreased sharply but increased with nitrogen fertilizer, the time taken for pollination, grain weight and 
total number of grains/ear were also affected. 
 Abd El-Rahman(2009) revealed that grain and straw yields of wheat were increased by irrigating with drip 
irrigation.  

 

 
 
Fig. 1: Effect of both irrigation rate and Nitrogen fertilization level on grains yield under different irrigation 

system. 
 
 Colaizzi,et al. (2005) found that drip irrigation produced in cotton significantly larger yield and WUE than 
did spray or low energy precision application (LEPA) in 1 of 2 years; but, WUE values, which ranged from 
0.152 to 0.194 kg m-3, were not appreciably different for full irrigation and deficit irrigation at 75% of the full 
amount. Howell,et al. (2004) found larger WUE for deficit (half the full amount) sprinkler irrigated cotton in 
only 1 of 2 years. Values of WUE ranged from 0.144 to 0.219 kg m-3 in the latter study, and water use ranged 
from 578 to 775 mm while lint yield ranged from 0.65 to 1.31 Mg ha-1. 
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Fig. 2: Effect of both irrigation rate and Nitrogen fertilization level on stover yield under different irrigation 

system. 
 
Table 2: Effect of both irrigation level and nitrogen fertilization level on yield parameters under different irrigation system. 

Irrigation 
method 

Irrigation rate 
% of Etc 

Nitrogen 
fertilization level 

kg/fed. 

Plant 
height 
(cm) 

Cob No./plant Cob wt./plant 
(g) 

Grain 
wt./plant 

(g) 

Wt. of 100 
seeds 

S
ur

fa
ce

 d
ri

p 
 

ir
ri

ga
tio

n 

100 350 285 1.6 13 178 31.6 
262.5 279 1.5 14 172 31.3 
175 264 1.3 18 160 30.2 

75 350 292 1.7 12 182 32.0 
262.5 287 1.5 15 176 31.7 
175 273 1.2 19 167 30.7 

50 350 275 1.1 13 160 29.1 
262.5 272 1.0 17 150 26.7 
175 260 1.0 21 133 25.2 

S
ub

 s
ur

fa
ce

  
dr

ip
 ir

ri
ga

tio
n 

100 350 290 1.8 12 180 31.8 
262.5 287 1.5 14 172 31.3 
175 282 1.3 20 161 30.1 

75 350 296 1.9 11 186 32.4 
262.5 291 1.7 14 181 32.1 
175 284 1.4 18 170 30.8 

50 350 281 1.2 13 164 29.5 
262.5 272 1.1 20 155 27.1 
175 266 1.0 20 140 25.7 

 L.S.D at 5%  5 0.27 4.62 7.69 0.37 

 
Quality Parameters: 
 
 The data pertaining to quality parameters of maize, protein and starch contents (%) as influenced by 
irrigation and nitrogen management practices are depicted in Table 3. 
 
Protein content: 
 
 Application of nitrogen rates had no significant influence on protein content in grains. But the effect of 
irrigation levels had significant on protein content in grains However, the highest protein content (12.41%) was 
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recorded in treatment subsurface drip irrigation, IR1and N1. The lowest protein content (10.52%) was recorded 
under surface drip irrigation, IR3 and N3. 
 Stewart (2006) stated that grains contain enzymes, these enzymes are made of protein and when plants 
grown under drought conditions the amount and activity of the enzymes is reduced. 
 Thomison  et al (2009) demonstrated that N management will be an important factor in maximizing the 
grain protein of nutritionally enhanced maize hybrids. Furthermore, grain protein content was undesirably 
affected under extreme drought stress and fertilizer treatment.(Tarighaleslami, et al 2012) 
  
Starch content: 
 
 Starch content in maize grains also did not differ significantly due .However, the highest starch content 
(68.86%) was recorded in the treatment surface drip irrigation, 50% ETC and 350 Kg N/fed. The lowest 
(62.81%) starch content was recorded in treatment subsurface drip irrigation, 100% ETC and 175 Kg N/fed.  
 Carbohydrate including starch clearly affected by soil moisture conditions were observed by:Kakani, et al 
(2011) mentioned that under drought, however, increases in soluble sugars were observed. Pinhero and Chaves 
(2010) reported that photosynthesis is one of the key processes to be affected by water deficits, via decreased 
Co2 diffusion to the chloroplast and metabolic constrains. The relative impact of those limitations varies with the 
intensity of the stress, the occurrence (or not) of superimposed stresses. They added that total plant carbon 
uptake is further reduced due to the concomitant or over earlier inhibition of growth. Leaf carbohydrate status 
altered directly by water deficits and /or indirectly by its effect on other metabolic processes. This finally, 
reflected on carbohydrates moving from source to sink. 
 Data presented in Table (3) pointed out that starch content slightly increased as the N fertilizer rate 
increased up to the highest level used. Lattnzi, et al (2012) indicated that fructose content was enhanced by N 
deficiency. It was 55 and 26 % of dry mass at low and high N rates, respectively. 
 Furthermore, in the present study, the increase in kernel nutrient contents was positively correlated with 
kernel protein contents. These findings can be related to the earlier study of (Welch and Graham, 2004). 
 The interactive effects between nitrogen fertilizers and water quantity in irrigation of two irrigation systems 
on starch concentration were illustrated in Table (3).The highest percentage of starch was shown in grains of 
plants received 350 kg/fed N fertilizer and irrigated by 50 % of Etc under surface drip irrigation, however, the 
lowest in plants received 175 kg n/fed and irrigated by 75 % Etc under the same irrigation system. 
 The interaction of nitrogen fertilizer rates, irrigation water quantity and system of irrigation effects on 
protein content were noted in Table (3). The highest protein concentration was obtained in grains of plants 
received the highest N fertilizer and irrigation by 100 of Etc under subsurface irrigation system followed by 
those received the same rate of N fertilizer and irrigation rate under surface irrigation system. Ngabouga, et al. 
(2008) concluded that field conditions, low nitrogen and drought reduced additive and material effects on 
protein concentration while reduced non additive effects on tryptophan concentration. 
 
Water use Efficiency: 
 
 Water use was greater at higher N rates and under full irrigation. There was little difference between the 2 
years for total ET. Water use efficiency increased linearly with increasing N at all irrigation regimes and in both 
seasons. 
 Fig (3) showed the effect of irrigation treatment on water use efficiency under Surface and Subsurface drip 
irrigation systems. Data indicated that the highest value of water use efficiency (WUE) was 2.183kg grain m-3 
obtained under subsurface drip irrigation system at 50% of Etc. meanwhile, the lowest value was 1.119 kg grain 
m-3 was obtained by 100% of ETc under surface drip irrigation system. The obvious data indicated that, water 
use efficiency is not a good parameter for evaluating irrigation systems. These results may be due to the 
minimum value of irrigation water amount and minimum value of yield production.   
 Al-Omran, et al (2010) noticed that, when fresh water was used, the amendment type affected both the yield 
and WUE in both seasons. 
 
Nitrogen Use Efficiency: 
 
 Fig. (4) indicated that the highest value of nitrogen use efficiency (NUE) was 23.428 kg yield kgN-1 
obtained under subsurface drip irrigation system by using 75% of the ETcand 175 Kg N/fed..Mean while, the lowest 
value was 9.524 kg yield kgN-1, obtained by using 50% of ETc and 262.5 KgN/fed.under surface drip irrigation 
system.  
 Dupont, et al (2006) noticed that improving N use efficiency is of great economic and environmental 
importance which directly affected grain protein content. This parameter affected by complex interactions 
between genetic, environment and N availability. Abd El-Rhaman (2009) emphasized that Water use efficiency 
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of Wheat under Drip Irrigation Systems for the three varieties expressed as Kg m-3 of water consumed was 
increased using (S = 4 L/h on 2 lines) treatment and the highest WUE values were 1.20, 1.17 & 1.13 Kg/m for 
Giza 7, Sakha 8 and Giza 69, respectively. 
 
Table 3: Effect of both irrigation rate and nitrogen fertilization level on yield quality under different irrigation system. 

Irrigation method Irrigation 
rate % of 

Etc 

Nitrogen fertilization 
level kg/fed. 

Protein (%) Nesha 
(%) 

 
Protein 
kgfed-1 

 
Nesha Kg 

fed-1 

Su
rf

ac
e 

dr
ip

  
ir

ri
ga

tio
n 

100 350 12.36 63.94 511.7 2647.12 
262.5 12.13 63.83 434.3 2285.11 
175 12.00 63.04 393.6 2067.71 

75 350 11.54 66.33 534.3 3071.08 
262.5 11.38 66.21 459.6 2674.88 
175 11.13 66.01 379.5 2250.94 

50 350 11.10 68.86 325.2 2017.59 
262.5 10.83 68.22 270.7 1705.5 
175 10.52 67.13 245.1 1564.13 

S
ub

 s
ur

fa
ce

  
dr

ip
 ir

ri
ga

tio
n 

100 350 12.41 63.42 536.1 2739.74 
262.5 12.32 63.1 510.0 2612.34 
175 12.1 62.81 400.5 2079.01 

75 350 11.68 66.13 560.6 3174.24 
262.5 11.53 66.11 544.2 3120.39 
175 11.25 66.03 461.3 2707.23 

50 350 11.13 68.10 333.9 2043 
262.5 11.11 68.00 277.8 1700 
175 10.81 67.83 260.5 1634.70 

L.S.D at 5%  0.03 0.21 0.13 0.34 

 

 

 
 
Fig. 3: Effect of both irrigation rate and Nitrogen fertilization level on water use efficiency under different 

irrigation system. 
 
 From the aforementioned results it can be concluded that, the increase of the applied amount of irrigation 
water to plant decrease the water and fertilizer use efficiency. This may be due to the minimum maize 
production by applied minimum amount of irrigation water. 
 
Conclusion: 
 
 From the above mentioned presentation, it can be concluded that: 
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1- Yield: the highest maize yield (5.8 ton/ fed.) was obtained with treatment (SSD × IR2×N1). (sub surface drip 
irrigation, 75% of ETc and 350kg N /fed). 
2- From the results of the present comprehensive maize kernel and rates of protein and starch in kernel 
analyses, it could be concluded that drought might be considered as one of the most visible factors which 
affected the chemical composition of maize kernel. 
3- Water use efficiency: maximum value of WUE was 2.183 kg kernels / m3 of irrigation water as recorded the 
treatment SSD× IR3× N1,with the treatment (sub surface drip irrigation,50% of Etc and250 kg N /fed) while the 
minimum value was 1.119 kg kernels/ m3 of irrigation water as recorded with the treatment SD× RI1× N3, 
(surface drip irrigation , 100% of ETc and 125 kg N /fed). 
4- Nitrogen use efficiency: the maximum values of NUE in kg kernals/ kg N 23.428 and the minimum ones 
9.524 in the following interactions (SSD ×IR2×N3) (sub surface drip irrigation,75% of ETc and 125 kg N/fed.) 
and (SD×IR3×N1), (surface drip irrigation,50 %of ETc and 250kg N/fed ), respectively. 
 

 

 
 
Fig. 4: Effect of both irrigation rate and Nitrogen fertilization level on nitrogen use efficiency under different 

irrigation system. 
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