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ABSTRACT 
 
 Sustainable crop production should be managed to enhance soil ecosystems, improving soil health and 
fertility and reversing degradation and pollution of land. As well as, it should be contributed to maintaining and 
improving, and efficiently utilizing, water resources (quantity, access, stability and quality), especially 
promoting practices that minimize risks of water pollution from agrochemicals and save water. In present study, 
the effect of land leveling, cut off irrigation and N- fertilizer on yield and yield components of wheat have been 
studied. The results showed that the highest yield of grain and straw of wheat was obtained with using N-
fertilization rate 288 kg N ha-1, land levelling rate 0.01 % of surface slope and cut off stream of irrigation rate 
75%. The best investment factor (2.64) was also achieved using the previous treatment. The results of this study 
suggest that, irrigation application efficiency (%) increased from 66 % (for control) to 75.4 % for cut off 75 % 
of stream irrigation and land leveling with 0.01 % slope. Thus, about 30.8 % from the applied water for 
irrigation is saved by the previous treatment.  
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Introduction 
 
 Crop productivity, given a scarce resource scenario, is mainly determined by the availability and efficiency 
in the use of limiting resources. Understanding the eco-physiological basis for improved resource management 
has become increasingly important during the last decade (Cossani et al. 2012). Soil and water quality are 
critical components of sustainable agriculture. Soils and water vary in quality and that soil and water quality 
change in response to use and management. The soil system is characterized by attributes that both range within 
limits and interrelate functionally to each other. Therefore, these attributes can be used to quantify soil quality. 
Soil is an open system, with inputs and outputs, that is bounded by other systems collectively termed 
environment. Sustainability then, while multidimensional, is certainly focused both on the quality of the soil and 
water resource base, the relations between its use and management, and the environment (Zalidis et al. 2002). 
Increasingly, agricultural systems around the world are facing pressure to improve their sustainability. 
Environmental problems such as dryland salinity, soil erosion and degradation, nutrient leaching and 
eutrophication have arisen in conventional farming systems relying on annual crops and pastures (Bell et al. 
2008). 
 Bread wheat (Triticum aestivum L.) is the most widely grown and consumed food crop and is the staple 
food for 35 % of the world population (Rajaram et al. 2007). The irrigated wheat systems contribute over 40 % 
of wheat production in the developing world. To meet the growing wheat demand, the global production need an 
1.6 % to 2.6 % annual growth rate, which can be mainly achieved through improvement in input use efficiency 
(Rajaram et al. 2007). However, under the current production practices, crop productivity and input use 
efficiency has decreased/stagnated (Jat et al. 2011).  
 Because of its importance in the Egyptian diet, wheat is considered a strategic commodity in the country. It 
provides more than one-third of the daily caloric intake of Egyptian consumers and 45 % of their total daily 
protein consumption. Wheat is mainly consumed in the form of bread. It is also the major staple crop produced 
in Egypt, occupying about 32.6 % of the total winter crop area. One dilemma that the government faces is how 
to move to a private wheat marketing system without jeopardizing food security for low-income groups 
(Kherallah et al. 2000). The improvement of input use efficiency (specifically of water & nutrients) in wheat 
cropping systems can be achieved through two main strategies: by adopting precise and more efficient crop 
management practices and germplasm (Jat et al. 2011). 
 Nitrogen (N) is one of the most yield-limiting nutrients for crop production in the world. It has been 
recognized as an essential nutrient for plant growth for more than a century. It is also the nutrient element 
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applied in the largest quantity for most annual crops. Significant advances emerged in N fertilizer technology 
during the last half of the 20th century. Furthermore, the essential role of N in increasing crop production and its 
dynamic nature and property for N loss from the soil–plant system create a unique and challenging environment 
for its efficient management. In addition, efficient or optimal management of N in the agroecosystem is still a 
debatable issue (Fageria, 2009). Systems of agriculture that rely heavily on soil reserve to meet the N 
requirements of plants cannot long be effective in producing high yields of crops. It is usually added as a 
fertilizer and is required for all types of soils. To increase crop yields, growers worldwide apply over 80 million 
metric tons of nitrogen fertilizers per year (Epstein and Bloom, 2005).  
 Water–nitrogen relationships or production functions are considered as useful tools in the management of 
water and nitrogen application for optimization of crop productivity. These functions can be used in managing 
water resource for achieving maximum returns with minimum amount of water application as irrigation (English 
and Raja, 1996). If pests and diseases are controlled, yield of any crop in a given environment mainly depends 
upon irrigation and fertilizer nitrogen (N) management. Both water and nitrogen are subjected to losses by many 
pathways if not managed properly. Therefore, there is a considerable interest in strategies that enhance nitrogen 
use efficiency and productive use of applied irrigation water leading to increased productivity. Experimental 
results are used to develop general fertilizer recommendations for the whole region although experiments are 
conducted on a smaller scale (Montazar and Mohseni, 2011).  
 Precision land leveling using laser assisted land leveler equipped with drag scrapper is a process of 
smoothening the land surface within ± 2 cm of its average micro-elevation. It is contemplated that laser levelers 
may play a significant role in improving resource use efficiency under surface irrigated systems. Improvement 
in operational efficiency (Rajput et al. 2004), weed control efficiency (Jat et al. 2004), water use efficiency (Jat 
et al. 2009), nutrient use efficiency (Choudhary et al. 2000), crop productivity and economic returns (Rickman, 
2002), and environmental benefits (Jat et al. 2006) been reported as a result of precision land leveling when 
compared to traditional practice of land leveling. Significant increase in water use efficiency (WUE) on laser 
level fields has been reported by several researchers under different soil and climatic conditions (Jat et al. 2011). 
 Water deficit is an important constraint for wheat yield generation in the dry environments. However, 
nitrogen availability could limit yield in a more important way than poor water conditions. Thus, the objective 
of the present study was to evaluate the yield and water productivity indices response of winter wheat in an arid 
region to the combined effects of land leveling and applied N fertilizer. The results of this study can be helpful 
in policy planning regarding irrigation management for maximizing net financial returns from limited land and 
water resources. It could be hypothesized that a systematic effort on integrated technologies (precision laser 
leveling, cut off irrigation and nitrogen – fertilizer management) would improving resources use efficiency 
under arid climatic conditions of Egypt. 
 
Materials and Methods 
 
Experimental site and treatments: 
 
 Field trials were carried out at the experimental station of Agricultural Research, Sakha, Kafr El Sheikh, 
which lies in 134 km north Cairo. The experiment was conducted during 2009/2010 to study effect of land 
leveling, cut off irrigation and N – fertilizer on yield and yield components of wheat. The experiment was 
conducted in split – split plot design, with three replicates. The main plots were assigned to land leveling (L1, 
L2 and L3), sub plots (cut off irrigation): I1, I2, and I3, and sub – sub plots (N fertilizer levels): N1, N2, and N3. 
The plot area was 10.5 m2. The previous cultivated crop was rice. Table 1 shows the experimental design. 
 
Table1: The experimental design. 

Treatments 
Land leveling  
L1 Traditional land leveling farmer’s practices 
L2 Dead level (0.0%) slope  
L3 0.01% ground surface slope 
Cut off irrigation  
I1   0 % cut off stream of irrigation or irrigation tail furrow 
I2 15 % cut off stream of irrigation (85% of irrigation run) 
I3 25 % cut off stream of irrigation (75% of irrigation run) 
N – fertilizer levels  
N1 180 kg ha-1 (  75 kg N fed-1) 
N2 240 kg ha-1 (100 kg N fed-1) 
N3 288 kg ha-1 (120 kg N fed-1) 

 
 Wheat (Sakha 93 var.) was sown on 25th November in 2009 and harvested on 5th May. The N was applied 
as urea (46.5 % N). The other required cultural practices for growing wheat were followed properly as 
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recommended for the region. The following data were recorded: number of spikes per m2, number of grains per 
spike, grain yield kg ha-1 (determined by threshing the harvested area 4.2 m2 from each plot), and straw yield 
(ton ha-1). The wheat – rice and wheat – maize rotation is evaluated in the next parts in this series “Sustainable 
Water and Nutrient Management”. 
 
Soil sampling and analysis: 
 
 Before the treatments lay out random soil samples (0 – 20 and 20 – 40 cm depth) were collected and 
composited (Tables 2 and 3). Composite soil samples were dried, sieved through 2 mm mesh and were 
analyzed for texture, pH, EC, available N, P (Olsen et al. 1954) and K (Page et al. 1982). The bulk density was 
measured using core-ring method and one core per stratus of each plot was collected and the samples were oven 
dried for 48 h at 105°C, weighed and bulk density calculated according to reference (Blake and Hartge, 1986). 
Particle size distribution was determined according to Piper (1950). 
 
Plant analysis and nutrient uptake:  
 
 The measured plants for growth and yield were used for analyzing the N, P and K content in grain and 
straw. The grain and straw samples were dried at 65°C in a hot air oven. The dried samples were ground in a 
stainless steel Wiley Mill. The N content in grain and straw were determined by digesting the samples in 
sulfuric acid (H2SO4), followed by analysis of total N by Kjeldahl method (Page et al. 1982). The P content (in 
grain and straw) was determined by spectrophotometer and the K content in both grain and straw was analyzed 
by flame photometeric method (Jackson, 1967). The uptake of the nutrients was calculated by multiplying the 
nutrient content (%) by respective yield (kg·ha–1) and was divided by 100 to get the uptake values in kg·ha–1. 
The uptake in grain and straw was summed to get the total uptake of nutrient per hectare. The following 
equations were used to calculate the fertilizer and water use efficiencies and the economic analysis: 
 
Crop water productivity (CWP): 
 
 CWP (kg m−3), which is originally referred to in literature as ‘water use efficiency’, is defined as the actual 
marketable crop yield (Yact) over the actual seasonal crop water consumption by evapotranspiration (ETact): 
 
CWP = Yact/ETact                                                          (1) 
 
Where: Yact (kg ha−1) and ETact (m

3 ha−1) according to Zwart and Bastiaanssen (2004) 
 
Crop water use efficiency (CWUE): 
 
 Crop water use efficiency is the weight of marketable crops produced per the volume unit of water 
consumed by plants or the evapotranspiration quantity. The crop water use efficiency was computed for the 
different treatments by dividing the grain wheat yield (kg ha-1) on units of evapotranspiration expressed as cubic 
meters of water as follows (Tennakoon and Milroy, 2003): 
 
CWUE = Grain yield (kg ha-1)/ units of evapotranspiration (m3 water)              (2) 
 
Field water use efficiency (FWUE): 
 
 The field water use efficiency was measured to clarity the variations in yield due to irrigation water applied, 
it was calculated according to Michael (1978) as follows:                                     
 
FWUE = Y/Wa                                                             (3) 
 
Where: FWUE = Field water use efficiency (kg m-3) 
Y = Total yield produced (kg ha-1) and Wa = Total amount of water applied (m3 ha-1) 
 
Irrigation efficiency (IE):  
 
 IE could be defined as the proportion of irrigation and rainfall input to the farm for crop production which 
was eventually used by the crop as evapotranspiration (ET) between sowing and harvesting (Tennakoon and 
Milroy, 2003). 
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Recovery of N fertilizer (%) and N use efficiency (NUE):  
 
 Both were calculated for each treatment according to the following equations according to Crasswell and 
Godwin (1984): 
 
Recovery of N fertilizer (%) = [(Total N-uptake from fertilizer– Total N-uptake from control)/ N-applied from 
fertilizer] X100%                                              (4) 
 
N use efficiency (NUE) = [(Grain yield from N-fertilizer – grain yield from control)/ added N-fertilizer] = Kg 
grains / Kg N                                                                (5) 
 
Economic evaluation (profitability): Profitability was calculated according to the equations outlined by FAO 
(2000): 
1- Total return = Yield (grain + straw) × price ($)                                                    (6) 
2- Net return (NR, $ ha-1) = Total return ($ ha-1) – total cost ($ ha-1)                       (7) 
3- Investment factor (IF) = Total return / total cost                                                  (8) 
 
Statistical analysis: 
 
 The results were analyzed statistically by a General Linear Model procedure and 2 way analysis of variance 
(ANOVA) using Cohort computer program according to the method of Gomez and Gomez (1984). Mean 
separation procedure was performed using LSD’s test at a 0.05 level of significance. Correlation analysis is used 
to determine the relations between the factors. All calculations were made on a dry weight basis. 
 
Table 2: The mean values of some soil chemical properties of the experimental site before cultivation 

Soil depth 
(cm) 

EC 
(dS m-1) 

pH Soluble captions (Meq L-1) Soluble anions (Meq L-1) 
Ca2+ Mg2+ Na+ K+ CO3

-2 HCO3
- Cl- SO4

-2 
0-20 1.82 7.98 2.9 4.0 12.4 0.2 - 0.9 8.7 9.6 
20-40 1.93 8.15 3.1 4.2 13.1 0.2 - 1.1 9.2 10.1 

 
Table 3: The mean values of some soil physical properties and some water constants of the experimental site before cultivation. 

Soil 
depth 
(cm) 

Particle size distribution (%) Texture 
class 

Field 
capacity 

(%)

Wilting point 
(%) 

Available 
water (%) 

Bulk density 
(Kg m-3) Sand Silt Clay 

0-20 18.6 32.9 48.5 clayey 42.65 21.95 20.70 1.19 
20-40 16.3 33.5 50.2 clayey 40.78 20.55 20.23 1.16 

 
Results: 
 
Yield and yield components: 
 
 Wheat (Triticum aestivum L.) is a member of the Poaceae or Graminae grass family. It was one of the 
earliest crops cultivated and dates back to 11,000 B.C. in the Middle East. By about 4,000 B.C., wheat farming 
had spread to Asia, Europe, and northern Africa. Wheat covers more cultivated land than any other food crop 
and is one of the most important. It grows in a wide range of climates (best in fairly dry and mild climates) and 
soils (best grown on clay and silt loams). In most wheat-growing areas, farmers grow the crop on the same land 
every year. This produces soil fertility problems and increased potential for water and wind erosion. The grain is 
harvested when its moisture level is not more than 14%. Harvested products include or are made into bran, 
bread, flour, gluten, pasta, starch, and straw for litter and bedding. Plants are sometimes harvested for grazing or 
fodder (Jones, 2003). 
 Application of nitrogen significantly increased grain and straw yields of wheat. Maximum grain and straw 
yields (6.54 and 9.84 ton ha-1, respectively), 1000 grain weight (51.7 g), weight of grains per spike (2.8 g), 
number of spike (324.9 m-2), spike length (10.53 cm), plant height (110.5 cm), were found with the application 
of 288 kg N ha-1. All previous parameters significantly increased with increasing of N- fertilizer level from 180 
kg N to 288 kg N ha-1. As well as, land leveling (0.01% ground surface slope) and cut off irrigation (75% of 
irrigation run) were represented the maximum values for all previous wheat yield and yield components (Table 
4). 
 Results presented in Table 5 show the correlation coefficients for the relationships between yield and yield 
components of wheat. Positive correlation coefficients (r) were determined between yield and yield components 
of wheat and values varied from r= 0.28* to r= 0.99**. According to these results, it could be said that, closed 
relationships existed between yield and yield components of wheat.  
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Table 4: Impact of land leveling, cut off irrigation, mineral N levels on wheat yield and yield components 
Treatments Grain yield 

(ton ha-1) 
Straw yield 
(ton ha-1) 

1000 grains 
weight (g) 

Grains weight 
per spike (g) 

No. of spike 
per m2 

Spike 
length 
(cm) 

Plant height 
(cm) 

Land Leveling 
L1 5.942 c 8.921 c 49.04 c 2.51 c 319.6 a 9.4 c 101.4 c 
L2 6.252 b 9.435 b 50.69 b 2.60 b 322.8 a 10.2 b 104.7 b 
L3 6.726 a 10.102 a 52.60 a 2.64 a 323.0 a 10.8 a 107.1 a 

LSD0.05 0.022 0.006 0.31 0.013 2.01 0.07 0.6 
Cut off irrigation 

I1 6.149 c 9.254 c 50.15 c 2.55 c 321.5 a 9.93 c 103.3 c 
I2 6.298 b 9.469 b 50.74 b 2.59 b 321.7 ab 10.13 b 104.2 b 
I3 6.474 a 9.736 a 51.43 a 2.61 a 322.1 b 10.36 a 105.7 a 

LSD0.05 0.008 0.068 0.072 0.005 0.46 0.01 0.14 
N-Levels 

N1 6.056 c 9.112 c 49.92 c 2.35 c 318.4 c 9.72 c 96.4 c 
N2 6.321 b 9.505 b 50.68 b 2.57 b 322.1 b 10.16 b 106.2 b 
N3 6.544 a 9.842 a 51.72 a 2.83 a 324.9 a 10.53 a 110.5 a 

LSD0.05 0.009 0.05 0.08 0.005 0.48 0.01 0.15 
Interactions 

T*C ** ns ** * ns ** ** 
T*N ** ns ** ns ns ** ** 
C*N ** ** ** ** ns ** ns 

T*C*N ** ns ** ** ns ** ** 
Values followed by the same letters are not significantly different by LSD’s test at 0.05 level 
 
Table 5: Correlation coefficients (r) for the relation between yield and yield components of wheat. 

 Grain 
yield 

Straw 
yield 

1000 grains 
weight (g) 

Grain weight 
per spike 

No. of 
spike per 

m2 

Spike 
length 

Plant 
height 

Grain yield        
Straw yield 0.99**       

1000 grain weight 0.44** 0.44**      
Grain weight per spike 0.67** 0.70** 0.32**     

No. of spike per m2 0.71** 0.73** 0.32** 0.90**    
Spike length 0.69** 0.69** 0.46** 0.70** 0.76**   
Plant height 0.76** 0.78** 0.28* 0.95** 0.90** 0.77**  

** Correlation significant at the 0.01 level (2-tailed) 
* Correlation significant at the 0.05 level (2-tailed) 

 
Crop and field water use efficiency (CWUE and FWUE): 
 
 It is well established that, crop yield is negatively affected by land leveling and it significantly decreased in 
the most disturbed area of production. In addition, irrigation water intensity and its distribution pattern had a 
significant effect on yield in this leveled plot, due not only to the non-uniform water redistribution in the soil 
profile, which affects water availability for plants, but also to the time in which this water was available (Fig. 1, 
Ramos and Martinez-Casasnovas, 2006). 
 Both of CWUE and FWUE were calculated using equations no. 2 and 3. CWUE and FWUE were increased 
with increasing of N – fertilizer levels under different irrigation and land leveling treatments as shown in Table 
6. The highest values of CWUE and FWUE (2.7 and 1.99 kg m-3, respectively) were recorded for 0.01 % slope 
of land leveling, 288 kg N ha-1 and cut off irrigation at 75 % comparing with other treatments. 
 
Nutrient uptake and nitrogen use efficiency (NUE): 
 
 The increase in crop yields due to N application may be associated with increase in panicles or heads in 
cereals and number of pods in legumes. Nitrogen improves grain or seed weights in crop plants and reduces 
grain sterility. Nitrogen also increases shoot dry matter, which is positively associated with grain yield in cereals 
and legumes. Grain harvest index (grain yield/straw dry weight plus grain yield) and N harvest index (N uptake 
in the grain/N uptake in grain plus straw) are also reported to be improved by addition of N to crop plants. These 
two plant traits are reported to be positively associated with yield in field crops (Fageria, 2009). 
 Nitrogen use efficiency (NUE) and N – recovery (%) were calculated according to equations no. 5 and 4. 
NUE and N- recovery were decreased with increasing of N – fertilizer levels (from 180 to 288 kg N ha-1) under 
different irrigation and land leveling treatments as shown in Table 6. In contrast, NUE and N- recovery were 
increased with increasing of the cut off irrigation and land leveling treatments from I1 to I3 and from L1 to L3, 
respectively. The highest values of NUE and N- recovery (30.5 kggrain kg-1 N and 76.2 %, respectively) was 
recorded for 0.01 % slope of land leveling, 188 kg N ha-1 and cut off irrigation at 75 % comparing with other 
treatments.  
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Table 6: Effects of land leveling, cut off irrigation, mineral N levels on total uptake for grain and straw (kg ha-1), N-recovery (%) and 
nitrogen use efficiency (NUE, Kggrain kg-1 N), crop and field water use efficiency (CWUE and FWUE) by yield of wheat 

Treatments Total uptake (kg ha-1) N-recovery 
(%) 

NUE 
(kggrain 
kg-1 N) 

CWUE 
(kg m-3) 

FWUE 
(kg m-3) N P K 

Control 15.84 c 4.55 c 16.7 d - - - - 
L1 I1 N1 125.28 b 29.03 b 122.1 c 60.8 a 24.5 a 1.86 c 1.04 c 

N2 125.28 b 31.68 b 131.9 b 48.6 b 19.6 b 1.96 b 1.09 b 
N3 139.39 a 33.58 a 137.6 a 42.9 c 17.1 c 2.03 a 1.13 a 

I2 N1 132.4 b 31.39 a 130.7 b 62.8 a 25.1 a 1.96 b 1.10 a 
N2 129.0 c 29.49 a 125.5 c 51.4 b 20.5 b 2.09 ab 1.18 a 
N3 139.3 a 32.88 a 135.3 a 46.9 c 17.7 c 2.16 a 1.21 a 

I3 N1 150.9 a 35.25 a 141.6 a 65.5 a 26.1 a 2.04 b 1.24 c 
N2 139.6 b 32.60 b 134.2 b 52.5 b 20.7 b 2.14 ab 1.29 b 
N3 133.6 c 30.93 b 131.3 c 47.7 c 17.9 c 2.20 a 1.34 a 

L2 I1 N1 141.6 b 33.35 a 138.8 b 66.6 a 26.7 a 2.05 b 1.22 c 
N2 153.2 a 35.71 a 145.1 a 52.7 b 21.0 b 2.13 ab 1.27 b 
N3 142.8 b 33.35 a 138.8 b 46.3 c 18.2 c 2.20 a 1.31 a 

I2 N1 139.2 c 32.37 a 134.2 b 68.6 a 27.3 a 2.12 b 1.36 c 
N2 149.5 b 31.91 a 133.0 b 55.7 b 21.2 b 2.20 ab 1.40 b 
N3 157.9 a 33.58 a 141.6 a 49.3 c 18.7 c 2.30 a 1.46 a 

I3 N1 142.3 c 34.1 b 142.8 c 70.3 a 27.9 a 2.25 c 1.50 c 
N2 147.3 b 35.0 b 152.6 b 54.8 b 21.7 b 2.32 b 1.55 b 
N3 162.4 a 38.1 a 162.7 a 51.0 b 19.1 c 2.42 a 1.62 a 

L3 I1 N1 145.6 c 34.3 b 142.3 b 72.1 a 28.7 a 2.23 c 1.45 b 
N2 153.6 b 35.7 b 150.4 a 57.4 b 22.6 b 2.32 b 1.50 ab 
N3 157.2 a 37.6 a 152.2 a 49.1 c 19.3 c 2.37 a 1.54 a 

I2 N1 150.4 c 35.5 b 149.2 c 74.8 a 29.9 a 2.34 c 1.68 c 
N2 160.5 b 36.9 b 155.7 b 60.3 b 23.0 b 2.39 b 1.72 b 
N3 171.8 a 39.8 a 166.0 a 54.2 c 20.1 c 2.48 a 1.78 a 

I3 N1 152.8 c 36.7 c 153.1 c 76.2 a 30.5 a 2.44 c 1.80 c 
N2 172.5 b 39.8 b 169.9 b 65.3 b 24.8 b 2.61 b 1.92 b 
N3 183.1 a 42.9 a 179.2 a 58.1 c 21.6 c 2.70 a 1.99 a 

 
 At harvest, wheat plants (grain and straw) were prepared in order to measure the concentration of selected 
some essential macro-nutrients, i.e., N, P, and K to calculate the uptake of these nutrients in plant tissues. The 
total uptake of N, P and K was increased with increasing of N – fertilizer levels under different irrigation and 
land leveling treatments and the highest values (183.1, 42.9, and 179.2 kg ha-1, respectively) were recorded for 
0.01 % slope of land leveling and cut off irrigation at 75 %  comparing with other treatments and control.  
 
Irrigation efficiency and applied, stored, and saved water: 
 
 A large volume of research is available on interaction effects of irrigation and fertilizer N on wheat and 
empirical analysis for computing combinations of water and N for realizing different yield targets. When water 
is limiting, the sum of optimum applied nitrogen and soil residual nitrogen is constant similar to that obtained 
when land is limiting. The optimum nitrogen application was mainly influenced by soil residual nitrogen, but 
not by the water or land limiting conditions. Nitrogen plays a key role in plant nutrition. It is the mineral 
element required in the greatest quantity by cereal crop plant and it is the nutrient most often deficient. As a 
result of its critical roles and low supply, the management of nitrogen resources is an extremely important aspect 
of crop production (Montazar and Mohseni, 2011). 
 Applied and stored water decreased from traditional land leveling to 0.01 % slope, whereas both saved 
water and irrigation efficiency was increased for previous treatments as shown in Fig. 1. The negative 
correlation coefficients (r) for applied and stored water were 93 and 84 %, respectively, whereas positive r = 93 
and r = 98 for saved water and irrigation efficiency, respectively. According to these results, there is a close 
relationship between land leveling and irrigation efficiency. 
 
Economic evaluation: 
 
 It is well established that, the main objectives of land leveling are given attention to: 1) achieve water 
application uniformity in the field to avoid having areas of water logging and others of water stress. Uniformity 
of water application will thus contribute to increased crop production. 2) Water losses could be minimized 
through reducing farm water run-off. In Egypt, land leveling, particularly laser leveling is practiced on a large 
scale in either by the governmental, public and/or private sector. The very pronounced example is that applied in 
sugarcane fields where the government is subsidizing the laser leveling in these fields by about 50 % of its cost. 
Another type of this land leveling is that being implemented in rice cultivation areas, where leveling is done 
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under water by a wooden beam using animal traction. This is to minimize the water infiltration and losses by 
percolation through the soil profile (Shalaby et al. 2007). 
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Fig. 1: Effects of different treatments on grain yield of wheat and water consumptive use. 
 
 The costs, risk, and additional management associated with the conversion of agricultural land from 
conventional tillage to conservation tillage play a significant role in the producers’ likelihood of adoption of 
such practices. Many factors including crops and cropping systems, environment and the farm condition, such as 
farm size and economic position, influence the economics of tillage. The economic impact of land leveling is a 
significant concern for producers, who are continually adapting to a changing market place. In this present 
study, costs of agronomic treatments or inputs included chemical fertilizer (urea, potassium sulfate and mono – 
super phosphate), machinery costs (tillage, land leveling, irrigation, and harvest) and labor costs for agronomic 
treatments (e.g., fertilizer, irrigation, and harvest management). The costs also include pesticide, seeds, and soil 
rent, and outcome of grain and straw yields were calculated to evaluate the experiment economically (Figs. 2 
and 3). 
 The net return was calculated for each treatment as shown in Fig. 2. The net return values were increased 
with increasing N- fertilizer levels, whereas the highest value of net return (2252 $ ha-1) was recorded for land 
leveling 0.01 % slope and 288 kg N ha-1. The similar results were obtained for the investment factor as shown in 
Fig. 3, where the height value of investment factor (2.64) was also recorded for land leveling 0.01 % slope and 
288 kg N ha-1. 
 
Discussion: 
 
 In Egypt, it is well established that, to attain a sustainable and greater amount of wheat grain yield, 
additional irrigation is required. Thus, the development of an optimum irrigation water management scheme is 
necessary to maintain a sustainable crop production. Water shortages are an important factor limiting grain 
production in many parts of the world. For this reason, it is important to improve grain yield and WUE for 
wheat production in Egypt. However, nitrogen (N) shortages may be quite important in defining grain yield 
under rainfed conditions (Cossani et al. 2011). Passioura and Angus (2010) recently reviewed the current 
literature, and showed that farmers’ yields generally fall well below the expected levels if water is the main 
limitation, suggesting that management practices may allow improvements in WUE.  
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Fig. 2: Effects of land leveling, cut off irrigation and N- fertilizer treatments on net return. 
 
 In this study, the results show that opportunity exists for managing N fertilizer inputs more efficiently with 
wheat production. Grain yield in wheat is the result of number of effective tillers, number of grains per spike 
and grain weight (Ahmad et al. 1988), and these measures are affected by land leveling, N input and irrigation 
management. As shown in Table 4, significantly higher yield of wheat was recorded with the highest N levels 
(288 kg N ha-1) and 25 % cut off stream of irrigation. Significantly higher yield of wheat also was recorded with 
land leveling 0.01 % slope as it takes care of maintaining near homogeneity by way of cut and fill and also 
tillage (Jat et al. 2003). The formation of fragipan and duripan are two important diagnostic horizons 
responsible for formation of hard pans/crusts on the surface soils of semi-arid zones as in our experimental site 
due to accumulation of salts (Salinity Laboratory Staff, 1954).  
 Precision land leveling helps in the removal of these hard sub-surface layers by way of deep tillage and 
subsequent leveling. The precision land leveling helps also in uniform distribution of water even if the depth of 
application of water is less (about 5 cm) that facilitates good establishment of wheat in sodic soils that resulted 
in higher yields. The uniformity of land surface with precision land leveling also lowers the within field yield 
variability compared to traditional leveling (Jat et al. 2006) that in-turn leads to uniform germination, crop 
establishment and higher crop yields. The significant increase in wheat yield for land leveling 0.01 % slope 
compared to conventional land leveling was attributed due to significantly higher productive tillers, length of 
spike and number of grains/spike as presented in Table 4. These findings are in agreement with Jat et al. (2011). 
 In Egypt, the fertilizer use efficiency of applied N is still very low (about 30 %) comparing with 40 – 50 % 
in India (for example), and one of the main reasons for this has been suggested to be the lack of perfection in 
time of application of N fertilizers (Coventry et al. 2011). Worldwide, N fertilizer recovery values are also low, 
being on average about 33% for wheat production (Raun and Johnson, 1999), whereas values were from 42 to 
76 % in this study. In the UK, recovery of fertilizer nitrogen by most crops averages at 60 % and varies from 40 
to 90 % (Sylvester-Bradley et al. 2001). Bartholomew (1972) stated that 72–80 % recovery of N from fertilizer 
should be feasible given efficient timing of input and placement of N fertilizer whereas, Coventry et al. (2011) 
reported that values were in the range 65–70 %. High values have been recorded in the US in an experiment on 
irrigation management and in the UK up to 90% has been measured (Sylvester-Bradley et al. 2001).  
 Broadcast application and flood irrigation as practiced can lead to high N losses through various pathways 
such as denitrification and leaching loss, and certainly the data given here show the potential for improving 
NUE by increasing uptake at critical growth stages. Opportunity also exists for improving utilization efficiencies 
by choice of variety (Bhardwaj et al. 2010).  
 It has been shown previously that WUE is a key physiological parameter indicating the ability of crops to 
conserve water in a water-scarce region because this combines drought resistance and high potential yield (Fang 
et al. 2010). It is well known that the harvest index (HI) and biomass are the two main factors for determining 
grain yield (White and Wilson, 2006). During drought, plants from higher-yield cultivars generally showed 
relatively high WUE levels. To date, few researchers have discussed the differences in the contributions of 
biomass and HI for WUE under different water-stress levels (Dong et al. 2011). 
 To develop sustainable wheat crop production, researchers have studied the relationship among N – 
fertilizer levels, grain yield, and WUE. The water consumption characteristics of winter wheat may vary on the 
basis of different land leveling and cut off irrigation. Elsewhere in the world, N recoveries are higher in wheat 
when N is applied at targeted growth stages rather than all at planting, with such split applications often 
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translating into higher yields, consistently higher grain protein and less lodging. Low N use efficiency (NUE) 
due to inefficient management of fertilizer N is reflected in low recovery of fertilizer N by the crop. NUE, which 
is expressed as the percent of the N content of the grain to the N-fertilizer applied, illustrates how well a crop 
has recovered applied nitrogen fertilizer and can highlight the pathways where nitrogen can be used more 
efficiently (Woolfolk et al. 2002). The optimum use of N fertilizer will come from matching N supply with crop 
demand for N and losses of N can be large when the N application is not synchronized with crop growth and 
development (Coventry et al. 2011). 
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Fig. 3: Effects of land leveling, cut off irrigation and N- fertilizer treatments on investment factor. 
 
Water saving approaches:  
 
 There is a vast range of technologies available for improved operation, better management and efficient use 
of irrigation water – ranging from simple syphon tubes for field water application to sophisticated canal 
automation and telemetry. Water saving approaches/ practices in irrigated agriculture may be categorized as 
engineering, agronomical, management and institutional. The success of these approaches depends on the level 
of their integration and socio-economic dimensions of a given locality (Kulkarni, 2011). 
 Water is recognized as one of the most limiting factors in Egypt, determining the pattern of land use. The 
rising demands for water and the rapid increase of the population make Egypt facing strong pressures with 
respect to the country’s limited water availability. Water resources in Egypt are fixed to the country’s share of 
Nile water and minor amounts of rainfall and groundwater. The rising demands of water have made it 
mandatory to improve the irrigation system performance and increase water use efficiency in the face of future 
water shortages and likely water crisis. Egyptian efforts should be exerted towards improving the water use 
efficiency through harmonization and integration of the saving options and the promotion of water saving 
policies and guidelines (Shalaby et al. 2007; Fig. 4).  
 It is widely believed that an increase in the agricultural water use efficiency is the key approach to mitigate 
water shortages and to reduce environmental problems. Irrigation has been as important as fertilizer use, 
especially within the high cropping intensity areas, in sustaining wheat productivity growth. To achieve high 
wheat yield, irrigation must be applied efficiently and on time. Irrigation is required to establish the crop and 
several subsequent irrigations are recommended at times corresponding to the specific growth stages (crown 
root initiation, early tillering, late jointing/boot, heading/flowering) of the wheat (Mishra et al. 2005). Further, 
the number of irrigations for wheat must be carefully matched with N fertilizer management, time of sowing, 
variety choice and tillage to achieve high NUE, avoid crop lodging and optimize grain yield (Coventry et al. 
2011). 
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Fig. 4: Harmonization and integration of water saving options in Egypt. 
 
Conclusion: 
 
 For irrigated wheat grown in Egypt, it could be recommended that the N-fertilization rate 288 kg N ha-1, 
land levelling rate 0.01 % of surface slope and cut off stream of irrigation rate 75% provides the highest grain 
yields and yield components. The results showed that the highest yield of grain and straw (6.7 – 10.1 ton ha−1, 
respectively) of wheat were obtained with using N-fertilization rate 288 kg N ha-1, land levelling rate 0.01 % of 
surface slope and cut off stream of irrigation rate 75%. The best investment factor (2.64) and net return (2219 $ 
ha-1) were also achieved using the previous treatments. The results of this study suggest that, irrigation 
application efficiency (%) increased from 66 % (for control) to 75.4 % for cut off 75 % of stream irrigation and 
land leveling with 0.01 % slope. Thus, about 30.8 % from the applied water for irrigation is saved by the 
previous treatments. These results do not only have highlighted opportunities for farmers to increase their yield 
of what, but also to improve their N fertilizer use efficiency. It could be concluded that, if farmers can follow the 
previous recommendation, and with the use of appropriate varieties, it could be assumed that the best practice 
outlined here for optimizing grain yield with integrated nutrient and soil management will be the same practice 
that optimizes wheat quality. 
 
References 
 
Ahmad, N., S.M.A. Basra, R.H. Qureshi, S. Ahmad, 1988. Grain development in wheat as affected by different 

nitrogen levels under warm dry conditions. Pak. J. Agric. Sci., 25: 225-231. 
Bartholomew, W.V., 1972. Soil nitrogen supply processes and crop requirements. Soil Fertility Evaluation and 

Improvement, Techn Bull No. 6. Department of Soil, North Carolina State University, USA. 
Bell, L.W., F. Byrne, Mike A. Ewing, L.J. Wade, 2008. A preliminary whole-farm economic analysis of 

perennial wheat in an Australian dryland farming system. Agricultural Systems, 96: 166-174. 
Blake, G.R., K.H. Hartge, 1986. Bulk Density,” In: A. Klute, et al., Eds., Methods of Soil Analysis, Part I, ASA 

and SSSA, Madison, pp: 363-375.  

Water saving approaches in Egypt 

On the farm level 
(Agronomical or 

management appr.) 

 Leveling of farm land 
 Lining of farm ditches and 

mesquas using pipelines 
 Cultivating of suitable crops 
 Using of sprinkler/drip 

irrigation in the newly 
reclaimed lands 

 Cultivating of short 
duration rice varieties 

 Maintaining of the field 
ditches 

 Using continues flow and 
night irrigation 

 Improving of water 
delivery system 

 Using of telemetry 
system 

 Reuse of drainage 
water 

 Conjunctive of surface- 
and ground-water 

 Using of optimal crop 
pattern 

 Automation of 
irrigation structure 

 Establishment water 
users associations 

 Establishment of 
integrated water 
management districts 

 Strengthen the role of 
irrigation advisory 
service 

 Modification of the old 
laws 

 Continuing of the 
institutional reform 

 Conducting of an 
awareness campaigns 

Water distribution 
system 

Organizational and 
regulatory framework 

(Institutional appr.) 



2242 
J. Appl. Sci. Res., 9(3): 2232-2243, 2013 

 

Choudhary, M.A., M.A. Gill, A. Kahlown and P.R. Hobbs, 2000. Evaluation of Resource Conservation 
Technologies in Rice-Wheat System of Pakistan. Proceedings of the Inter-national Workshop on 
Developing an Action Program for Farm Level Impact in Rice-Wheat System of Indo-Gangetic Plains, 25-
27 September 2000, New Delhi, p. 148.  

Cossani, C.M., C. Thabet, H.J. Mellouli, G.A. Slafer, 2011. Improving wheat yields through N fertilization in 
Mediterranean Tunisia. Exp. Agric., 47: 459-475. 

Cossani, C.M., G.A. Slafer, R. Savin, 2012. Nitrogen and water use efficiencies of wheat and barley under a 
Mediterranean environment in Catalonia. Field Crops Research, 128: 109-118. 

Coventry, D.R., A. Yadav, R.S. Poswal, R.K. Sharma, R.K. Gupta, R.S. Chhokar, S.C. Gill, V. Kumar, A. 
Kumar, A. Mehta, S.G.L. Kleemann, J.A. Cummins, 2011. Irrigation and nitrogen scheduling as a 
requirement for optimizing wheat yield and quality in Haryana, India. Field Crops Research, 123: 80-88. 

Crasswell, E.T. and D.C. Godwin, 1984. The efficiency of nitrogen fertilizers applied to cereals in different 
climates. Adv. Plant Nutrition, 1: 1-55. 

Dong, B., L. Shi, C. Shi, Y. Qiao, M. Liu, Z. Zhang, 2011. Grain yield and water use efficiency of two types of 
winter wheat cultivars under different water regimes. Agricultural Water Management, 99: 103-110. 

English, M., S.N. Raja, 1996. Perspectives on deficit irrigation. Agricultural Water Management, 32(1): 1-14. 
Epstein, E., A.J. Bloom, 2005. Mineral Nutrition of Plants: Principles and Perspectives, 2nd ed. Sunderland, 

Mass.: Sinauer. 
Fageria, N.K., 2009. The use of nutrients in crop plants. CRC Press, Taylor & Francis Group, LLC, 6000 

Broken Sound Parkway NW. 
Fang, Q.X., L. Ma, T.R. Green, Q. Qu, T.D. Wang, L.R. Ahuja, 2010. Water resources and water use efficiency 

in the North China Plain: current status and agronomic management. Agricultural Water Management, 97: 
1102-1116. 

FAO, 2000. Fertilizers and Their Use, Evaluation of Fertilizer Demonstrations: A pocket guide for extension 
officers. 4th Edition. FAO, International Fertilizer Industry Association Rome. 

Gomez, K.A., A.A. Gomez, 1984. Statistical procedures for agricultural research, 2nd edition. John Wiley and 
Sons, New York, 680. 

Jackson, M.L., 1967. Soil Chemical Analysis. Prentice Hall of India Ltd. New Delhi. 
Jat, M.L., P. Chandana, S.K. Sharma, M.A. Gill, R.K. Gupta, 2006. Laser Land Leveling-A Precursor 

Technology for Resource Conservation. Rice-Wheat Consortium Technical Bulletin Series 7, Rice-Wheat 
Consortium for the Indo-Gangetic Plains, New Delhi.  

Jat, M.L., R. Gupta, P. Ramasundaram, M.K. Gathala, H.S. Sidhu, S. Singh, R.G. Singh, Y.S. Saharawat, V. 
Kumar, P. Chandna, J.K. Ladha, 2009. Laser Assisted Precision Land Leveling: A Potential Technology for 
Re-source Conservation in Irrigated Intensive Production Systems of Indo-Gangetic Plains. In: J. K. Ladha, 
et al., Eds., Integrated Crop and Resource Management in the Rice-Wheat System of South Asia, 
International Rice Re-search Institute, Los Banos: 223-238.  

Jat, M.L., S.S. Pal, A.V.M. Subba Rao, S.K. Sharma, 2003. Improving resource use efficiency in wheat through 
laser land leveling in an Ustochrept of Indo-Gangetic Plain. Proceedings of the National Seminar on 
Developments in Soil Science, 68th Annual Convention of the Indian Society of Soil Science, Kanpur, 4-8 
November 2003.  

Jat, M.L., S.S. Pal, A.V.M. Subba Rao, K. Sirohi, S.K. Sharma, R.K. Gupta, 2004. Laser Land Leveling: The 
Precursor Technology for Resource Conservation in Irrigated Eco-System of India. Proceedings of the 
National Conference on Conservation Agriculture, New Delhi: 9-10.  

Jat, M.L., R. Gupta, Y.S. Saharawat, R. Khosla, 2011. Layering precision land leveling and furrow irrigated 
raised bed planting: productivity and input use efficiency of irrigated bread wheat in Indo-Gangetic plains. 
American Journal of Plant Sciences, 2: 578-588. 

Jones, J.B., Jr., 2003. Agronomic handbook – Management of crops, soils, and their fertility. CRC Press, Boca 
Raton, FL. 

Kherallah, M., H. Löfgren, P. Gruhn, M.M. Reeder, 2000. Wheat policy reform in Egypt adjustment of local 
markets and options for future reforms. International Food Policy Research Institute Washington, D.C. 
Research Report No. 115. 

Kulkarni, S., 2011. Innovative Technologies for Water Saving in Irrigated Agriculture. International Journal of 
Water Resources and Arid Environments, 1(3): 226-231. 

Michael, A.M., 1978. Irrigation theory and practice. Vikas Publishing House, New Delhi, 1978. 
Mishra, B., J. Shoran, R. Chatrath, A.K. Chatrath, R.K. Sharma, R.K. Gupta, R. Singh, J. Rane, A. Kumar, 

2005. Cost effective and sustainable wheat production technologies. Directorate of Wheat Research, 
Karnal-132001, Technical Bulletin, 8: 36. 

Montazar, A., M. Mohseni, 2011. Influence of supplemental irrigation and applied nitrogen on wheat water 
productivity and yields. Journal of Agricultural Science, 3(1): 78-90. 



2243 
J. Appl. Sci. Res., 9(3): 2232-2243, 2013 

 

Olsen, S.R., C.V. Cale, F.S. Watenable and L.A. Dean, 1954. Estimation of available phosphorus in soil by 
extraction with sodium bicarbonate U. S. Dept., Agric. Circ., 939. 

Page, A.L.R., H. Miller, D.R. Keeney, 1982. Methods of Soil Analysis. Part 2: Chemical and Microbiological 
Properties. 2nd Edition, Agronomy Monograph, No. 9, ASA, CSSA, and SSSA, Madison. 

Passioura, J.B., J.F. Angus, 2010. Improving productivity of crops in water-limited environments. Adv. Agron., 
106: 37-75. 

Piper, C.S., 1950. Soil and Plant Analysis. Inter science Publication. New York. Reddy, B.V.S; Reddy, P.S., 
Bidinger, F. 

Rajaram, S., K.D. Sayre, J. Diekmann, R. Gupta, W. Erskine, 2007. Sustainability Considerations in Wheat 
Improvement and Production. In: M. S. Kang, Ed., Agricultural and Environmental Sustainability-
Considerations for Future, Haworth Food & Agricultural Products Press, New York, pp: 105-124.  

Rajput, T.B.S., N. Patel, G. Agrawal, 2004. Laser Leveling Tool to Increase Irrigation Efficiency at Field Level. 
Journal of Agricultural Engineering, 41: 20-25.  

Ramos, M.C., J.A. Martinez-Casasnovas, 2006. Impact of land leveling on soil moisture and runoff variability 
in vineyards under different rainfall distributions in a Mediterranean climate and its influence on crop 
productivity. Journal of Hydrology, 321: 131-146. 

Raun, W.R., G.V. Johnson, 1999. Improving nitrogen use efficiency for cereal production. Agron. J., 91: 357-
363. 

Rickman, J.F., 2002. Manual for Laser Land Leveling: Rice- Wheat Consortium Rice-Wheat Consortium for the 
Indo- Gangetic Plains, New Delhi, Technical Bulletin Series, 5: 24.  

Salinity Laboratory Staff, 1954. Diagnosis and Improvement of Saline and Alkali Soils. Agriculture Handbook 
No. 60, USDA, US Government Printing Office, Washington, D.C.  

Shalaby, A., F. El-Gamal, H. Moustafa, 2007. Country paper on harmonization and integration of water saving 
options. In: Harmonization and Integration of Water Saving options. Convention and Promotion of Water 
Saving Policies and Guidelines, (Eds. Fadi Karam, Kamal Karaa, Nicola Lamaddalena, Claudio Bogliotti), 
Proceedings of 5th WASAMED (WAter SAving in MEDiterranean agriculture) Workshop Malta, 3-7 May 
2006, EU contract ICA- CT - 2002- 10013. Bari: CIHEAM (Centre International de Hautes Etudes 
Agronomiques Méditerranéennes): p. 180, 2007, Options Méditerranéennes, Séries B, N. 59: 81-90.  

Sylvester-Bradley, R., D.T. Stokes, R.K. Scott, 2001. Dynamics of nitrogen capture without fertilizer: the 
baseline for fertilizing winter wheat in the UK. J. Agric. Sci., 136: 15-33. 

Tennakoon, S.B., S.P. Milroy, 2003. Crop water use and water use efficiency on irrigated cotton farms in 
Australia. Agric. Water Manage, 61: 179-194. 

White, E.M., F.E.A. Wilson, 2006. Responses of grain yield, biomass and harvest index and their rates of 
genetic progress to nitrogen availability in ten winter wheat varieties. Irish Journal of Agricultural and 
Research, 45: 85-101. 

Woolfolk, C.W., W.R. Raun, G.V. Johnson, W.E. Thomason, R.W. Mullen, K.J. Wynn, K.W. Freeman, 2002. 
Influence of late-season foliar nitrogen applications on yield and grain nitrogen in wheat. Agron. J., 94: 
429-434. 

Zalidis, G., S. Stamatiadis, V. Takavakoglou, K. Eskridge, N. Misopolinos, 2002. Impacts of agricultural 
practices on soil and water quality in the Mediterranean region and proposed assessment methodology. 
Agriculture, Ecosystems and Environment, 88: 137-146. 

Zwart, S.J., W.G.M. Bastiaanssen, 2004. Review of measured crop water productivity values for irrigated 
wheat, rice, cotton and maize. Agricultural Water Management, 69: 115-133. 

 
 
 


