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ABSTRACT 

A field experiment was carried out at the Experimental Farm of the Water Research Study Complex – 
Abu Simble (WRSC) in the first week of November 2011 to study the effect of irrigation applied at (100%, 
80%, 60% and 40% from available water) on water consumption, water use efficiency, yield, yield component 
and some nutrient contents of wheat plants under sprinkler irrigation system. The results could be summarized 
as follows: The consumptive use was increased with increasing available soil moisture. The highest value of 
water use Efficiency (WUE) when irrigation water was applied at 60% available soil moisture for straw and 
40% available soil moisture for grain. The highest values of plant high, Spike length , number of grains spike, 
grain weight spike, number of spike /m2, weight of straw kg/m2 and weight of grain kg/m2 were recorded with 
80% available soil moisture, while the lowest values were recorded at 40% available soil moisture. The highest 
decrease in grain yield was recorded at 40% from available soil moisture, compared with the control. The 
highest values of nutrients which studied were recorded with 80% available soil moisture more than 60 and 40% 
available soil moisture compared with the control (at 100% available soil moisture). 
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Introduction 

Wheat (Triticum aestivum L.) is the first most important cereal crop in Egypt and covers 1,418,708 ha 
of land with an annual production 9,460,200 ton, according to FAO (2013). The statistics indicate that local 
production of wheat is not enough consumption needs and Egypt imports about 6 million tons of wheat to 
eliminate the gap between consumption and production of wheat. So, the Egyptian government's, make efforts 
to increase the productivity per unit area of wheat by cultivating new soils and low water consumption (Mekkei 
and El Haggan 2014). One of these main projects is Toshka project through the proposed area to be cultivated is 
about 540,000 fadden using the water received from Lake Nasser. This is beside area of about 135.000 fadden 
could be irrigated using ground water extracted from proposed 300 wells (Elwan 2009). 

Proper scheduling of sprinkler irrigation is critical for efficient water management in crop production, 
particularly under conditions of water scarcity (Pereira et al., 2002). The effects of the applied amount of 
sprinkler irrigation water, irrigation frequency and water use are particularly important in order to obtain higher 
yields. Field results from arid and semi-arid region showed that using sprinkler irrigation system for wheat 
irrigation played a significant increasing productivity. (Montazar and Sadeghi, 2008).  

Ageeb (1993) stated that, irrigation water and irrigation practices are factors which have always limited 
wheat productivity. The recommended number of irrigations at the vegetative and the reproductive stages need 
to be applied properly and timely for better yields. Furthermore, low soil moisture conditions reduce the number 
of reproductive tillers which limit their contribution to grain yield. Haikl and Melegy (2005) reported that the 
positive effect of irrigation on plant height may be attributed to the effect of irrigation on the encouragement of 
cell elongation, cell division and consequently increased meristemic growth. Mohamed (1994) reported that 
irrigation at 60% available soil moisture depletion (ASMD) gave the highest grain yield and harvest index in 
wheat while WUE was the highest with 85% ASMD. Ahmad et al. (1996) observed that increasing SMD from 
50% to 75% markedly reduced total yield. Karim et al. (1997) observed that irrigation at 35% available soil 
moisture depletion (ASMD) gave highest yield (4.71 t. ha-1) with the application of 120 kg N while irrigation at 
65% ASMD produced satisfactory yield (4.13ton.ha-1) with highest WUE (196.5 kg ha-1cm-1) with application 
of 80 kg N. Similarly, Aydin et al. (2000) reported that irrigation at 66% ASMD was the most effective in terms 
of grain yield in wheat. Seleiman (2011) found that increasing number of irrigations up to five increased grain 
yield (ton.ha-1), biological yield (ton.ha-1), harvest index, number of spikes/m2, number of grains/spike and 
1000-kernel weight but significantly decrease protein content. Narang et al. (2000) found that yield of all wheat 
cultivars studied decreased with increasing levels of SMD; Water use efficiency was highest with 60% ASMD.  

The current investigation aims to study the effect of irrigation at different available soil moisture 
depletion (ASMD) on water consumption, water use efficiency, yield, yield component and some nutrients 
content of wheat plant under sprinkler irrigation system in Toshka area. 
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Material and Methods 
A field experiment was carried out using a randomized complete block design with three replicates to 

study the effect of available soil moisture (100%, 80%, 60% and 40% from available water) on consumptive 
use, water use efficiency, yield, yield components including (plant high (cm), spike length (cm), number of 
grains spike, grain weight spike and number of spike /m2) and some nutrients content of wheat plant at sprinkler 
irrigation system.The experiment was conducted during winter season of 2011(at the Experimental Farm of the 
Water Research Study Complex (WRSC) in – Abu Simble, Toshka area.) on plots of 936 m2 (78 m length and 
12 m width). The water and soil samples were collected and routinely analyzed according to Klute, (1986) for 
physical properties; and chemical properties of the soil (i.e. EC, pH, organic matter and soluble ions according 
to Page et al. (1982). The results are presented in Tables 1, 2 and 3. Also, the monthly averages climatic factors 
for Toshka during the growing season are shown in Table (4), according to CIU; NWRC (2011). 
To determine the actual water consumption, the soil moisture content was determined gravimetrically and hence 
the crop water consumptive use was calculated by the following equation: 

Eta = (M2 - M1) x db x D (Doorenbos and Pruitt, 1984) 
Where:  ETa = Actual evapotranspiration (mm), M2 = Moisture content after irrigation (%), M1 = 

Moisture content before irrigation (%), db = Bulk density of soil (g/cm3) and D = Depth (cm). and to adjust the 
application of irrigation water was used supplement irrigation system counters. 

Water Use Efficiency (WUE) is a reliable indicator of crop biomass production relative to water 
consumption, and it is a ratio between two physiological (transpiration and photosynthesis) or agronomic (yield 
and crop water use) entities (Blum, 2005). WUE is most efficient when optimum advantage is gained from the 
least amount of water available to the plant (Axel et al., 2005), and it may be evaluated in terms of the water use 
efficiency for biomass growth or the harvest index (Condon et al., 2002). WUE as kg/m3 was calculated by 
dividing the straw and grain yield on the amount of seasonal actual evapotranspiration (Eta), (Giriappa, 1983). 
 
Table 1. Water chemical analysis.  

pH EC 
dS.m-1 

Ions mg/l. SAR 
 Ca++ Mg++ Na+ K+ CO3

= HCO3
- Cl- SO4

= 
6.85 0.71 32.00 8.40 105.8 11.97 0.00 34.10 156.20 72.00 4.26 

 
Table 2. Some chemical analysis of soil sample. 

Comprised 
sample 
 

pH 
EC 

dS.m-1 
Ions mg/kg. soil 

Ca++ Mg++ Na+ K+ CO3
= HCO3

- Cl- SO4
= 

8.64 0.51 52.50 78.00 76.40 33.20 0.00 15.50 213.01 325.21 
 
Table 3. Some physical analysis of soil sample. 

Particle size distribution % Texture 
Class 

Field 
Capacity 

Wilting 
Point 

Bulk d. 
g.cm-3 

CaCO3 
% 

O.M 
% sand silt clay 

81.25 12.75 6.00 Loamy sand 11.75 3.75 1.54 4.00 0.64 
  
Table 4. The monthly averages of climatic factors for Toshka during growing season. 

Month Temperature C° Relative Humidity 
% 

Wind 
speed(m/sec) Max. Min. Mean 

November 28.29 12.23 20.26 32.61 2.63 
December 27.60 11.90 19.70 36.80 2.30 
January 24.20 8.40 16.30 41.10 2.20 
February 28.10 12.50 20.30 30.80 2.60 
March 30.32 13.54 21.93 20.95 3.05 

 
At harvest, ten plants were collected randomly from the three replicates of each treatment and divided 

into two parts; the first for estimating yield and its components [Plant height (cm), spike length (cm), number of 
spikes/m2 (Sp/m2), number of grain/spike, grain weight/spike (g/Sp), grain yield/fed (ton/fed), straw yield/fed 
(ton/fed)]; while the second part was washed with distilled water, dried at 70 C° and grounded, then 
representative portions were wet digested using a mixture of HCLO4 and H2SO4 at rate of 1:1 to determine NPK 
and micronutrients according to Page et al. (1982). Total N was determined by micro-Kjeldahl technique; total P 
was determined by ascorbic acid method and total K was determined using flame photometer. The 
micronutrients (Fe, Zn, Mn and Cu) were determined by Inductively Coupled Plasma Spectrometer (ICP) 
Plasma 400. Also the obtained data were statistically analysis according to the methods of Sendecor and 
Cochran (1980). 

  
Results and Discussion 
 Water consumption and water use efficiency. 

The data presented in Table (5) reveal that the monthly consumptive use rate, as a mean of the different 
available soil moister (ASM) treatments. The CU rate started with low values during November and December; 
and reached its maximum values during January and February, and decline again during March (harvesting). 
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Such findings may be attributed to that during November and December most of water losses were caused by 
evaporation from the bare soil (germination and seedling stages). Thereafter, as the crop cover increased the 
monthly consumptive use increased because transpiration took place beside evaporation and reached the peak 
rate at flowering and grain filling stages, the monthly consumptive use rate re-decreased during March as a 
result of lower leaves drying and low transpiration rate. Also, data reveal that, the consumptive use rate was 
decreased with increasing soil moisture depletion. These decreases might be attributed to the reduced ASM in 
the root zone, which leads to decrease in lateral roots, stomatal conductivity and CO2 availability consequently 
decreases the quantity of plant photosynthesis and water consumption. These findings are in agreement with 
those of Fazeli and Ghamari (2014). Wang (2013) stated that, Water consumption characteristics in spring wheat 
field were dually influenced by climate grew slowly and the field coverage was small, evaporation among plants 
dominated in field water consumption, while foliar transpiration dominated with wheat rapidly growing after 
entering the booting period and also soil water consumption intensity increased until flowering period reaching 
maximum.   
  
Table 5. Effect of soil moisture depletion on consumptive use and water use efficiency. 

 
The highest value of consumptive use was 3429.1 m3/ Fadden at 100 % from available soil moisture, while the 
lowest value was 2466.7 m3/ Fadden at 40 % from available soil moisture, compared with the other values 
which obtained at 80and 60% available soil moisture.  

Concerning the water use efficiency (WUE), data in the same table show that, the highest value was 
recorded with 60% from available soil moisture for straw and 40% from available soil moisture for grain, 
compared with the lowest value at 100% ASM. These results are in harmony with Abdou et al. (2011) found 
that seasonal evapotranspiration (ETC) of sunflower and water use efficiency WUE decreased by increasing 
available soil moisture depletion (ASMD) percentage. He added that, the irrigation of sunflower at 25% 
available soil moisture (ASM) significantly decreased seed yield and its components. Plants differ in their 
ability to utilize water, and WUE may vary from location to location. WUE may also vary due to soil 
conditions, agricultural practices including fertilization, and atmospheric factors. Generally, highest water use 
occurs at the point of highest biomass production (Cox et al., 2002). 

  
Yield and yield components. 

Data tabulated in Table (6) show that factors that have been adopted to assess the crop yield in 
experiment. They include plant height (cm), Spike length (cm), number of grains spike, grain weight spike (g/ 
spike), number of spike /m2, weight of straw (kg/m2) and weight of grain (kg/m2) as a function of the available 
soil moisture. The highest values of this parameter were recorded at ASM of 80%, while the lowest values were 
obtained at 40% ASM, compared with the 100% ASM. The highest value of plant high was 98.7 cm obtained at 
100% ASM; and significantly decreased to 90.2, 80.4 and 74.6 cm obtained with 80, 60 and 40% available soil 
moisture, respectively. In this concern, Haikl and Melegy, (2005) reported that the positive effect for irrigation 
on plant height may be attributed to the effect of irrigation on the encouragement of cell elongation, cell division 
and consequently increase merestemic growth. He added that, the maximum grain yield and lowest water use 
efficiency of wheat was recorded at irrigated with recommended requirement under sandy soils conditions and 
sprinkler irrigation system.  

Concerning the effect of available soil moisture on Spike length, number of grains spike, grain weight 
spike and number of spike /m2, data in the same table reveal that, the highest values were (11.74 cm, 79, 3.40g 
and 396) which obtained at 100% ASM; these values significantly deceased to (9.22cm, 56, 2.94g and 305) at 
40% ASM, respectively. Also, the other values which obtained with 80% and 60% ASM were found to be in 
between. These results are in harmony with those Haikl and Melegy (2005), Also Akram, (2000), stated that, the 
maximum number of grains/spike obtained may be due to suitable moisture availability. Concerning the effect 
of available soil moisture on weight of straw and grain yield kg/m2, data show that the mentioned trend of plant 
highest was observed for weight of straw and grain kg/m2. These increases in dray matter yield might be 
attributed to suitable ASM in the root zone caused an increase in the number and size of merestemic cells, 
consequently increased plant height and number of tillers. In this concern, El Tahir and Yagoub (2011) stated 
that, the grain yield was significantly reduced under longer irrigation intervals due to lower number of 
tillers/plant, number of spikes/m2, number of spikelets /spike, number of grains/spike and 1000 grains weight; 
and they added, increasing soil moisture depletion by decreasing the amount of irrigation progressively from ear 

Moisture 
Treatments 
%  

Consumptive use (CU/m3 monthly) 
Seasonal CU 
m3/Fadden 

WUE. 

November December January February March Straw Grain 

100 166.9 459.6 1185.5 1182.7 434.6 3429.1 1.86 0.67 
80 165.5 368.4 942.6 904.8 363.5 2744.8 2.15 0.82 
60 164.8 375.1 960.3 795.1 307.8 2603.1 2.17 0.84 
40 188.5 330.3 836.9 803.2 307.8 2466.7 2.12 0.86 
LSD at 5% 5.18 11.5 0.19 46.29 1.99 0.014 0.19 0.017 
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emergence to harvest, reduced straw and grain yields. Also, Cooper (1980) and Awad et al., (2000) found 
greater tiller survival with frequent irrigation. 
 
Table 6. Effect of soil moisture depletion on yield and yield components. 

  
The beneficial effect of frequent irrigation may be due to improved availability of nutrients in the upper surface 
of the soil where the nodal roots usually spread. Survival of productive tillers was reported to be positively 
correlated with grain yield (Shanahan et al., 1985) on the other hand; the reduction in dry matter accumulation 
may be attributed to unbalanced soil water-air relations that led to reducing the photosynthetic activity and 
unbalanced relations between plant hormones and biological processes in the whole plant organs (Schneider and 
Howell, 1997).Concerning the effect of available soil moisture on relative decreases in grain yield data in table 
(5) reveal that, the highest decreases in grain yield was recorded at 40% from available soil moisture, while the 
lowest decreases was (94.5%) which obtained at 80% from available soil moisture compared with 100% ASM. 
These results conform to those results mentioned by Zhang et al., (2005) stated that, in the arid region, the 
formation of spring wheat yield mainly depended on the amount of water supply.  

   
Nutrients content. 

Nutrient uptake is the process by which plant roots take up nutrients present in soil solution, with such 
nutrients subsequently distributed to aerial portions of the plant (Havlin et al., 2005). This is affected mainly by 
environmental conditions, management practices, the concentration of nutrients and the form in which nutrients 
are present in the soil (Allen and David, 2007). Nutrient use efficiency is the ability of a plant to utilize soil 
available nutrients to result in measurable yield or yield parameters such as plant height, leaf development, dry 
matter and fruit / grain production (Hati et al., 2006).  

Data in table (7) revealed that, the nutrients which studied were significantly affected by available soil 
moisture; the highest values of nutrients were recorded with 100% available soil moisture more than 80, 60 and 
40% ASM. These increases in nutrient content might be attributed to the direct relationship between water use, 
nutrient uptake and biomass yield in crops, Water is a major factor in nutrient availability to plants as it is the 
vehicle through which nutrients move through soil to access plant roots for uptake. These results are in harmony 
with those (Lucas et al., 2007; and Nwachukwu and Ikeadigh, 2012). The NPK values were 0.84, 0.06 and 1.80 
% obtained with the 100% ASM, and significantly decreased to 0.48, 0.04 and 1.71% which obtained with 40% 
ASM for nitrogen, phosphorus and potassium of shoots, respectively. With regard to the effect of available soil 
moisture on micronutrients of shoots, data in table (7) show that, the highest values of shoots were 2.44, 4.88, 
0.41 and 1.92 mg/kg at 100% ASM, while these values at 40% ASM were 1.11, 4.56, 0.16 and 1.62 mg/kg, for 
iron, zinc, manganese and cupper, respectively. (Hu et al., 2008) reported that, drought reduced the uptake of 
NPK which may be attributed to decreased transpiration. These results are consistent with previous results 
obtained by Hobbie and Colpaert, 2004; Lucas et al., 2007 and Nwachukwu and Ikeadigh, 2012. Also, the 
highest values of nitrogen and phosphorus were recorded with grains compared with the shoots; these increases 
can be attributed to translocation of these elements from straw to grains. Abdel-Mottaleb et al. (2000). 
Concerning the effect of available soil moisture on macronutrients and micronutrients content of grains, data 
show that the mentioned trend of macronutrients and micronutrients content of shoots was observed for these 
elements of grains. In this respect, Raviv et al., (1999) stated that, the nutrient uptake is a function of nutrient 
availability in the rhizosphere solution. Transpiration can cause large differences between the water content in 
the rhizosphere and that in the bulk growing substrate. Changes of a few percent in water content of a growing 
substrate can induce 4- to 5-fold decreases in the hydraulic conductivity of the substrate and can potentially limit 
nutrient acquisition by plants. On the other hand, increasing irrigation frequency may increase availability of 
nutrients and nutrient uptake efficiency and decrease the amount of fertilizer required for optimal growth. 
Several researchers suggest increasing irrigation frequency could compensate for certain nutrient deficiencies, 
and lower yields of plants irrigated less frequently may be a result of nutrient shortage rather than water 
shortage (Buljovcic and Engels, 2001; Silber et al., 2003; Xu et al., 2004).  

 
 
 
 

Irrigation 
treatments 

Plant 
highest 

cm 

Spike 
length cm 

No. of 
grains 
spike 

G. weight 
spike 

No. of 
spikes/m2 

Weight 
of  straw 
Kg/m2 

Weight of 
Grain  
Kg/m2 

Relative 
decrease 

in G. yield 
% 

100 98.7 11.74 79 3.40 396 1.520 0.550 100 
80 90.2 11.65 76 3.21 385 1.410 0.520 94.5 
60 80.4 11.41 72 3.08 359 1.351 0.495 90.0 
40 74.6 9.22 56 2.94 305 1.250 0.470 85.4 
LSD at 5% 0.20 0.01 2.78 0.019 2.29 0.013 0.18 1.26 
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Table 7. Effect of soil moisture depletion on some nutrients content. 
Irrigation 
treatments 

Macronutrients % 1-Micronutrients mg. kg 
N P K Fe Zn Mn Cu 

Shoots 
100 0.84 0.06 1.80 2.44 4.88 0.41 1.92 
80 0.48 0.06 1.50 1.20 5.10 0.24 1.72 
60 0.50 0.05 1.82 4.40 5.56 0.31 2.10 
40 0.48 0.04 1.71 1.11 4.56 0.16 1.62 
LSD at 5% 0.003 0.002 0.103 0.13 0.097 0.019 0.089 

Grains 
100 1.77 0.34 0.47 4.39 6.92 0.21 1.86 
80 2.63 0.30 0.40 6.45 6.67 0.26 1.79 
60 2.91 0.21 0.40 4.41 6.90 0.22 1.90 
40 3.00 0.11 0.28 6.60 6.41 0.41 1.60 
LSD at 5% 0.557 0.002 0.0199 0.029 0.0229 0.0015 0.099 

 
From these experimental results it can be concluded that available soil moisture decrease causes low 

straw and grain yield, by inducing low plant height, number of grains spike, grain weight spike and number of 
spike. Thus, wheat a staple food appears to be suffering yield losses due to deficiency of irrigation water at 
growing season. Therefore, wheat grower must be careful about water stress which can cause tremendous yield 
losses.  
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