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ABSTRACT— The water – use efficiency, growth and yield of two wheat cultivars (Triticum aestivum L.) under tropical high 

terrace soil conditions were investigated. This study was conducted for two consecutive winter seasons (2009/10-2010/11) at the 

Experimental Farm of the Faculty of Agriculture, Nile Valley University, Darmali, Sudan. The experiment design was randomized 

complete block in split plot arrangement with three replications. The treatments consisted of five irrigation levels (0.4 ET "I1", 0.6 

ET "I2", 0.8 ET "I3", 1 ET "I4" and 1.2 ET "I5") occupied the main plots and the two wheat cultivars (Emam and condor) were 

the sub-plots. The results showed that the leaf area index, plant height, spike length, harvest index, 1000- kernel weight and grain 

yield were significantly increased by increasing irrigation levels. The highest grain yield among two cultivars across irrigation 

levels was produced by Emam (2335 kg ha
-1

). However, the lowest grain yield was produced by Condor cultivar (1348 kg ha
-1

). 

Irrigation level treatments I5 and I4 gave significantly the highest grain yield 2112 kg ha
-1

and 2024 kg ha
-1

, respectively. Whereas 

the lowest grain yields (1424 kg ha
-1

) was observed at irrigation treatment I1. The results indicated a highly negative relationship 

between grain yield and water-use efficiency. Water-use efficiency decreased with increasing irrigation level treatments. Emam 

cultivar, with higher grain yield, tended to have higher water-use efficiency than Condor cultivar. So it was concluded that, to grow 

Emam cultivar with the irrigation level 1 ET "I4" is the best management for optimizing wheat yield under tropical high terrace 

soil conditions. 
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1. INTRODUCTION 

Wheat (Triticum aestivum L.) production is of a great effect on global food security and this is due to the increasing 

demand and high prices in the world market. It is one of the most important cereal crops in Sudan. Its cultivated along the 

Nile banks in the Northern region, between latitudes 16o and 22o N. Wheat in Sudan is grown under irrigation during the 

short dry and comparatively cool winter season that extends from November to March. The hot dry short season and 

inadequate irrigation water are the major factors responsible for the commonly low yields. 

The Sudan wheat situation is characterized by rapid growth in consumption, continuous and variable deficit between 

domestic need and local production. Wheat consumption has been increases by 138% from 1980 to 2010.Wheat imports 

have increased considerably and on average three quarters of the wheat consumed during 2000-2010 was imported [1]. 

Wheat yields are very sensitive to planting dates, irrespective of the varieties used. In the long term, yield increases 

will largely depend on improvements of heat-tolerant and short duration wheat varieties [2]. 

Given, limitations in water supply, in arid and semi-arid areas, and the horizontal and vertical expansions in irrigated 

areas require changes in irrigation programs by developing efficient irrigation methods and/or culturing genotypes with 

high water use efficiency. In Sudan agricultural irrigated area is approximately 8.2 million hectares and about 213 

thousand hectares are being cultivated annually with wheat [3]. 

Water use efficiency represents a given level of biomass or grain yield per unit of water used by the crop and is 

obtained through marketable yield or biomass over plant evapotranspiration [4, 5]. Therefore, water demand for irrigation 

can be reduced and the water saved can be diverted for alternative uses. In areas where water is the most limiting factor, 

maximizing water production may be economically more profitable for the farmer than maximizing yields [6]. 

To cope with scarce supplies [7] stated that deficit irrigation is defined as the application of water below full crop-

water requirements. Deficit irrigation has been widely investigated as a valuable and sustainable production strategy in 

dry regions. By limiting water applications to drought-sensitive growth stages, this practice aims to stabilize yields for 

obtaining maximum water production rather than maximum yields [8, 9]. 
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Too much irrigation decreases crop water- use efficiency and effective deficient irrigation may result in a higher 

water use efficiency [10]. It was possible to increase crop water use efficiency by 25-40% through managing soil 

moisture content [5]. 

In recent years, some researchers found that good management and adoption of appropriate practices could improve 

agricultural water use and crops production would be more efficient [11]. At present, most researches are focused on how 

to maintain the best economic productivity and highest water use efficiency in arid and semi-arid areas [12]. 

Deficit irrigation in high terrace soil has not received sufficient attention in applied research although, globally 

practiced over millions of hectares. Therefore, the main objectives of this study is to investigate the effects of different 

water regimes on growth, yield, yield components and water- use efficiency of two wheat cultivars under high terrace 

soils of River Nile State, Sudan. 

2. MATERIALS AND METHODS 

Field experiments were conducted during 2009/2010 and 2010/2011 seasons at the Experimental Farm of the Faculty 

of Agriculture, Nile Valley University, Darmali, Sudan (17°48’ N; 34°00’ E; altitude 346.5 meters). Soil physical and 

chemical properties for the experimental site was analyzed in Hudeiba Research Station Laboratory and were presented 

in Table 1.  

The climate data was obtained from Atbara meteorological station. Monthly means for 30 years (1971 – 2000) were 

presented in Table 2. The calculation of reference evapotranspiration (ETo) is based on the FAO Penman-Monteith 

method [13]. Irrigations were added with 7 days intervals. Before starting the experiment, plants were irrigated to the 

field capacity for two weeks in order to improve root development. 

The experiment was laid out in randomized complete block in split plot design arrangement with three replications. 

Treatments considering five irrigations levels (0.4 ET "I1", 0.6 ET "I2", 0.8 ET "I3", 1 ET "I4" and 1.2 ET "I5") were 

randomly assigned to main plots and two cultivars (Emam and condor) as subplots. The irrigation application to each 

field was measured using a water meter which was installed at the hydrant of a low-pressure tube water transportation 

system.  

The land was prepared by disc plough and disc harrow then each plot was levelled manually. Each plot has 

dimensions of 8 ×1.6 m. Plots in each replication were separated by buffer zone of 3 m wide to eliminate runoff. The two 

wheat cultivars were sown on the 21th November 2009 and 25th November 2010 in the first and second season, 

respectively at a seed rate of 120 kg ha-1. Planting was done manually by hand dibbling. 

Urea (46% N) was applied in split dose as a source of nitrogen, half-dose applied at sowing and the rest four weeks 

after sowing. Triple super phosphate (48% P2O5) was applied as a source of phosphorous before sowing. The two 

cultivars were kept clean by hand weeding two and three weeks after sowing, respectively.  

Plants were harvested as they dried up. Shoots were removed manually by cutting at the soil surface. Plants were 

harvested, bound and air dried before threshing and measuring seed yield per unit area. 

Leaf area index was fortnightly calculated by the following formula suggested by [14]: 

Leaf area per plant (cm2) = length × maximum width × 0.79 … (1) 

Leaf area index  = 
Leaf area per plant (cm2) 

…. (2) 
ground area per plant (cm2) 

 

 

Table 1: Physical and chemical properties of soil at the study site. 

Soil properties Result 

Calcium Carbonate 15% 

Organic matter 0.042% 

Nitrogen 140PPM 

Phosphorus 1.1 PPM 

EST 1.2% 

Electric conductivity 0.85 d/m 

Soil texture Sand 35%, Clay 63% and Silt 2% 

PH 7.4 
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Table 2: Climatologically normal’s 1971 – 2000, Atbara Station. 

Mon. 

Air temperature in ºC Bright 

sunshine 

duration 

Relative 

humidity 

% 

Wind 

mean speed 

at 2 m 

km hr
-1 

*ETo 

mm 
Maximum Minimum 

MEAN HST MEAN LST HRS % MEAN 

Jan 29.8 39.1 14.2 6.3 9.9 88 36 8.0 6.3 

Feb 31.8 41.4 15.1 5.5 10.3 90 31 8.0 7.2 

Mar 35.7 45.7 18.4 10.8 10.1 84 24 8.0 8.1 

Apr 40.0 46.3 22.1 15.0 10.6 85 23 6.9 8.1 

May 42.6 47.5 26.5 18.9 9.8 75 23 5.7 7.5 

Jun 43.2 48.0 28.0 21.6 8.6 65 22 5.7 7.4 

Jul 41.2 47.7 27.3 19.5 8.7 65 32 6.9 8.1 

Aug 40.6 46.5 26.9 19.5 8.6 67 37 6.9 7.8 

Sep 41.6 47.6 27.4 20.0 8.6 71 32 6.9 7.7 

Oct 39.7 44.5 25.2 16.0 9.8 83 31 5.7 6.6 

NOV 34.9 40.7 20.1 11.7 10.2 90 36 6.9 6.3 

DEC 31.1 38.5 16.0 6.5 9.7 88 40 6.9 5.7 

Year 37.7 48.0 22.3 5.5 9.6 79 31 - - 

Source: Sudan Meteorological Authority, Atbara Station. 

* Calculated by using Penman – Montieth equation. 
 

Data were observed on ten plants randomly selected from the harvested area. Parameters assessed included, plant 

height (from the ground surface to tip of growing point) and 1000-kernel weight (g). Harvest index was calculated as the 

average grain yield per plot divided by the average dry biomass per plot. Seed yield per unit area was obtained from the 

three center rows of each plot. To avoid border effect 0.5 m of every side in each plot was not considered when 

harvesting, then grain yield was determined in kg ha-1. Water use efficiency (WUE) was estimated as the ratio of grain 

yield (kg) to total water used (m3). Water-use efficiency was calculated as described by [15] as follows: 

WUE =  
GY 

….. (3) 
ET 

Where,  

WUE (kg m -3) is the water-use efficiency for the GY (kg m -2) and ET is evapotranspiration (m). 

The data were statistically analyzed using analysis of variance to test the significance of treatment effects by using the 

SPSS statistical program. Least Significant Difference Test was used to compare treatment means as described by [16]. 

3. RESULTS AND DISCUSSION 

3.1 Leaf area index 

Leaf area index as affected by irrigation levels and cultivars Figure 1(a) and (b). In all irrigation levels leaf area index 

increased steadily till 70 days after sowing and declined thereafter due to leaf senescence. The maximum leaf area index 

was attained at higher irrigation levels. However a reduction in the leaf area index was recorded at irrigation level 

treatments I1 and I2.This might be due to that available soil water is less than root water extraction efficiency. During 

wheat vegetative growth, under water stress, leaves became smaller, which results in low leaf area index [17]. Emam 

cultivar produced the higher Leaf area index than Condor Figure 2(b). Several studies indicated that total resistance in the 

soil plant system increases with decreasing soil-water potential, which leads to a reduced photosynthetic activity and 

growth [18, 19]. 

3.2 Plant height 

Plant height was significantly affected by cultivars. Emam cultivar gave significantly higher plants than condor 

(Table 3). However, plant height was significantly affected by irrigation levels. The results indicated a decline in plant 

height in the two cultivars under stress conductions, which may be due to decrease in relative turgidity and dehydration 

of protoplasm which associated with loss of turgor and reduced expansion of cell and cell division [20]. 
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3.3 Spike length  

The spike length was affected significantly by irrigation levels and cultivars (Table 3). Irrigation level treatment I5 

gave the highest spike length. Emam cultivar gains significantly higher spike length than condor. Similar result of minor 

decreases in spike length following irrigation levels deficit was obtained by [21]. 

3.4 1000- kernel weight  

One thousand kernel weight was significantly increased with high irrigation levels than low irrigation level (Table 3).  

These results are in agreement with [22]. The maximum 1000-kernel weight (35 g) was found under I5 irrigation 

treatment and the lowest (31 g) was found at I1 irrigation treatment. The decrease in 1000-kernel weight may be due to 

disturbed nutrient uptake efficiency and photosynthetic translocation within the plant, which produced shrivelled grains 

due to hastened maturity [23]. 

 

Figure 1 (a): Leaf Area Index as Affected by Different Irrigation Levels (I1 ♦--- , I2 ■─ ∙∙ , I3 ∆─ ∙ - , I4 ─ ─  and I5  ──)  

During 2010/2011 Growing Season 

 

 

 

Figure 1 (b): Leaf Area Index as Affected by Two Cultivars (Emam♦─ and Condor ■─∙) During 2010/2011 Season 

3.5 Harvest index 

Harvest index was significantly affected by irrigation levels and cultivars (Table 3).  The highest harvest index 

(27.6%) was recorded at irrigation treatment I5, which could be due maximum translocation of assimilates to grain 

formation. On the other hand irrigation treatments I1 and I2 attained the lowest harvest index 23.1 and 25.1%, 

respectively. The studies revealed that water stress at different growth stages of wheat significantly reduced total dry 

weight, grain yield and harvest index. Moreover, the effect of water stress varies with the intensity of stress and the 

growth stage at which it occurs [24]. 

3.6 Grain yield 

Irrigation levels and wheat cultivars had significant effect on the grain yield. The highest grain yield among two 

cultivars across irrigation levels was produced by Emam (2335 kg ha-1) (Table 3). However, the lowest grain yield was 

produced by Condor (1348 kg ha-1). The combined analysis over two growing seasons for the irrigation levels recorded 

significant effect.  Irrigation level treatments I5 and I4 gave significantly the highest grain yield 2112 kg ha-1 and 2024 kg 

ha-1, respectively. Whereas the lowest grain yields (1424 kg ha-1) was observed at irrigation treatment I1. This might be 

due to leaf area index, spike length, 1000-kernel weight and Harvest index.  Grain yield was affected by both the 

magnitude of water deficit and storage of growth subjected to deficit. Increasing irrigation amount up to 100% of soil 

moisture significantly increased grain yield [25]. The interaction between wheat cultivars and irrigation levels showed no 
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significant effect in both seasons  indicating that, wheat cultivars behave similar under different irrigation levels [26]. 

The grain yield was lower for I1 treatment, this could be due to that soil moisture depleted sufficient enough to limit 

extraction of water by root and thereby water stress caused large deficiencies in grain yield. The results were similar to 

the findings of [27] and [28] who noted rational irrigation significantly increased biomass and grain yield. 

Table 3: Effect of irrigation levels on grain yield and yield components of wheat cultivars over two seasons, (2009/2010 

and 2010/2011). 

Treatments 

Grain 

Yield 

(Kg ha
-1

) 

Spike 

Length 

(cm) 

Plant 

Height 

(cm) 

1000-

Kernel 

Weight (g) 

Harvest 

Index 

(%) 

Cultivars:      

Emam 2235 5.4 59.14 32.98 26.3 

Condor 1348              4.4 50.88 32.88 25.1 

LSD (P= 0.05)  696.8 4.9 6.49 0.078 0.927 

Irrigation levels:      

I1 1424 4.3 53.9 30.8 23.1 

I2 1555 4.3 54.4 31.7 25.1 

I3 1845 4.5 54.9 33.4 25.8 

I4 2024 4.7 55.2 34.0 26.6 

I5 2112 4.8 56.7 35.1 27.6 

LSD (P= 0.05) 512.5 0.39 1.838 3.01 2,92 

Interaction NS NS NS NS NS 

Least Significant Difference Test is significant at the 0.05 level, (NS) not significant. 

3.7 Relationship between grain yield and water-use efficiency 

Figure 2 illustrates the relationship between grain yield and water-use efficiency over two growing seasons. The 

results indicated a highly negative and significant relationship (R=0.94) between grain yield and water-use efficiency. 

The maximum water-use efficiency is equivalent to transpiration efficiency, where there was no water loss from the soil 

surface [8]. Water-use efficiency decreases with increasing irrigation level treatments. These results are in agreement 

with those obtained by [29] and [27]. Reports by [30] indicated that irrigation water-use efficiency for biomass and grain 

yield decreased with increasing irrigation. 

3.8 Relationship between irrigation levels and water-use efficiency 

The relationship between different irrigation levels and water-use efficiency was negatively correlated as shown in 

Figure 3. The highest water-use efficiency of 0.51 and 0.27 were both recorded from low irrigation level for the cultivars 

Emam and Condor, respectively. While the lowest values of 0.22 and 0.13 were obtained from the high irrigation level in 

both cultivars. Cultivars showed substantial difference in grain yield and water-use efficiency. Emam cultivar with higher 

grain yield tended to have higher water-use efficiency than Condor. This could indicate that higher yield cultivars have 

the potential to improve water use efficiency and thereby to save water [31]. 

4. CONCLUSIONS 

The results of this study indicated that different irrigation level treatments and cultivars affected the water-use 

efficiency, growth and yield components of two wheat cultivars. Emam cultivar with higher grain yield tended to have 

higher water-use efficiency than Condor. Therefore, the increase in grain yield at high irrigation levels I5 and I4 compared 

to low irrigation treatment I1 is about 48 and 42%, respectively. The results indicated negative relationship between grain 

yield and water-use efficiency. Water-use efficiency decreased with increasing irrigation levels. We recommend the 

irrigation level 1 ET "I4" as the best management for optimizing wheat yield of Emam cultivar under tropical high terrace 

soil conditions.  
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Figure 2: The Relationship Between Grain Yield and Water- Use Efficiency over Two Growing Seasons, (2009/2010 

and 2010/2011) 

 
Figure 3: The relationship between different irrigation levels and water- use efficiency for two cultivars (Emam♦── 

and Condor ■─ ∙∙ ─) over two growing seasons, (2009/2010 and 2010/2011) 
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