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ABSTRACT 
 

Two filed experiments were conducted in El-Nobaria farm of the National Research Centre, Al-Behaira 
Governorate, Egypt during two successive growth seasons, 2007 and 2008 to study the response of two 
sunflower cultivars namely Giza 102 and Sakha 53 to three rates of drip irrigation water (100, 75 and 50% of 
the estimated crop evapotranspiration, which corresponded to 2690,2157 and 1624 m3 water/fed., respectively). 
The results indicated that decreasing the amount of irrigation water significantly reduced plant height, number 
of green leaves per plant, head diameter and total dry matter per plant in both seasons. The same tendency was 
observed for yield and its components. Also, it decreased significantly seed oil content. A reverse trend could be 
detected concerning water use efficiency. Significant differences were observed between the two studied 
sunflower cultivars with respect to growth, yield and its components as well as water use efficiency. Giza102 
cultivar showed best performance and produced the highest seed  yield while Sakha 53 cultivar recorded the 
highest seed oil content in the second season. Furthermore, there was no significant interaction between the two 
studied factors regarding all studied growth, yield and its components, oil content as well as water use 
efficiency.   
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Introduction 

 
Drought stress is one of the most important and widespread environmental stresses which limits 

agricultural products and decreases the production efficiency in arid and semi-arid regions. Reduced 
precipitation together with the higher evapotranspiration is expected to subject natural and agricultural 
vegetation to a greater risk of drought in those areas. Decreasing water supply either temporarily or permanently 
affects morphological and physiological processes in plants adversely. However, in certain tolerant adaptable 
crop plants morphological and metabolic changes occur in response to drought, which contribute towards 
adaptation to such unavoidable environmental constraints.  Differences in water relation characteristics reflect 
the differences between the species and lines are considered as an indicator of drought resistance or tolerance. 
D'Andria et al. (1995) reported that the ability of sunflower to extract water from deeper soil layers when water 
stressed during the early vegetative phase causes stimulation of deeper root system and a tolerance to short 
periods of water deficit are useful traits of sunflower for producing acceptable yield in dry land farming. 
According to Oraki et al. (2012) the observed increase in proline, soluble sugars under severe water deficit 
stress might be attributed to the osmotic adjustment (osmoregulation) of sunflower plants in order to reduce the 
adverse effect of water deficit stress on plant productivity. Several investigators reported that the effects of 
drought stress depend on timing, duration and magnitude of water deficiency. Pankovic et al., (1999) showed 
that moisture deficiency from budding to the end of flowering period has the most adverse effect on the yield of 
sunflower hybrids. In addition data Chimenti et al., (2002) revealed that sunflower is most sensitive to water 
deficit stress in its flowering and seed maturity stages. In further studies Mehrpouyan et al., (2010) found that 
the lowest amount of all yield traits was obtained by the treatment of irrigation stop at 6-8-leaf stage. On the 
other hand, Nezami et al. (2008) indicated that plant height, biological yield stem diameter, head size, seed 
number per head and 1000-seed weight under dry and semi-dried conditions declined. Furthermore, 
Soleimanzadeh et al., (2010) observed a decrease in plant height,  head diameter, seed number per head, 1000- 
seed weight, biological yield, grain yield and oil yield with increasing drought stress. In more recent studies 
Farahvash et al.., (2011) demonstrated that the different levels of water stress reduced stem width, head 
diameter, seed weight, seed number, shoot dry weight, seed yield and harvest index. The fact that drought stress 
effects on growth and yield are genotype-dependent is well known. Many researchers concluded that growth 
and yield of sunflower plants are varied among cultivars. According to Alahdadi et al., (2011)  water stress 
decreased seed yield, yield components and seed oil content in all studied the sunflower hybrids. Although at 
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different level of water stress, each hybrid behaved differently according to their genetic makeup. It is generally 
believed that to realize a better performance in adapted breeding cultivars, traits which increase grain yield 
under drought conditions must be recognized and used as selection criteria along with grain yield. Breeding 
methods and drought- resistant cultivars allow optimum utilization of semi-arid regions and increase their 
cultivated area and efficiency Mazaffari et al.., (1996).   

The objective of the present work was to investigate the effect of three rates of drip irrigation water on 
growth, yield and its components as well as water use efficiency of two sunflower cultivars.   
 
Materials and Methods 

 
Two field experiments were conducted in El-Nobaria farm of National Research Centre, Al Behaira 

Governorate, Egypt during 2007 and 2008 summer seasons. The study aimed to investigate the response of two 
sunflower cultivars namely Giza 102 and Sakha 53 to different levels of water supply. The adopted water 
treatments were 100, 75 and 50% of evapotranspiration (ETo). These treatments reflecting conditions achieved 
as optimum level of water supply, moderate and severe water stress respectively. In the two growing seasons, 
the amount of water needed for each irrigation was calculated according to the crop coefficient (Kc) and the 
daily reference potential (ETo). The latter was determined according to the Penman-Monteith equation 
depending on the predicted climatic factors at each irrigation time and the growth stage of sunflower plant. At 
the end of the last irrigation, the quantity of water applied for each of the three irrigation treatments was 
calculated according to the total amount of water added from sowing until harvesting for the two seasons. The 
average amounts of water during the two growing seasons were 2690, 2157 and 1624m3/fed. for the irrigation 
treatments, respectively. The experimental design used was a split plot one with three replications. Irrigation 
three treatments were arranged in the main plots, whereas the sunflower cultivars were randomly distributed in 
the sub-plot. Sub-plot area wa 22.5m2 (30 m long*0.75m width). Soil characteristics of  the experimental 
location are shown in Table (1) . Particle size distribution and moisture of the soil sample was determined as 
described by Blackmore, (1972). Soil organic matter, CaCo3, EC and pH were determined according to Black et 
al., (1982). The growing season extended over a period of about for months from May to September. The air 
temperature during this period had mean monthly values ranging from 25.5°C to 30.5°C. The mean minimum 
monthly values never came below 18.5°C and the mean maximum monthly values rose to 35.5°C in July. The 
humidity of the air was generally high. The wind speed did not exceed 10 km/h during the experimental period.   

Seeds of sunflower (Helianthus annuus L.) cultivars Giza 102 and Sakha 53, which were obtained from 
Agricultural Research Centre, Giza, Egypt, were sown on 25 May in both seasons. The normal cultural 
treatments of growing sunflower of the location were followed. After 18 days from sowing , the plants were 
thinned to secure one plant per hill. Phosphorus fertilizer was applied to the soil before sowing at a dose of 100 
kg/fed in the form of calcium super phosphate (15.5% p2O5)  potassium was applied in the form of potassium 
sulphate (48% K2O)at the rate of 50kg/fed., while nitrogen fertilizer was added  the form of ammonium nitrate 
(33.5% N)  at rate of 60kg/fed. before the first irrigation. At 75 days from sowing, five plants were randomly 
taken for estimating the vegetative growth parameters i.e plant height (cm) number of green leaves per plant, 
head diameter (cm) and dry matter of stem, leaves, root and head per plant (g) as well as total dry matter per 
plant (g). At harvest (105 days from sowing) the following data were recorded plant height (cm), head diameter 
(cm), head weight per plant (g), seed yield per plant (g) seed yield per fed (kg), straw yield per fed (kg) and 
biological yield kg per fed (the total weight of the dry matter of sunflower plants).    
 
Table 1: Soil characteristics of the experimental sites  

Particle size distribution   
 Sand %  

Silt %  
Clay %  
Texture 

70.80 
25.60 
3.60 
Sand Loam 

Field capacity  20.10 
Chemical character   
 Soil reaction pH (1:2.5)  

Electric conductivity (dsm-1) 
Organic matter (%)  
Calcium carbonate (%) 
Available macronutrients (mg/100g) 

7.90 
0.12 
0.23 
3.57 
 

  N 
P 
K 

15.10 
13.00 
21.00 

 Available micronutrients (ppm)   
  Fe 

Mn 
Zn 
Cu 

4.47 
2.61 
1.44 
4.00 
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Seeds samples of each treatment were dried at 70°C until a constant weight was achieved, grounded to fine 
powder and the oil percentage was estimated using Soxhelt apparatus and petroleum ether as a solvent 
according to A.O.A.C. (1980). Oil yield (kg/fed) was calculated by multiplying seed oil percentage by seed 
yield per feddan. Water use efficiency (WUE) value was calculated according to the following equation 
(Jensen, 1983). 

 

UWE (kg/m3)  = 
Seed yield (kg/fed.)  
Seasonal ET (m3/fed.)  

 
The obtained data were statistically analyzed according to analysis of variance method described by 

Snedecor and Cochran (1980).  
 
Results and Discussion 
 
1. Vegetative growth parameters: 

 
The results in Table (2) indicate that decreasing the amount of irrigation water from 2690 to 1624 m3/fed 

significantly reduced plant height, number of green leaves per plant, head diameter, dry matter of stem, leaves, 
head root and consequently the total dry matter per plant in both seasons. It seems evident that subjecting 
sunflower plants to water deficit, through reducing the amount of irrigation water reduced all growth attributes, 
probably due to impairing photosynthetic process which could have been decreased by the drastic decrease of 
leaf  relative water content. In this concern, Khalilvand and Yarnia (2007) reported that drought stress 
conditions increased stomatal resistance as a results of relative closing of stomata, consequently this condition 
increases the total resistance of the given plant against its H2O movement in comparison to Co2. Afkari 
Bajehbaj (2010) showed that the application of water deficit stress decreased significantly plant height, seed 
number per head, leaf water potential, leaf area index, leaf relative water content, stomatal resistance and 
harvest index. These results are agreement with those obtained by El-Sabbagh et al., (2005) , Khalil (2007) and 
Mehrpouyan et al., (2010).  

The present data clearly show differences between the two sunflower cultivars under study with respect to 
growth parameters. In this regard, Giza 102 surpassed the other one (Sakha 53) in plant height, number of green 
leaves per plant, head diameter and total dry matter per plant. However, the differences did not reach the level 
of significance except for plant height, dray matter of leaves, head and total dry matter plant in 2007 in addition 
dry matter of head and roots in 2008. The conspicuous differences between the two cultivars suggest the 
presence of genetic differences. The results obtained by Ghani et al.., (2000) and Alahdadi et al., (2011) 
confirm our findings. The interaction between irrigation treatments and cultivars was not significant in all 
studied growth parameters except for plant height and total dry matter plant in 2007 season (table, 2). 

 
Table 2: Effect of drip irrigation water sunflower cultivars and their interaction on growth parameters of sunflower plant at 75 days from  
              sowing in 2007 and 2008 seasons. 
Irrigation 
treatments 

Sunflower 
cultivars 

Plant height 
(cm) 

Number of 
green 

leaves /plant 

Head 
diameter (cm) 

Dry matter / plant (g) 
Stem Leaves Head Root Total

2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 

I1 

2690 
m3/fed. 

Giza 102 146.00 142.66 21.00 20.00 18.00 16.00 9.54 10.24 4.36 3.94 24.46 24.17 4.56 4.50 42.90 42.87

Sakha 53 143.00 145.33 20.70 19.00 18.66 15.33 9.45 10.13 4.24 3.74 24.44 24.20 4.55 3.77 42.69 41.87 

Mean 144.50 144.00 20.83 19.50 18.33 15.67 9.50 10.18 4.30 3.84 24.45 24.19 4.54 4.13 42.79 42.37 

I2 

2157 
m3/fed. 

Giza 102 141.66 139.66 19.00 18.33 17.33 16.33 9.47 9.41 3.84 4.03 23.57 23.79 3.72 4.01 40.60 41.25 
Sakha 53 138.00 139.00 16.70 16.33 15.66 15.00 8.54 8.91 3.14 3.46 21.88 21.52 2.97 3.14 36.53 37.03
Mean 139.83 139.33 17.83 17.33 16.50 15.67 9.01 9.16 3.48 3.74 22.72 22.65 3.35 3.58 38.56 39.15 

I3 

1624 
m3/fed. 

Giza 102 132.70 130.66 15.00 14.00 14.00 12.00 7.33 8.11 3.75 2.66 19.60 18.97 2.87 2.77 33.55 32.51 
Sakha 53 133.00 131.00 14.00 13.66 14.00 13.33 7.55 7.98 2.53 3.21 18.16 17.98 2.45 2.66 30.70 31.83
Mean 132.83 130.83 14.50 13.83 14.00 12.67 7.44 8.04 3.13 2.93 18.88 18.48 2.66 2.71 32.12 32.17 

Mean 
values of 
 cultivars 

Giza 102 140.11 137.66 18.33 17.44 16.44 14.80 8.78 9.25 3.98 3.55 22.54 22.31 3.70 3.76 39.01 38.87 
Sakha 53 138.00 138.44 17.11 16.33 16.11 14.60 8.51 9.01 3.30 3.47 21.49 21.23 3.33 3.19 36.63 36.91 

L.S.D at 
5% level  

I 2.05 2.87 1.71 1.64 1.36 2.42 0.68 1.21 0.53 0.65 1.03 0.33 0.42 0.62 1.36 2.06 
V 1.21 N.S. N.S. N.S. N.S. N.S. N.S. N.S. 0.41 N.S. 0.66 0.89 N.S. 0.53 0.72 N.S. 
I X V 2.10 N.S N.S N.S N.S N.S N.S N.S N.S N.S N.S N.S N.S N.S. 1.24 N.S

I = irrigation treatments   V = cultivars   IX V = Interaction 
 

2. Yield and its related characters : 
 
Data presented in Table (3) show clearly the effect of water deficit on yield and it related characters of two 

sunflower cultivars. Examination of these data revealed that, at harvest time, irrigation by the lowest rate (1624 
m3/fed.) decreased significantly plant height, head diameter and head weight in both seasons. The results 
exhibited also that seed yield per plant and 100-seed weight followed the same trend. Also, there was a 
significant depression in seed yield and straw yield and consequently the biological yield per feddan with 
decreasing the water supply as compared with those irrigated by the highest rate (2690 m3/fed.).  The reduction 
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in the yield and its related characters by decreasing the amount of irrigation water may be attributed to the 
depression in the vegetative growth parameters studied as previously noticed from Table (2). In this respect, Ni, 
(1992) referred that drought during the vegetative growth stage indirectly affected yield potential by adversely 
affecting leaf area and photosynthetic capacity. In addition, moisture deficiency can adversely affect the 
activities of reproductive organs such as head and grains because of the high sensitivity of sunflower to drought 
stress during head emergence and pollination Hajhassani-Asl et al.,( 2009). The results are in parallel with those 
obtained by El-Sabbagh et al., (2005), Khalil., (2007) and Alahdadi et al., (2011).   

Regardless of water treatments, the present data clearly show significant differences between the two tested 
cultivars with respect to yield and its components. In this concern, Giza 102 cultivar exceeded significantly 
Sakha 53 cultivar in seed yield/ plant and feddan in the second season. The superiority of Giza 102 cultivar in 
seed yield/fed might be refer to the increase in head weight per plant. The differences between the two 
sunflower cultivars may be due to the differences in their genetical constituents. In this connection. Oraki et al., 
(2012) stated that a large genetic variation was observed proline, soluble sugars, chlorophyll a and b and total 
chlorophyll accumulation and grain yield between well watered and water deficit stress conditions. Several 
investigators recorded that sunflower cultivars are greatly different in their yield potential (Ghani et al., 2000, 
El-Sabbagh et al., 2005 and Farahvash et al., 2011). The interaction between water treatments and cultivars was 
not significant for yield and yield components.  
 
3. Seed chemical constituents:  

 
Data in Table (4) revealed that, in the two tested cultivars, decreasing the amount of irrigation water from 

2690 to 1624 m3/fed reduced significantly oil content in the seeds. The results also indicated that oil yield per 
feddan followed the same trend. The oil content was decreased by drought stress, most likely because of a 
reduction in photosyndhesis and assimilate remobilization (Afkari Bajehbaj, 2010). In this regard, 
Soleimanzadeh et al., (2010) reported that drought stress reduces the grain filling period and oil content.  
 
Table 3: Effect of of drip irrigation water , sunflower cultivars and their interaction on yield and its  components  of sunflower plant in  
             2007 and 2008 seasons.  

Irrigation 
treatme
nt 

Sunflower  
cultivars 

Plant height 
(cm) 

Head diameter 
(cm) 

Head weight / 
plant (g) 

Seed yield  
/plant (g) 

100-seed 
 weight (g) 

Seed yield  
/fed. (kg) 

Strow yield 
/ fed. (kg) 

Biological yield 
/fed. (kg) 

2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 

I1 

2690 
m3/fed. 

Giza 
102 

162.00 163.67 19.00 20.00 62.84 65.02 52.57 55.34 5.76 6.49 700.93 737,86 1276.40 1259.61 1977.33 1997.46

Sakha 
53 

162.67 164.00 21.67 20.33 63.04 61.63 52.63 52.96 6.14 6.28 701.77 706.13 1305.48 1319.16 2007.24 2025.28

Mean 162.33 163.83 20.33 20.17 62.94 63.32 52.60 54.15 5.95 6.38 701.35 721.99 1290.94 1289.38 1992.28 2011.37

I2 
2157 
m3/fed. 

Giza 
102 

160.67 159.00 19.00 18.67 66.98 61.53 56.01 53.68 5.68 6.09 746.84 715.73 1174.13 1195.00 1920.97 1911.24 

Sakha 
53 

158.67 160.00 18.17 19.00 59.36 58.61 52.20 52.10 5.53 5.84 696.00 694.70 1226.88 1217.50 1922.83 1921.19 

Mean 159.67 159.50 18.58 18.83 63.17 60.07 54.10 52.89 5.60 5.96 721.42 705.21 1200.50 1206.50 1921.93 1916.21 

I3 
1624 
m3/fed. 

Giza 
102 

152.33 149.00 16.00 15.00 48.11 48.47 41.76 41.19 3.37 3.62 556.57 549.19 1111.33 1052.23 1668.09 1601.42 

Sakha 
53 

148.00 147.67 16.50 15.83 44.11 43.88 39.91 39.72 3.75 3.86 532.17 502.93 1078.84 1085.43 1611.02 1588.35

Mean 150.17 148.33 16.25 15.42 46.11 46.17 40.83 39.45 3.55 3.75 544.46 526.06 1095.09 1068.83 1639.55 1594.89

Mean 
values 
of 
cultivars 

Giza 
102 

158.33 157.22 18.00 17.88 59.31 58.34 50.11 50.07 4.93 5.40 668.18 667.59 1187.28 1169.11 1855.46 1836.70 

Sakha 
53 

156.44 157.22 18.78 18.39 55.50 54.71 48.25 47.59 5.14 5.33 643.32 634.58 1203.73 1207.36 1847.04 1844.94 

L.S.D at 
5% 
level  

I 4.60 2.60 1.26 1.83 1.92 2.05 2.11 1.64 0.32 0.57 28.16 21.87 42.84 35.39 31.86 53.76 
V 1.74 N.S N.S N.S 2.90 1.12 N.S 0.72 N.S N.S N.S 9.62 N.S 34.86 N.S N.S 
I X V N.S N.S N.S N.S N.S N.S N.S N.S N.S N.S N.S N.S N.S N.S N.S N.S

I = irrigation treatments   V = cultivars   IX V = Interaction 
 

In addition. Khajae-Pour ,(2004) stated that water stress disrupts grain filling, decreases the synthesis of 
nutrient (decreases 1000-grain weight) and as a result, increases the ratio of hull to kernel which in turn, leads to 
the decrease in grain oil content and hence oil yield.  

Similar results were recorded by El-Sabbagh et al., (2005) and Alahdadi et al., (2011).  
It is worthy to mention that there were significant differences between the two studied cultivars in the 

content of oil in the seeds and the oil yield per feddan in the second season. Giza 102 cultivar recorded the 
highest value for oil yield per feddan while Sakha 53 cultivar recorded the highest value for seed oil content in 
the second season. The interaction between water treatments and cultivars was not significant for oil percentage 
in the seed and oil yield per feddan (Table 4).  
 
4. Water use efficiency (WUE): 

 
Water use efficiency expressed as a kg seeds/m3 of water consumed as affected by the different water 

treatments and the two sunflower cultivars is presented in Table (4). It is obvious that water treatments 
significantly affected WUE in the two seasons since irrigation by the lowest amount of water (1624 m3)  
resulted in higher WUE value as compared with those irrigated by the highest amount of water (2690 m3). With 
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regard to cultivars, data showed that there was significant difference between the two studied cultivars. Giza 
102 cultivar was significantly superior in WUE in both seasons. Our results are in accordance with those of 
Kassem (2000) who reported that WUE increased with the decrease of irrigation water. The interation between 
water treatments and cultivars was not significant (Table 4).  
 
Table 4: Effect of drip irrigation water, sunflower cultivars and their interaction  on seed oil percentage, seed oil yield per fed and water use  
              efficiency of sunflower plant in 2007 and 2008 seasons.  

Irrigation treatments 
Sunflower 
cultivars 

Seed oil content (%) Seed oil yield/fed.(kg) 
Water nse efficiency (kg 
/m3) 

2007 2008 2007 2008 2007 2008 
I1 
2690 m3/fed. 

Giza 102 36.61 36.47 244.31 269.17 0.26 0.27 
Sakha 53 36.74 36.70 257.90 259.14 0.26 0.26 
Mean 36.68 36.58 251.11 264.15 0.26 0.27 

I2 
2157 m3/fed. 

Giza 102 35.04 35.00 261.72 250.53 0.35 0.33 
Sakha 53 34.95 35.08 243.27 243.75 0.32 0.32 
Mean 34.99 35.04 252.49 247.14 0.33 0.33 

I3 
1624 m3/fed 

Giza 102 31.86 31.66 177.43 173.90 0.34 0.33 
Sakha 53 31.96 32.09 170.20 161.36 0.33 0.30 
Mean 31.91 31.87 173.82 167.63 0.34 0.32 

Means values of 
cultivars 

Giza 102 34.50 34.38 227.82 231.20 0.32 0.31 
Sakha 53 34.55 34.63 223.79 221.41 0.30 0.29 

L.S.D. at 5% 
 

I 0.57 0.49 7.14 8.77 0.01 0.01 
V N.S 0.23 N.S 4.30 0.01 0.004 
IXV N.S N.S N.S N.S N.S 0.007 

I : Irrigation treatments  V = Cultivars      IXV = interaction 
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