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ABSTRACT 
 
 Productivity of sunflower (Helianthus annuus L.) is strongly regulated by the availability of water and 
nitrogen, greatest yield losses occur when water shortage occurs at flowering. In order to study the effects of 
water stress, different levels of nitrogen on yield, yield component and water use efficiency of sunflower 
hybridIroflor an experimentwas conducted as a split plot Randomize Complete Blok Design. The treatments 
were composed of three irrigation treatment (I) including I1 (optimum irrigation), I2 (moderate stress) and I3 
(severe drought stress) was done after depletion of 30, 40&50 percent of the field capacity, respectively asthe 
main plot and three nitrogen levels N1, N2 and N3 consisting of 80, 140 and 200 Kg N ha-1 respectivelywere 
placed as sub plots. Results showed that grain and biological yield, economical and biological water use 
efficiency, were reduced significantly in response to increasing to drought severity.The effect of nitrogen on 
grain and biological yield, yield components, economical and biological water use efficiency was significant. 
The highest water use efficiency was obtained from 200 Kg N.ha-1 under optimum irrigation condition. When 
available water decreased, positive effect of nitrogen application on these traitsdecreased significantly.                  
 
Key words: Sunflower, Drought stress, Nitrogen,Water use efficiency, Yield Components. 
 
Introduction
 
 Sunflower is one of the major and most 
influntialunconventional oilseed crops in the world 
due to its excellent oil quality [1]. Sunflower is 
categorized as a low tomedium drought sensitive 
crop [2]. Data on the effect of the agronomic 
techniques and irrigation onsunflower oil quality and 
seed yield is scarce andcontroversial. Both quantity 
and distribution of water has a significantimpact on 
yield and oil yield in sunflower [3-4-5]. Previous 
investigations have shown that water stress at various 
growth stages affect seed yield of sunflower and 
other crops [2-6, 32,33,34,35,36,37,38,39,4,41,42]. 
 [7]. reported that plant height and plant dry 
matter decreased with increasing water stress under 
controlled conditions. [8,9]. indicated that grain yield 
and weight of 1000 grains decreased with increasing 
drought stress. [10]. showed that with increasing 
drought stress leaf area index, grain yield and its 
component decreased. 
 Water stress during the yield formation period 
reduced yields when compared to full irrigation, but 
the reduction was much less than when stress 
occurred during the flowering period Tolga and 
Lokman[6]. The optimization of irrigation water, 

particularly inSeasonswhere there is insufficient 
water for crop demand is essential for water resource 
management. Optimum use implies not only an 
efficient irrigation system capable of providing 
timely uniformity, but also a proper timing of 
irrigation so as to conform to the criticalstages of 
growth of the crop concerned. With good planning, 
design and operation of irrigation schemes, it is 
possible to analyze the effect of water supply on crop 
yields [6]. Nitrogen is essential elemental for growth 
and change its values accessible to the plant 
performance can affect the intensity. Scientists 
believe poor management of irrigation and nitrogen; 
the main factors decreasing the performance of corn 
are considered [11]. 
 Abbadi and Gerendas[12] showed that optimal 
and high supply nitrogen in sunflower produced 
grain yield more efficient than low supply of 
nitrogen. Palmer et al., [13] found that the 
availability of nitrate has a strong effect on leaf 
expansion in sunflower. 
 Norwood [11] reported in general, increase in 
moisture enhances corn yield response to N 
fertilization especially when high N rates are applied. 
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In addition, N uptake was strongly influenced by 
water supply [14]. 
 The primary objective of this study was to 
evaluate the impacts of N fertility rates and irrigation 
ratesonsunfloweryield, yield componentsand water 
use efficiencyto develop a bestmanagement system 
for high sunflower yield and WUE simultaneously. 
 
Materials and Methods 

 
 This study was conducted in a clay loam soil in 
during 2010 at the farm of the city ofHamydiea(with  
thelongitude of 48° 10’ and latitude 31° 4’ and 13m 
above the sea level). 
The experimental designwas split plot with three 
replications in form complete randomized block. The 
treatments were composed of three irrigation 
treatment (I) including I1 (optimum irrigation), I2 
(moderate stress) and I3 (severe drought stress) was 
done after depletion of 30, 40&50 percent of the field 
capacity, respectively as themain plot and three 
nitrogen levels N1, N2 and N3 consisting of 80, 140 
and 200 Kg N ha-1respectively were considered as 
sub plots. 
 For determining soil moisture samples were 
taken from 2 depths of soil 0-30 and 30-60 cm). Then 
weight moisture percentage was determined by pres-
sure plate (armfield CAT.REF: FEL13B-1 Serial 
Number: 6353 A 24S98). In this experiment field 
capacity andpermanent wilting point  of soil were 24 
and 12.1. To implement the irrigation operation the 
water usage volume was calculated by the following 
equation:  
 

 -  C m

i

F pb D A
rootV

E

   
  

 
Whereas: 
V =Volume of irrigation water (m3) 

CF = moisture content at field capacity(%) 

m =  moisture content before irrigation(%) 

pb = Soil bulk density (gcm3) 

 = Irrigated area (m2) 

root
D =Root penetration(m) 

iE =Irrigation efficiency 

Therefore the required water volume in each 
stage of irrigation in each treatment was calculated 
and was distributed equally based on the water 
distribution efficiency of 90 percent by flume and 
chronometer. 
 The final harvesting area was equal to 4.8 m-

2which was done from two middle lines of planting. 
Final measurements were conducted from these 
samples. For moisture measurement grains were 
located in the oven in the temperature of 72 degrees 
centigrade for 48 hours. Leaf area index was 

determined by leaf area meter (LP-80 Accupar 
PAR/LAI Ceptometer). The yield components 
including the number of grains head-1 and weight of 
1000 grains were calculated. Harvest index was 
calculated by equation: 
HI= Harvest Index  
Ye= Economical yield       HI=Ye / Yb   
Yb= Biological yield  
Yield components including grain number per head 
and seed weight (based on two samples of 500 seeds 
in each plot) were measured separately from the final 
harvest plants per plot. Biologicalandeconomic water 
use efficiencywas calculated by equations: 
WUE=Water Use Efficiency 
EWUE= Economic Water Use Efficiency 
BWUE= Biological Water Use Efficiency 
EWUE=       Grain yield (kg) 
Volume of water consumption (m3) 
BWUE=       Biological yield (kg) 
Volume of water consumption (m3)    
 Statistical analysis of data was performed using 
computer software MINITAB and MSTATC and 
comparison of the means was done by Duncan's test 
at a probability level of 5 percent.  

 
Results and Discussion 

 
Seed yield: 
 
 Effects of irrigation and nitrogen levels on the 
seed yield were significant (Table1).Increasing in 
water deficit levels was associated with decreasing in 
seed yield(Table 3).  
 The main reason of decreasing of seed yield in 
treatment under drought stress (moderate and 
intense) in comparison with optimum irrigation was a 
significant decrease in seed number in head and seed 
weight in these treatments(Table 3). It seems to 
balance water consumption during the different 
stages of development, including flowering leading 
to improved performance is sunflower seeds.  
  [15]. showed that with increasing irrigation 
intervals diameter, seed yield and oil yield 
decreased.The interaction between deficit irrigation 
levels and nitrogen significantly affected seed yield 
(Table 1). Grain yield response to N rate was 
affected by irrigation (Table4). Grain yield 
significant response to increase in N rate when the I1 
(optimum irrigation) and I2 (moderate stress) 
treatments were applied (Table 4). 
 The consumption of more quantities of fertilizer 
at optimum irrigation condition caused considerable 
increase in grain yield whereas at severe drought 
stress condition using more quantities of nitrogen did 
not increased grain yield. It seems that this situation 
results from absorption reduction and increasing 
nitrogen waste due to water deficit in soil. The 
results of [14] confirm obtained results in this survey 
on nitrogen use efficiency at drought stress 
condition. 
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  [16] declared that a simultaneously increase in 
soil water and N, will result in an increase of seed 
yield at the time of water stress 
 
Biological yield: 
 
 Negative correlation between of drought stress 
intensity and biological yield indicated that 
biological yield significantly decreased as the 
dryness tension intensity increased (Tables 2 and 
3).Optimum irrigation with 1032 g/m2 dry matter 
accumulation, and intense dryness tension with 576 
g/m2 featured the highest and lowest biological 
yields (table 3). These results confirmed [17][18] 
who also showed decreasing biological yield because 
of drought stress. The reason for increase in TDM 
(total dry matter) production in plants under optimum 
irrigation was the extension of leaf area and its 
higher durability that provided enough physiological 
resource to take advantage of received light and 
therefore produce more dry matter [18].  
 The reduction of nitrogen consumption level 
from 200 to 80 kg nitrogen ha-1 reduced biological 
yield by the average of 274gm-2(Table 3) 
 The reduction of biological yield at little 
quantities of nitrogen consumption was reported by 
other researchers [19]. In this study, at greater 
quantities of nitrogen, accumulation of 
photosynthetic increased at the stem and leaf parts 
which resulted in increased gathering of nutrients in 
grain. Thenitrogen deficit causes leaf size reduction 
which in turn is the cause of reduction in the amount 
of light absorption and light usage for plant 
photosynthesis which finally leads to reduced 
biological yield (Table3).The interaction between 
irrigation levels and nitrogen application rates 
significantly affectedon biological yield, (Table 
1),Biological yield significantly was enhanced with 
increasing nitrogen usage in optimum irrigation and 
moderate droughtstress cases.  However, in intense 
dryness tension conditions, this positive impact of 
nitrogen was exceedingly intangible (Table 3). In 
other words, lack of positive influence of nitrogen on 
production of suitable aerial organs, resulting from 
limited nitrogen absorption and failurein transferring 
it to the photosynthetic organs in intense dryness 
tension conditions, led to biomass reduction. The 
results of [14] confirm obtained results in this survey 
on nitrogen use efficiency at drought stress 
condition. 
 
Number of seeds per head: 
 
 In this study deficit irrigation levelapplied 

significantly decreased the seed per plant (Table3). 
During the vegetative and reproductive growth of 
plants with water stress, especially in the flowering 
stage and thus increasing floret abortion of one of the 
reasons for the decrease in seed number. [20] 
reported the occurrence of stress at different growth 
stages, especially during reproductive stages reduces 
the number of seeds per head. 
 Nitrogen had significant effects on seed number 
per head (table 1). Increasing nitrogen applications 
increased the seed number per head.Seed number per 
head in the treatments of 200 kgNha-1 with the 
highest number of 623 and 80kgNha-1treated with 
the593numberswerethe lowestseed number(Table 3). 
  [19] reported that the number of grains head-
1increased with nitrogen consumption due to the 
improvement of crop growth rate and stated that 
increasing nitrogen consumption caused increasing in 
light use efficiency at flowering stage and increasing 
in crop growth rate. Since there is a close relation-
ship between crop growth rate and providing 
elaborate sap during flowering and nitrogen 
application has a positive effect on these processes, 
increasing the number of grains head-1due to 
increasing nitrogen consumption was expected. [21] 
stated that with increasing nitrogen consumption the 
number of grains head-1increased. The interaction 
effect of irrigation and N was significant in α=0.05 
for seed yield (table 1).Seeds per head with the 
application of 140 and 200 kgNha-1 in optimum 
irrigation and moderate drought stress showed a 
significant increase than 80 kgNha-
1andseveredroughtstress, increasesinnitrogendid not 
show asignificant effectonseed number 
perhead(Tables1 and 4). 
 In other word, in condition of intense water 
deficit of soil, N absorption will be disrupted by 
plant and required N for the crucial stage of growth 
will not be provided even with the increase of nitrate 
of soil. [22] declared in his research that irrigation 
could increase N absorption and the increase of water 
stress decreases a limitation for plant for utilizing of 
soil nitrate.Morsi & saleh [16] declared that a 
synchronized increase in soil water and N, will result 
in an increase of seed yield and at the time of water 
stress, N increase will increase seed yield a little. 
 
1000 seed weight: 
 
 The effects of different amounts of nitrogen and 
drought stress on 1000-grain weight were significant 
(Table 1). 
 Results showed that drought stress caused a 
significant decrease in grain weight sothat the 

maximum and minimum 1000-grain weight was ob-
tained in optimum irrigation andsevere drought 
stress, respectively (table 3.). Average value of Grain    
weight is firstly determined by the quantity of 
elaborated matter available to be transported to head 
from flowering stages to grain maturity stage. This 

is, in turn, a function of the durability of leaf area 
after flowering stage as well as the sink-source 
relationship [23].  Decreasing 1000-grain weight at 
severe drought stress can be related to the lack of 
stored carbohydrates before pollination stage at 
productive parts and to decreasing durability of leaf 
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area at plants of under treatment that resulted in a 
short period of grain filling.  
 Positive correlation of nitrogen with the 1000-
grain weight (Table 4) indicate that increasing the 
use of nitrogen increased 1000-grain weight (Table 
3). 
 This is because of ability of the plant to access to 
more nitrogen and increasing reproductive and 
productive parts. [24] reported that with increasing 
nitrogen consumption head diameter and 1000-grain 
weight increased due to more access to absorbing 
nutrients. 
 
Harvest index: 
 
 Impact of water deficiency tension was 
significant on harvest index (Table 1). The table 
containing comparison of averages of irrigation 
treatment effect on harvest index showed there was 
no significant difference statistically between ideal 
irrigation and moderate dryness tension; however, 
harvest index significantly declined by applying 
intense drought stress treatment (Table 2). 
Considering insignificance harvest index in optimum 
irrigation and moderate stress treatments in this 
research, it can be inferred that in temporary dryness 

tension condition, not only less matters were 
produced in the whole plant organs but also 
photosynthetic material allocation decreased 
proportionally. Grain weight variations in tension 
and non-tension circumstances confirmed this 
finding. However, considerable decline of grain yield 
in intense dryness tension condition was followed by 
significantly diminishing harvest index. 
 In an experiment conducted by [8] occurrence of 
moisture tension in pollination and physiological 
maturity conditions significantly affected 
sunflower’s harvest index. Harvest index reduction 
was reported owing to water deficiency tension in 
studies of [25][26]. believe harvest index in dryness 
conditions depends on the amount of water 
consumed after pollination; the more water 
consumption, the higher harvest index. Effect of 
different nitrogen amounts was not significant (tables 
1). Insignificant impact of nitrogen is indicative of 
relatively uniform variation trend of grain yield and 
total biomass. In other words, nitrogen application 
seems to be ineffective on changing assimilate 
distribution. [27] stated that in modern agricultural 
crops management, harvest index of a genotype is a 
typical quality, which varies subtly even in tension 
conditions. 

 
Table 1: Analysis of variance for experimental traits Ns*and, **: Not significant, significant at probability levels 5% and 1% respectively. 

 
Concusions: 
 
 According to the results of this research, ideal 
irrigation, besides enjoying more confidence and 
larger yield level, enables ideal nitrogen usage for 
production and enhancement of water consumption 
efficiency. Sufficient nitrogen fertilizer significantly 
increased corn’s grain yield under moderate dryness 
tension condition. Also, suitable conditions of 
nitrogen had positive effect on water use efficiency. 
Thus, if enough water is not available and the crop 
encounters moderate dryness tension during growth 
period, by applying more nitrogen, the reductions in 

grain yield and water consumption efficiency can be 
compensated to some extent.  
 [31] showed that as soil nitrogen increases in 
moderate stress conditions more nitrogen is absorbed 
and accordingly, the yield improves. However, this 
improvement is less than the situation when  a 
sufficient amount of water is used. In this research, 
grain yield and water consumption efficiency were 
not significant among different nitrogen levels in 
drought stress conditions. Consequently, when the 
crop encounters intense dryness tension during the 
growth period, there would be no principled reason 
to increase nitrogen fertilizer in order to alleviate the 
effects of dryness tension.
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Table 2: Correlation coefficients between some traits related to redistribution and current photosynthesis.  

 
Economical water use 

efficiency 
 

 
Biological 

yield 
 

 
Seed 
yield 
 

 
 

Nitrogen  
 

 
Drought 

stress 

 

 Seed yield -٭٭ ٭٭   
 

 Biological yield -٭٭ ٭٭ ٭٭  
 

 Economical water use efficiency -٭٭ ٭٭ ٭٭ ٭٭ 
 

 Biological water use efficiency -٭٭ ٭٭ ٭٭ ٭٭ ٭٭
Ns, *and, **: Not significant, significant at probability levels 5% and 1% respectively 
 
Table 3: Mean comparison for experimental trai. 

 
Biological water 

use efficiency 
(kg m-3) 

 

 
Economical water 

use efficiency 
(kg m-3) 

 
HI (%) 

 
Biological 

yield 
(gm-2) 

 
Seed 
yield 
(gm-2) 

 
1000 
seed 

weight 
(g) 

 
Seed 

numbe
r per 
head 

 
LAI 

Treatment 

         
Irrigation 

2.06a 0.69a33.39a1032.7a344.1a66.04a 690a 3.98a optimum irrigation 

1.49b 0.48b 32.52a 748.6b 242.3b 51.47b 626.4

b 

3.25b Moderate drought 
stress 

1.13c 0.31c 27.68b 567.2c 156.2c 40.11c 
 

530.8c 2.3c intense drought  
stress 

         
Nitrogen( kg N 

ha-1) 

1.34b 0.44b31.46a693.1b219b48.45b 593b 2.81b 80 

1.57a 0.50a31.56a786.9ab252.5a53.07a 621a 3.29a 140 

1.74a 0.54a30.56a868.6a271.1a56.1a 623.1a 3.41a 200 

Means with same letter in each column are not significantly different at the 5% probability level- using Duncan Multiple Range Test 
(DMAT) 
 
Table 4: Mean Comparison of average interaction N×I for experimental traits. 

 
Biological 
water use 
efficiency 
(kg m-3) 

 
Economica
l water use 
efficiency 
(kg m-3) 

 
Biological 

yield 
(gm-2) 

 
Seed yield 

(gm-2) 

 
Seed number 

per head 

 
LAI 

 
Treatment (N×I) 

 
 

      Nitrogen( kg N ha-

1) 
Irrigation(I) 

1.781b 0.582b 809.6c291.3b655.7b3.56b80  

2.038a 0.692ab 1019.1b 346.4a 704.4a 4.04a 140  
optimum irrigation 

2.376a 0.789a 1188.4a394.7a709.8a4.32a200  

1.32c 0.429d 660.2e214.9c599.9c2.81c80  

1.52b 0.506c 760.7d 253.1b 637.1b 3.46b 140 moderate 
droughtstress 

1.649b 0.517c 824.9c258.8b642.1b3.48b200  

1.056d 0.301e 528.1f150.7d523.4d2.07d80  

1.161d 0.316e 580.8f 158.1d 521.5d 2.39d 140 intense drought  
stress 

1.185d 0.319e 592.5f159.8d518.4d2.42d200  

Meanswith same letter in each column are not significantly different at the 5% probability level- using Duncan Multiple Range Test 
(DMAT) 

 
Water use efficiency: 
 
 Effects of irrigation treatments and amount of 
nitrogen consumption were significant on economic 
and biological water use efficiency (Table 1) 
 Negative correlation of drought stress intensity 
with economic and biological water use efficiency 

(Table 2) confirmed this fact by increasing drought 
stress intensity, the economic and biological water 
use efficiency diminished significantly. The best 
water use efficiency was observed in optimum 
irrigation treatment with economic efficiency of 0.69 
and biological efficiency of 2.06 kgm-3(Table 3).The 
significant increase in water use efficiency in 
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