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Abstract

This work was carried out to study the effects of water deficiency stress, different levels of nitrogen application, and plant population 
on Water Uptake Efficiency and Nitrogen consumption of oily sunflower. It was conducted at West-Azarbaijan’s Research Center for 
Agriculture during 2008 and 2009. The study consisted of split-split-plot experiments using Randomized Complete Block Design with 
three replications. The main factor was considered to be irrigation treatments including optimum irrigation, moderate stress and severe 
stress in which irrigation was done after depletion of 50%, 70% and 90% of field capacity, respectively. Three nitrogen levels of 100, 160 
and 220 Kg N ha-1 were considered as sub plots with sub – sub plots consisting of three plant population of 5.55, 6.66 and 8.33 plant m-2.
The combined variance analyses indicated that water deficiency stress, nitrogen and plant population have a considerable impact on grain 
and biological yields, seeds per head, head diameter, kernel percentage to seed, 1000-grain weight, plant grain yield and harvest index. The 
maximum grain yield (4200 kg/ha) was attributed to optimum irrigation treatment. Severe drought stress reduced the grain yield by 44% 
compared to the optimum irrigation condition. Grain yield increased at higher nitrogen application rates. The response of grain yield 
to increase in plant population was positive. All yield components were affected by the changes in plant population. The harvest index 
decreased with increasing severe drought stress and plant population. According to the results obtained in this research, application of 220 
kg N ha-1 and larger plant population in optimum conditions and moderate drought stress is recommended for suitable yield, although an 
increase in nitrogen consumption and plant population has a little impact on grain yield in severe drought stress conditions. 
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Introduction

The main objective in agriculture production, so far, 
focused mostly on the increasing of yield and production 
(Ulusoy, 2001). Since Iran is located on a dry and semi-dry 
region and has different climates, the recognition of traits 
related to growth, yield as well as adaptation of sunflower, 
especially in relation to drought stress, can remarkably af-
fect the development of planting area and its yield increase. 
Nezami et al. (2008) indicated that plant height, plant 
dry matter, stem diameter, head size, seed number head-1, 
weight of 1000 grains and grain weight head-1 under dry 
and semi-dried conditions declined. Ahmad et al. (2009) 
reported that plant height and plant dry matter decreased 
with increasing water stress under controlled conditions. 
Chimenti et al. (2002); Erdem et al. (2006) indicated that 
grain yield and weight of 1000 grains decreased with in-

creasing drought stress. Karam et al. (2007) showed that 
with increasing drought stress leaf area index, grain yield 
and its component decreased. Blum (1988) believes that 
environmental stresses in farm appear mainly in the form of 
such factors as water, nutrition and heat deficiency. Dekow 
et al. (2000) showed that net photosynthetic rate decreased 
more in sunflower under PEG-induced water stress and 
high-temperature stress. Relative water content (RWC) of 
the leaves decreased under drought stress (Unyayar et al., 
2004). Ali Meo (2000) conducted that plant height and 
number of grains head-1 decreased significantly by lowering 
the nitrogen level or increasing drought stress. Kalamian et 
al. (2006) showed that drought stress decreased biologic 
yield. The results of Roshdi et al. (2006) showed that with 
increasing irrigation intervals and applying water stress the 
head diameter and grain yield of sunflower decreased. Jabari 
et al. (2007) showed that with drought stress grain yield de-
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Centre of Agriculture and Natural Resources in Orumieh, 
West-Azerbijan, Iran. The experiment was implemented in 
a split-split-plot using Randomized Complete Block de-
sign with three replications. The main factor was irrigation 
treatments including optimum irrigation, moderate stress 
and severe stress. Irrigation was done after depletion of 
50, 70 and 90 percent of field capacity, respectively. Three 
nitrogen levels consisting of 100, 160 and 220 kg N ha-1 
were considered as sub plots with sub- sub- plots consisted 
of three plant densities of 5.55, 6.66 and 8.33 plant m-2. 
The plant distance on each row was 20, 25 and 30 cm and 
distance between rows was 60 cm. These spacing were ran-
domly located in the main plots, sub plots and sub- sub 
plots. Each sub-plot consisted of 7 plant line. Each plant 
line was 4 meter long. The distance between two sub-plots 
and two main plots were 1m and 2m, respectively. Thus 
main plot area was 51.6 m2 with total area of 2500 m2. The 
operations of plough and preparation of farm included a 
deep plough, two vertical disks, leveling, furrow, mound 
and plot making. The soil texture was loamy silt clay. The 
amount of fertilizer added to farm was determined by soil 
analysis. The planting was done manually after irrigation 
in 27 may 2008 and 2009. The grains used in this study 
were Hybrid Iroflor. This hybrid comes from the variety 
of single-cross and the group of middle ripping and has 
registered in 1988 in France. 

The first irrigation was done in 5 June. The thinning 
conducted in 4-5 leaf stage. The weeding conducted in 2 
stages of 20 and 40 days after planting. Nitrogen fertilizer 
applied in the form of surplus in 2 stages of 7-8 leafage and 
flowering time. When downside of head turned to brown-
ish yellow the final harvest was performed. In this stage 
seeds had 20 percent of moisture. In order to remove the 
edge effect, the sampling was not conducted from lateral 
rows. For determining soil moisture samples were taken 
from 2 depths of soil 0-30 and 30-60 cm in each (Tab. 1.). 
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 of soil 
was determined to be 26 with permanent wilting point of 
14.  In order to obtain the exact irrigation time, soil was 
sampled by auger from root development depth in each 
treatment 48 hours after irrigation to measure soil weight 
moisture. Based on the measurement, the irrigation time 
was determined to be at soil weight moisture of 20, 17.6 
and 15.2. To implement the irrigation operation the water 
usage volume was calculated by the following equation 1:

                                             
	

V= Irrigation water volume (m-3)
Θm = soil weight moisture percentage irrigation   
A= Irrigated area (m-2) 
FC= field capacity 
ρm = soil external specific density (gcm-3)
Droot= root development depth (m-1)

creased about 83 percent because of decreasing in weight 
of 1000 grains and number of grains head-1. Furthermore, 
the results from Anwar et al. (1995), Anderia and Chiar-
anda (1995) showed a decrease in head diameter with in-
creasing drought stress. Flenet et al. (1996) demonstrated 
that decreasing the level of irrigation resulted in decreas-
ing the number of grains head-1. According to Daneshian 
et al. (2005) weight of 1000 grain decreased due to water 
stress. Human et al. (1998) concluded that drought stress 
in stages of flowering, fertilization and grain filling in Sun-
flower caused the most reduction of grain yield.Yegappan 
et al. (1982) found that drought stress reduced number of 
leaf, head diameter, leaf area, weight of 1000 grains and 
grain yield significantly. Zubriski and Zimmerman (1974), 
Singh et al. (1996), Mathers and Stewart (1982) showed 
that increase in use of nitrogen caused an increase in grain 
yield. Fereres et al. (1986) observed that drought stress 
reduced grain yield by lowering number of grains head-1, 
photosynthesis reduction, and increasing hollow percent-
age. Fathi et al. (1997), Zaman and Das (1991) concluded 
that with increasing nitrogen, grain yield, number of grains 
head-1, plant height and weight of 1000 grains increased.  
Robinson et al. (1980) reported that with increasing plant 
density, length of growth period, weight of 1000 grains, 
number of grains head-1, stem diameter and head diameter 
decreased but plant height increased because of a higher 
interplant competition. Abbadi and Gerendas (2009) 
showed that optimal and high supply nitrogen in sun-
flower produced grain yield more efficient than low supply 
of nitrogen. Robinson et al. (1985), Dixon and Luteman 
(1992) showed that increasing plant density led to a sig-
nificant reduction in the number of grains head-1. Tagh-
diri et al. (2006) showed that with increasing plant density 
biologic and grain yield increased but number of grains 
head-1 and 1000-grain weight decreased. Killi (2004) 
determined that the lowest plant density resulted in the 
highest head diameter, total number of grains head-1, grain 

yield head-1 and weight of 1000 grains also N treatments 
significantly increased head diameter, total number of 
grains head-1, weight of 1000 grains and grain yield. Ac-
cording to Zaffaroni and Schneiter (1991) at higher plant 
density, number of grains head-1 and dry weight of hanging 
parts decreased whereas grain yield and plant height in-
creased. Therefore the aim of this study was to evaluate the 
effect of different levels of nitrogen application and plant 
density in different moisture conditions on yield and yield 
components of sunflower in order to achieve the optimum 
use of resources. 

Materials and methods

This experiment was conducted in order to investigate 
the effects of water deficit stress, different levels of nitrogen 
and plant density on grain yield and yield components and 
harvest index in oily sunflower (Var: Iroflor). It was per-
formed during 2008 and 2009 at the research farm of the 
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Therefore the required water volume in each stage of ir-
rigation in each treatment was calculated and was distrib-
uted equally based on the water distribution efficiency of 
90 percent by flume and chronometer. The final harvesting 
area was equal to 4.8 m-2 that 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 centi-
grade for 48 hours. Leaf area index was determined by leaf 
area meter (LP-80 Accupar PAR/LAI Ceptometer). Rela-
tive water content was calculated to examine plant reac-
tion to water deficit stress. For this purpose, leaves of three 
plants from second and fifth rows were separated before 
irrigation at 12pm and were taken to the laboratory. In the 
laboratory disks of the leaves were prepared and weighed 
immediately to measure the fresh leaf weight. Then the 
disks were placed in distilled water for about 24 hours at 
4oC until they were saturated completely. At the end of 
this stage, the leaf disks were dried by towels of dry paper 
and were then weighed again. The samples were placed in 
the oven for about 48 hours at 72oC until they were dried. 
The weight of dried leaves was recorded. Relative water 
content was calculated using equation 2: 

RWC=Relative Water Content 
Wf= Fresh Leaf Weight
Wd= Dry Leaf Weight
Ws= Saturated Leaf Weight
The yield components including the number of grains 

head-1 and weight of 1000 grains were calculated. Harvest 
index was calculated by equation 3:

HI= Harvest index 
Ye= Economical yield 
Yb= Biological yield 
For calculating weight of 1000 grains, 5 replications 

of 1000-fold from each treatment were selected and av-
eraged. Analysis of variance was performed using PROC 
ANOVA of SAS. The comparison of the means was done 
by Tokey’s test at a probability level of 5 percent.

Results and discussions

Leaf area index
 The results of combined analysis of variance showed 

that with increasing stress intensity, leaf area index de-
creased significantly, so that the increase in leaf area index 

in the final stage ranged from 1.25 at optimum irrigation 
to 0.62 and 0.4 at moderate and severe stress, respectively 
(Tab. 2. and 3.). The decreasing leaf area index in drought 
stress conditions can be related to the decrease in relative 
water content of leaf. Cosculleola and Fact (1992) ob-
served that with increasing drought stress leaf water po-
tential strongly becomes negative. The similar reports have 
been presented by Tayzer and Zinger (1999). Ariy (1987) 
reported that water drought stress in growth stage led to 
minimize the leaf size and to accelerate leaf aging and pale-
ness as well as to reduce the leaf area index and light ab-
sorption by plant. Tayzer and Zinger (1999) showed that 
growth and development of cell was a process related to 
pressure potential and is strongly sensitive to water deficit 
and prevention of cell growth causes a decrease in leaf area 
index.

 With decreasing plant water content, Wrinkle cells, 
cell wall becomes weak and decreasing cell volume leads to 
reduce pressure potential (Ariy, 1987). 

The nitrogen consumption had strong effect on pro-
duction and development of leaf area. Plants which re-
ceived more nitrogen had larger leaf area index compared 
with plants with low nitrogen consumption (Muchow and 
Davis, 1988; Connor, 1993).

 The effects of different nitrogen levels (100, 160 and 
220 kg ha-1) on leaf area index were significant (Tab. 2). 
With increasing nitrogen consumption, leaf area index in 
treatment 220 kg Nitrogen ha-1 reached to 0.94. 

The average leaf area index in treatment 100 kg Nitro-
gen ha-1 was 0.53. This study is in agreement with reports 
of Muchow and Davis (1988), Connor et al. (1993) who 
stated that leaf area index and its durability as well as plant 
photosynthesis rate increased with nitrogen consumption. 
In this study it was observed that increasing nitrogen con-
sumption in optimum irrigation conditions had a consid-
erable positive effect on leaf area index whereas in severe 
drought stress positive effect of nitrogen consumption was 
not great (Tab. 2). This situation probably was the result of 
a disorder in nitrogen absorption process by plant under 
severe drought stress.  Bock (1984) stated that severe water 

deficit in soil caused a limitation in plant ability to absorb 
nitrate from soil. More nitrogen consumption resulted in 
increasing leaf area index and its preservation until the end 
of growth period. The results of this study about the ef-
fect of applying different amounts of nitrogen on leaf area 
agree well with Allison and Haslam (1993). 

Tab. 1. Chemical and physical properties of farm soil at depth of 0-30 cm

Electrical 
conductivity

DS m-1 pH
Percentage of 

saturation 
(% )

lime
(% )

clay
(% )

silt
(% )

sand
( % )

Carbon 
Organic

( % )

Nitrogen
( % )

Phosphor
(ppm)

Potassium
(ppm)

0.8 8 57 16 33 55 12 1.2 0.12 12 800
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With increasing plant density leaf area index showed 
increasing trends so that the maximum leaf area indices of 
0.58, 0.75 and 0.94 were obtained from densities 55500, 
66600 and 83300 plants ha-1, respectively (Tab. 3.). Dun-
can (1985) showed that increasing plant density was ac-
companied with decreasing leaf area per plant and increas-
ing leaf area index, light absorption and crop growth rate; 
which is in complete agreement with this study. 

Leaf Relative Water Content
The results of combined ANOVA showed that leaf rel-

ative water content strongly affected by water deficit stress 
and with intensifying stress decreased significantly (Tab. 
2 and 3). Decreasing leaf relative water content is an in-
dication of decrease of swelling pressure in plant cells and 
causes growth to decrease. With depletion of water from 
soil and lack of a substitute for it, water potential in root 
region decreases and if resistances remain consistent wa-
ter potential in plant similarly decreases in order to main-
tain transpiration rate (Tiyar  and Pit, 1994). Difference 
among leaf relative water contents was significant at nitro-
gen levels so that the plants which received larger amount 

of nitrogen had more leaf relative moisture (Tab. 2. and 
3.). There are several reports that increasing nitrogen ap-
plication and carbohydrates consumption via the increase 
of making proteins and increasing cell wall thickness cause 
absorption of extra water by protoplasm and improvement 
leaf relative water content (Saneoka et al., 2004). In this 
study the effect of plant density on leaf relative moisture 
was considered to be significant in 1 percent level and in 
fact, the higher the plant density, the higher the leaf rela-
tive moisture (Tab. 2. and 3.). Lower leaf relative moisture 
in compacted plants indicates the more vigorous effect of 
water deficit stress on these plants and the main reason for 
this situation is the existence of more competition between 
aerial and underground parts of condensed plants for us-
ing maximum level of recourses and less development of 
root system. This phenomenon causes these plants to suf-
fer excess damage in drought stress condition (Nautiyal et 
al., 2002).   

Biological yield
Water deficit, nitrogen consumption and plant density 

had significant effect on biological yield which is repre-

Tab. 2. Combined analysis of variance for traits of sunflower in different drought stress, nitrogen and plant population
(2008 – 2009)

S.O.V. df Grain 
weight/plant

Grain 
1000 

weight 

Grains 
head 

Biological 
yield RWC LAI HI Grain yield 

Year 1 101.37** 5803.9** 7667.3** 45171878.8** 0.134ns 5.99** 582.42** 458764.9**
Irrigation 2 16686.65** 1997.49** 2802922.9** 427451336.9** 1453.7** 10.34** 271.48** 78009743.7**

Year × irrigation 2 0.09 ns 5.36ns  1413.5** 6719.1ns 0.94ns 2.33** 10.28** 329.7ns
Error 1 8 10.72 40.65 1360.7 951389.1 19.31 0.068 0.96 44513.5

Nitrogen 2 1614.11** 260.25** 456271.3** 37131536.4** 108.49** 2.33** 44.61** 7444267.1**
Nitrogen ×Year 2 0.016 ns 5.84ns 1337.1* 2073ns 2.52ns 0.0075ns 1.73ns 86.9ns

Irrigation ×nitrogen 4 13.02* 2.95ns 27777.5** 300961.5ns 8.56** 0.291** 0.44ns 71212.2**
Irrigation ×  

nitrogen × Year 4 0.106ns 4.9ns 1243.9** 7195.2ns 0.29ns 0.039ns 0.089ns 422.7ns

Error 2 24 7.65 1.89 474.09 136596.8 1.48 0.018 0.38 32529.3
Density 2 1906.26** 951.5** 135752.8** 42521672.2** 574.71** 1.71** 172.38** 1976288.1**

Density × Year 2 1.36ns 16.09** 210.08ns 23256.1ns 0.13ns 0.21** 6.96** 47.4ns
Irrigation ×Density 4 13.75* 3.59ns 1102.2** 8754650.1** 3.75ns 0.16** 0.53ns 1000115.9**

Density × 
irrigation × Year 4 0.038ns 0.78ns 135.1ns 24349.3ns 0.48ns 0.035ns 0.31ns 181.2ns

Density × nitrogen 4 3.32ns 17.58** 4368.3** 526548.4** 1.17ns 0.036ns 0.113ns 54061ns
Density ×  

nitrogen ×  Year 4 0.0015ns 5.28* 76.9ns 5487.1ns 0.19ns 0.024ns 0.177ns 16.1ns

Density ×   nitrogen 
×   irrigation 8 4.59ns 2.12ns 1147.4** 207313.6ns 2.73ns 0.013ns 0.79ns 28846ns

Density ×  nitrogen 
×  irrigation ×  Year 72 0.041ns 3.27ns 74.11ns 13934.4ns 0.029ns 0.015ns 0.04ns 151.9ns

Error 3 4.65 326.2 326.2 168384 2.17 0.025 1.62 20080.9
CV - 4.95 2.12 2.38 5.11 2.62 20.88 3.5 4.83

** , * and Ns   significant at the 1%, 5% probability levels and non significant respectively



Gholinezhad, E. et al. /  Not. Bot. Hort. Agrobot. Cluj 37 (2) 2009, 85-94

89

sented by dry material assemblage in aerial body at harvest 
time (Tab. 2.). The results showed that with increasing in-
tensity of drought stress there was a significant decrease 
in biological yield. These results confirmed results of Rad-
ford (1986), Kalamian et al. (2006), Jasso et al. (2002) 
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 
( Jasso et al., 2002). 

The reduction of nitrogen consumption level from 220 
to 100 kg nitrogen ha-1 reduced biological yield by the av-
erage of 1657 kg ha-1 (Tab. 3.). This reduction was consid-
erable (Tab. 2.). The reduction of biological yield at little 
quantities of nitrogen consumption was reported by other 
researchers (Singh et al., 1995;  Hasanzade et al., 2002). In 
this study, at greater quantities of nitrogen, accumulation 
of photosynthates increased at stem and leaf parts which 
resulted in increased gathering of nutrients in grain. The 

Tab. 4. Matrix of simple correlation coefficient among different traits  

Harvest 
index 

Grain 
yield 

Grain 
Yield of 

single 
plant

Grain 
1000 

weight 

Grains 
head-1 

Biological 
yield 

Leaf 
relative 
water 

content 

Final 
Leaf area 

index 

Plant 
density 

Plant 
density 

Drought 
stress 

1 0.26** 0.26** -0.64** Final Leaf 
area index 

1 0.39** -0.46** -0.46** -0.75** Leaf relative 
water content 

1 0.48** 0.67** 0.26** 0.26** -0.82** Biological yield 

1 0.81** 0.80** 0.65** -0.19** -0.19** -0.88** Grains 
head-1 

1 0.60** 0.30** 0.63** 0.57** -0.38** -0.38** -0.54** Grain 1000 
weight 

1 0.63** 0.97** 0.77** 0.84** 0.59** -0.29** -0.29** -0.87** Grain Yield of 
single plant

1 0.88** 0.49** 0.90** 0.94** 0.64** 0.75** -0.14ns -0.14ns -0.90** Grain 
yield 

1 0.38** 0.52** 0.73** 0.50** 0.08ns 0.66** 0.37** -0.32** -0.32** -0.44** Harvest 
index 

** , * and Ns   significant at the 1%, 5% probability levels and non significant respectively.

Tab. 3. Combined mean comparison for traits of sunflower in different drought stress, nitrogen and plant population 
(2008 – 2009)

Treatments
HI
(%) Grain yield

Kg ha-1 

Grain weight/
plant
(gr)

Grain 1000 
weight

(gr) 

Grains 
head

Biological yield
Kg ha-1 RWC LAI

Irrigation 

Optimum irrigation 38.57 a  4251.84 a  62.91 a 55.36 a 1005.40 
a 11134.00 a 60.61 a 1.25 a

Moderate drought stress 36.39 b 2627.47 b 39.00 b 48.08 b 713.60 b 7292.10 b 57.23 b 0.62 b
Severe drought stress 34.09 c  1905.08 c 28.63  c 43.29  c 556.44  c 5652.70  c 50.42  c 0.40  c

Nitrogen Kg ha-1

100  35.66 c 2565.95 c 38.16 c 46.69 c 666.37 c 7207.69 c 54.49 b 0.53 c
160 36.33 b 2910.53 b 43.29 b 48.95 b 758.88 b 8005.44 b 56.57 b 0.81 b
220  37.27 a 3307.91  49.09  51.08  850.21  8865.76  57.20  0.94  

Density plant per m -2

8.33 34.81 c 3124.63 a 37.46 c 44.27 c 709.46 c 8886.7 a 53.07 c 0.94 a

6.66 35.94 b 2917.28 b 43.74 b 50.03 b 756.34 b 8077.8 b 55.65 b 0.75 b
5.55 38.31 a  2742.48  c 49.34  a 52.43  a 809.67  a 7114.2  c 59.55  a 0.58 c

Means followed by similar letters in each column are not significantly different at the 5% level of probability according to Tokay’s Test. 
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during flowering and nitrogen application has a positive 
effect on these processes, increasing the number of grains 
head-1due to increasing nitrogen consumption was expect-
ed. Mishra et al. (1995) stated that with increasing nitro-
gen consumption the number of grains head-1 increased. 
The effect of density and combined effects of irrigation-
density, density-nitrogen and irrigation-nitrogen-density 
on the number of grains head-1 were significant. A de-
crease in the number of grains head-1 was because of nega-
tive effect of increase in density on head diameter (Tab. 
3.). Decreasing the number of grains head-1 at high plant 
densities was due to direct competition between original 
unripe seeds or unfilled grains to receive the nutrients as 
well as infertility and failure of some grains during filling. 
This phenomenon has been reported by other researchers 
(Hashemi-Dezfouli and Herbert, 1992). Comparison of 
the mean values for combined effect of density-nitrogen 
consumption showed that with increasing plant density at 
all irrigation levels the number of grains head-1decreased. 
Zaffaroni and Schneiter (1991) stated that with increasing 
plant density the number of grains head-1 decreased. They 
reported that the main reason for decreasing the number 
of grains head-1 arises from the competition effects at high-
er density which is also the cause of decreasing head diam-
eter and grain size. They reported that there is a negative 
correlation between density and number of grains head-1. 

It was found in this study that there is a negative and sig-
nificant correlation between density and number of grains 
head-1 that agree with the aforementioned results (Tab. 4.). 
Khalifa (1984) reported that the number of seeds per head 
increased with decreasing density; so the most grains head-

1were obtained at the lowest plant density. 

1000-Grain Weight 
Results of combined ANOVA showed that drought 

stress caused significant decrease in grain weight so that 
the maximum and minimum 1000-grain weight were ob-
tained in optimum irrigation and severe drought stress, re-
spectively (Tab. 2. and 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 (Gardner et al. 1994). 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 area 
at plants of under treatment that resulted in a short period 
of grain filling. Westgate (1994) reported that the main 
reason of grain weight reduction is decrease in grain filling 
period due to stress. Banziger et al. (2002) demonstrated 
that delay in leaf aging and availability of foodstuff at grain 
filling period increase grain weight. On the other hand, it 
has been specified that stem is counted as a little storage 
source of mobile non building carbohydrates, which also 
transports them to grain after flowering. Occurrence of 

nitrogen deficit causes leaf size reduction which in turn 
is the cause of reduction in the amount of light absorp-
tion and light usage for plant photosynthesis which finally 
leads to reduced biological yield (Tab. 3.). The difference 
of average biological yields at different densities was sig-
nificant (Tab. 2.) and with increasing plant density the 
biological yield increased (Tab. 3.). Although competi-
tions such as competition for light absorption, food, water 
and carbon dioxide is more intense at high plant densities 
but it seems that in Orumieh climate condition interplant 
competition corresponds with the optimum plant density 
range even at the biggest plant density investigated in this 
study. Reports about positive effect of increasing plant 
density on biological yield have been presented (Taghdiri 
et al., 2006; Gubbels et al., 1999). The combined effect 
of irrigation-density on biological yield was significant 
at 1 percent level (Tab. 2.). Comparison of mean values 
for combined effect of irrigation-density showed that the 
case of highest density with optimum irrigation condi-
tion is considerably better than other cases with respect 
to the dry matter production whereas in severe drought 
stress condition change of biological yield due to increas-
ing density was not outstanding. The reduction of biologi-
cal yield in all densities in the case of severe drought stress 
condition was the result of decreasing the grain yield and 
dry weight of growing parts due to increasing competition 
(Gubbels, 1999). In optimum irrigation condition and 
moderate drought stress the more the number of plant per 
area unit was, the more dry matter obtained because the 
reduction of single plant dry matter weight was compen-
sated increasingly. However, at severe drought condition, 
intensive reduction of single plant dry matter weight was 
not compensated and as a result the difference of biologi-
cal yields was not significant among densities. Therefore, 
it is recommended that in sunflower planting high densi-
ties can just be useful at optimum conditions. Comparison 
of the mean values showed that the changes of dry matter 
yield due to increasing the plant density had not the same 
trend at all levels of nitrogen application. At higher lev-
els of nitrogen consumption with increasing density the 
reduction of single plant weight was compensated and 
therefore the biological yield increased. These results agree 
with Gubbels et al. (1999). 

Number of Grains head-1

In this study increasing the intensity of drought stress 
reduced the number of grains head-1 dramatically so that 
the treatment of severe drought stress had the minimum 
number of grains head-1with the average of 556.4 grains 
(Tab. 2. and 3.). Uhart and Andrade (1995) reported that 
the number of grains head-1increased with nitrogen con-
sumption due to the improvement of crop growth rate 
and stated that increasing nitrogen consumption caused 
increasing in light use efficiency at flowering stage and in-
creasing in crop growth rate. Since there is a close relation-
ship between crop growth rate and providing elaborate sap 
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drought stress especially at growth period decreases the 
quantity of storage of non-building carbohydrates at stem 
via decreasing leaf area and photosynthesis; as a result for 
the reason of lack of storage nutrients at secondary source 
grain weight decreases (Andria et al., 1995; Angadi and 
Entz, 2002). In this study, increasing the use of nitrogen 
increased 1000-grain weight (Tab. 2. and 3.). This is be-
cause of ability of the plant to access to more nitrogen 
and increasing reproductive and productive parts. Fathi 
et al. (1997) reported that with increasing nitrogen con-
sumption head diameter and 1000-grain weight increased 
due to more access to absorbing nutrients. The effect of 
plant density on 1000-grain weight was very significant 
and with increasing density 1000-grain weight decreased 
so that the highest 1000-grain weight with the average of 
52.4 gr belonged to the lowest density (Tab. 2. and 3.). The 
less storage of carbohydrates at stems before pollination 
and decreasing current photosynthesis arising from de-
creasing durability of leaf area after flowering and high res-
piration requirements at high densities caused noticeable 
decrease in 1000-grain weight. These results agree with 
the experiments of Zaffaroni and Schneiter (1991) and 
Aless et al. (1997) on decreasing 1000-grain weight due to 
density increase. Combined effects of irrigation*nitrogen 
levels, density*irrigation and density*nitrogen and 
density*nitrogen*irrigation were not significant on 1000-
grain weight (Tab. 2.). 1000-grain weight had positive and 
significant correlation with grain yield and biological yield 
(Tab. 4.). This was observed as the increase of grain and 
biological yield in treatments with more grain.  

Grain yield of single plant
Grain yield of single plant was influenced by drought 

stress, nitrogen, plant density and combined effect of 
nitrogen*plant density (Tab. 2.). Grain yield of single plant 
decreased significantly with increasing severe drought 
stress and density (Tab. 3.). This situation was due to nega-
tive and significant correlation between severe drought 
stress and grain yield of single plant. Negative effect of 
drought stress on yield component and grain in sunflow-
er has been reported by other researchers (Daulay et al., 
1983; Human et al., 1998; Robinson et al., 1985). Aless 
et al. (1997),  Zubriski and Zimmerman (1991), Singh 
et al. (1991) reported that with increasing plant density 
single plant yield decreased and area yield increased. Ad-
ditionally, with increasing plant density single plant yield 
decreased due to decreasing feeding space of every plant 
(Marinkovic, 1999).  In this study with increasing nitro-
gen consumption single plant yield increased significantly 
(Tab. 1.).  Treatment of applying 220 kg nitrogen ha-1 with 
production average of 49.09 gram grain was noticeable 
compared with other treatments (Tab. 3.). The positive ef-
fect of increase in nitrogen consumption on grain yield was 
due to the improvement of grain yield component because 
of applying nitrogen (Tab. 3.). These results confirm the 
findings of Uhart and Andrade (1995) who reported that 

decreasing nitrogen use decreased the number of grains 
and grain weight which, in turn, caused grain yield to fall. 
Comparison of mean values for the combined effects of 
irrigation*nitrogen interaction and also irrigation*plant 
density interaction on grain yield of a single plant showed 
that treatment of applying 220 kg nitrogen ha-1 with plant 
density 5.55 plants per m-2 had a noticeable significance in 
comparison with other treatments. These results showed 
that use of high densities will just be useful when enough 
quantity of fertilizer is used.  

Grain yield 
Results of combined ANOVA showed that the effect of 

drought stress, nitrogen and plant density was significant 
on grain yield (Tab. 2.). With increasing severe drought 
stress, grain yield decreased. Increasing nitrogen applica-
tion caused grain yield to increase. The consumption of 
more quantities of fertilizer at optimum irrigation condi-
tion 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 
Martin et al. (1992) confirm obtained results in this sur-
vey on nitrogen use efficiency at drought stress condition. 
Increasing number of plants per area was accompanied 
with considerable increase in grain yield (Tab. 3.). Many 
researchers have pointed to grain yield increase due to 
increasing plant density (Sadras et al., 1998; Schneiter et 
al., 1992).  The most grain yield of about 4628.7 kg ha-1 
obtained from the highest density at optimum irrigation 
treatment but in moderate and severe drought stress con-
ditions yield increase due to the increase of density was 
not significant. These results are showing that the use of 
high densities can be useful at optimum condition. Liang 
et al. (1992) reported that maximum grain yield in maize 
need high plant density, more irrigation, use of plenty of 
fertilizer and meeting temperature requirements. In low 
densities grain yield was low due to decreasing the num-
ber of plants per area and increasing nitrogen was effective 
to some extent due to the limitation in capacity of each 
plant to use nitrogen and therefore extra nitrogen was not 
used and remained out of plant access. By plant density 
increase, grain yield per area unit became more due to the 
increase in the number of plants per area. 

Harvest index
Drought stress affected harvest index considerably 

and caused harvest index to decrease. The highest harvest 
index rate of 38.57 belonged to the optimum irrigation 
(Tab. 3.). In this study drought stress decreased grain yield 
with a higher degree than dry matter yield as a result of 
which harvest index decreased. Harvest index implies the 
relative distribution of photosynthesis products between 
economical sinks and other existing sinks in the plant. Set-
ter (1990) stated that water deficit is one of the limiting 
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increase from 5.55 to 8.33 plants per hectare, leaf rela-
tive water content, grains head-1, 1000-grain weight and 
harvest index found out significant reduction. Combined 
effects of irrigation*nitrogen showed that with increasing 
nitrogen, leaf relative water content, grain yield of single 
plant and grain yield increased. Interaction between of 
irrigation*plant density showed that at optimum irriga-
tion with the increase in plant density, final leaf area index, 
grain and biological yield increased but at severe drought 
stress the highest grain yield obtained from lowest den-
sity. Thus at each drought stress level with plant density 
reduction the number of grains head-1 increased. Interac-
tion between of nitrogen*plant density showed that the 
highest biological yield obtained from the highest level of 
fertilizer application and the highest plant density. How-
ever the highest value of 1000-grain weight obtained from 
nitrogen treatment of 220 kg nitrogen ha-1 and the plant 
density of 5.55 plants per m-2.

 The most grains head-1 obtained from the highest fer-
tilizer level and the lowest fertilizer level. In the Interac-
tion between of plant density*irrigation*nitrogen the most 
grains head-1 obtained from optimum irrigation and the 
highest fertilizer level and the lowest plant density level. 

Therefore, at optimum irrigation condition for plant-
ing sunflower var. Iroflor fertilizer treatment of 220 kg ni-
trogen ha-1 and plant density of 8.33 plants per m-2 and 
at drought stress condition fertilizer treatment of 160 kg 
nitrogen ha-1 and density of 5.55 plants per m-2 is recom-
mended. 
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