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ABSTRACT 

In order to investigate the relationships between yield and qualitative traits by correlation of 
sunflower in response to biofertilizers under different irrigation regimes. This study was 
arranged in split plot laid out in RCB design with three replications at the Kermanshah 
province, Iran, during 2006-2007. Three levels of irrigation regimes (irrigation at 85% field 
capacity, irrigation at 70% field capacity, and irrigation at 55% field capacity) set as main plot 
and six levels of fertilization (control, recommended N, Azotobacter & Azospirillum (AA), 
AA+100%  recommended N , AA+75% recommended N, and AA+50% recommended N) set 
as subplot. The results showed that there were positive and significant correlations among 
seed yield and oil content and protein content. There were negative and significant correlation 
among seed yield and saturated fatty acids (palmitic acid and stearic acid); whereas there were 
positive and significant correlation among seed yield and unsaturated fatty acids (oleic acid 
and linolenic acid). There were negative correlation among seed yield and osmolytes content 
(proline and soluble carbohydrates). 
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INTRODUCTION 

Sunflower (Helianthus annuus L.) is one of the most important oil-producing plants in the 
world because its oil exhibits a fatty acid composition that is favorable for human 
consumption (Jalilian et al., 2012). Oil quality and yield are both dependent upon the 
genotype of the plant and its interaction with the environment. Irrigation (Blum, 1997) and 
fertilizer (Reddy et al., 2003) among the various factors responsible for increasing the yield 
and quality of crops, are the most important. Environmental stresses restricted the growth and 
development, of plants. Water deficit stress is one of the most serious stresses that affect crop 
productivity (Boyer, 1982). The absorption of nitrogen fertilizer is heavily impacted by water 
deficit. Nitrogen (N) is an essential mineral nutrient for plants, which increases total biomass 
production and yield. In the context of plant nutrition, nitrogen deficiency is the most 
important limit to sunflower production, as is true for most other crops (Blamey et al., 1997). 
Biofertilizers are products that contain living cells of different types of microorganisms, 
which stimulate plant growth (Vessey, 2003). Because of the high N requirement of 
sunflowers, application of biofertilizer can decrease potential groundwater pollution, 
facilitating the adoption of eco-friendly agronomic techniques (Jalilian et al., 2012).  Plant 
breeders commonly prefer yield components that indirectly increase yield. Indirect selection 
of yield components such as 1000-seed weight, plant height, and head diameter can increase 
grain yield. Therefore, it is important to know the relationships among yield traits in 
sunflower to get higher yields. Although relationships between seed yield and other traits 
were investigated in many studies using correlation, path analysis, combining ability, and 
similar statistical techniques (Kaya and Atakifli, 2003; Dusanic et al., 2004; Hladni et al., 
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2006), no research using correlation analysis for relationships between seed yield and quality 
traits in sunflower. 

Due to the global economic importance of the sunflower and the limited knowledge available 
regarding the effects of combining biofertilizer and different levels of N fertilizer on 
sunflower characteristics under water stress conditions, this research was performed to 
determine the relationship between seed yield and some quality traits of sunflower under 
water deficit condition. 

MATERIALS AND METHODS 

Field experiments were conducted at the Eslam Abad-Gharb Agricultural Research Station 

2006 and 2007 growing seasons (May to September). The clay loam soil texture was 
determined. The field capacity and permanent wilting point, were 34 and 16.2%, respectively. 
The fertility status of the soil was classified as low in available and high in available and K. 
Nitrogen was applied as urea. Half the dose of recommended N (124 kg ha-1) was applied at 
sowing time, and the remaining N was topdressed at the 5-6 leaf stage. 

Three strains of bacteria, including Azospirillum lipoferum, Azospirillum brasilense, and 
Azotobacter chroccoccum were used in this study for seed inoculation of sunflowers. Nature 
BioTechnology Co. (NBICO), Iran, supplied these bacteria. Seed inoculation involved 
placement of the seeds in bacterial suspensions at 109 CFU ml-1 for 30 min before planting 
(Ozturk et al., 2003). 

The experimental design was a randomized complete block (RCB) design with a split-plot 
arrangement of treatments in three replicates. The treatments were three levels of irrigation 
regimes [irrigation at 85% field capacity (I1), irrigation at 70% field capacity (I2) and 
irrigation at 55% field capacity (I3) in the main plot] and six types of fertilization [control (C), 
nitrogen recommended (N), Azotobacter and Azospirillum (AA), AA+100%N recommended 
(AA100), AA+75%N recommended (AA75) and AA+50% N recommended (AA50) in 
subplots]. 

Inoculated seeds were hand-
2007, respectively. Seeds of the sunflower (H. annuus L., cv. Azargol) were sown at 3 cm 
depth in the middle of rows, with 0.6 m between rows and 0.30 m between seed groups. This 
yielded a population density of about 5.7 plants m-2. Before planting, the soil surface of the 
cultivated area was thoroughly irrigated using a solid-set movable sprinkler system. At the 3-4 
leaf stage, plants were selected for uniformity and thinned out to the recommended plant 
density. Weed control was performed manually without any chemical additive. All plants 
were irrigated equally by sprinkler, until the 8-leaf growth stage (V8) (Aliary et al., 2000). A 
sample comprising 50 g clean seeds from each plot was isolated for measuring oil and protein 
content. Oil and protein content were determined using an Inframatic 8620 near-infrared 
spectrometer (Ludwiga et al., 2006). The fatty acid composition of the sunflower seed oils 
was determined according to Metcalf et al., (1966) by using a UNICAM 4600 gas 
chromatograph.  Levels of palmitic (C16:0), stearic (C18:0), oleic (C18:1), and linoleic 
(C18:2) acids were determined using a computing integrator. Statistical analysis was carried 
out using the SAS software package (SAS Institute, 1997) and MSTAT-C. Differences among 
the treatments were evaluated with the least significant difference (LSD) method.  P<0.05 was 
accepted as statistically significant. 
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RESULTS AND DISCUSSION 

Among the sunflower traits seed yield, oil content, protein and fatty acids are particularly 
important. Therefore, the correlation of these traits with other traits studied. In correlation 
results, sunflower seed yield had negative and significant relationship with saturated fatty 
acids (palmitic and stearic acid) and osmolytes (proline and soluble carbohydrates). Also the 
results showed that seed yield had significant positive correlation with oil content and protein, 
unsaturated fatty acids (oleic and linoleic acid), quantum yield of photosynthesis (Fv/Fm) and 
chlorophyll a and b (Table 1.).  

Palmitic and stearic acids has negative correlation with oil content (Table 1). Among the 
unsaturated fatty acids (oleic and linoleic acid) only oleic acid was positively correlated with 
protein content (Table 1.). Proline and soluble carbohydrates correlation with sunflower oil 
content was negative and significant. Proline was a significant negative correlation with seed 
yield in sunflower. In fact, sunflower plants in response to drought stress increased proline 
and soluble carbohydrates in the leaves, which was consistent with the reduced yield. In other 
words sunflower plants in such condition to deal with stress through yield reduction to cost a 
lot of that with the results correspond (Fredeen et al., 1991). 

Table1. Sunflower seed yield and seed quality correlation affected by different irrigation regimes and 
fertilizer treatments 
 
 1 2 3 4 5 6 7 8 9 10 11 12 
1-seed 
yield 

1            

2-oil 
content 

0.6** 1
          

3-protein 
content 

0.39*
*

-0.16 1          

4-Palmetic 
acid 

-
0.74*

*
-0.82** 0.19 1

        

5-stearic 
acid 

-
0.79*

*
-0.78 -0.11

0.84*
*

1
       

6-Oleic 
acid 

0.92*
*

0.59** 0.3*
-

0.77*
*

-
0.74*

*

1       

7-Linoleic 
acid 

0.85*
*. 

0.77** 0.1
-

0.88*
*

-
0.84*

*

0.82*
* 

1      

8-Fv/Fm
0.83*

* 
0.65** -0.06

-
0.86*

*

-
0.73*

* 

0.85*
* 

0.87*
* 

1     

9-Proline -0.3* -0.53** 0.69*
0.71*

*
0.36*

*

-
0.37*
* 

-
0.48*
* 

-
0.69*
* 

1    

10-Chl a
0.84*

* 
0.7** 0.1

-
0.89*

* 

-
0.81*

* 

0.84*
* 

0.9** 0.83*
* 

-
0.51*
* 

1   

11-Chl b 
0.77*

* 
*0.69*

**
0.06 

-
0.81*
* 

-
0.76*
* 

0.8** 0.84*
* 

0.8** -
0.5** 

0.82*
* 

1  

12-Soluble 
Carbohydr
ate 

-0.16 *-0.33* 
0.67*

*
0.5** 0.17 

-0.20 -0.3* -
0.54*

* 

0.92*
* 

-
0.32* 

-
0.33

* 

1 

*and **, Significant at 0.05 and 0.01 probability level, respectively. 
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