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ABSTRACT 

In order to determine the effects of different micronutrients (zinc sulfate, iron sulfate and boron) either single or 
combined on growth parameters, oil percentage and oil yield of sunflowercultivar Azargol in Jiroft region, southeast of 
Iran.The experiment was conducted in factorial experiment based on a Randomized Completely Block Design with three 
replications.The results revealed that consumption of FeSO4, ZnSO4 and boron either single or combined had optimistic 
effect on plant height, head diameter, stem diameter and oil percentage. The control treatment without application of 
micronutrients gave the lowest values of measured traits.  
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INTRODUCTION 
Sunflower (Helianthus annuus L.) is considered as one of the four important annual crops in the world for 
edible oil.Sunflower is one of the most important oil crops and due to its high content of unsaturated fatty 
acids and a lack of cholesterol, the oil benefits from a desirable quality [1, 2].Sunflower seeds contain 24 – 
49 % of oil and the cake contains 25 – 35 % of protein which is mostly feed to livestock because of its high 
biological value. Moreover, oil is characterized by its high content of unsaturated fatty acids such as oleic 
and lenoleic which represent 90 % of total fatty acids [1, 3].Also, sunflower oil is quite palatable and 
contains soluble vitamins A, D, E and K. It is used in manufacturing of margarine [4]. 
Micronutrients are considered as trace nutrients which play a vital role on the plants growth and 
development and have a major contribution due to their necessity to increase theyield of the crop [5]. 
Salwa et al.[6] stated that microelements aredefined substances that are crucial for crop growth; 
however, they are used in lower amounts as compared to macronutrients, such as N, P and K. They have a 
major role in cell division and development of meristematic tissues, photosynthesis, respiration and 
acceleration of plant maturity [7].   
The micronutrient fertilizers cover four percent of the total fertilizer consumption of the globe, but in Iran 
this value is around 0.17 percent. Zinc is one of the very important elements in the enzyme 
dehydrogenase, proteinase activity, the RNA formation and the growth regulators [8]. The prevalent 
problem in the universal agricultural districts and management of B nutrition is challenged by abrupt 
incidences of B absence. B is an important micronutrient required for plant growth and yield [9]. Gitte et 
al. [10] indicated that adding 5.25 kg Zn.ha-1 to the soil produce maximum values oil percentage. 
Theobjective of the study was to determine the effect of iron sulfate, zinc sulfate and boron fertilizer on 
growth parameters, oil percentage and oil yield of sunflower cultivar Azargol in Jiroft region, southeast of 
Iran. 
 
MATERIAL AND METHODS  
The experiment was conducted at the Agriculture Research Farm of Islamic Azad University, Jiroft, Iran in 
2014. The site lies at longitude 25°57´, and latitude 28°30´ and the altitude of the area is 627 m above sea 
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level. It has a warm dry climate with the minimum daily average air temperature during the growing 
season was 13.4°C, while the maximum daily average air temperature was 48°C. The mean annual rainfall 
is about 150 mm.Soil sample was taken from depth 0-30 cm and analyzed for some physico-chemical 
characteristics. The soil texture was a sandy clay loam, electrical conductivity (ECe) was 0.98 dS m-1 and 
soil pH was 7.9.This study carried out in factorial experiment based on a Randomized Completely Block 
Design (RCBD) with three replications. Three factors including three consumption of iron sulfate (0, 4 and 
6 per thousand), zinc sulfate (0, 20 and 40 kg/ha) and boron (0 and 2 per thousand).The following traits 
was measured: head diameter (mm), stem diameter (cm), plant height (cm), oil percentage and oil yield. 
Analysis of variance and comparison of data carried out with using of SAS software. 
 
RESULTS AND DISCUSSION 
Head diameter  
Head diameter is one of the most important yield components in sunflower plant.The analysis of variance 
revealed that ZnSO4 had significant effect (P < 0.01) on diameter of head. Also showed similar result in 
different levels of boron (Table 1). The highesthead diameter was in consumption of 40 kg/h zinc sulfate 
but absence of zinc sulfate had the lowest head diameter. The result showed that apply ZnSO4 increased 
the diameter of head. Also there was not significant different between the amount of 0 and 20 kg/h 
ZnSO4(Table 3).FeSO4 × ZnSO4 effect was significant for head diameter (Table 1). 20 and 40 kg/h ZnSO4 
consumption under all levels of spray FeSO4 had the highest head diameter (Figure 1A).Head diameter is a 
very important trait in the sunflower seed yield structure. The size of the head diameter influences the 
number of flowers and seeds per head which directly influence the seed yield per plant. Sunflower head 
has a variable diameter; it is dependent on the genotype, environmental factors, and interaction between 
these two parameters [11]. Praksh  and  Halaswamy [12] found that spraying plant leaves with 0.3 ZnSo4  
gave a high values of  head diameter (20 cm), no. of seeds.head-1, 1000 seed weight (62.2gm) and seed 
yield (1600 kg.ha-1).   
Stem diameter 
The analysis of variance showed significant differences (P < 0.01) between levels of FeSO4, ZnSO4 and B in 
terms of stem diameter (Table 1). The most stem diameter was in consumption of FeSO4, beside,the most 
stem diameter was in usage of 40 kg/h ZnSO4(Table 2 & 3). It is indicated that FeSO4 and ZnSO4 had 
significant effect to increase the stem diameter. The interaction effect between FeSO4 and ZnSO4 had 
significant effect on stem diameter (P < 0.05) (Table 1).20 and 40 kg/h ZnSO4 consumption under 2/1000 
and 4/1000 levels of spray FeSO4 had the highest stem diameter that there was no statistically significant 
difference with 40 kg/h ZnSO4 consumption in without consumption FeSO4 conditions (Figure 1B). 
 

Table 1.Analysis of variance of the evaluated traits. 

S.O.V D.F. 
Means Square 

Head 
diameter(mm) 

Stem 
diameter 

Plant height 
Oil 

percentage 
Oil yield 

Replication 2 1801.98** 2.4246 ns 77.867 ns 9.801* 19844.5 ns 

FeSO4 2 61.421 ns 17.229** 89.834 ns 120.01** 6949274** 

ZnSO4 2 2298.31** 99.1724** 1204.57** 144.944** 1011539** 

Boron (B) 1 1050.63** 17.4535** 125.736 ns 66.267** 1131597** 

FeSO4 × ZnSO4 4 404.53* 6.2474* 384.547 ns 70.370** 294325.6* 

FeSO4 × B 2 70.225 ns 0.6801 ns 188.127 ns 6.632* 74281ns 

ZnSO4 × B 2 127.49 ns 4.3679 ns 709.13* 41.30** 813857** 
FeSO4 × ZnSO4 × 

B 
4 71.544 ns 0.7196 ns 84.182 ns 9.274** 169912ns 

Error 34 124.473 1.859 185.846 2.23 114625.3 

CV (%) 10.3 12.8 12.6 2.8 18.1 

ns: non-significant differences; *: significant at p<0.05;** : significant at p<0.01 
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Table 2.Effects of iron sulfate on studied traits in sunflower. 

FeSO4 Stem diameter Oil percentage Oil yield 

0 9.56 b 55.07 a 1406.76 b 
4 10.79 a 50.35 b 1607.20 ab 
6 11.50 a 50.89 b 3707.98 a 

Means that do not share a letter are significantly different at p<0.05. 

 
Table 3. Effects of zinc sulfate on studied traits in sunflower. 

ZnSO4 
Head 

diameter 
Stem 

diameter 
Plant height Oil percentage Oil yield 

0 97.46 b 8.26 c 100.26 b 51.70 b 1626.58 b 

20 Kg/h 105.8 b 10.63 b 105.97 ab 49.49 c 2994.76 a 

40 Kg/h 119.8 a 12.96 a 116.40 a 55.12 a 2100.61 b 

Means that do not share a letter are significantly different at p<0.05. 
 
Plant height 
Plant height is a very important trait because it affects the stability of the plant i.e., the resistance to 
lodging. Sunflower is normally a tall plant. Some wild types could reach 4-5 m, while cultivated ones are 
usually about 150-200 cm high. The height of the plants is very dependent to climatic and soil conditions 
and while drought or poor nutrition soil drastically reduce it [11]. The analysis of variance revealed that 
ZnSO4 had significant effect (P < 0.01) on plant height (Table 1).The highest plant height was in 
consumption of 40 kg/h ZnSO4 that there was no statistically significant difference with 20 kg/h ZnSO4 
consumption (Table 3).The interaction effect between ZnSO4 and boronhad significant effect on plant 
height (P < 0.05) (Table 1). 40 kg/h ZnSO4 consumption under 2/1000 boron consumption had the 
highest plant height that there was no statistically significant difference with 40 and 20 kg/h ZnSO4 
consumption in without consumption boron conditions (Figure2A),The beneficial effect of zinc on plant 
height may be due to its essential for synthesis of proteins and auxing in plants and it activates many 
enzymes such as proteinase and peptidases. In this concern, increasing zinc fertilizer levels increased 
plant height as was found by Gitte et al.[10]; Jadia and Fulekar [13]; Marie and Howarth [14]. 
Oil percentage 
The analysis of variance showed that all main and interaction effect had significant effect (P < 0.01) on oil 
percentage (Table 1).According to interaction effect between ZnSO4 and FeSO4 the most oil percentage 
was in 40 kg/h ZnSO4 consumption in without consumption FeSO4 condition, and 4/1000 spray FeSO4 in 
level of 20 kg/h ZnSO4 had the lowest oil percentage (Figure 1C). Zinc also plays an important role in the 
production of biomass, grain yield, quality and quantity of oil [15, 16]. Also, the 2/1000 boron in level of 
40 kg/h ZnSO4 condition had the most oil percentage (Figure2B). Boron consumption causes  increase  of  
grain  yield  and  oil  percent  and  they  declared  that  boron  caused  increase  of  grain  yield  by  
increasing  fertility  of  grain  and  as  a  result,  increase  in the number of grains causes increase of grain 
yield[17].  
Oil yield 
The analysis of variance showed that all main and interaction effect had significant effect on oil yield 
percentage except FeSO4 × B (Table 1). According to interaction effect between ZnSO4 and FeSO4 the most 
oil yield percentage was in 6/1000 spray FeSO4 in level of 20 kg/h ZnSO4(Figure1D).20 kg/h ZnSO4 under 
2/1000 boron consumption condition had the highest oil yield percentage (Figure2C).Similar results 
were obtained by Jadia and Fulekar [13] who found that oil yield were increased with zinc application.  
 

 

Farokhi et al 



BEPLS Vol 3 [7] June 2014      100 | P a g e            ©2014 AELS, INDIA 

 
 
 
 

 
 
CONCLUSION 
Various micronutrients had significant effect on growth parameters, oil percentage and oil yield. It could 
be concluded that maximizing studied traits could be achieved by consumption of FeSO4, and 40 kg/h 
ZnSO4.Furthermore, the results of this research confirmed that consumption of FeSO4, ZnSO4 and boron 
either single or combined had optimistic effect on sunflower growth parameters like plant height, head 
diameter and stem diameter. The control treatment without application of micronutrients gave the lowest 
values of measured traits. Overall, the application of 40 kg/h ZnSO4 either single or in combination with 
2/1000 boron improves oil percentage.  
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