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			Abstract | Boron deficiency is second most dominant micronutrient problem around the world and it is an important micronutrient required for plant growth and development. So a field study was conducted to explore the potential of boron seed priming on yield and quality of sunflower hybrids at Agronomic Research Farm, University of Agriculture, Faisalabad. The achenes of two different sunflower hybrids i.e. Hysun-33 and FH-331 were subjected to different priming treatments including hydropriming, osmopriming (with 1, 0.1 and 0.01 mM B) using boric acid as a source of B. The experiment was laid out in randomized complete block design with factorial arrangement in triplicate run. Results from the experiment revealed that all the seed treatments significantly improved achene yield, yield attributes and oil contents of sunflower. However, seed priming with 1 mM B solution was the best treatment in improving achene yield and oil contents of sunflower hybrid. While in case of hybrids HYSUN-33 performed significantly better than FH-331 for all studied parameters except for oil contents. However, the interaction between sunflower hybrids and seed priming treatments was non-significant for most of the traits.
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			Introduction

			 

			Pakistan is facing a severe deficiency of edible oil and spending a huge amount `of foreign exchange to meet the requirements through imports. This import bill is imposing a severe drain on foreign exchange reserves. Thus, the indigenous edible oil production should be enhanced to reduce drain on the national economy (GoP, 2014). Sunflower (Helianthus annuus L.) is an important non-traditional oilseed crop and is a second most source of edible oil production in the country after cottonseed (Sarwar, 2015). It is a short duration crop of 90-110 days and can be successfully grown twice in a year during spring and autumn season without disturbing the major crops like wheat, rice and cotton. Sunflower seed contains 40-47% oil and 20-27% protein contents (Saleem et al., 2003).

			 

			For ideal growth and development, 17 essential elements should be made available to crop plants. If even a single element is deficient in the soil or not well balanced with other nutrients, suppression in growth or even complete inhibition may occur. Micronutrients play an important role in the basic physiological processes i.e. respiration and photosynthesis (Mengel et al., 2001). However, each micronutrient has a slight range of deficiency and toxicity that should be kept under consideration during the application (Imtiazet al., 2010). Boron is an important mineral element for plant nutrition which is involved in many metabolic processes such as cell wall synthesis, phenol metabolism, membrane integrity and function, and metabolism of nucleic acid, carbohydrate, protein and indole acetic acid (Tanaka and Fujiwara, 2008). Sexual reproduction in plants is more sensitive to Boron deficiency as compared to vegetative growth (Ahmad et al., 2009). Boron deficiency is second most dominant micronutrient problem around the world (Alloway, 2008). Boron deficiency is reported in cotton growing areas of Pakistan (Abid et al., 2007). Calcareous soils of wheat and rice growing areas of Pakistan are also found to be deficient in available B (Rashid and Ryan, 2004). Therefore, correction of B deficiency through external sources is an important aspect for better yield (Alam et al., 2017).

			 

			Boron fertilizer may be delivered through fertigation, foliar spray, seed treatment and soil dressing. Although, each application method has its own merits and de-merits but application through seed treatment is gaining popularity in recent years (Rehman et al., 2012). In seed priming, seeds are soaked in solutions having low water potential for a definite period of time. Seeds are then re-dried to their original weight to facilitate routine handling (Farooq et al., 2006). Improved germination followed by good stand establishment and grain yield are attributed to develop germination-stimulating metabolites (Farooq et al.,2006). Previously, B has not been tried as priming agent in sunflower. Therefore, this study was conducted to explore the potential of seed priming with B in improving achene yield and oil contents of sunflower hybrids.

			 

			Materials and Methods

			 

			Seed materials

			Achenes of sunflower hybrids Hysun-33 and FH-331, used in this study, were obtained from Oilseed Research Institute, Faisalabad.

			 

			Seed priming treatments

			Achenes of both sunflower hybrids were soaked in solutions of boric acid [1, 0.1 and 0.01 mm(w/v) B]. Achenes soaked in aerated water and untreated seeds were taken as control. In both cases, soaking was done for 8 h in aerated solution (nutripriming) or water (hydropriming) keeping seed to solution ratio 1:5 (w/v). Aeration was provided by aquarium pump. After removing from the respective solution, achenes were thoroughly rinsed with water and dried in forced air under shade till original weight.

			 

			Experimental details

			Four cultivations followed by two plankings were given to achieve the desirable soil structure. Treated and untreated seeds were sown on the 14th of February 2014 with the help of dibbler at a seed rate of 6.25 kg ha-1 in the pattern of row-to-row distance of 75 cm and plant-to-plant distance of 25 cm. The experiment was conducted in randomized complete block design (RCBD) with factorial arrangement having a net plot size of 5 m × 3 m in three blocks. Nitrogen and phosphorus were applied @ 100 and 75 kg ha-1, respectively in the form of Urea and DAP. Half of the nitrogen and whole of the phosphorus were applied at sowing time and remaining nitrogen was applied with first irrigation. One hoeing was done to keep the crop weed free. Observations like plant population at harvest, head diameter, number of achenes per head, 1000-achene weight, achene yield, biological yield, harvest index, achene oil contents and achene protein contents were recorded following the standard procedures.

			 

			Statistical analyses

			Experimental data were analyzed statistically using statistical software MSTAT-C. Analysis of variance was used to test the significance of variance sources, while the difference among treatment means were compared using LSD test (p=0.05) (Steel et al., 1997). 

			 

			Results and Discussion

			 

			The study revealed that seed priming with B significantly affected head diameter, number of achenes per head, 1000-achene weight, achene yield, biological yield and harvest index of both tested sunflower hybrids (Table 1). Head diameter contributes to achene yield of sunflower because it influences both the number of achenes per head and achene size. Statistically maximum head diameter was observed in achenes exposed to seed priming with 1 mM B which was closely followed by that of with 0.1 mM B. Instead of, minimum head diameter was observed in achenes taken as control and were not exposed to any seed treatment. Hysun-33 produced statistically bigger heads as compared to FH-331 (Table 1).

			Table 1: Effect of boron seed priming on yield and quality parameters of sunflower hybrids.

			 

			
				
					
					
					
					
					
					
					
					
					
					
				
				
					
							Treatments
							PP
							HD
							APH
							TAW
							AY
							BY
							HI
							AOC
							APC
					

					
							Sunflower hybrids
					

					
							
							H1 = HYSUN-33

						
							
							79.67

						
							
							16.59 b

						
							
							936.21 a

						
							
							53.84 a

						
							
							2.68 a

						
							
							10.79 a

						
							
							24.80 a

						
							
							39.72 b

						
							
							18.55 a

						
					

					
							
							H2 =FH-331

						
							
							79.40

						
							
							15.50 b

						
							
							831.01 b

						
							
							52.66 b

						
							
							2.32 b

						
							
							10.24 b

						
							
							22.61 b

						
							
							41.49 a

						
							
							17.85 b

						
					

					
							
							LSD

						
							
							Ns

						
							
							0.046

						
							
							2.471

						
							
							0.014

						
							
							0.016

						
							
							0.083

						
							
							0.202

						
							
							0.202

						
							
							0.095

						
					

					
							B seed priming
					

					
							
							P1 = Control

						
							
							79.17

						
							
							15.58 d

						
							
							834.71 e

						
							
							53.2 c

						
							
							2.35 e

						
							
							10.3 c

						
							
							22.7 d

						
							
							40.33 c

						
							
							18.44 b

						
					

					
							
							P2 = Hydropriming

						
							
							79.50

						
							
							16.02 c

						
							
							878.30 d

						
							
							53.2 a

						
							
							2.48 d

						
							
							10.5 b

						
							
							23.6 c

						
							
							40.37 c

						
							
							18.71 a

						
					

					
							
							P3 = Osmopriming (1 mM B)

						
							
							79.83

						
							
							16.47 a

						
							
							921.33 a

						
							
							53.2 bc

						
							
							2.61 a

						
							
							10.7 a

						
							
							24.4 a

						
							
							40.99 a

						
							
							17.62 c

						
					

					
							
							P4 =Osmopriming (0.1 mM B)

						
							
							79.67

						
							
							16.13 b

						
							
							896.32 b

						
							
							53.2 bc

						
							
							2.54 b

						
							
							10.6 ab

						
							
							23.9 b

						
							
							40.76 ab

						
							
							17.68 c

						
					

					
							
							P5 = Osmopriming (0.01 mM B)

						
							
							79.50

						
							
							16.02 c

						
							
							887.31 c

						
							
							53.2 ab

						
							
							2.51 c

						
							
							10.5 b

						
							
							23.8 bc

						
							
							40.56 bc

						
							
							18.57 ab

						
					

					
							
							LSD

						
							
							ns

						
							
							0.073

						
							
							3.907

						
							
							0.022

						
							
							0.025

						
							
							0.132

						
							
							0.319

						
							
							0.319

						
							
							0.147

						
					

					
							Interaction (Sunflower hybrids × B seed priming)
					

					
							
							H1 × P1

						
							
							79.33

						
							
							16.10

						
							
							879.67 e

						
							
							53.81

						
							
							2.50

						
							
							10.57

						
							
							23.69

						
							
							39.60

						
							
							18.79

						
					

					
							
							H1 × P2

						
							
							79.67

						
							
							16.53

						
							
							932.67 d

						
							
							53.86

						
							
							2.67

						
							
							10.78

						
							
							24.76

						
							
							39.48

						
							
							19.09

						
					

					
							
							H1 × P3

						
							
							80.00

						
							
							17.03

						
							
							975.33 a

						
							
							53.83

						
							
							2.80

						
							
							10.98

						
							
							25.51

						
							
							39.99

						
							
							17.91

						
					

					
							
							H1 × P4

						
							
							79.67

						
							
							16.67

						
							
							951.33 b

						
							
							53.84

						
							
							2.72

						
							
							10.83

						
							
							25.11

						
							
							39.77

						
							
							17.96

						
					

					
							
							H1 × P5

						
							
							79.67

						
							
							16.60

						
							
							942.00 c

						
							
							53.85

						
							
							2.69

						
							
							10.81

						
							
							24.92

						
							
							39.74

						
							
							19.02

						
					

					
							
							H2 × P1

						
							
							79.00

						
							
							15.07

						
							
							789.67 j

						
							
							52.64

						
							
							2.19

						
							
							10.07

						
							
							21.75

						
							
							41.05

						
							
							18.09

						
					

					
							
							H2 × P2

						
							
							79.33

						
							
							15.50

						
							
							824.00 i

						
							
							52.70

						
							
							2.29

						
							
							10.24

						
							
							22.44

						
							
							41.27

						
							
							18.33

						
					

					
							
							H2 × P3

						
							
							79.67

						
							
							15.90

						
							
							867.33 f

						
							
							52.65

						
							
							2.43

						
							
							10.38

						
							
							23.36

						
							
							41.98

						
							
							17.32

						
					

					
							
							H2 × P4

						
							
							79.67

						
							
							15.60

						
							
							841.33 g

						
							
							52.65

						
							
							2.35

						
							
							10.29

						
							
							22.86

						
							
							41.75

						
							
							17.39

						
					

					
							
							H2 × P5

						
							
							79.33

						
							
							15.43

						
							
							832.67 h

						
							
							52.67

						
							
							2.32

						
							
							10.24

						
							
							22.65

						
							
							41.38

						
							
							18.12

						
					

					
							
							LSD

						
							
							ns

						
							
							ns

						
							
							5.525

						
							
							ns

						
							
							ns

						
							
							ns

						
							
							ns

						
							
							ns

						
							
							ns

						
					

				
			

			

			Ns: Non-significant; PP: Plant population at harvest per plot; HD: Head diameter (cm); APH: Achenes per head; TAW: 1000-achene weight (g); AY: Achene yield (t ha-1); BY: Biological yield (t ha-1); HI: Harvest index (%); AOC: Achene oil contents (%) and APC: Achene protein contents (%).

			 

			In both sunflower hybrids, maximum number of achenes per head were counted from seed priming with 1 mM B which was closely followed by that of with 0.1 mM B (Table 1). The achenes that were taken as control and were not subjected to any seed treatment statistically produced minimum number of achenes per head in both tested sunflower hybrids. Statistically maximum 1000-achene weight was recorded from achenes exposed to hydropriming which was statistically at par with seed priming with 0.01 mM B solution (Table 1). Instead of, minimum 1000-achene weight was observed from achenes taken as control and were not exposed to any seed treatment and which were statistically similar to achenes that were subjected to seed priming with B at 1 and 0.1 mM concentration. The study also indicated that 1000-achene weight was statistically higher in Hysun-33 as compared to FH-331(Table 1).

			 

			All the seed treatments significantly increased achene yield and biological yield compared with control. Statistically maximum achene yield was recorded from achenes exposed to seed priming with 1 mM B which was closely followed by that of with 0.1 mM B. Instead of, minimum achene yield was recorded from achenes taken as control and were not exposed to any seed treatment. The study also indicated that achene yield was statistically higher in sunflower hybrid Hysun-33 as compared to FH-331(Table 1). Statistically maximum biological yield was observed from achenes exposed to seed priming with 1 mM B which was statistically similar to that of with 0.1 mM B. Instead of, minimum biological yield was observed in achenes taken as control and were not exposed to any seed treatment. The study also indicated that biological yield was statistically higher in sunflower hybrid Hysun-33 as compared to FH-331.

			 

			The study showed that seed priming with B significantly affected harvest index of sunflower hybrids. Likewise, both the tested sunflower hybrids were also statistically different from each other in this regard (Table 1). All the seed treatments resulted in significantly higher value of harvest index compared with control. Statistically highest value of harvest index was calculated from achenes exposed to seed priming with 1 mM B which was closely followed by that of with 0.1 mM B (Table 1).

			 

			The study also revealed seed priming with B significantly affected the achene oil and protein contents of sunflower hybrids. Likewise, both the tested sunflower hybrids were also statistically different from each other in this regard (Table 1). Statistically higher oil contents were obtained from achenes exposed to seed priming with 1 mM B which were statistically similar to that of with 0.1 mM B. Statistically higher protein contents were obtained from achenes subjected to hydro-priming and were statistically similar to achenes exposed to seed priming with 0.01 mM B. The study also indicated that achene protein contents were statistically higher in Hysun-33 as compared to FH-331 (Table 1).

			 

			The study revealed that seed priming with B has significant potential to improve achene yield and oil contents of sunflower hybrids. Seed priming treatments significantly affected the yield contributing parameters compared with the treatment taken as control and thus resulted in higher yield of hybrid sunflower. Untreated seeds did not perform well as compared to primed seeds due to the fact that these could not start early emergence and seedling stand establishment. Head diameter was increased in response to seed priming with B specifically at 1 mM concentration. It may be due to improved translocation of photo assimilates from vegetative to reproductive parts under B seed priming as B is involved in translocation of sugars, which are reported having incremental effect on metabolic activities (Reddy et al., 2003). Seed priming with B resulted in increased head diameter, which resulted in higher number of achenes per head as is evident from the positive correlation between head diameter and number of achenes per head (Tahir et al., 2014). Improved head diameter and number of achenes per head may also be due to the involvement of B in assimilate partitioning as B is involved in translocation of assimilates from biomass to plant head in sunflower (Zahoor et al., 2011). 1000-achene weight was reduced in response to B seed priming compared with control and hydropriming. This was due to the negative correlation between number of achenes per head and 1000-achene weight as reported by Tahir et al. (2014). Improved biological yield as a result of seed priming with B might be due to earlier and uniform emergence, which ended in increased biological yield. Improved biological yield of sunflower by the application of B has been reported by Tahir et al. (2014).

			 

			Seed priming with B significantly improved achene yield of hybrid sunflower. Improved achene yield of sunflower was due to the improved yield contributing parameters i.e. head diameter and number of achenes per head. Improved achene yield of sunflower by seed priming with B might be the result of enhanced dry matter partitioning towards the achenes (Zahoor et al., 2011). It may also be due to improved translocation of photo assimilates from vegetative to reproductive parts under B seed priming as B is involved in translocation of sugars, which are reported having incremental effect on metabolic activities (Reddy et al., 2003). Improved achene yield of sunflower by the application of B has been reported by Tahir et al. (2014). Improved harvest index by seed priming with B might be result of enhanced dry matter partitioning towards the achenes that resulted in improved achene yield.

			 

			The study indicated that seed priming with B significantly increased achene oil contents of sunflower hybrids. Improved achene oil contents of sunflower hybrids by B seed priming might be due to enhanced uptake of B in the achenes as B has significant effect on achene oil contents of sunflower (Renukadevi and Savithri, 2003). The study also indicated that seed priming with B significantly decreased achene protein contents of sunflower hybrids which may be due to the involvement of B with the mechanism of protein synthesis (Tanaka and Fujiwara, 2008). It may also be due to the negative correlation between achene oil and protein contents under B nutrition (Tahir et al., 2013).

			 

			Conclusions and Recommendations

			 

			The study concluded that all the seed treatments significantly improved achene yield, yield attributes and oil contents of sunflower. However, seed priming with 1 mM B solution was found to be the best. Thus seed priming with 1 mM B solution may be helpful in improving achene yield and oil contents of hybrid sunflower.
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block design with factorial arrangement in triplicate run. Results from the experiment revealed that all the
seed treatments significantly improved achene yield, yield attributes and oil contents of sunflower. However,
seed priming with 1 mM B solution was the best treatment in improving achene yield and oil contents of
sunflower hybrid. While in case of hybrids HYSUN-33 performed significantly better than FIH-331 for all
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Introduction

Pakistan is facing a severe deficiency of edible oiland
spending a huge amount "of foreign exchange to
meet the requirements through imports. This import
bill is imposing a severe drain on foreign exchange
reserves. Thus, the indigenous edible oil production
should be enhanced to reduce drain on the national
economy (GoP, 2014). Sunflower (Helianthus annuus
L.) is an important non-traditional oilseed crop and
is a second most source of edible oil production in the
country after cottonseed (Sarwar, 2015). It is a short

duration crop of 90-110 days and can be successfully
grown twice in a year during spring and autumn sea-
son without disturbing the major crops like wheat,
rice and cotton. Sunflower seed contains 40-47% oil
and 20-27% protein contents (Saleem et al., 2003).

For ideal growth and development, 17 essential ele-
ments should be made available to crop plants. If even
a single element is deficient in the soil or not well
balanced with other nutrients, suppression in growth
or even complete inhibition may occur. Micronutri-
ents play an important role in the basic physiological
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