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Abstract 
Effects of different boron (B) application methods on growth and yield of sunflower hybrids were 
checked out at Agronomic Research Farm, University of Agriculture, Faisalabad, Pakistan during 
spring, 2013. Field experiment was conducted by considering three sunflower hybrids viz., Patron 
551, Patron 851 and S-278 along with different methods of B application i.e. no B application, seed 
treatment @ 0.05% B, soil B application @ 2 kg·ha−1 at sowing, soil B application @ 2 kg·ha−1 at ray 
floret stage and foliar application of B @ 200 mg·L−1 at ray floret stage. Uttermost plant height 
(150.78 cm), the number of leaves per plant (22.67) and stem diameter (1.62 cm) were accom-
plished when boron was soil applied @ 2 kg·ha−1 at sowing. Significantly higher head diameter 
(18.30 cm), number of achene per head (1266.44), 1000-achene weight (43.17 g) achene yield 
(2039.33 kg·ha−1), biological yield (9223.11 kg·ha−1) and harvest index (22.10%) were registered 
when boron was foliar applied @ 200 mg·L−1 at ray floret stage. Among sunflower hybrids, Patron 
551 produced significantly higher growth and yield attributes as compared with Patron 851 and 
S-278 hybrids. This study suggested that the selection of Patron 551 hybrid with practicing boron 
foliar application @ 200 mg·L−1 at ray floret stage could be helpful in achieving the sunflower crop 
genetic potential. 
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1. Introduction 
Throughout the world, sunflower is one of the most authoritative sources of vegetable oil. Sunflower ranks third 
in the world for total production of oilseeds [1]. It is an important oil seed crop having 20% - 27% protein and 
40% - 47% oil content [2] and a prolific source of vitamins A and D. Its oil is called premium oil due to pres-
ence of oleic acid (16.2%) and linolenic acid (72.5%) with high % age (60%) of poly unsaturated fatty acids [3]. 
The oil is used for cooking purposes and preparation of margarine. In Pakistan, sunflower yield is far abject than 
the genetic potential of the crop. The introduction of high yielding hybrids has increased the yield but still there 
is a wider gap between potential and farmer field yield. There are several reasons which can be conceived re-
sponsible for low productivity. But deficiency of micronutrients and poor performance of selected hybrids are 
two of the major drives of miserable yield of sunflower in Pakistan.  

Selection of appropriate hybrids is the key factor to get maximal yield. Adoption of good cultivars improves 
not only yield but also its quality [4]. Iqbal et al. (2011) [5] discovered that sunflower hybrid S-278 produced 
significantly taller plants, heavier 1000-achene weight, more achene and stalk yield as compared with hybrid 
Hyssun-33. Micronutrient deficiencies not only are impeding crop productivity but also are devolving produce 
quality. Application of micronutrients also helps in improving the availability of micronutrients (Johnson et al., 
2005) [6]. Among the micronutrients Boron is very important in controlling many physiological and biochemi-
cal activities in plants. In Pakistan Boron deficiency is generally observed in cotton growing areas (Abid et al., 
2002) [7]. Calcareous soils of wheat and rice growing areas are also deficient in available B; yield of these crops 
can be increased by application of balanced fertilizers including Boron (Rashid and Ryan, 2004) [8].  

Boron is important in cell walls; both B deficiency and toxicity stimulate lower chlorophyll levels and the rate 
of photosynthesis, and can disturb the maintenance of meristems in plants (Bolanos et al., 2004) [9]. Boron defi-
ciency can cause drop in root elongation and mostly leaf nitrate contents without disturbing nitrate reduce activ-
ity or the concentrations of other micronutrients such as magnesium, calcium, phosphate or potassium (Cama-
cho-Cristobal et al., 2005) [10]. Boron deficiency can be subdued by different agronomic techniques, for exam-
ple it can be overcome by supplying it through seed priming, soil application, and foliar application at different 
growth stages of the crop. 

The present study was, therefore, conducted to evaluate the performance of three sunflower hybrids upon dif-
ferent methods of boron application. 

2. Materials and Methods  
The study was conducted at Agronomic Research Farm, University of Agriculture, Faisalabad, Pakistan 
(31˚25'N, 73˚04'E) during spring, 2013 under the semi-arid and subtropical climatic conditions. Monthly trends 
of temperature, rainfalls, relative humidity (R.H.) and sun shine hours, averaged over the crop growing period 
are given in Figure 1. Soil analysis (Table 1) depicted that study area soil was sandy clay loam and organic 
matter, nitrogen, phosphorus, potassium and boron soil contents were less than plant optimal range. The experi-
ment was laid out in RCBD with factorial arrangement and each treatment was replicated thrice. Experiment 
was comprised of sunflower hybrids Patron 551, Patron 851 and S-278 as well as different boron application 
methods B0 = No B application, B1 = Seed priming with B (0.05%), B2 = Soil B application (2 kg·ha−1) at sow-
ing, B3 = Soil B application (2 kg·ha−1) at ray floret stage, B4 = Foliar application of B (200 mg·L−1) at ray floret 
stage. Boric acid was used as a source of boron for different treatments. Seed of sunflower hybrids were col-
lected from Pioneer seed and Syngenta seed companies. For priming, seeds were soaked in aerated boric acid 
solution (as per treatment) keeping seed to solution ratio of 1:10 (w/v) for 12 h. Primed seeds were given three 
surface washings with distilled water and were dried to the original moisture level, after which they were sealed 
in polythene bags. The net plot size of each plot was 4.0 m × 2.4 m and each plot had 4 rows. Sunflower hybrids 
were sown in 60 cm apart rows having a plant to plant distance of 25 cm, using dibbler by dropping 2 seeds per 
hill and then after germination one plant per hill was maintained by thinning. Seed rate of 6.25 kg·ha−1 was used 
for crop sown. The fertilizer NPK was applied @ 150, 100, 62 kg·ha−1 respectively. The complete dose of 
phosphorus and potassium and 1/3 of nitrogen was applied at the time of sowing. Remaining nitrogen was ap-
plied in 3 splits with first, second and third irrigation. Boron was applied as per treatment. Plant protection 
measures were adopted to keep crop free from weeds, insect pests and diseases. The crop was harvested on July 
8, 2013. Parameters concerning with yield such as number of leaves per plant, plant height, stem diameter, head 
diameter, 1000-achene weight, achene yield and biological yield were recorded during the crop period. All the  
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Figure 1. Mean climatic data during crop growing season at experimental site.                                   

 
Table 1. Physico-chemical analysis of soil.                                                               

Chemical analysis Experimental site value Status 

pH 7.6 Alkaline 

EC (dS·m−1) 1.2 Normal 

Organic matter (%) 0.79 Low 

N (%) 0.047 Low 

P (ppm) 8.75 Low 

K (ppm) 165 Sufficient 

Boron (B) (ppm) 0.41 Deficient 

Physical analysis   

Sand (%) 65 

Sandy clay loam soil Silt (%) 16 

Clay (%) 19 

 
parameters were appraised according to standard methodology and the data taken was analyzed employing 
Statistic 8.1. Least significance difference (LSD) test was used to compare the different treatment means at 5% 
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probability (Steel et al., 1997) [11].  

3. Results and Discussion 
3.1. Number of Leaves per Plant at Flowering 
Sunflower hybrids differ significantly in terms of number of leaves per plant at flowering stage. Topmost num-
ber of leaves (26.13) per plant was recorded for Patron-551 while the low most (20.80) were recorded in Patron 
851 that was also at par with S-278 (20.93). Number of leaves per plant was substantially affected by different 
boron application methods. Maximal number of leaves (23.33) was obtained where B was applied as soil applied 
@ 2 kg·ha−1 at sowing that was at par with all other B application treatments. The minimal numbers of leaves 
(21.89) were produced in control. The interaction between sunflower hybrids and boron application methods 
was non-significant (Table 2). These results are in line with the findings of El-Shintinway, (1999) [12] who also 
had provided the evidence regarding the positive effects of B on number of leaves of sunflower plant.  

3.2. Plant Height at Maturity (cm) 
Table 1 revealed the differences in plant height according to different treatments. The hybrids differ substan-
tially in plant height. The sunflower hybrid Patron 551 gave the greatest plant height (175.67 cm). The effect of 
different methods of boron application at various stages of sunflower was also highly significant on plant height. 
Greatest plant height (156.78 cm) was obtained from soil B application @ 2 kg·ha−1 at sowing that was also at 
par with foliar application of B 200 mg·L−1 at ray floret stage and soil B application @ 2 kg·ha−1 at ray floret 
stage. Least plant height (141 cm) was discovered in control treatment. Enhancement in plant height might be 
due to appropriate dose of boron. These results are in accordance with (Gitte et al., 2005 and Kolesnikov et al., 
2008) [13] [14]. Oyinlola (2007) [15] also explained that sunflower plant height show positive response to ap-
plied boron.  

3.3. Stem Diameter (cm) 
Considerable differences in stem diameter of sunflower hybrids were observed during the study. Maximal stem 
diameter (1.81 cm) was achieved in Patron 551 that was followed by Patron 851 (1.58 cm). Slightest stem di-
ameter (1.50 cm) was achieved in S-278 sunflower hybrid. Influence of boron application methods was highly 
significant on stem diameter of sunflower hybrids. The maximal stem diameter (1.70 cm) was obtained from 
plots where boron was applied as soil application @ 2 kg·ha−1 at sowing while all the other boron application 
methods show statistically similar stem diameter (Table 2). These results coincide with the finding of O’Neil et 
al. (2004) [16]. These scientists evaluated that boron deficiency affects the cell enlargement in growing tissues 
as it is involved in cell structure hence reduce stem diameter. These results are in confirmation with the discov-
ery of Silva et al. (2011) [17] they reported that in sunflower there was increase in stem diameter when boron 
was applied at sowing time.  

3.4. Head Diameter (cm) 
Data exhibited in Figure 2 that the head diameter was highest (18.88 cm) in Patron 551 that was followed by 
S-278 (17.14 cm) and it was lowest (16.37 cm) in Patron 851. Head diameter is also highly significantly affected 
by the different boron application methods. The foliar application of B @ 200 mg·L−1 at ray floret stage gave the 
uttermost head diameter (18.30 cm) that was followed by soil B application @ 2 kg·ha−1 (17.67 cm). Least head 
diameter was recorded for control treatment. These results are in line with Zahoor et al. (2011) [18] who dis-
covered that maximum head diameter (21.2 cm) was recorded in plants applied with 2 kg boron per hectare. The 
interactive effect of sunflower hybrids and boron application methods was also found significant for head di-
ameter (Figure 2). Maximum head diameter (19.89 cm) was recorded where boron was applied as foliar @ 200 
mg·L−1 at ray floret stage to hybrid Patron 551. However, minimal head diameter (14.07 cm) was observed in 
the plots where Patron 551 was sown after priming with 0.05% boron solution. The stimulatory effect of boron 
on sunflower plant may be due to its role in enhancing metabolic process and improving development of pollen 
tube. These results also coincide with scientists Renukadevi and Savithr (2003) [19] and similar with Shekhawat 
and Shivay (2008) [20]. They reported that head diameter was increased with boron application because of 
augmentation in pollen-production capacity of anthesis and pollen grain viability.  
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Figure 2. Effect of different methods of boron application on Head diameter (cm) of sunflower hybrids. H1 = Patron 551, H2 
= 851, H3 = S-278, B0 = No B application, B1 = Seed priming with B (0.05%), B2 = Soil B application (2 kg·ha−1) at sowing, 
B3 = Soil B application (2 kg·ha−1) at ray floret stage, B4 = Foliar application of B (200 mg·L−1) at ray floret stage. The head 
diameter of ten plants for all the treatments was measured with the help of measuring tape at crop maturity stage and then 
statistically analyzed. The bars indicate the interaction between sunflower hybrids and boron application methods.                                                                

3.5. Number of Achenes per Head 
Most number of achene (1283) per head were discovered in hybrid Patron 551. Among different boron applica-
tion methods, foliar application of B @ 200 mg·L−1 at ray floret stage gave the best results of achenes (1266) per 
head. The interaction was non-significant between hybrids of sunflower and boron application methods (Table 
2). The increase in number of achene per head might be due to the role of boron in pollen tube germination. 
These results coincided with the findings of Ghani et al. (2000); Khan et al. (2000) [21] [22] they gave the evi-
dence of positive effects of B application on number of achene in sunflower crop. Parkash and Mehra (2006) [23] 
also found that boron application significantly enhanced the number of achenes per head.  

3.6. 1000-Achene Weight (g) 
The data encompassing 1000-achene weights (Table 2) exhibited that uppermost 1000-achene weight (44.55 g) 
was accomplished from Patron 551. Different boron application methods also showed significant results. High-
est 1000-achene weight (43.17 g) was obtained from foliar application of B @ 200 mg·L−1 at ray floret stage 
that was also at par with soil applied boron @ 2 kg·ha−1 at sowing. Low most 1000-achene weight (39.82 g) was 
obtained where no B was applied. The interaction between hybrids and boron application methods showed non- 
significant results. The increase in 1000-achene weight might be due to the role of boron in pollination and 
achene filling. These results substantiate the finding of Oyinlola (2007) [15] and Bilen et al. (2011) [24] they 
reported that application of boron increases 1000-achene weight as application of boron helped in enhancing the 
dehydrogenase and phosphatase enzymes activity. The same results were discovered by Reddy et al. (2003) [25] 
who commented that increased 1000-achene weight of sunflower by the application of boron might be due to 
increased translocation of photosynthates from vegetative sources towards the reproductive organs. 

3.7. Achene Yield (kg·ha−1) 
The highest achene yield (2020 kg·ha−1) was accomplished by hybrid Patron 551 followed by S-278 (1911 
kg·ha−1). The foliar application of boron @ 200 mg·L−1 at ray floret stage produced highest achene yield (2039 
kg·ha−1) and low most achene yield (1866 kg·ha−1) was produced in case of treatment of no boron application. 
The interactive effect of both hybrids and boron application methods was found non-significant (Table 2). Red-
dy et al. (2003) [25] explained that increased achene yield of sunflower due to active role of boron in transloca-
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tion of photosynthates especially when applied at ray floret stage. Similar results were discovered by Castro et al. 
(2006) [26] who found an increased achene yield of sunflower by the application of boron. 

3.8. Biological Yield (kg·ha−1) 

Highly significant differences in biological yield were observed in three sunflower hybrids as heaviest biological 
yield (9401 kg·ha−1) was accomplished by hybrid Patron 551. The effect of B application methods on biological 
yield was also highly significant. Maximal biological yield (9223 kg·ha−1) was obtained with soil B application 
@ 2 kg·ha−1 at sowing which was statistically at par with foliar application of boron @ 200 mg·L−1 at ray floret 
stage. The control treatment produced lowest (9117 kg·ha−1) biological yield (Table 2). These results are in line 
with the findings of Gitte et al. (2005) [13] they reported that increase in biological yield might be due to role of 
boron in cell elongation, cell division and biomass accumulation. Increase in biological yield may be due to ac-
tive role of boron in cell elongation, cell division and biomass accumulation.  

3.9. Harvest Index (%) 

All sunflower hybrids differ substantially in their harvest index. Most eminent harvest index (21.48%) was 
reached in case of hybrid patron 551 and most down harvest index (20.48%) was observed in hybrid Patron 851. 
Maximal harvest index (22.10%) was attained with foliar application of B @ 200 mg·L−1 at ray floret stage and 
minimal (20.49%) was observed in control treatment (Table 2). These results are in line with those of Silva et al. 
(2011). Increased value of harvest index by the application of boron has also been described by Reddy et al. 
(2003) [25]. The interaction between hybrids and boron application was non-significant (Table 2). 

4. Conclusion 
It was obvious from the results that sunflower hybrid Patron 551 and foliar application of B (200 mg·L−1) at ray 
floret stage brought maximal results. So farming community should prefer sunflower hybrid Patron 551 over 
other Patron 851 and S-278 hybrids and foliar application of B (200 mg·L−1) at ray floret stage should be prac-
ticed under semi-arid conditions of Faisalabad for robust and healthy crop. 
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