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ABSTRACT 
 
Immobility of most of the photo-assimilates from biomass to seed yield is one key factor limiting productivity in sunflower. 
Role of Boron in partitioning of pre-anthesis assimilates from vegetative to reproductive sinks during seed development is well 
established and therefore, used as soil application in a field study in order to improve achene yield in hybrid sunflower (FH-
372). Optimum and early sown sunflower was applied with B at both button and ray floret stages @ 2 and 1 kg ha-1 per 
application. Significant effect of soil applied B was observed in respect of plant growth, photosynthetic rate, leaf nitrogen 
content at achene filling stage, yield related traits and achene oil or protein contents (%). Moreover, significant improvement 
in dry matter partitioning, dry matter accumulation, photosynthetic rate and yield components was also estimated. However, 
maximum yield in addition to accumulation of highest oil and protein contents was recorded in plants applied with 2 kg B ha-1. 
In general, soil application of 2 kg B ha-1 under normal sowing conditions done at ray floret stage improved growth of hybrid 
sunflower as well as its yield contributing factors more than any other treatment. In addition, the dry matter partitioning was 
enhanced by using this combination as exposed in the form of increased achene yield and decrease in the plant dry matter. © 
2011 Friends Science Publishers 
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INTRODUCTION 
 

Sunflower is one major source of quality edible oil 
(Skoric & Marinkovic, 1986; Evertt et al., 1987) but it 
meets only 2.56% of the total consumption in developing 
countries like Pakistan with more than 72% of the edible oil 
being imported (Government of Pakistan, 2009). Population 
increase is another factor elevating the edible oil demand. 

To reduce this supply and demand gap, attempts have 
been made to develop different varieties/hybrids but reduced 
assimilate partitioning efficiency is still another factor 
influencing the economic profitability of sunflower (Reddy 
et al., 2003). Although, the extent of contribution of harvest 
index towards seed yield varies with season, environmental 
conditions and management practices during crop growth 
stage (Shivaram, 1986; Hegde, 1987; Reddy et al., 1994). 
Translocation of biomass to seed yield can alter the 
productivity and improved assimilate partitioning from 
vegetative to reproductive sinks resulting in up to 50% 
increased achene yield (Naik, 1991). Genotypic variation 
also exists for partitioning efficiency in the remobilization 
of assimilates from stem and thalamus to seed yield (Hall et 
al., 1989). Likewise, large amount of assimilates may be 
locked up in vegetative sinks i.e., stem, leaf and thalamus 

and their reduced translocation towards reproductive head 
may results in lower productivity (Hall et al., 1989; Naik, 
1991). 

In sunflower, achene yield, head diameter and other 
yield contributing traits are affected significantly due to 
delayed planting. Early planting contributed maximally 
towards these traits despite of delayed sowing dates and was 
reasoned as difference in accumulation of growing degree 
days (Qadir et al., 2007). Thus, weakening of source sink 
relationship with respect to sowing time is one hypothesis to 
be tested for amelioration of losses in sunflower yield by 
exogenous application of B. 

Boron is known to play role in cell division, water 
relations, ion absorption, IAA and carbohydrates 
metabolism, translocation of sugars, fruit and seed 
development and its deficiency may affect all these 
processes (Marschner, 1995; Cakmak & Römheld, 1997). 
Reduced supply of B in sunflower has also been reported 
resulted for decrease in release of sucrose and amino acids 
from plant parts, which ultimately reduce the efficiency on 
dry mass accumulation or achene yield (Cakmak et al., 
1995) and poor seed set due to malformed capitulum occurs 
(Blamey et al., 1987). Boron deficiency during floret 
initiation in sunflower generally exposes in the form of 
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damage to the capitulum meristem and consequently causes 
the appearance of in volcural bracts and ray florets in 
different positions at the capitulum center (Blamey, 1976; 
Palmer & Marc, 1982). On the other hand, soil application 
of B has been reported to improve the harvest index and 
seed yield by 23% and 53%, respectively (Naik, 1991) 
along with high oil percentage content in sunflower 
(Oyinlola, 2007). Nonetheless, its excessive application can 
be toxic for crop growth depending on the soil status and 
dose applied (Marscher, 1995; Oyinlola, 2007). Balanced B 
nutrition is essential for optimum crop growth and achene 
yield in sunflower. 

Present study was planned to explore B role as soil 
application to improve assimilate partitioning in sunflower at 
varying sowing dates, for better achene yield and oil quality. 
 
MATERIALS AND METHODS 
 

The Experiment was conducted at the Plant 
Physiology Research Area, Ayub Agricultural Research 
Institute (AARI), Faisalabad by laying out in Randomized 
Complete Block Design (RCBD) having split plot 
arrangement with three replications using hybrid sunflower 
(FH-372) as planting material @ 6 kg ha-1 sown by dibbling 
in the soil maintaining R×R and P×P 75 and 25 cm, 
respectively during spring 2010. The experiment was 
comprised of two sowing dates i.e., 1st March (optimum 
sowing) and 15th March (late sowing) laid out into main 
plots by keeping five treatments in subplots and net plot size 
2.5 m×6 m. Soil application of B in the form of Boric acid 
was done in combination with stages of applications 
detailed as, B1: 2 kg B ha-1 at button stage, B2: 2 kg B ha-1 at 
ray floret stage, B3: 1 kg B ha-1 at button stage, B4: 1 kg B 
ha-1 at button stage, B5: Control (no B application). The B 
application was made along with the recommended doses of 
NP fertilizer, while all other recommended practices for 
plant protection and weed management were followed 
accordingly. 

Photosynthetic rate and dry matter accumulation (fresh 
and dry weights) were recorded fortnightly using IRGA-4 
(Infra Red Gas Analyzer CID) and digital balance, 
respectively starting at 30 DAE (days after emergence). 
Yield related traits like head diameter (cm), 1000-achene 
weight (g), number of achene per head, achene yield (kg ha-1), 
biological yield (kg ha-1) and harvest index were recorded. 
Leaf N at grain filling stage was determined according to 
the method of Chapman and Parker (1961). However, B in 
stem and leaves were measured by dry ashing (Chapman & 
Pratt, 1961) and analyzed by colorimetry using azomethine-
H (Bingham, 1982). Achene quality parameters such as 
Achene oil and protein contents (%) were also calculated as 
per the procedure given by AOAC (1990). 
 
RESULTS 
 
Dry matter partitioning: Change in dry matter 
accumulation was calculated by subtracting every harvest 

from the previous harvest (Fig. 1). Duing 1st interval, there 
was non-significant difference found For both sowing dates, 
a swift increase in plant dry weight in response to B 
applications was observed in similar fashion during 2nd 
interval i.e., between 7th and 25th May during, which head 
formation was initiated. Two kg B ha-1 at ray floret stage 
accumulated maximum dry weights at par with same dose at 
button stage. All B applications performed significantly 
better than the control (no B application). Although, for 
optimum sown sunflower, during third interval reduction in 
dry weight was recorded maximum in plants exposed to 2 
kg B ha-1 at ray floret stage followed by same dose applied 
at button stage whereas, 1 kg B ha-1 applied at both button 
and ray floret stage performed better than control but 
statistically at par with each other for accumulating and 
reducing dry weights during 2nd and 3rd intervals, 
respectively. For late sown conditions, during third interval 
maximum reduction in dry matter was recorded in 2 kg B 
ha-1 when applied at ray floret stage, which is at par with 
same dose applied at button stage and 1 kg B ha-1 at ray 
floret stage. Least reduction was however observed in plants 
applied with 1 kg B ha-1 at Button stage and those kept as 
control. 
Plant fresh weight: For B application data recorded after 
button stage (07th May) and after 10 days of ray floret stage 
(25th May) indicated that maximum plant fresh weight was 
recorded in B2 (2 kg B ha-1) applied at ray floret stage 
followed by B1 (2 kg B ha-1) applied at button stage and 
minimum was in control on both sowing dates. Up to first 

Fig. 1: Effect of Soil applied B on total dry matter 
accumulation in optimum and late sown sunflower 
where 1st interval: 22 April to 7 May; 2nd interval: 7 
May to 25 May; 3rd interval: 25 May to 10 June) 
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sampling date (22nd April) B application was not applied, 
therefore, no significant difference was observed. Similarly, 
normal sowing date gives more plant fresh weight than late 
sowing (Table I). 
Leaf, stem and head fresh and dry weights: For fresh and 
dry weights of sunflower leaves, stem and head, significant 
effect was found for all the B levels with same trend. 
Weights taken at 2nd (07th May) and 3rd (25th May) sampling 
dates proved the ray floret stage to be best to apply 2 kg B 
ha-1 as it accumulated maximum fresh and dry weights 
followed by the same B dose applied at button stage. Plants 
with no B application responded with least fresh and dry 

weights of leaves. Comparison of sowing dates exhibited 
non-significant effect on fresh weights of sunflower leaves 
and stem whereas, their dry weights increased in optimum 
sowing as compared to late sowing. Moreover, normal 
sowing helped in accumulating significantly higher head 
fresh and dry weights than in late sown plants (Table I). 
Hence, the combined effect of 2 kg B ha-1 at ray floret stage 
proved to be the best treatment for dry matter accumulation 
among all interactive sowing and B combinations. 
Photosynthetic rate: Maximum photosynthetic activity 
was found in response to 2 kg B ha-1 applied at ray floret 
stage followed by same B dose applied at button stage, 

Table I: growth and photosynthesis of late sown maize in response to soil applied B 
 
Parameters Sowing 

Date 
Sampling dates Control 1 kg B/ha  

button stage 
1 kg B/ha ray 
floret stage 

2 kg B/ha 
button stage 

2 kg B/ha ray  
floret stage 

 
 
Plant Fresh Wt. (g) 

S1 22nd April 332± 5.40 337±7.36 342± 7.36 345±3.54 3.48± 8.90 
07th May 772±5.40 827± 5.40 853± 5.40 8.92± 8.89 928± 5.40 
25th May 1370±9.35 1445±7.07 1502± 5.40 1573±5.40 1622±4.08 

S2 22nd April 298±7.36 295±15.41 302±12.41 297±12.41 3.02±2.04 
07th May 698±12.41 773±4.08 820±10.60 905±9.35 973±17.80 
25th May 1035±7.07 1128±13.39 1200±18.71 1302±17.44 1355±14.14 

 
 
Leaf fresh wt. 
(g) 

S1 22nd April 167±8.90 167±14.71 173±8.90 1.78± 7.35 170±12.75 
07th May 237±5.40 287±5.40 312±5.40 353±5.40 3.82±5.40 
25th May 267±7.36 2.98±5.40 313±5.40 340±3.54 368±7.35 

S2 22nd April 155±7.07 155±12.74 156.7±4.08 156.7±8.90 160±3.54 
07th May 263±4.08 295±9.35 325±7.07 355±3.54 375±10.60 
25th May 225±9.35 261.7±5.40 291.7±5.40 326.7±8.90 348.3±5.40 

 
 
Stem fresh Wt. 
(g) 

S1 22nd April 158±12.42 167±20.72 165±12.74 167±24.07 1.58±20.10 
07th May 362±5.40 408±5.40 435±3.54 462±5.40 495±7.07 
25th May 433±5.40 483±5.40 515±3.53 542±5.40 578±5.40 

S2 22nd April 143.33±8.90 140±6.12 145±9.35 140±3.54 141.67±5.40 
07th May 355±7.07 386.67±8.90 411±5.61 4.45±7.07 471.67±5.40 
25th May 400±7.07 446.67±8.90 473.33±5.40 508.33±8.90 538.33±11.37 

 
Head fresh wt. 
(g) 

S1 07th May 1.35±3.54 160±3.54 175±3.54 1.95±7.07 210±7.07 
25th May 502±7.36 525±3.54 553±5.40 583±7.36 600±7.07 

S2 07th May 70±3.54 88.33±7.35 106.67±2.04 120±10.60 141.67±11.37 
25th May 371.67±7.36 403.33±14.29 433.33±7.36 470±16.20 505±9.35 

 
 
Leaf dry wt. 
(g) 

S1 22nd April 31±2.40 30±3.54 32±2.04 35±6.12 0.33±5.40 
07th May 34±1.22 42±1.78 48±2.04 58±2.04 67±1.78 
25th May 48±5.40 58±2.04 65±3.54 70±3.54 80±3.54 

S2 22nd April 27±1.87 26.67±2.0 26±1.22 26.67±2.0 27.33±1.8 
07th May 28.33±2.0 34.33±0.8 37.33±1.8 42.67±1.8 49±1.8 
25th May 41.67±2.0 48.33±2.0 54.33±0.8 57.67±1.8 65±3.54 

 
 
Stem dry wt. 
(g) 

S1 22nd April 35±3.54 37±5.40 35±3.54 0.35±3.54 37±5.40 
07th May 38±2.04 0.45±0 49±1.22 53±5.40 62±2.04 
25th May 52±1.78 62±2.04 67±1.78 72±1.78 78±2.04 

S2 22nd April 31.67±2.0 32.67±2.9 33.33±4.1 32.33±1.8 31.67±2.0 
07th May 34.33±0.8 40.67±0.8 44.33±0.8 46.67±2.0 53.33±2.0 
25th May 44±1.22 51.67±2.0 57.67±1.8 63±2.55 67.67±1.8 

 
Head dry wt. (g) 

S1 07th May 23±2.04 27±2.04 30±1.77 0.32±2.04 36±0.81 
25th May 115±3.54 132±2.04 138±2.04 143±2.04 150±3.54 

S2 07th May 16±1.22 20.67±0.8 24±1.22 26.33±2.9 31±2.54 
25th May 86.67±2.0 100±3.54 106.67±2.0 115±3.54 125.67±3.6 

 
 
Total length 
(m) 

S1 22nd April 1.06±0.12 1.13±0.04 1.07±0.02 1.08±0.02 1.09±0.103 
07th May 1.5±0.01 1.58±0.01 1.64±0.11 1.72±0.02 1.78±0.01 
25th May 1.57±0.03 1.63±0.02 1.69±0.15 1.76±0.02 1.8±0.01 

S2 22nd April 0.99±0.09 0.92±0.09 1.00±0.06 0.96±0.03 0.99±0.07 
07th May 1.57±0.02 1.61±0.02 1.64±0.01 1.69±0.01 1.81±0.02 
25th May 1.57±0.01 1.61±0.02 1.63±0.02 1.69±0.04 1.81±0.02 

 
Photosynthetic  rate 
mmole /m2/s 

S1 22nd April 82.93±3.90 80.07±0.55 80.8±2.27 84.3±2.71 80±3.01 
07th May 68.43±2.41 71.73±1.24 68.03±3.38 75±1.56 78.97±1.91 
25th May 22.27±2.75 28.6±1.13 29.03±0.81 32.5±2.28 37.4±1.02 

S2 22nd April 73.63±1.9 75.97±0.9 71.87±3.24 74.27±2.42 72.97±5.0 
07th May 72.23±2.5 72.1±1.31 77.67±1.4 78.87±1.6 85.4±1.32 
25th May 38.20±5.7 42.73±3.1 46.07±1.75 44.43±3.6 51.03±1.9 

(B1: 2kg B ha-1 at button stage, B2: 2kg B ha-1 at ray floret stage, B3: 1kg B ha-1 at button stage, B4: 1kg B ha-1 at button stage, B5: Control (no B application) 
S1= 1st March S2 = 15March 
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while the minimum photosynthesis was recorded in control 
plants. Photosynthetic rate was found altered with the age of 
the plants as recorded at different sampling dates (Table I). 
Plant height: All B levels showed significant differences 
among themselves for height of sunflower plants, whereas 
the sowing dates did not affected plant height significantly. 
Maximum plant height was recorded in 2 kg B ha-1 applied 
at ray floret stage followed by equal dose of B applied at 
button stage and minimum plant height was recorded in 
control (Table I). 
Head diameter: Maximum head diameter (21.2 cm) was 
recorded in plants applied with 2 kg B ha-1 at ray floret stage 
followed by same dose of B at button stage and minimum 
head diameter was recorded in plants without any B 
application. Similarly, normal sowing of sunflower was 
more contributive towards head diameter than the late sown 
conditions. Interactive effects of B with sowing dates 
exhibited significantly higher diameter with maximum 
value recorded in timely sown sunflower applied with 2 kg 
B ha-1 at ray floret stage. All other B treatments performed 
better than control for head diameter (Table II). 
1000 achene weight: Two kg ha-1 dose of B resulted in 
maximum 1000 achene weight when applied at ray floret 
stage followed by same dose at button stage while minimum 
1000 achene weight was observed in plants, where no B was 
applied. Significantly less achenes weight was achieved in 
late sown sunflower when compared with optimum sowing. 
Hence, in optimum sown sunflower, 2 kg B ha-1 at ray floret 
stage resulted in maximum achene weight. Least value of 
achene weights was resulted in late sown sunflower plants 
where no B was applied (Table II). 
Number of achenes per head: Individual effect of B 
significantly affected number of achenes per head. 
Maximum number of achenes per head were recorded in 
plants applied with 2 kg B ha-1 at ray floret stage and then in 
button stage. All B applications performed better than 
control too. Normal sown plants found capable to set more 
number of achenes per head than the late sown. 2 kg B ha-1 
applied at ray floret stage under optimum sowing regime set 
significantly higher number of achenes per head (Table II). 
Achene yield: Achene yield was recorded maximum in 
plants applied with 2 kg B ha-1 at ray floret stage followed 
by plants exposed to 2 kg B ha-1 at button stage. Significant 

effect of normal sowing was observed for producing 
maximum achene yield when compared with late sown 
sunflower. Whereas, 2 kg B ha-1 applied at ray floret stage 
in optimum sown plants resulted in maximum achene yield. 
However, the B applied to late sown plantation also 
positively influenced the achene yield than control (Table 
II). 
Biological yield: For maximum biological yield of 
sunflower, 2 kg B ha-1 proved to be the best among the soil 
applied B treatments when applied at ray floret stage with 
similar effect when applied at button stage. However, all the 
B soil applications performed better than control. In 
addition, normal sowing date resulted in significantly 
greater biological yield than the late sowing. Sunflower 
plants sown on optimum time and exposed to 2 kg B ha-1 at 
ray floret stage performed at par with the plants having 
same dose of B at button stage. Whereas, all combinations 
performed better than late sown control plants (Table II). 
Harvest index: Different levels of B influences the harvest 
index significantly with maximum value recorded in plants 
applied with 2 kg B ha-1 at ray floret stage at par with the 
same dose applied at button stage. All the B levels affected 
the harvest index in sunflower more than the control. 
Optimum sown plants gather significantly more harvest 
index than those sown later (Table II). 
Leaf nitrogen content at grain filling stage: Two kg B 
ha-1 applied at ray floret stage proved to accumulate 
maximum leaf nitrogen content. However, all the other B 
applications performed significantly better than the control. 
However, the leaf nitrogen content had non-significant 
effect of sowing dates and their interaction with the B 
applications (Table III). 
Boron in leaves and stem: Maximum concentration of B in 
sunflower leaves and stem was recorded in plants applied 
with 2 kg B ha-1 at ray floret stage followed by plants 
exposed to same dose at button stage while, minimum B 
was recorded in control plants applied with no B. B content 
in leaves of sunflower was significantly more than in leaves 
of late sown plants but when compared for stem B content, 
non-significant effect of sowing date and B x Sowing date 
was found. As far as the interactive effect of B and sowing 
date on B content in leaves is concerned, maximum 
concentration of B was recorded in plants belonging to 

Table II: Effect of soil B application and sowing dates on 1000-achene weight, achene yield and harvest index 
 

Treatments 
(Boron levels) 

Head diameter (cm) 1000 achene wt. (g) 
 

Number of 
achene per head

Achene yield  
(kg/ha) 

Biological yield 
(kg/ha) 

Harvest index (%) 

B1 S1 21.65 b 57.40 b 1132 b 3602    b 12825 a 28.09 
S2 20.0 e 54.50 d 1083 e 3326    d 12166 bc 27.35 

B2 S1 22.0 a 59.08 a 1183 a 3658.3 a 12848 a 28.47 
S2 20.3 d 55.68 c 1119 c 3411.7 c 12270 b 27.81 

B3 S1 20.0 e 54.20 d 1081 e 3093.3 f 11872 c 26.07 
S2 19.0 g 51.22 f 1026 g 2779.3 h 10965 de 25.35 

B4 S1 21.0 c 55.57 c 1105 d 3201.7 e 12049 bc 26.57 
S2 19.7 f 53.05 e 1053 f 2847.3 g 10832 e 26.30 

B5 S1 19.0 g 51.07 f 1003 h 2791.7 h 11178 d 24.98 
S2 18.0 h 47.61 g 964 i 2415    i 10035 f 24.07 

LSD  0.33 0.35 9.14 46.18 318.56 NS 
(B1: 2kg B ha-1 at button stage, B2: 2kg B ha-1 at ray floret stage, B3: 1kg B ha-1 at button stage, B4: 1kg B ha-1 at button stage, B5: Control (no B application) 
(S1=1st March, S2=15 March) 
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normal sowing date with 2 kg B ha-1 exposure at ray floret 
stage and minimum B concentration in leaves was recorded 
in late sown plants with no B application. Hence, all the B 
applications performed significantly better than control for 
B accumulation (Table III). 
Oil content: Oil content were affected by B soil 
applications with high significance. Maximum oil content 
were determined in plants applied with 2 kg B ha-1 at ray 
floret stage followed by plants exposed same B dose at 
button stage. Contrarily, control plants, having no B 
application, were found with minimum oil content. Normal 
sowing of sunflower results in significantly higher oil 
content than the late sown sunflower. Interactive effect of 
different B levels and sowing dates on oil content of 
sunflower was also found significant with maximum oil 
content recorded in normal sown sunflower achenes applied 
with 2 kg B ha-1 at ray floret stage. All B applications 
performed better than the control plants having least oil 
content (Table III). 
Protein content: Maximum protein content were recorded 
for 2 kg B ha-1 treatment at ray floret stage followed by 
same dose of B at button stage, while minimum protein 
content was recorded in plants without any B application. 
Hence, all the B applications performed significantly better 
than control. Significantly higher percentage of protein 
content was recorded in plants sown on optimum time than 
late sown. Similarly, normal sown plants applied with 2 kg 
B ha-1 at ray floret stage accumulated 5.6% more protein 
content than control plants applied with zero level of B 
(Table III). 
 
DISCUSSION 
 

Exogenous application of B reportedly responded in 
increasing plant dry matter (Oyinlola, 2007). Increase in leaf 
dry matter with B is in accordance with recommendation of 
2 kg ha-1 dose as suggested by Reddy et al. (2002). 
Improvement in stem fresh and dry weights of sunflower by 
B application is well established (Asad et al., 2003). 
Moreover, head fresh or dry weights in sunflower responded 
positively to the increased levels of B applied exogenously 
(Prasad et al., 1978). B deficient leaves showed decreased 

CO2 assimilation and stomatal conductance. Activities of 
ribulose-1, 5-bisphosphate carboxylase/oxygenase 
(Rubisco), NADP-glyceraldehyde-3-phosphate 
dehydrogenase (NADP-GAPDH) and stromal fructose-1,6-
bisphosphatase (FBPase) were lower in B-deficient leaves 
than in controls (Han et al., 2008). Increase of 
photosynthetic activity with increased exogenously applied 
B concentration specifically at ray floret stage confirmed 
findings of Gonzalez et al. (1993) and Liu et al. (2005) who 
explored direct proportionality between B application and 
photosynthetic rate in crop plants. This may possibly 
resulted from over-reduction of the photo-system due to the 
slow-down of dark reactions as a decrease in Rubisco and 
other photosynthetic enzymes occur. B deficiency in 
sunflower leads to increase in both MDA levels of 
chloroplasts and membrane permeability of leaf cells too 
(Cakmak et al., 1995; El-Shintinawy, 1999). 

B application @2 kg ha-1 applied at ray floret stage 
resulted in recording of more plant height. Such may be due 
to B role in cell elongation, photosynthesis and transpiration 
(Brown & Hu, 1996). B nutrition was found increasing fresh 
weights of crop plants (Renukadevi et al., 2003). Results are 
also in agreement with findings of Azza et al. (2006) who 
reported that total fresh weight of sunflower plants was 
increased by B application. Moreover, height was 
significantly affected by sowing time as optimum sowing 
showed better results than late sowing (Ahmad et al., 2005). 
Such larger height in sunflower in response to exogenously 
applied B help in doing sunflower husbandry at early stages 
on deficient soils but if the levels of B are in low range up to 
8 kg ha-1 as above than this may exhibit toxic symptoms 
(Oyinlola, 2007). 

Head diameter was increased in response to soil 
applied B specifically at 2 kg ha-1 dose. Role of B is well 
established for enhancing the translocation of photo-
assimilates from vegetative to reproductive parts as it is 
having an important role in translocation of sugars, which 
are reported having incremental effect on metabolic 
activities (Reddy et al., 2003). Head diameter and the 
diameter of capitulum were also reported increased by 
applying soil B (Oyinlola, 2007). 

Table III: Effect of soil B application and sowing dates on B in leaves, oil and protein contents 
 

Treatments 
(Boron levels) 

Leaf nitrogen at  
grain filling stage (%) 

Leaf B Content (mg/kg) Stem B content 
(mg/kg)

Oil content (%) Protein content (%) 

B1 S1 2.7a 52.6 b 25.1 a 46.9 b 21.4 b 
S2 2.8a 51.5 c 24.9 a 44.4 d 20.9 c 

B2 S1 2.8a 53.1 a 25.4 a 48.0 a 22.4 a 
S2 2.7a 52.5b 25.1 a 45.4 c 21.2 b 

B3 S1 2.1b 47.3 e 22.7 b 44.4 d 19.9 e 
S2 2.1b 45.9 g 22.7 b 42.4 f 19.2 f 

B4 S1 2.1b 48.2 d 23.0 b 45.4 c 20.6 d 
S2 2.1b 46.8 f 22.9 b 43.5 e 20.1 e 

B5 S1 1.8c 38.6 h 19.7 c 43.7 e 17.3 g 
S2 1.8c 37.9 i 19.6 c 40.9 g 16.8 h 

LSD 0.32 0.36 2.27 0.42 0.25 
(B1: 2kg B ha-1 at button stage, B2: 2kg B ha-1 at ray floret stage, B3: 1kg B ha-1 at button stage, B4: 1kg B ha-1 at button stage, B5: Control (no B application) 
S1= 1st March, S2= 1st March  
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Increase in 1000 achene weight in response to B 
application at ray floret stage is in agreement with the 
findings of Naik (1991) who reported that B increases yield 
contributing factors in total. As the increase in capitulum 
and head diameters will result in more room for achenes to 
form and this vulnerably due to the soil application of B 
(Oyinlola, 2007). Exogenously applied B incrementally 
affected the achene number in a sunflower head 
(Renukadevi et al., 2003). Similarly, growth regulators 
when applied exogenously to sunflower plants exhibit 
increased number of achenes per head (Prasad et al., 1978). 

Soil application of B at ray floret formation maximally 
enhanced the achene yield at a dose of 2 kg ha-1. 
Renukadevi et al. (2003) presented similar results that 2 kg 
B ha-1 increased achene yield of sunflower crop by 15.8% 
and increase in yield of sunflower crop increased achene 
yield as that obtained from non-borinated plants (Castro et 
al., 2006). Concordantly, findings of achene yield in this 
study matches earler studies of February sown sunflower 
crop in Pakistan, which gave good results in all yield 
components than late sowing (Qadir et al., 2007). This 
hence, proved the sowing date as a potential contributor in 
ultimate achene yield in sunflower. 

Biological yield in sunflower increased when exposed 
to B levels at any stage. Perhaps ray floret stage when 
applied with 2 kg B ha-1 respond for maximum biological 
yield at harvest. These results are in accordance with 
Renukadevi et al. (2003) who reported increased Biological 
yield when applied with B. Moreover, Reddy et al. (2002) 
concluded the same expression of B exogenous dose 
towards biological yield. Exogenous application of growth 
regulators to the developing head was shown to increase the 
transport of photosynthates from leaf to the developing head 
(Prasad et al., 1978). Similarly, harvest index were found 
increased up to an extent of 53% with 2 kg B ha-1 
application (Naik, 1991). Translocation of photoassimilates 
was presumably increased with application of B in all cases 
especially with 2 kg ha-1 dose at ray floret stage. Highest 
harvest index for this treatment and contribution to the 
achene yield by reduction in biological mass exposes B role 
in such translocation. 

The reported relationship of B with endogenous leaf 
nitrogen or nitrate (Azza et al., 2006) and B content in 
leaves (Zhao & Oosterhuis, 2003) is in linear fashion as 
found in the present study. It may be due to change in the 
nitrogen metabolism and absorption of B deficient plants 
associated with an inadequate supply of this element (Asad 
& Rafique, 2000; Osman et al., 2005; Abd-Allah, 2006). 
The concentration of B in sunflower leaves might be 
increased by the formation of polyol-B-polyol complexes 
that are phloem translocated and occur mainly in polyols 
(sorbitol, manitol) producing plants species (Boaretto et al., 
2006). This enhanced uptake of B had a positive and 
significant effect on the oil content. Such increase in 
sunflower oil content matches the response of B to oil 
content in groundnut (Survase et al., 1986) soybean 
(Chandel et al., 1989) Castor, (Naik et al., 1993) and 

mustard (Subbiah & Mitra, 1996). This might be due to 
highest uptake of N by seed for boron application and this N 
might have been subsequently incorporated in the protein 
molecule. Protein content of seed was significantly higher 
for Agribor compared to Borax and Boric acid. This is also 
in accordance with the observations of Ramamoorthy and 
Sudarsan (1992) on groundnut. 
 
CONCLUSION 
 
 B application at any stage not only improved plant 
growth and photosynthetic rate but also added significantly 
seed yield, leaf nitrogen, achene oil and protein contents. 
The effect of sowing date was reduced with the application 
of B at both stages but this improvement could not 
completely vanished this effect and timely sowing 
performed better than delayed sowing. However, significant 
increase in assimilate partitioning, a reason of hindering 
yield, can be improved by B application @ 2 kg ha-1 at ray 
floret stage, which most significantly improved the dry 
matter partitioning. 
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