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Abstract— A field experiment was conducted at the experimental field of Soil Science Division, Bangladesh Agricultural
Research Institute (BARI), Joydebpur, Gazipur-1701during winter season of 2022 — 2023. BARI Surjamukhi-3, a popular and
promising dwarf variety of sunflower was used in this study as a test crop. The objectives were to know the effect of foliar spray
of boron (B) on seed formation, seed yield and oil content in sunflower and to find out the optimum foliar dose of B for
maximizing the seed yield. The experiment was conducted in a Randomized Complete Block Design (RCBD) having three
replications. The fertilizer boric acid (HsBOs) containing 17% Boron (B) was applied at 20-25 and 40-45 days after sowing
(DAS) as foliar mode. Five treatments comprised of different foliar doses of B were applied. T1- control (spray with distilled
water), To- 50 mg L™ B, Ts- 100 mg L B, Ts- 150 mg L B and Ts-200 mg Lt B. The foliar application of B significantly
increased the seed formation, seed yield and yield contributing characters of sunflower. The treatment T, (150 mg LB)
produced the highest seed yield (2.25 t/ha) that was equal with the treatment Ts (200 mg L'B). The minimum unfilled seed
(19.00%) was recorded in T4 (150 mg LB), which was identical with the next higher dose Ts (19.00%) treatment. Foliar
application of B also significantly increased the oil content in sunflower seeds. The maximum oil content (39.99%) was
recorded in Ts (200 mg L™!B), which was significantly higher over B control but identical to rest of the treatments. Thus,
sunflower grown in B deficient Grey Terrace Soil of Gazipur (AEZ-28) found responsive to foliar application of B with regard
to seed formation, seed yield and oil content.
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l. INTRODUCTION

Sunflower (Helianthus annuus L.) is considered as an essential oilseed crop, which grows well in Bangladesh during winter
season. The oil of sunflower contains plenty of essential fatty acid such as linoliec and linolenic acid in comparison with
rapeseed and mustard oil. But Rabi (winter) season is considered the best for producing sunflower in Bangladesh. The southern
regions of Bangladesh is most suitable to grow sunflower after harvesting T. aman rice (BARI, 2023). The area and production
of sunflower in 2020-2021 was 0.012 lakh ha and 0.014 lakh MT, respectively (DAE, 2022) and its cultivation and production
are gradually increasing. Sunflower, has been recorded to be particularly sensitive to B deficiency and normally used as an
indicator for the assessing available B in soils (Oyinlola, 2007). As B is essential for crop growth and can be applied according
to crop demand, harmful effects also detected by the applying overdose in early phases of growth (Oyinlola, 2007 and
Shorrocks, 1997). Foliar application may be required when the demands are higher than the boron supplied through the soil
application. The doses of boron may affect either by positively and negatively the yield and the components in vegetative and
reproductive stages of sunflower. The reproductive growth is much sensitive for boron than vegetative growth (Asad et al.,
2003). Chatterjee and Nautiyal (2000) reported that the pollen viability and abortion of stamens and pistils, which contribute
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to poor seed set due to malformed capitulums and consequently low seed yield, due to B deficiency at flowering time. The
demand of boron to sunflower varies depending on the stage of plant growth. The critical content of boron at the time of
sunflower emergence is 20 mg kg™ of soil (Asad, 2002). That is the reason why some farmers prefer foliar nutrition when
applying micronutrients. Many scientists have described the effects of foliar application of boron on the growth and
development of sunflower. Boron is an important element, which influenced yields of many crops like sunflower, cotton
(Dodas, 2006). However, in depth research regarding the foliar application of B in sunflower for seed formation and its yield
is scarce in Bangladesh. Therefore, the present study was carried out with following objectives: (i) to know the effect of foliar
spray of boron (B) on seed formation, seed yield and oil content in sunflower and (ii) to find out the optimum foliar dose of B
for maximizing the seed yield.

1. MATERIALS AND METHODS

The present investigation was carried out at the research field of Soil Science Division, Bangladesh Agricultural Research
Institute (BARI), Joydebpur, Gazipur during winter season of 2022 - 2023. The study area was under the agro-ecological zone
(AEZ)-28 known as Madhupur Tract, which represents Grey Terrace Soil (Aeric Albaquept). The experiment was laid out in
a Randomized Complete Block Design (RCBD) having three replications. The unit plot size was maintained 2 m x 2 m. BARI
Surjamukhi-3, a dwarf and promising variety of sunflower was used as test crop. Fertilizers were applied at the rate of 140-43-
81-29-3 kg ha! of N-P-K-S-Zn in the form of urea, triple super phosphate (TSP), muriate of potash (MoP), gypsum and zinc
sulphate, respectively. In addition, decomposed cowdung @ 5 t ha* was applied. The entire amount of cowdung and all P, K,
S, and Zn were applied at the time of sowing as basal dose, while the rest N was applied in three splits (half at sowing and
remaining half N was applied as top dress in two equal splits at 20-25 and 40-45 DAS). The seeds were treated with fungicide,
vitavax before sowing.

Seeds were sown on 22 November, 2022 maintaining the spacing of 50 cm from row to row and 25 cm from plant to plant.
Irrigation was applied for ensuring desirable soil moisture as per demand of sunflower. Intercultural operations were done as
and when necessary.

2.1 Foliar application of boron:

There were five treatments for foliar spray of boron viz. T- control (spray with distilled water), T2- 50 mg L B, Ts- 100 mg
L1 B, T4-150 mg L B and Ts- 200 mg L™B. Boron in the form of boric acid (HsBOs) containing 17% B were sprayed two
times at 20-25 and 40-45 days after sowing (DAS). A hand operated compressed air sprayer was used for foliar application.
The spray volume was 10 liter per plot (2.5 Lm2). The foliar spray was done during morning (around 8:00A.M.).

2.2 Soil sample collection and analysis

Initial soil samples were collected from a depth of 0-15 cm and analyzed well ahead of sowing to know the fertility status of
soil (Table 1) for determining the fertilizer requirement of crop. The soil pH measurement was done with a combined glass
calomel electrode pH meter as described by Jackson, (1962). Organic carbon was determined by wet oxidation method
(Walkley and Black, 1934). The total N was estimated by modified Kjeldahl method. The macro elements like K, Ca and Mg
were determined by NH4OAC extractable method and the micro nutrients such as Cu, Fe, Mn and Zn were determined by
DTPA extraction method using Atomic Absorption Spectrophotometer (Model SHIMADZU AA-7000). Boron was estimated
by CaCl; extraction method. Phosphorus was measured determined by Bray and Kurtz method while S was estimated by
turbidimetric method with BaCl..

TABLE 1
INITIAL PROPERTIES OF THE SOIL SAMPLES OF EXPERIMENTAL FIELD
oM | ca| Mg | K Tol\fa' P|s| B |Cu|Fe M|,
Soil n
. Texture pH
Properties
(%) meq 100g™* % ppm
Result Sandy clay loam 5.3 13 | 6 |19 0.2 0.07 6(32|102[09|154 | 18 | 35
Critical level - Acidic | Low | 2 | 05| 0.1 Low 7110]02]0.2 41 1 0.6
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2.3 Initial soil fertility status
The soil of the research field was found acidic in reaction (pH 5.3). The texture was sandy clay loam.
2.4 Plant sample preparation and analysis

The plant samples from each plot were dried maintaining the temperature 65°C in an electric oven around 72 hours then ground
to pass through a 20 mesh sieve and analyzed following standard procedures. Digestion of plant samples were done using
H>SO, for N and HNOs-HCIO4 (3:1) for other nutrients determination. The grains were ground and N, P, K, Ca, Mg, S, B and
Zn contents were determined according to method described by Jones and Case (2018). Atomic absorption spectrophotome
was used for metal ion and spectrophotometer (Agiland Technologies, cary 60 UV-Vis) for anion analysis. The accumulatic
nutrients in the plant was estimated by multiplying nutrient content by dry plant weight.

2.5 Nutrient uptake

Nutrient uptake was calculated using the formula suggested by Fegeria et al. (1997).

Nutrient%xDry weight (kg ha™1)
100

Nutrient uptake (kg ha?) =

1)
2.6 Data collection and statistical analysis

The heads of sunflower were harvested during maturity. Five plants were randomly selected from each and every treatment for
collecting necessary data such as dry matter, head diameter, number of seed, number of unfilled seed, seed weight, seed yield
(t ha'), B and oil content. All the data were statistically analyzed using STATISTIX-10 and treatment means were separated
by multiple comparison test using LSD.

1. RESULTS AND DISCUSSION

Foliar application of B contributed significantly to the yield components, seed yield and oil content in sunflower (Table 2).
The highest head diameter was observed in Ts (17.18 cm) that was statistically identical with the T4 (17.15) and followed by
T3 (15.50) and they were significantly higher over rest of the treatments where the control treatment showed the lowest diameter
(12.03 cm). Number of seeds head! was the highest in T4 (604.25) treatment which was similar with Ts (604.14) and the lowest
was recorded in T, (384.35) and they were statistically dissimilar. The number of unfilled seeds head* was recorded the highest
in boron control (145.97), which was significantly higher over all other treatments. The number of unfilled seeds reduced
gradually with increasing dose of B up to 150 mgL-* and remained static for the next higher dose (Ts). The less number of
unfilled seeds were recorded in the Ts (114.80) treatment which was exactly similar with T4. Al-Amery et al. (2011) mentioned
similar results in their findings. The hundred seed weight was recorded the maximum in T4 treatment (7.40g) which was
identical with Ts (7.15g) and both of them were significantly higher over rest of the treatments. The lowest hundred seed weight
(4.45 g) was recorded in boron control, which was significantly lower than boron treated plants. The highest seed yield plant™
was produced by the treatment Ts was (40.01 g plant®) that was similar with T4 (40.00) followed by T3 (33.27 g plant?) but
the control treatment produced the lowest yield (21.00 g plant?). Mekki (2015), Brighenti and Castro (2008), Sharker and
Mohammed (2011) and Al-Amery et al. (2011) observed that the higher dose of foliar application of B increased head diameter,
number of seeds head! and seed yield plant™ of sunflower. Bhattacharyya et al. (2015) explored the highest sunflower yield
and maximum B efficiency with foliar spray of B. Saeed et al. (2015) showed that the yield components of sunflower
significantly affected with foliar application of boron.

In case of yield (t hal) significant differences were observed among the treatments. The highest seed yield (2.25 t ha') was
recorded with the T4 treatment where 150 mgL* of B were applied which was statistically identical with Ts (2.25) treatment
(Table 2). Sunflower yield was significantly higher with boron foliar application in the study of Prabhakar et al., (2021). The
unfilled seed percentage was highest in control (37.98) treatment where malformed capitulum were identified but the lowest
in T4 and Ts treatment (19.00 %), which might have contributed to higher yield in boron sprayed plants. The seed yield might
have increased with foliar application of B due to prolonged photosynthetic capacity during flowering period and enhanced
seed formation and also for the greater partitioning from increased biomass. Al-Amery et al. (2011) expressed that application
of B resulted in increased seed yield partly may be due to decreased seed sterility. The reproductive growth required higher
amount of B than vegetative stage of growth. So sufficient amount of B might have resulted enhanced growth (Asad et al.,
2003). The oil content in seed varied from 36.40 to 39.99%. Similarly, oil yield significantly ranged from 7.71 to 16.92 g/plant.
The highest oil content (39.99%) and oil yield (16.92g plant)) was observed in Ts treatment, which was statistically identical
with T4 in both the cases. The increase in seed yield and percent oil content in BARI Surjamukhi-3 may be due to collective
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contribution of yield traits and vigorous seed formation resulted in foliar B application. The significant increase in oil yield
might be influenced with the increase in oil content by foliar application of B up to150 mgL-*. Renukadevi and Savithri (2003)
mentioned that application of B had brought out a tremendous enhancement in the oil yield of sunflower.

TABLE 2
EFFECT OF FOLIAR APPLICATION OF B ON THE YIELD COMPONENTS, SEED YIELD AND OIL CONTENT IN
SUNFLOWER DURING WINTER, 2022 — 2023

No. of . .
Head No. of - Seed | Weight | Yield - i
Treatment diameter | seeds ug;‘éléid yield (g | of 100 (tha ;Jegglzy) Qil % ?'/I Ta:ﬁltc)i
(cm) head poec | plant?) | seed (@) | ) ° gp
T,: Control 12.03c 384.35d 145.97a | 21.00d 4.45d 2.10d | 37.98a 36.4 7.71d

T,:50 mgL'B 14.23b 459.30c 133.19b 27.30c 5.37c 2.15c | 29.00b | 37.95a| 10.60c
T3:100 mgL1B 15.50b 532.05b 127.69b | 33.22b 6.36b 2.19b | 24.00c | 38.75a| 13.82b
T4:150 mgLB 17.15a 604.25a 114.81c 40.00a 7.40a 2.25a | 19.00d 39.98 16.85a
T5:200 mgL1B 17.18a 604.14a 114.80c 40.01a 7.15a 2.25a | 19.00d 39.99 16.92a

STC ** ** ** ** ** ** ** N S **
CV(%) 5.32 5.6 5.88 7.54 5.54 5.49 5.7 4.49 10.74
STC means significance test code, ** indicates significant at 1% level, * indicates significant at 5% level, NS indicates not
significant

The stover of sunflower plant after the harvest of seed is regarded as biomass yield. However, the biomass yield also varied
significantly due to foliar application of B (Table 3). The highest biomass (3.31 t ha) was recorded in Ts treatment that was
statistically and numerically similar with the T4 (3.30). The control treatment showed the lowest stover (1.79 t ha*). Al-Amery
et al. (2011) mentioned that the B application increased dry matter of sunflower. The maximum boron conc. was recorded in
Ts treatment (79.00 ppm) resembling with T4 (78.42 ppm) and followed by Tsand T.. But T4 and T3z were statistically dissimilar.
The control treatment had the lowest amount (59.00 ppm). Boron uptake (kg ha') was significantly varied among the
treatments. The highest amount was recorded in Ts (0.2616 kg ha') which was statistically identical with T4 (0.2587) and that
were followed by T5 (0.2016 kg ha) and T (0.1530 kg ha). The control treatment was identified with lowest amount (0.1054
kg hat). Bhattacharyya et al. (2015) revealed the yield maximization followed by the uptake of the plant with foliar application
of B.

TABLE 3
BIOMASS YIELD, CONTENT AND UPTAKE OF B IN SUNFLOWER PLANT
Treatment Biomass yield (t ha?) B conc. (ppm) B uptake by plant (kg hat)
Ta: Control 1.79¢c 59.00d 0.1054d
T, :50 mgL'B 2.28bc 67.00c 0.1530c
T3:100 mgL1B 2.79ab 72.33b 0.2016b
T4:150 mgL™'B 3.30a 78.42a 0.2587a
Ts5:200 mgL™'B 3.31a 79.00a 0.2616a
STC fola o bl
CV(%) 6.63 4.76 4.78

Conc. means concentration

The seed dry yield, nutrient content and uptake of N, P, K, Zn and B, were presented in Tables 4 and 5. The sufficient amount
of variation observed among the treatments for seed yield (kg ha™*). The highest seed yield was recorded in T, (1569.33 kg ha"
1 treatment. Similar result was observed in Ts treatment and followed by T (1511.83 kg ha') and T, (1456.50 kg ha)
treatment. The T, treatment was identified as the lowest one (1396.33 kg ha™). The application of B increased seed yield
according to the findings of Ahmed et al. (2011), Jyothi et al. (2018) and Al-Amery et al. (2011).

The amount of boron concentration (ppm) was identified the highest in Ts (46.00 ppm) that was similar with T4 (44.67 ppm)
and followed by T3 and T, but the lowest was in T1 (26.33), the control treatment. Significant differences among the treatments
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were showed in case of B uptake by seed (kg ha). The Ts treatment exhibited the maximum amount (0.0722 kg ha't) that was
identical with T4 (0.0701 kg ha') and followed by T35 (0.0585 kg ha'!) and T, (0.0466 kg ha'') treatments. The minimum amount
was obtained from the control treatment (0.0367 kg hat).

TABLE4

SEED DRY YIELD, CONTENT AND UPTAKE OF B AND ZN IN SUNFLOWER SEED

Treatment Seed yield B conc. Zn conc. B uptake by Seed | Zn uptake by Seed
(kg ha!) (ppm) (ppm) (kg ha) (kg ha)
T1: Control 1396.33d 26.30d 65.74b 0.0367d 0.092c
T, :50 mgL'B 1456.50c 32.00c 72.99a 0.0466¢ 0.106b
T3:100 mgL™1B 1511.83b 38.67b 75.36a 0.0585b 0.114ab
T4:150 mgL™1B 1569.33a 44.67a 78.12a 0.0701a 0.123a
T5:200 mgLB 1569.33a 46.00a 76.45a 0.0722a 0.120a
sSTC ok ok ok ok ok
CV(%) 6.14 7.85 4.16 7.79 433
TABLES
N, P AND K CONTENT AND UPTAKE IN SUNFLOWER SEED
Treatments N con. (%) P con. (%) K con. (%0) szlegrz%kﬁ:}{) sZel(;p(f;i:X) S':eg?%kﬁab_}f)
T1: Control 3.42 0.55 1.38b 47.81b 7.63c 19.31b
T, :50 mgL'B 3.48 0.57 1.50b 50.69b 8.25hc 21.89b
T5:100 mgL'B 3.61 0.58 1.71a 54.63a 8.82ab 25.86a
T4:150 mgL'B 3.62 0.61 1.69a 56.77a 9.52a 26.58a
Ts5:200 mgL1B 3.63 0.6 1.72a 57.02a 9.47a 26.94a
STC NS NS * fala fala **
CV(%) 2.84 6.12 6.19 3.39 6.35 6.52

Root dry weight, B conc. (ppm), and B uptake by root (kg ha') have been described in Table 6. Adequate variation was
recorded among the treatments for root dry weight. The highest root dry weight was recorded in Ts (497.00 kg ha*) which was
identical with T, (496.33kg ha) and followed by T3 (414.00 kg ha') and T, (331.33 kg ha). The control treatment showed
the minimum value (246.00 kg ha). Boron content in the form of ppm was significantly visible. The Ts (40.66 ppm) identified
the maximum concentration that resembled with T, (38.84 ppm) and followed by Tsand T». The control treatment expressed
the lowest amount (20.33 ppm).

TABLEG6
ROOT DRY WEIGHT, CONTENT AND UPTAKE OF B IN SUNFLOWER ROOT

Treatment Root dry weight (kg ha™®) B con. (ppm) B uptake by root (kg ha)

Ta: Control 246.00d 20.33c 0.0050d

T2:50 mgL? 331.33c 26.00bc 0.0086¢

T5:100 mgL™* 414.00b 32.00b 0.0132b

T4:150 mgL? 496.33a 38.84a 0.0192a
T5:200 mgL™'B 497.00a 40.66a 0.0202a

STC ** ** **
CV (%) 5.32 11.01 10.58

Page | 11



International Journal of Environmental & Agriculture Research (IJOEAR) ISSN:[2454-1850] [Vol-11, Issue-11, November- 2025]

The boron uptake by root (kg ha?) revealed remarkable variation among the treatments. The highest amount was recorded in
Ts (0.0202 kg hat) which was identical with T4 (0.0192 kg ha*) and followed by T3 (0.0132 kg ha*) and T, (0.0086 kg ha)
treatment. T, (0.0050 kg ha'l) treatment identified with the lowest amount. Asad et al. (2003) expressed enhancement growth
with boron foliar application but the little dependence of the concentration in root environment in sunflower.

The Zn concentration of fruit increased by the application of B to a certain level finally decreased its concentration with higher
rate of B application. Percent Zn varied from 65.74 t076.45 ppm that also resulted in the maximum Zn uptake for the T,
treatment (0.123 kg ha?). The lowest Zn uptake was recorded as 0.092 kg ha'.

The effect of B on the concentration of Nitrogen (N), Phosphorus (P), and Potassium (K) expressed that added B increased the
concentration of P in sunflower seed, but the increment was not sufficient (Table 2). The concentration as well as uptake of
nutrients such as N, P, K were influenced in bitter gourd upto certain level in the studies of Banu et al. (2024). The minimum
N (3.42%) and P concentrations (0.55%) were found in control treatment while the maximum N concentration (3.63%) was
found in Tsand the maximum P (0.61%) was found in T4treatment. The N uptake by seed reached to the peak in Ts(57.02 kg
ha?) treatment which was identical with T4 (56.77 kg ha™). The P conc. (%) was found to lie in between 0.55% and 0.61% that
also reflected in P uptake by seed kg ha* limiting between 7.63 kg ha'* and 9.52 kg ha. The K conc. (%) was the highest in
Ts (1.72%) treatment. The K uptake by seed was the top in Ts treatment (26.94 kg ha™) which however was identical with T4
(26.58 kg ha'l) and T3 treatments. The present study revealed N P, K, Zn and B content showed synergistic relationship with
B application in soil up to a certain level.

V. CONCLUSION

Foliar application of B two times at 20-25 and 40-45 days after sowing of seeds, i.e. in vegetative and pre-flowering stage,
respectively significantly contributed to increase seed formation, seed yield, biomass yield, oil content in sunflower (BARI
Surjamukhi-3). Boron application in the form of foliar mode also decreased seed sterility and increased the B concentration
and uptake by the plants. Boron @ 150 mg L as foliar application containing the volume of 10 liters per plot (2.5 Lm2)
appeared as the best dose for the cultivation of sunflower in Grey Terrace Soil under AEZ 28 and similar soils in Bangladesh.
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