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Abstract

Sunflower (Helianthus annum L.) being the third most important oilseed crop is grown extensively in
India owing to its wider adaptability. Oil is considered premium for human consumption due to higher
nutritional properties such as polyunsaturated acids, linoleic and oleic acid controlling blood cholesterol
and good for heart patients. Sunflower is sensitive to boron deficiency which is a concern in present
agricultural soils as a result of improper management and practices. Boron has various functions viz.,
translocation of sugar, pollen fertility, stigma receptivity and nectar production resulting in higher
number of filled seeds. Deficiency symptoms are noticed in leaves, stem, reproductive parts and heads.
Boron application was found to play a significant role in achieving potential yield by improving the
growth attributes, yield attributes, nutrient uptake leading to increase productivity of sunflower. Research
evidences from investigations of different eminent research scientist on application of boron by soil or
foliar spray in sunflower has been reviewed panoramically.
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Introduction

Sunflower (Helianthus annum L.) is the third important oilseed crop grown in different agro-
climatic conditions owing to its short duration, photo-insensitiveness and adaptability to
various soils. It plays a significant role in vegetable oil production and satisfying the demand
for human consumption. Sunflower seeds contain 20-27% protein and eaten as roasted form
with salt. (Oil has tremendous nutritional properties with higher polyunsaturated fatty acid
(60%) in addition linoleic acid (72.5%) and oleic acid (16.0%) containing higher oil content
35% to 48%, that controls blood cholesterol in humans Patra et al., (2013) %1, The agricultural
lands are found to be deficient in micronutrient status in recent years due to lack of organic
matter addition, crop residues and high exhaustive nature of high yielding cultivars. Boron, an
micronutrient also found to be deficient in soils and immobile nature is a major problem
leading to unavailability to plant system. Boron has numerous function viz., cell wall
formation, transportation of sugars, nucleic acid, phenol and membrane stability. It is also
involves with metabolism of carbohydrates and indole acetic acid. Sunflower is one among the
crops that are more sensitive to boron deficiency. Deficiency symptoms of boron deficiency
had been made B deficiency symptoms in sunflower were found on leaf, stem, dry matter,
reproductive part, yield components and also on seed yield Blamey et al., (1997). Asad et al.,
(2002) [0 41 stated that boron is highly required during reproductive stage while compared to
vegetative stage in sunflower. Deficiency of boron causes pollen tube deformation and
fertilization during flowering stage is inhibited resulting in increased empty seed in sunflower.
It also causes deformation of heads prior, at flowering and weakens the stem behind head
leading to fractures in sunflower. Pollen fertility, pollen tube growth, flower retention, stigma
receptivity and number of filled grains head!, seed yield and oil yield were also increased with
boron application in sunflower Brighenti and Castro (2008) [*4. Higher photosynthetic activity
aided in increased biomass accumulation, yield attributes, yield and quality as a result of more
photosynthate translocation to sink with boron application. Positive effect of boron application
through foliar or soil application on growth parameters, yield parameters, yield, nutrient
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uptake and quality were evident from research finding of
research scientists in sunflower have been critically reviewed
and cited in this present paper.

Effect of boron application on growth and growth
parameters of sunflower

Boron application at increasing levels positively increases the
dry matter production of sunflower Prasad et al., (1978).
Sarkar and Sasmal, (1989) [26 3% stated that boron supplement
enhanced the growth parameters due to increased
photosynthetic process in sunflower. El-Shintinway, (1999)
reported positive trend in increasing number of leaves plant?
of sunflower with boron application in sunflower. Reddy et
al., (2002) 1% stated that boron application at 2 kg ha™* results
in higher dry matter production plant? than lower levels of
application in sunflower. Asad et al., (2003) FI stated that
external application of boron to sunflower significantly
increased the vegetative and reproductive parts due to positive
role of boron on cell division and cell elongation. Gitte et al.,
(2005) [ noticed significant increase in plant height of
sunflower with application of boron against control in
sunflower. Oyinlola, (2007) 23 reported positive trend in
plant height and dry matter production of sunflower when
boron supplied exogenously. Zahoor et al., (2011) #a found
that head diameter (21.2 cm) was higher with 2 kg ha* boron
application than no application in sunflower. Shaker and
Mohammed (2011) BY found that foliar spray of boron 3 mg.
L resulted in maximum leaf area (3500 and 3580.3 cm?) over
no application (3385.1 and 3496.9 cm?) respectively in spring
and autumn sunflower. Increased plant height (160.6cm) and
stem girth (3.6 cm) was recorded with application of NPK +
1.5 kg ha'Zn + B 1 kg ha' compared to no application of
boron (144.1 and 3.0 cm) in sunflower Baloch et al., (2015).
Khan et al., (2015) [ % reported a significant increase in
plant height (150.78 c¢cm), number of leaves plant? (22.67) and
stem diameter (1.62 cm) with soil application of boron at 2
kg-ha™' during sowing against control (141 cm, 21.89 and
1.0cm) respectively in sunflower. Saeed et al., (2015) [2
registered maximum plant height (176.01 cm) and stem
diameter (1.86 cm) with 1% boric acid spray at vegetative and
anthesis stage compared to control (155.20 cm and 1.62 cm)
respectively in sunflower. Bhattacharyya et al., (2015) [©
noted maximum plant height (218.0 cm), and dry matter
accumulation (11.1 t hat) with boron application at 2 kg ha™*
compared to control (175.0 cm and 7.5 t ha') in sunflower.
Indu and Singh (2020) 71 reported that boron application at 1
kg hal gave maximum plant height (145.69 cm), leaves plant
1(23.20), higher stem girth (3.06 cm) at 60 days after sowing
compared to control treatment in sunflower. Kalaiyarasan et
al., (2020) 29 disclosed that boron application at 1 kg ha*
significantly influences the growth attributes viz., plant height
(148.25 cm and 155.56 cm), leaf area index (4.22 and 4.30),
dry matter production (4857.16 kg ha and 4987.83 kg ha),
crop growth rate (14.34 and 15.47), relative growth rate
(0.0897 and 0.0826), chlorophyll content (0.80 mg g and 0.80
mg g) and days to 50% flowering (55.10 and 55.96) compared
to control in both crops of sunflower.

Effect of boron application on vyield parameters of
sunflower

Sarkar and Sasmal, (1989) [31 stated that boron application
increases the sunflower yield parameters as a result of higher
translocation of photosynthetates. Ahmadkhan et al., (1990)
(1 revealed that yield attributes of sunflower increases with
boron application. Ghani et al., (2000) [ reported that
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number of achenes head were higher with boron application
as a result of boron effect in increasing the pollen tube
germination in sunflower. Khan et al., (2000) % found
significant increase in number of achenes head as compared
to no application in sunflower. Reddy et al., (2003) [
documented boron application increased the test weight of
sunflower seeds. Renukadevi and Savithr (2003) [ noted
significant increase in head diameter with boron application
against control in sunflower. Achene number head! was
significantly higher when sunflower supplied with boron
compared to control in sunflower Parkash and Mehra (2006).
Oyinlola (2007) [ reported that boron application increases
the test weight of achenes as compared to no application in
sunflower. Shekhawat and Shivay (2008) B3 reported
significant increase in head diameter over control with boron
application in sunflower. Bilen et al., (2011) [l stated that test
weight of achenes were significantly higher with application
of boron in sunflower. Shaker and Mohammed (2011) [
recorded maximum head diameter (21.5 and 22.2 cm),
number of seeds head™ (1084.3 and 1103.1) and test weight
(75.5 and 77 g) with application of 3mg L foliar spray of
boron than control (20.5 and 21.1 cm, 991.2 and 1015.1, 65.0
and 66.0)respectively in spring and autumn sunflower.
Application of NPK + 1.5 kg ha'zn + B 1 kg ha! gave
maximum head diameter (20.4 cm), seeds head (1255.3),
seed weight (60.9 g head™), test weight (64.8 g) over control
(16.2cm, 1013.0, 46.7 and 57.6 g) respectively in sunflower
Baloch et al., (2015). Mekki (2015) ! found boron
application at 600 ppm increased the oil content and oil yield
of sunflower. Khan et al., (2015) 2 found that 200 mg L
boron application at ray floret stage resulted in significant
increase in yield attributes such as head diameter (18.30 cm),
test weight (43.17 g) and number of achenes head™ (1266)
than no application and remained statistically on par with 2 kg
ha of soil application of boron at sowing in sunflower. Saeed
et al., (2015) B2 found significant increase in head diameter
(16.79 cm), number of achenes head (1270) and test weight
(42.749) with foliar spray of 1% boric acid at vegetative and
anthesis stage against control (15.34 cm, 1221 and 38.63 )
respectively in sunflower. Mekki (2015) reported that boron
application at 600 ppm registered highest values for head
diameter, seed number head? weight and test weight of
sunflower. Kalaiyarasan et al., (2020) 2% found that sulphur
application at 60 kg ha' gave significant increase of yield
attributes viz., head diameter (16.82 cm and 18.07 cm),
number of seed head? (804.40 and 829.11), number of filled
seed head™ (663.37 and 688.35), seed filling percent (82.33
and 82.88) and 100 seed weight (5.94 and 6.35) than control
in sunflower. Boron application at 0.2% spray registered
maximum capitulum diameter (15.5 cm) compared to control
(12.45 cm) in sunflower Indu and Singh (2020) 7. Yield
parameters were significantly maximum head diameter
(6.33cm) and dry weight of head (20.64g), number of filled
seeds head? (183) and weight of seeds (6.15g) with soil
application of boron at 2 kg ha* than control in sunflower
Jagadala et al., (2020) (8],

Effect of boron application on yield of sunflower

Sarkar and Sasmal, (1989) %l reported that boron application
significantly increases the seed yield of sunflower.
Ahmadkhan et al., (1990) [ concluded that application of
boron increases seed yield of sunflower cultivars. Blarney et
al., (1997) [ stated that seed yield of sunflower increases
with boron application. Tamak et al., (1997) 19 stated that
boron application increases the seed yield of sunflower.
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Renukadevi et al., (2002) obtained significant increase in
yield of sunflower with boron application. Reddy et al.,
(2003) 71 stated that achene yield increases with boron
application as a result from active translocation
photosynthetic assimilates during ray floret stage. Sumathi et
al., (2005) %8 reported significant increase in seed yield with
boron fertilization. Increase in biological yield could be due to
boron role in triggering the cell division, cell elongation and
active biomass accumulation in sunflower Gitte et al., (2005).
Brighenti and Castro (2008) 16 1 disclosed that seed yield
was significantly higher with boron application which might
be due to increased pollen fertility resulting in more number
of filled grains in sunflower. Martin et al., (2010) 2 reported
that application of boron increased the harvest index of
sunflower. Al-Amery et al., (2011) @ obtained significant
increase in sunflower yield crop with boron application at 200
and 250mg L decreasing seed sterility percentage (5%) and
small increment increase in seed size. Zahoor et al., (2011) ¥
stated that application of boron significantly increased the
biological yield of sunflower than control. Silva et al., (2011)
71 found that boron application significantly increases the
harvest index of sunflower hybrids from his study. Shaker and
Mohammed (2011) B4 found that 3 mg L™ boron spray seed
yield was higher (2.89 and 2.82 t ha') over control (2.60 and
2.66 t hal) in spring and autumn sunflower. Tahir et al.,
(2014) B9 found an increase in yield of sunflower with boron
application. Higher seed yield (2386.0 kg ha') was obtained
with supplement of NPK + 1.5 kg ha*Zn + B 1 kg ha* against
no boron application (2030.7 kg ha) in sunflower Baloch et
al., (2015) Bl Seed yield (2.09 t ha) and stalk yield (9.01 t
ha) were significantly higher with 2 kg ha? of boron
fertilization against control (1.46 t ha® and 5.91 t ha?)
respectively in sunflower Bhattacharyya et al., (2015) 1,
Seed yield plant? significantly higher with increasing levels
of B concentration from 300 ppm (26.85%) and 600 ppm
(34.81%) than control in sunflower Mekki (2015). Achene
yield (2039 kg ha?), biological yield (9233 kg hal) and
harvest index (22.10%) were significantly higher with 2 kg
ha of boron application as compared to control treatment
(1866 kg hal, 9117 kg haand 20.49%) in sunflower Khan et
al., (2015). Saeed et al., (2015) *2 concluded that foliar spray
of 1% of boric acid at vegetative stage and anthesis stage
significantly increased the achene yield (2408 kg ha™) and
biological yield (10065 kg ha') than no application (2308 kg
ha' and 9770 kg ha?) respectively in sunflower. Boron
application at 1.0 kg ha! gave maximum seed yield of 2.33 t
ha? respectively in sunflower than control Jegadeeswari and
Muthumanickam (2017) ¥l Harvest Index was maximum
with 2 kg ha of boron application over control in sunflower
Jagadala et al., (2020). Kalaiyarasan et al., (2020) [8 20
reported that boron application at 1 kg ha ! gave maximum
seed yield (2001.00 and 2102.03 kg ha) and stalk yield
(3932.01 and 4038.80 kg ha?) in first and second crop of
sunflower respectively. Seed yield (1476. 71 kg ha') was
maximum with boron application at 0.2% spray compared to
control treatment (1035.01 kg ha?) in sunflower Indu and
Singh (2020) 271,

Effect of boron application on quality of sunflower

aRenukadevi and Savithri (2003) ?°! found that oil content of
sunflower increased with boron application from his study.
Oil vyield increases with boron application in sunflower
Sumathi et al., (2005) B8, Castro et al., (2006) reported
increasing levels of boron significantly increased the oil
contents of sunflower. Oyinlola (2007) @3 found significant
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increase in oil content and oil yield of sunflower with boron
application compared to control. Significant increase in oil
content with boron application in sunflower seeds Ceyhan et
al., (2008). Brighenti and Castro (2008) 13 11 reported that oil
yield increases with boron application in sunflower. Oil
content significantly increases with boron application in
sunflower Martin et al., (2010). Saeed et al., (2015) 2% 32
found significant increase in oil content (39.07%) with 1%
boric acid foliar spray over control (37.12%) in sunflower.
Foliar spray of 300 ppm B recorded an increase of palmitic,
stearic and oleic acids as compared to the treatment with 600
ppm B and control in sunflower. Similarly linoleic acid
increased to the tune of 8.72% and 7.19% over control in
sunflower Mekki (2015). Shehzad et al., (2016) 34 found that
quality parameters were increased with foliar spray of boron
at 30 mg L compared to no application in sunflower.
Application of boron at 0.2% as foliar spray gave higher oil
content (45.70 %) compared to no application (35.17 %) in
sunflower Indu and Singh, (2020) "], Kalaiyarasan et al.,
(2020) 9 reported that boron application at 1 kg ha gave
significant increase in oil content (39.82% and 40.87%) and
crude protein content (26.26% and 28.04%) over control of
two crops. Jagadala et al., (2020) 18 registered increased oil
content (29.105 %) compared to no application of boron in
sunflower.

Effect of boron application on nutrient uptake and
economics of sunflower

Boron application at 1.5 kg ha'! in addition with 15 kg ha of
zinc recorded maximum uptake of nitrogen (52.25 kg ha™),
phosphorus uptake (16.72 kg ha?), potassium uptake (78.94
kg ha't), zinc uptake (294.60 g ha*) and boron uptake (157.53
g ha') against no application in sunflower Siddqui et al.,
(2009). Bhattacharyya et al., (2015) 36 €1 found that foliar
spray of 2% boron significantly increased the boron uptake in
stalk (270.44 g ha') and total uptake of boron (327.20 g ha')
over control (132.83 and 172.87 g ha?l) respectively in
sunflower. Pattanayak et al., (2016) ! reported that boron
application at 1 kg ha? increased total nutrient uptake of
nitrogen (79.05 kg ha?), phosphorus (21.34 kg hal),
potassium (91.62 kg ha*), sulphur (18.99 kg ha™) and boron
(3634.74 mg ha') than control (64.37, 15.64, 83.67,14.06 and
2301.02) respectively in sunflower. Kalaiyarasan et al.,
(2020) 291 reported that application of boron at 1 kg ha*
recorded maximum uptake of nitrogen (76.09 and 78.15),
phosphorus (20.08 and 19.72 kg ha?), potassium (69.94 and
70.24 kg hal) and sulphur (13.42 and 14.62 kg ha?)
compared to control (71.26 and 73.25, 16.98 and 15.97, 65.08
and 66.26, 10.73and 11.88 kg ha) respectively in both crops
of sunflower. Jagadala et al., (2020) [8 reported that
application of boron at 2 kg ha? increased uptake of boron
resulting in higher total boron concentration (120.2ppm) and
higher concentration of boron in seeds (24.79ppm) in
sunflower.

Bhattacharyya et al., (2015) [ found foliar spray of 0.2%
boron with gross return (Rs. 63560 ha?), net return (Rs.
46250 ha') and (2.67) than control (Rs. 47040 hal, Rs. 30330
hal and 1.82) respectively in sunflower. Shehzad et al.,
(2016) B4 registered that boron application at 30 mg L™ gave
maximum gross income (Rs. 144379 and Rs. 136609 hal),
net income (Rs. 66379 and Rs. 60604 ha) and benefit cost
ratio (1.85 and 1.80) as against control (Rs. 131843 and Rs.
118358 ha?, Rs. 55402 ha*and Rs. 43812 ha*, 1.72 and 1.59)
respectively in two years in sunflower. Pattanayak et al.,
(2016) 4 recorded higher gross returns (Rs.79500 ha), net
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return (Rs. 50400 ha) and benefit cost ratio (2.73) with 1 kg

ha!

of boron application against no application (Rs. 6785 ha™?,

Rs. 3987 ha* and 2.42) respectively in sunflower. Binh et al.,
(2017) B reported maximum gross income (Rs.75600 ha™),
net return(Rs.49194 ha') and benefit cost ratio (1.86)
compared to no application (57000 ha', 30650 ha‘and 1.16)
respectively in sunflower. Kalaiyarasan et al., (2020) [2%
recorded higher gross income, net returns and benefit cost
ratio over with 1 kg ha! of boron application control in
sunflower.
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