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nutrition. Understanding the responsive connection between nutrients and sunflower

output is critical for its prudent management and maintaining higher yields. In this regard,
an experiment using a randomized complete block design (RCBD) with split-plot arrangements
and three replications was conducted at the Agriculture Research Station in Harichand,
Charsadda, in 2022. Treatments included various levels of nitrogen and phosphorus, along with
different capitulum coverings: muslin cloth, paper envelopes, and uncovered heads. Nitrogen
and phosphorus treatments were assigned to main plots, while capitulum coverings were
assigned to subplots. Results showed that the nitrogen at the rate of 150 kg ha™ and
phosphorous at the rate of 90 kg ha™ significantly increased capitulum diameter, disk weight,
seeds per capitulum, thousand-seed weight, final plant population at harvest, and seed yield
compared to lower nitrogen and phosphorous rates. Nitrogen and phosphorus levels were not
significantly associated with seed loss per capitulum. Muslin cloth covering of the capitulum
significantly improved yield components, including seeds per capitulum, reduced seed loss per
capitulum, seed yield, and harvest index, compared to paper envelope and uncovered treatments.
The interaction of nitrogen and phosphorus levels significantly enhanced capitulum diameter,
disk weight, seed yield, and harvest index. Based on these results, it is recommended to apply

: ; sunflower is an important oil crop whose production needs to be boosted by optimum

nitrogen at 150 kg ha™ and phosphorus at 90 kg ha™, with capitulum coverings using muslin
cloth, to maximize yield and yield components of sunflower.
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Introduction:

The sunflower (Helianthus annuus 1.) belongs to the family Compositae. The genus
Helianthus includes approximately 65 species, of which 14 are annuals [1]. Native to eastern
North America, sunflower ranks as the third most important oilseed crop in the Middle Fast,
following soybean and palm oil, and is widely utilized for both oilseed and non-oilseed products,
including bird feed and human snacks [2]. Globally, sunflower is the fourth-largest oilseed crop,
with its seeds and dried stalks employed in food production and as fuel. Historically, sunflowers
were used in ancient ceremonies and as ornamental plants [3].
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In Pakistan, sunflower cultivation spans approximately 151,000 acres, producing 87,000
tons of seeds and 33,000 tons of oil annually. This crop is a major oilseed source for the country,
primarily utilized for cooking oil production. Additionally, sunflowers provide raw materials for
animal feed, non-edible industtial oil, and sunflower cake, which is a valuable livestock feed.
They are also used in manufacturing margarine, soap, paint, varnish, and other products.

In typical farmer fields, sunflower yields average 1,520 kg per hectare, while advanced
cultivation practices achieve yields of 3,800 kg per hectare. Under optimal conditions at research
stations, yields can exceed 3,500 kg per hectare [4]. Despite these advancements, Pakistan faces
a severe shortage of edible oil, aggravated by rapid population growth and rising living standards.
A lack of high-yielding varieties and lower productivity per unit area further constrains
production. Domestic oil output meets only 30% of the national demand, with the remaining
70% supplied through costly imports [5].

The commercial sunflower yield in Pakistan has fallen short of projections, primarily due
to suboptimal agricultural practices, particularly in soil management, and significant losses from
bird predation during critical stages such as sowing, germination, and flowering. Sunflower oil,
a product of sunflower seeds, is widely recognized as a healthier cooking oil option due to its
low saturated fat content, reducing the presence of harmful fats. As a vital oilseed crop globally,
sunflower provides high-quality oil and dietary fiber that supports human health [6].

Sunflower is popular in Pakistan as an oilseed crop due to its short growing season and
adaptability across diverse climates and soil types [7]. It ranks among the world’s top four annual
crops for edible oil production. Although introduced in Pakistan over 40 years ago, sunflower
acreage and yield have shown variability due to multiple production and socio-economic
constraints. Seed oil content ranges from 35% to 55%. Research highlights the crop’s potential
for growth across various soil types and climates in both rainfed and irrigated systems, suited to
a range of agroecological zones.

The growth stages of a sunflower are crucial in understanding its development and
optimizing agricultural practices. Sunflower growth can be divided into several distinct phases,
beginning with germination, where the seed absorbs water and begins to sprout. The seedling
stage follows, marked by the emergence of the first true leaves. As the plant progresses, it enters
the vegetative phase, characterized by rapid leaf growth and stem elongation. During the
reproductive phase, the sunflower forms its iconic large flower head, and pollination occurs.
Finally, the plant reaches the maturity stage, where the flower heads dry, seeds are developed,
and the plant prepares for harvest. Understanding these stages is essential for improving
sunflower cultivation, including managing water, nutrients, and pest control during each phase
8]

Nitrogen (N) plays a critical role in plant biochemical processes, such as protein
synthesis and biomass accumulation [9]. Adequate nitrogen levels in the soil during the
vegetative and reproductive stages ensure high-quality grain production. Phosphorus (P) is
similarly essential for plant metabolic processes. However, large amounts of phosphorus in soils
can be unavailable to plants due to factors like the application method or soil pH [10].
Phosphorus contributes to flower development, seed production, and crop maturity [11]. When
applied in precise amounts, phosphorus has been shown to enhance both grain weight and
number [12]. Additionally, sulfur (S) is essential for increasing seed oil content and improving
nitrogen and phosphorus use efficiency [13].

The primary nutrients required for plant growth and agricultural productivity are
nitrogen, phosphorus, and potassium. Imbalances in any of these nutrients can result in
abnormal growth patterns, making plants susceptible to disease and pest attacks [14] Given the
significance of these nutrients, balanced fertilizer application is one approach to improve
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nutrient use efficiency (NUE). Nitrogen is particularly crucial for oilseed crops, as it influences
their growth, protein levels, and overall yield. Applying nitrogen fertilizer enhances dry matter
production and affects nitrogen accumulation and partitioning within plant tissues, which is
essential for growth and development [15].

To protect sunflower heads from birds and squirrels, various methods can be employed.
Covering mature sunflower heads with cheesecloth, poly-spun garden fleece, or paper bags can
help preserve seeds while allowing light and airflow. According to Burpee, materials such as
cheesecloth, fine pliable screens, and poly-spun garden fleece are ideal. Polyspun garden fleece,
typically used to protect plants from frost, is effective due to its loosely woven structure, which
deters squirrels while allowing airflow. In urgent situations, a paper bag with 3- to 5-inch holes
cut in the top and sides can also suffice.

Granivorous bird flocks inflict significant damage to sunflower crops in major
sunflower-growing regions wotldwide, including Australia, China, Europe, India, and North
America, as well as Pakistan, Russia, South America, and Ukraine. While comprehensive surveys
on bird damage are sparse outside the United States, localized damage rates of up to 25% are
frequently reported [10].

Objectives:

Effective nutrient management is crucial for increasing sunflower yields. Understanding
the interactions between nutrient availability and sunflower productivity is vital, especially for
resource-constrained farmers who rely on efficient nutrient use for sustainable crop
management in the region. This study aimed to identify the best capitulum covering for the
sunflower head to minimize the seed loss per capitulum and to find out the optimum doses of
nitrogen and phosphorous for the optimum yield of sunflower.

Materials and Methods:

A field experiment entitled "Effect of nitrogen, phosphorus, and capitulum covering on
the seed yield of sunflower” was conducted at Agriculture Research Station Harichand,
Charsadda during the summer of 2022. The experiment was laid out in a Randomized Complete
Block Design with split plot arrangements having three replications. The treatments were
comprised of different levels of nitrogen X phosphorus and covering of the capitulum by Muslin
cloth, paper envelope, and uncovered head. Two factors viz nitrogen and phosphorus were
allotted to main plots while covering was allotted to subplots. The plot size was 2.5m X 3.5m
(8.75 m®) accommodating 5 rows used. The crop was sown on ridges with row-to-row distance
of 70cm and plant-to-plant distance maintained at 25cm. The field was plowed through a
cultivator to break the clods and remove the stubbles in the field followed by a rotavator to
make a fine smooth seed bed. Weeds were removed manually through the sickle. The soil texture
of the field was Sandy loam with low organic matter content and had a pH of 8 - 8.5. Single
super phosphate (SSP) was used as a source of phosphorus and all of its doses were applied at
sowing time, while urea was applied as nitrogen at a vegetative stage in a single dose. All the
other conditions were kept constant during the experiment.

Factor A was Nitrogen levels (0, 90, 120, and 150 kg ha™) and Phosphotus levels (0, 60,
and 90 kg ha™) while factor B was Disc covering materials (Uncovered head, Muslin cloth, and
paper envelope).

Data was collected on the number of seeds capitulum” which was calculated by
randomly selecting five heads from every experiment unit and counting the seeds in it. Seed loss
capitulum™ was noted by choosing 5 disk seeds in every experimental plot and counting the
number of seeds lost then its average was taken. Thousands of seeds weight was calculated from
each plot by randomly selecting 3 samples of thousand seeds from each plot and weighted on
digital balance and then its mean was taken. Capitulum diameter (cm) was recorded by selecting
five heads in every experimental unit, stately with the assistance of a meter tape in the middle of
every head and then its mean was taken. Disc weight (g) was recorded by choosing five
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capitulums in every experimental unit and then was weighted through electrical balance and
mean data was recorded. Plants at harvest ha' were recorded by counting the plant randomly in
each row at harvesting time and taking its mean. Seed yield (kg ha) was recorded by collecting
seeds of the three central rows harvested and then weighted to record the seed yield. Recorded
data was converted to kg ha” by the following formula:

. 1 Seed yield of the four central rows
Seed yield (kgha™") =

R — Rdistance X Rlength X No.of rows
Harvest index (%) was determined by using the following equation:
Economical yield (kg ha™1)

1 0 = X
Harvest index (%) Biological yield (kg ha=1) 100

X 10000 m?

Statistical Analysis:

The data collected during the experiment was statistically analyzed using the analysis of variance
procedure for Randomized Complete Block Design. When the F value is significant, the means
of the data were compared using LSD at a 5% level of probability [17].

Results:

Results from the study revealed that nitrogen significantly affected the capitulum
diameter, seeds per capitulum, thousand seed weight, disk weight, seed yield, and harvest index
of the sunflower. Phosphorus applications significantly improved the capitulum diameter (cm),
disk weight (g), and thousand seed weight, plant at harvest/ha, seed yield (kg/ha), and
seeds/capitulum of the sunflower. Different disk coverings also had a significant impact on
seeds/ capitulum, seed loss/capitulum, seed yield (kg/ha), and harvest index (%).

Mean data shows that nitrogen (N), phosphorus (P), and interaction between N X P
significantly affected capitulum diameter, and disk weight while disk covering (DC) and all other
interactions were not significant. Capitulum diameter (21cm) was higher in the plots treated with
150 kg N ha’, which was followed by 120 kg N ha' (20.3cm), while the lowest capitulum
diameter (17.7cm) was recorded in the control plots (Figure. 1).

54.2 mo
=90
=120

60
150
40 150
120
20
0

Capitulum  Thousand Harvest
diameter seed Index (%)
(cm) weight (g)
Figure 1: Influence of Nitrogen concentrations on the capitulum diameter (cm), thousand
seed weight (g), and Harvest Index (%) of sunflower.

Similarly, the capitulum diameter (20cm) was higher in the plots where P was applied at
the rate of 90 kg ha', which was followed by 60 kg P ha' (19.6cm), while lowest capitulum
diameter (18.9cm) was recorded in the control plots (Figure. 3). The interaction between
nitrogen and phosphorus showed that plots received 150 kg N ha and 90 kg P ha" have resulted
in highest capitulum diameter (21.7cm), while lowest capitulum diameter (17.2cm) was recorded
in the control plots.
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Statistically similar and highest disk weight (402 and 406g) was recorded in the plots
treated with 150 and 120 kg N ha™', followed by 90 kg N ha” (395¢), while the lowest disk weight
(374g) was recorded in the control plot (Figure. 2). Maximum disk weight (426g) was recorded
in plots where 90 kg P ha' was applied, while disk weight (343g) was greatly reduced in the
control plots (Figure. 3). The interaction between nitrogen and phosphorus showed that plots
received 150 kg N ha' and 90 kg P ha' have resulted highest disk weight (445g), while lowest
disk weight (332g) was recorded in the control plots.

2731
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1500
1000
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Seedyield Seeds per Disk weight
(kg/ha) capitulum (g)
Figure 2: Influence of Nitrogen concentrations on the Seed yield (kg/ha), Seeds per
capitulum, and disk weight (g) of sunflower.

A higher thousand seed weight (54.2g) was recorded in the plots treated with 150 kg N
ha', followed by 120 kg N ha" (50.6g), while a minimum thousand seed weight (42.1g) was
recorded in the control plot (Figure. 1). Likewise, maximum thousand seeds weight (52g) was
recorded in plots where 90 kg P ha' was applied, followed by 60 kg P ha' (47.9g), while
minimum thousand seeds weight (44.4g) was noted in the control plots (Figure. 3).
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Figure 3: Influence of Phosphorus concentrations on the capitulum diameter (cm), disk
weight (g), and thousand seed weight (g) of sunflower.
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Nitrogen (N), phosphorus (P), and disk covering (DC) significantly affected number of
seeds capitulum” and thousand seed weight while all interactions were not significant.
Statistically similar and higher number of seeds capitulum™ (1072 and 1067) was recorded in the
plots treated with 150 and 120 kg N ha', respectively, followed by 90 kg N ha (925), while
minimum number of seeds capitulum™ (802) was recorded in the control plot (Fig. 2). Maximum
number of seeds capitulum(1009) observed in plots where 90 kg P ha' was applied, while
minimum number of seeds capitulum™(921) was observed in the control plots (Fig. 4).
Application of disk covering showed that heads covered with muslin cloth resulted higher
number of seeds capitulum™ (981) as compared to paper envelope (965) and uncovered heads

(953) (Figure. 5).
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Figure 4: Influence of Phosphorus concentrations on the plant at harvest/ha, seed yield
(kg/ha), and seeds/capitulum of sunflower.

Data regarding some seed loss capitulum™ showed that nitrogen (N), and phosphorus
(P) were found non-significant for seed loss capitulum™ while disk covering (DC) significantly
affected seed loss capitulum™, while all interactions were not significant. Application of disk
covering showed that uncovered heads have resulted in maximum seed loss capitulum™ (48) as
compared to the paper envelope (46) and muslin cloth covering (44) (Figure. 5).

Nitrogen (N) and phosphorus (P) significantly affected the number of plants at
harvesting, while the effect of disk covering (DC) and all interactions were not significant. The
number of plants at harvesting (54438, 53687, and 53563) was statistically similar and higher in
the plots treated with 150, 120, and 90 kg N ha'', respectively, while the lowest number of plants
at harvesting (52762) was recorded in the control plot. Similarly, the highest number of plants
at harvesting (54694 and 54214) was recorded in the plots treated with 90 and 60 kg P ha’,
respectively, while the lowest number of plants at harvesting (51930) was recorded in the control
plot (Figure. 4).

The mean data showed that among the different nitrogen levels, the application of 150
kg N ha resulted in the highest seed yield (2731 kg ha), which was followed by 120 kg N ha’'
(2619 kg ha'"), while the lowest seed yield (2247 kg ha') was recorded in the control plots (Fig
2). Similarly, the application of 90 kg P ha” produced the maximum seed yield (2625 kg ha™),
which was followed by 60 kg P ha” (2556 kg ha™), while the lowest seed yield (2424 kg ha™) was
recorded in the control plots. The interaction between nitrogen and phosphorus showed that
plots received 150 kg N ha” and 90 kg P ha™ resulted in the highest grain yield (2823 kg ha™),
while the lowest grain yield (2135 kg ha') was recorded in the control plots (Figure. 4).
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Figure 5: Influence of disk coverings on the seeds/capitulum, seed loss/capitulum, seed yield
(kg/ha), and harvest index (%) of sunflower

Nitrogen (N), disk covering (DC), and N X P significantly affected the harvest index of
sunflower, while the effect of phosphorus and all other interactions were not significant.
Nitrogen at a rate of 90 kg ha'has resulted in highest harvest index (23.5%), as compared to 150
and 120 kg N ha' (22.2 and 22.5%), respectively, while lowest harvest index (21.9%) was
recorded in the control plot (Fig. 1). Likewise, heads covered with muslin cloth has resulted in
higher harvest index (23.1%) as compared to paper envelope and uncovered heads (22.4 and
22%) (Fig. 5). Mean data regarding N X P showed plots received 150 kg N ha™ and 90 kg P ha®
" have resulted in highest harvest index (22.5%), while lowest harvest index (22.1%) was
recorded in the control plots.

Discussions:

Sunflower is an important oil seed plant whose physiological processes are greatly
influenced by the application of nitrogen. It nourishes the plant and enhances the vegetative
growth promoting the leaf area that leads to higher photosynthetic activity that improves energy
availability and promotes the growth of the capitulum [18]. It leads to a higher capitulum
diameter having more seeds per capitulum and contributes to the seed yield of sunflower. It
favors the accumulation of more carbohydrates which when supplied to developing seeds in the
capitulum promotes seed formation as it is crucial for the reproductive organ development
during the blooming stage. Nitrogen promotes cell division and elongation that leads to higher
weight of seeds thus improving the thousand seed weight. Higher seed weight ultimately leads
to larger and heavier disks. Moreover, nitrogen improves protein production and other cellular
entities that enhance the weight of the disk [19].

It also improves the reproductive and vegetative attributes of the plant leading to
enhanced seed formation. Optimum nitrogen supply enables the plant to provide more
nourishment to the flower heads of the sunflower plant and leads to enhanced seed yield.
Harvest index ratio is the ratio of seed yield to the total biomass of the plant. Nitrogen enhances
the plant biomass as more food is available to increase the yield of the plant. It improves the
resource allocation to reproductive organs and its excess as well as deficiency can lead to reduced
yield [20].

Phosphorous plays a key role in the development and growth of sunflowers. It directly
influences the metabolism, development of roots, and reproductive processes that directly affect
the yield. It develops a strong root system that enhances the nutrient uptake by the plants and
facilitates nutrient distribution throughout the plants, particularly in the reproductive stages
when the flower head formation starts [21]. It’s the main component of energy molecules ATP
that runs all the activities in the plants. A sufficient supply of phosphorous contributes to the
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improved capitulum diameter of the sunflower because more energy is being distributed to the
cell elongation and division [22].

Phosphorous influences the carbohydrates storage within the seed and promotes the
nucleic acid and protein formation for seed development which leads to larger and heavier seeds
thus enhancing the thousand seed weight. Similarly, the disk weight of the sunflower is enhanced
by the phosphorous application as it ensures that optimum resources are available for the
production of tissues and nutrients are allocated to seeds. It plays a role in building the structural
components of the plants and promoting the disk weight. The number of seeds per capitulum
is also improved by an optimum supply of phosphorous [23]. It promotes pollen viability and
seed setting leading to more seeds formed in the disk. It also regulates the physiological
processes that are responsible for the maturation of the seed, higher seed quality, and better
nutrient storage capability. Its ability to improve photosynthesis and cell division leads to better
seed formation that ultimately results in enhanced seed yield of sunflowers [24].

Phosphorous enhances the root system of the plant and enhances the ability of the plants
to absorb optimum nutrients and water which in turn promotes the growth and development
of the plant. A strong root system increases the chances of plant survival and improves the
density of plants per hectare [25]. The nitrogen and phosphorous enhance the overall
performance of the sunflower crop but its seeds are lost due to various reasons among which
seed loss due to bird attacks is a common issue. Different capitulum coverings were used to
address this issue. Among these muslin cloth is an economical, lightweight, and breathable
option that promotes air circulation in the capitulum. It supports optimal seed development by
improving the moisture conditions of the capitulum reducing the chances of diseases and
ensuring the production of quality seeds. It also protects the capitulum from adverse
environmental conditions as well as pests [26].

More seeds are available per capitulum as muslin cloth prevents the capitulum from
being damaged and provides a microenvironment for the seed formation leading to higher seed
set in contrast to no covering and paper envelope which hinders the flow of air. Muslin cloth
protects the capitulum and reduces the seed loss per capitulum. No covering is unsecured and
the capitulum is damaged during harsh weather conditions which leads to significant seed loss.
Paper coverings offer some level of protection but it restricts the air flow and lead to higher
moisture content. This higher moisture level leads to fungal diseases and mold growth that
ultimately leads to the rotting of seeds and seed drops [27].

The seed yield of the sunflower is enhanced as the nitrogen and phosphorous contribute
to the enhanced seed production and muslin covering protects the seeds from falling off and
reduces the losses up to a great extent and ultimately contributes to the improved harvest index.
Muslin cloth better improves the attributes as compared to paper covering due to its lightweight
fabric that promotes airflow and reduces the incidence of fungal infections. It provides better
protection from adverse conditions and mechanical and physical damage. Muslin cloth
maintains a stable microclimate that guards the seeds from high temperatures and protects them
from negative impacts. The breathable nature of muslin cloth combined with its efficiency in
protecting it from all sorts of stressors makes it more effective and leads to a healthy crop with
more seeds/capitulum, seed yield, hatvest index, and least seed loss.

Conclusions:

The highest rate of nitrogen (150 kg ha™) enhanced the vegetative parameters i.e.,
capitulum diameter, disk weight, plants m?, and improved yield parameters i.e., thousand
seed weight, seeds capitulum™, and seed yield as compared to lower rates. The highest rate
of phosphorus (90 kg ha') enhanced plant growth, yield, and yield components as
compared to 60 and 0 kg P ha™. The head covered with muslin cloth and the paper envelope
significantly improved the number of seed capitulum™, seed yield, and harvest index and
resulted in minimum seed loss capitulum’, as compared to the uncovered head. The
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interactive effect of N X P has significantly enhanced capitulum diameter (cm), disk weight (g),
biological yield, seed yield, and harvest index. In the light of the current study, nitrogen at a rate
of 150 kg ha” and phosphorus at a rate of 90 kg ha™ along with the application of head covering
material i.e., muslin cloth is recommended for enhanced yield of sunflower.
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