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A B S T R A C T

Bangladesh, despite being a top raw jute producer, struggles with inadequate jute seed quantity 
and quality due to some unforeseen circumstances. Boron is a key micronutrient for enhancing 
crop seed yield and quality. However, research on its effects on jute (Corchorus olitorius) seed 
production in Bangladesh remains limited, highlighting a significant knowledge gap. Therefore, a 
two-year field study was conducted at the Bangladesh Jute Research Institute, Regional Station in 
Faridpur to examine the effects of various boron application methods and doses on Corchorus 
olitorius seed production. The experiment included ten treatments combining three boron doses 
(2.0, 3.0, and 4.0 kg/ha) with three different application methods: (1) full dose as basal appli
cation, (2) full dose as foliar spray in two equal split and (3) haft the dose as basal application 
with the remaining half as foliar spray in two equal splits. An additional treatment without boron 
served as the control. The experiment, using the jute variety BJRI Tossa Pat 8, was conducted in a 
randomized complete block design to account for environmental variability and enhance treat
ment comparison. The study revealed that, independent of application methods and doses, boron 
application significantly improved seed yield and germination percentage compared to treat
ments without boron. Foliar application of boron at 3.0 kg/ha significantly enhanced yield 
contributing characters, including the number of capsules/plant, capsule length, and 1000-seed 
weights, compared to control and basal treatments. Additionally, boron application consis
tently improved seed yield and germination percentage across all methods and doses. The 3.0 kg/ 
ha foliar treatment, applied half at 20–25 days after sowing and the remainder at the first 
flowering stage, yielded the highest results for Corchorus olitorius. Principal component analysis 
indicated that the number of seeds per capsule, capsule length, and seed yield were the main 
contributors. So, 3.0 kg/ha foliar boron treatment, applied half at 20–25 days after sowing and 
the remainder at the first flowering stage is recommended for late jute seed production to achieve 
optimum seed yield and net profit.
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1. Introduction

Jute is usually referred to as ‘golden fibre’ throughout most of the world and is one of the main fibre crops, along with cotton [1]. 
Jute is the second most common bast fibre after cotton in terms of availability, production, consumption, and utilization globally [2]. It 
is vital to replace ecologically damaging synthetic materials with natural, reusable, and biodegradable ones since the usage of synthetic 
items may lead to an increase in pollution that harms both living things and the environment. Since jute fibre possesses practically all 
these qualities, it is well-known around the world for being environmentally friendly. In 2021, India led as the top producer of jute in 
the Asia Pacific region with an output of 1.72 million metric tons. Bangladesh came in second with 1.68 million metric tons of output 
[3] and receives foreign exchange from the export of jute and its derivatives to other nations [4]. Jute has been a key element of Bengali 
culture since the beginning, notably in some regions of West Bengal and the southwest part of Bangladesh [5]. Jute production in 
Bangladesh is important from an economic, industrial, agricultural, and economic standpoint [6] since it has the potential to provide 
significant foreign exchange earnings for the country [4].

In Bangladesh, jute is mostly farmed for its fibre rather than its seeds. Typically, farmers produce seeds by retaining a portion of the 
March–April planted fibre crops. Due to its protracted stay in the field, the lingering part of the fibre crop is frequently damaged by 
natural disasters, become physiologically weak, and yields a low quantity of poor-quality seeds [7]. Furthermore, farmers frequently 
produce vegetables or Aman rice when jute seeds ought to be planted. Therefore, farmers are not persuaded to switch to jute seed from 
the staple crops, which deters farmers from growing more jute seed. Bangladesh needs roughly 5000–5500 tons of seed to produce the 
amount of jute [7]. Quality jute seed was not produced with as much care; therefore, it was typically scarce when it should have been 
sown [2,7]. Approximately 15 %–20 % of the quality jute seeds that are needed are provided through institutional organizations; the 
remaining quality seeds need to be collected [7]. The production of seeds must be boosted to close the gap. The seed yield, for instance, 
depends on certain yield-contributing characteristics, such as plant height, the number of branches per plant, the number of capsules 
per plant, capsule length, the number of seeds per capsule, etc., which should be maximized to achieve the highest yield [5]. Effective 
nutrient management of an improved variety itself 30–50 % more yield along with standard agricultural practices [8].

The effective use of crop nutrients is known as nutrient management, which aims to increase productivity while preserving the 
environment. The main idea underlying nutrient management is to balance the inputs of soil nutrients with the needs of the crops. 
Fertilizers are supplementary materials that are given to crops to boost productivity. Efficient fertilizer application is paramount for 
minimizing waste and optimizing nutrient utilization [9].

Plant nutrients, essential for growth and health, include seventeen elements such as carbon, hydrogen, oxygen, nitrogen, phos
phorus, potassium, sulfur, calcium, magnesium, chlorine, boron, zinc, manganese, iron, copper, molybdenum, and nickel [10]. The 
roles of boron on cell wall integrity and expansion, splitting cells, fruit and seed formation, sugar transport, and hormone synthesis are 
primarily responsible for its necessity [11]. Boron deficiency impairs flowering and pollen tube production, resulting in reduced yield 
and quality features and this deficiency can be alleviated by applying boron to the soil and by foliar applications [12]. Low boron levels 
are more likely to affect sexual reproduction in plants than vegetative growth [9]. Giving emphasise on these fact, it is imperative to 
execute optimal boron fertilization using appropriate methods during the developmental stages of jute seeds. This strategic approach is 
essential for enhancing jute seed production. Several studies have investigated the impact of boron fertilization on yield and related 
traits in various crops. Yadav et al. (2016) examined its effects on mustard (Brassica juncea L.) growth, yield, and quality [13]. Khuong 
et al. (2022) determined optimal boron levels for enhancing growth, production, and oil content in black sesame [14]. Al-Amery et al. 
(2011) and Asad et al. (2003) explored the response of open-pollinated sunflowers (Helianthus annuus L.) to boron [15,16]. Arredondo 
& Bonomelli, (2023) assessed cherry trees’ reactions to varying boron concentrations by analyzing growth, biomass, photosynthesis, 
and morphology [17]. Choudhary et al. (2020) studied the effects of high boron levels on essential oil crops, Mentha arvensis and 
Cymbopogon flexuosus [18]. Silva et al. (2018) evaluated foliar boron fertilization, with and without sorbitol, on cowpea growth, 

Fig. 1. Monthly average rainfall during the cropping season (year 2021–2022) (left) and yearly average rainfall (year 2017–2022) (right) of the 
experimental site.
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nutritional status, and boron uptake [19].
However, hardly any research has been done to establish the optimum boron application rate and method for enhancing the yield- 

contributing characteristics and seed yield of jute (Corchorus olitorius). In Bangladesh, the high demand for jute seeds necessitates 
substantial imports, highlighting a need for increased domestic seed production. Given boron’s role in enhancing seed yield and crop 
resilience, this study explores various application methods and doses to optimize jute seed yield in a cost-effective manner. It is hy
pothesized that specific boron doses and application methods will significantly improve yield-contributing traits and overall seed yield, 
with certain methods proving more economically advantageous for farmers. The aim of this study is to enhance jute seed production by 
identifying the most effective boron dose and application method for jute crops. Additionally, this research seeks to identify the key 
yield-contributing traits that account for the observed variance in production outcomes. Furthermore, the study will explore the most 
economical approaches to utilizing boron, an essential plant nutrient for jute seed production. This will ultimately contribute to 
addressing the shortage of high-quality jute seed in Bangladesh.

2. Methods

2.1. Experimental site and soil

The experiment was carried out at medium high land of Jute Research Regional Station, Faridpur, Bangladesh (Supplementary 
Fig. 1). The experimental location was under sub-tropical climatic condition located at 23◦59′ north latitude and 89◦82′ east longitude, 
and 12 m (m) above mean sea level. The average annual rainfall in the specified location from 2017 to 2022 amounted to 1576.2 mm 
(mm) (Fig. 1). The yearly average temperature experienced by the site for 2021 and 2022 were 27.6◦ Celsius (C) and 26.7 ◦C, 
respectively (Fig. 2). The calcareous dark grey soil from the Low Ganges River Floodplain’s Agroecological Zone (AEZ 12) distin
guished the soil at the experiment site. The soil within this Agroecological Zone (AEZ) was categorized as ’silt loam’ with a notable 
presence of clay content [20]. Given the soil’s critical limits, the soil’s nutritional status ranged from very low to medium (Table 1).

2.2. Layout and crop husbandry utilized in the experiment

The experiment was carried out from August 25, 2021 to January 2022 as well as from August 27, 2022 to January 2023 
respectively, covering the jute seed seasons of both years. Using a randomized complete block design and a 3 m (m) × 2.1 m unit plot 
size, a field experiment with ten treatments and three replications was set up. With a line-to-line distance of 30 cm (cm), a plot-to-plot 
distance of 60 cm, and a replication to replication distance of 1 m, seeds were sown using a continuous line approach maintaining 
direction north to south. The preferred cultivar for Corchorus olitorius was BJRI Tossa pat-8, a high-yielding jute cultivar released by the 
Bangladesh Jute Research Institute (BJRI). During land preparation, a power tiller was used to repeatedly plow and cross-plow the 
ground. The soil was laddered for levelling and breaking up the colds. To get the plot ready for seeding, weeds and stubbles were 
collected and removed. Before planting, seeds were uniformly treated with Provax 200 @ 5 g per kilogram (gm/kg) to prevent soil- 
borne diseases. With a wheel hoe, a furrow was carved to a depth of about 5 cm (cm), into which seed was sown and which was 
then completely covered with soil. To keep the land free of weeds and maintain an ideal population, weeding and thinning were done 
at 23 and 43 days after sowing (DAS). Paste control measures and ample irrigation was offered when it was necessary.

Fig. 2. Monthly average temperatures during the cropping season (year 2021–2022) (left) and yearly average temperatures (year 2017–2022) 
(right) of the experimental site.
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2.3. Fertilization and treatment implementation

The crop received an appropriate quantity of urea, diammonium phosphate (DAP), muriate of potash (MoP), and gypsum as a 
source of nitrogen, phosphorus, potassium, and sulfur. Ten boron fertilization treatments were generated, each with a different dose of 
boron (2 kg per hectare (kg/ha), 3 kg/ha, and 4 kg/ha), three application methods (basal, foliar, and basal + foliar), and a control 
treatment with no boron application (Table 2). Usually, farmers refrain from applying boron, yet the prescribed dose for Corchorus 
olitorius seed production stands at 3 kg/ha, as stipulated by the Fertilizer Recommendation Guide (FRG), 2018 [21]. Therefore, this 
dose, along with a reduced (2 kg/ha) and an augmented (4 kg/ha) dose, was chosen for treatment. On the other hand, basal application 
represents the traditional practice of fertilizer application where boron is applied to the soil before planting ensuring nutrient 
availability during early crop development. Foliar spray is the approach to address the need for mid-season nutrient correction or 
supplementation, targeting immediate uptake by the plant during critical growth stages. And combined basal and foliar application is a 
combination approach preferred to investigate whether a synergistic effect could be achieved by integrating both methods. A control 
treatment without boron is essential for benchmarking the effects of boron fertilization and understanding its impact compared to 
untreated plots. So ten treatments were formulated combining those doses and application methods to systematically investigate the 
effects of boron application on Chorcorus olitorius seed production while accounting for practical constraints, variability in farming 
practices, and economic considerations. The details of the treatment combinations as shown in Table 2 provides a comprehensive 
framework for understanding the interaction between boron doses and application methods.

All the diammonium phosphate (44 kg/ha), muriate of potash (60 kg/ha), gypsum (72 kg/ha), and half of the urea (108 kg/ha) 
were used during the final land preparation. The additional urea was distributed equally as top dressing at 25 days after sowing (DAS) 
and 45 DAS. The source of boron used was Solubor, which had 18 % boron content. Due to the Solubor’s small quantity for the basal 
application, it was combined with ground-up dry soil to boost the quantity and aid in spreading it out evenly around the plot. For foliar 
application, the necessary amount of Solubor for each plot was diluted using water and sprayed with a hand sprayer over the foliage 
therein. Before spraying each plot, the sprayer was thoroughly rinsed with new water to remove any remaining adherent boron from 
the prior plot.

2.4. Crop harvesting and data collection

When 80 % of the capsules were mature and dark grey in color, the crop was harvested by severing the base with a sickle. To collect 

Table 1 
Physicochemical characteristics of the soil of the experimental site (year 2021 and 2022).

Parameters Soil Test Value Interpretationa

2021 2022 2021 2022

pH 7.4 7.5 Basic in nature Basic in nature
% Organic matter 1.32 1.2 Low Low
Total N (Kjeldahl) 0.12 0.09 Low Low
Available P (Olsen method) 12.37 mg/g 13.01 mg/g Low Low
NH4OAc exchangeable K 0.2 mg/100 g 0.2 mg/100 g Moderate Moderate
CaCl2 extractable S 4.5 μg/g 4.0 μg/g Very Low Very Low
Zinc (Zn) 0.52 μg/g 0.65 μg/g Low Low
Boron (B) 0.14 μg/g 0.19 μg/g Very low Low

a Interpretation based on Fertilizer Recommendation Guide, (2018).

Table 2 
Details of the treatments employed in the experiment.

Methods Treatments Description

– T1 No Boron (control)
Method-1 (Basal application) T2 2.0 kg/ha boron (7.00 g/plot Solubor)- basal application

T3 3.0 kg/ha boron (11.00 g/plot Solubor)- basal application
T4 4.0 kg/ha boron (14.00 g/plot Solubor)- basal application

Method-2 (Foliar application in two equal splits) T5 2.0 kg/ha boron (7.00 g/plot Solubor)- foliar spray (the half at 20–25 DAS 
and the rest half at the first flowering stage)

T6 3.0 kg/ha boron (11.00 g/plot Solubor)- foliar spray (the half at 20–25 DAS 
and the rest half at the first flowering stage)

T7 4.0 kg/ha boron (14.00 g/plot Solubor)- foliar spray (the half at 20–25 DAS 
and the rest half at the first flowering stage)

Method-3 (Half portion basal application and the rest half portion 
as a foliar spray in two equal splits)

T8 2.0 kg/ha boron (7.00 g/plot Solubor) - half as basal and ¼ th at 20–25 DAS 
and rest ¼ th at 40–45 DAS as foliar spray

T9 3.0 kg/ha boron (11.00 g/plot Solubor) - half as basal and ¼ th at 20–25 DAS 
and rest ¼ th at 40–45 DAS as foliar spray

T10 4.0 kg/ha boron (14.00 g/plot Solubor) – half as basal and ¼ th at 20–25 DAS 
and rest ¼ th at 40–45 DAS as foliar spray
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information on average plant height, base diameter, the number of branches/plant, the number of capsules/plant, and the capsule’s 
length, ten plants were randomly chosen from each plot. Each plot’s plants were kept apart on the threshing floor, sun-dried, and then 
pounded with a bamboo stick to release the seed from the pod. Individually harvested and dried seeds from each plot were used for 
storage and data collecting on 1000- seed weights, seed production, and germination rate. To determine germination percentage (%), 
the methodology outlined by Ref. [22] was adopted. In each test, one hundred (100) normal seeds from every treatment combination 
were placed in a Petri dish on soaked blotting paper with distilled water. Three petri dishes were employed for each test. These dishes 
were then positioned in a germinator set at 30 ◦C under dark conditions for a duration of 4 days. Seedlings were tallied daily until the 
completion of germination on the fourth day. A seed was considered germinated if the seed coat ruptured and the radicle reached a 
length of up to 2 mm. The calculation of germination percentage followed the formula [23]:

Germination (%) = (Number of seeds germinated/Number of seeds placed on Petri dish) × 100.
The plant’s height was measured using a measuring tape, and the base diameter was determined with slide calipers. The following 

formulae were used to compute the net benefit in BDT (taka) obtained over control treatment: 

1. YI =YB − YC 

YI = Yield increase (kg/ha) over control (no boron) due to application of boron; YB = Jute seed yield (kg/ha) due to application of 
boron; YC = Jute seed yield (kg/ha) without applying boron (control) 

2. Net benefit in (taka /ha) obtained by farmers over control : (YI×PS) − (RB×PB)

Ps = Selling price of jute seed (taka/kg); RB = Application rate of boron (kg/ha) × PB= Purchasing price of boron (Solubor) (taka/ 
kg)

2.5. Statistical analysis

The data were analyzed using R 4.3.1 [24] through analysis of variance (ANOVA) following a randomized complete block design. 
Significant treatment effect (p ≤ 0.05) were further examined through multiple mean comparisons using the Least Significant Dif
ference (LSD) method at 5 %. Principal Component Analysis (PCA) was conducted using JMP 17 software.

Table 3 
Comparative effect of different methods and doses of boron treatment on yield contributing characters (pooled) of Corchorus olitorius seed.

Treatments Pooled Pooled Pooled Pooled Pooled Pooled Pooled

Plant 
Height (M)

Base 
Diameter 
(mm)

No. of 
Branches/ 
plant

No. of 
Capsule/ 
plant

Capsule 
Length (cm)

No. of Seeds/ 
Capsule

1000 Seed’s 
weight (gm)

T1: No Boron (control) 1.41bc 6.74 ab 3.19 ab 10.03a 5.78d 166.48c 1.55b
T2: 2.0 kg/ha boron- basal application 1.46 ab 7.33a 3.31 ab 15.27d 6.89bc 196.28 ab 1.97a
T3: 3.0 kg/ha boron- basal application 1.43bc 6.76 ab 3.12 ab 14.53de 6.98bc 188.77bc 1.94a
T4: 4.0 kg/ha boron- basal application 1.51a 6.83 ab 3.37 ab 14.37de 6.80bc 197.62 ab 1.94a
T5: 2.0 kg/ha boron- foliar spray (the half 

at 20–25 DAS and the rest half at the 
first flowering stage)

1.46 ab 6.56 ab 3.12 ab 12.70e 7.13 ab 191.73 ab 1.98a

T6: 3.0 kg/ha boron- foliar spray (the half 
at 20–25 DAS and the rest half at the 
first flowering stage)

1.37c 6.05b 2.84b 17.88c 7.44a 213.50a 1.98a

T7: 4.0 kg/ha boron- foliar spray (the half 
at 20–25 DAS and the rest half at the 
first flowering stage)

1.49 ab 6.77 ab 3.39 ab 23.17a 6.89bc 209.91 ab 1.98a

T8: 2.0 kg/ha boron - half as basal and ¼ th 

at 20–25 DAS and rest ¼ th at 40–45 
DAS as foliar spray

1.45 ab 6.72 ab 3.07 ab 15.47d 6.73c 194.58 ab 2.00a

T9: 3.0 kg/ha boron - half as basal and ¼ th 

at 20–25 DAS and rest ¼ th at 40–45 
DAS as foliar spray

1.42bc 6.61 ab 3.19 ab 19.18bc 6.97bc 194.44 ab 2.01a

T10: 4.0 kg/ha boron - half as basal and ¼ 
th at 20–25 DAS and rest ¼ th at 40–45 
DAS as foliar spray

1.44abc 6.73 ab 3.51a 20.39b 7.02bc 196.95 ab 2.01a

% CV 2.92 6.87 10.95 8.39 3.01 6.68 3.49
Significance Level NS NS NS *** *** * ***

* Indicates a 5 % level of significance** indicates a 1 % level of significance and*** indicates a 0.1 % level of significance; CV = coefficient of 
variation. Pooled value = average value of two years.
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3. Result

3.1. Effect of boron on yield contributing characters of Corchorus olitorius

Plant height, base diameter, and the number of branches/plant were all shown to be statistically insignificant, however, the 
application of boron significantly (p < 0.001) increased the number of capsules/plant in comparison to the control (Table 3). The 
highest number of capsules (23.17) was recorded with T7 (4.0 kg/ha boron -the half at 20–25 DAS and the rest half at the first 
flowering stage as a foliar spray), while the lowest (10.03) was observed in the (T1: no boron) control treatment (Table 3). Treatments 
involving foliar application of boron tended to produce more capsules per plant compared to basal applications (Table 3).

Capsule length also varied significantly (p < 0.001), with T6 (3.0 kg/ha boron foliar spray) producing the longest capsules (7.44 
cm), and T1 (control) having the shortest capsules (5.78 cm). Capsule length also significantly respond to boron treatments (p <
0.001). The shortest capsules were recorded in the control treatment (T1), with an average length of 5.78 cm, while the longest 
capsules were found in T6 (3.0 kg/ha boron foliar spray), which reached an average of 7.44 cm. Other treatments involved in foliar 
application of boron such as T7 (4.0 kg/ha foliar spray) and T5 (2.0 kg/ha foliar spray) also produced relatively longer capsules 6.89 
cm and 7.13 cm, respectively (Table 3).

Boron treatments significantly increased the number of seeds/capsule (p < 0.05). Based on pooled value, treatment T6 (3.0 kg/ha 
boron foliar spray) produced highest number of seeds/capsule which was average 213.50 seeds/capsule. Other treatment related to 
boron foliar application such as T5, T7, T8, T9 and T10 are also statistically similar to treatment T6 (3.0 kg/ha boron foliar spray) On 
the other hand, control treatment T1 (no boron) produced lowest number of seed/capsule i.e. 166.48 number of seed/capsule 
(Table 3).

Significant differences observed in the 1000-seed weight (p < 0.001), where treatments with boron application resulted in higher 
seed weights compared to the control. The lowest 1000-seed weight was recorded in the control treatment T1 (no boron) with 1.55 g, 
while the highest seed weight were observed in treatments T9 (3.0 kg/ha boron - half as basal and ¼ th at 20–25 DAS and rest ¼ th at 
40–45 DAS as foliar spray) and T10 (4.0 kg/ha boron - half as basal and ¼ th at 20–25 DAS and rest ¼ th at 40–45 DAS as foliar spray), 
in both treatments the weight was 2.01 g. Foliar application treatments consistently produced heavier seeds than the basal application 
treatments, indicated the efficacy of foliar boron application in enhancing seed development and weight (Table 3).

3.2. The effect of boron application on seed yield

The application of boron had a significant impact on the seed yield in both years and in the pooled seed yield. The lowest seed yield 
was consistently obtained in both years from the control treatment T1, which did not receive any boron. In 2021, the seed yield for T1 
was 457.67 kg/ha, which decreased further to 419.92 kg/ha in 2022, resulting in a pooled yield of 438.80 kg/ha. The highest seed 
yield was observed in T6 (3.0 kg/ha boron applied as a foliar spray) among the boron treatments, which produced 615.82 kg/ha in 
2021 and 531.23 kg/ha in 2022, with a pooled yield of 573.53 kg/ha. This was closely followed by T7 (4.0 kg/ha boron foliar spray), 
which recorded seed yields of 591.15 kg/ha in 2021 and 534.02 kg/ha in 2022, leading to a pooled value of 562.59 kg/ha. The split 
application method (half basal and half foliar at various growth stages) also showcased a positive effect on seed yield. T10 (4.0 kg/ha 
boron applied as half basal and the rest in two foliar sprays) produced seed yields of 597.35 kg/ha in 2021 and 523.59 kg/ha in 2022, 

Table 4 
Effect of different methods and doses of boron treatment on yield and germination of Corchorus olitorius seed in 2021, 2022 and pooled.

Treatments Seed yield (kg/ha) % germination

2021 2022 Pooled 2021 2022 Pooled

T1: No Boron (control) 457.67f 419.92d 438.80d 85.33b 85.00b 85.17b
T2: 2.0 kg/ha boron- basal application 548.68d 456.06cd 502.37c 92.00a 92.00a 92.00a
T3: 3.0 kg/ha boron- basal application 540.74d 484.61bc 512.68bc 94.67a 96.33a 95.67a
T4: 4.0 kg/ha boron- basal application 504.23e 495.81abc 500.02c 95.67a 92.33a 94.00a
T5: 2.0 kg/ha boron- foliar spray (the half at 20–25 DAS and the rest half at the first 

flowering stage)
582.54bc 482.47bc 532.50b 91.00a 93.67a 92.33a

T6: 3.0 kg/ha boron- foliar spray (the half at 20–25 DAS and the rest half at the first 
flowering stage)

615.82a 531.23a 573.53a 91.00a 93.33a 92.16a

T7: 4.0 kg/ha boron- foliar spray (the half at 20–25 DAS and the rest half at the first 
flowering stage)

591.15 ab 534.02a 562.59a 92.67a 95.33a 94.00a

T8: 2.0 kg/ha boron - half as basal and ¼ th at 20–25 DAS and rest ¼ th at 40–45 DAS as 
foliar spray

555.56d 485.37bc 520.46bc 92.67a 93.33a 93.00a

T9: 3.0 kg/ha boron - half as basal and ¼ th at 20–25 DAS and rest ¼ th at 40–45 DAS as 
foliar spray

592.06 ab 522.45 ab 557.26a 92.00a 91.67a 91.83a

T10: 4.0 kg/ha boron - half as basal and ¼ th at 20–25 DAS and rest ¼ th at 40–45 DAS as 
foliar spray

597.35 ab 523.59 ab 560.47a 96.33a 93.33a 94.83a

% CV 3.99 5.21 2.49 5.53 3.36 2.48
Significance Level *** ** *** * * **

* Indicates a 5 % level of significance ** indicates a 1 % level of significance and *** indicates a 0.1 % level of significance; CV = coefficient of 
variation, Pooled value = average value of two years.
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with a pooled yield of 560.47 kg/ha, which was significantly higher than the control. In general, treatments involving foliar appli
cations (T5–T10) showed better seed yield results compared to treatments with only basal application (T2-T4), indicating the efficacy 
of foliar application over basal application. The trend of lower seed yields in 2022 compared to 2021 was observed across most 
treatments, which could be attributed to environmental factors such as rainfall distribution, temperature fluctuations during the 
second growing season (Table 4).

As a result of the boron application, there was a significant yield advantage over the control treatment (Fig. 3). The magnitude of 
the seed yield advantage varied according to the treatments.

Based on pooled data the T6 treatment (3.0 kg/ha boron applied as a foliar spray) had the highest yield advantage, 134.73 kg/ha 
(30.70 %) over the control treatment, followed by 121.67 kg/ha (27.73 %) in the T10 (4.0 kg/ha boron - half as basal and ¼ th at 20–25 
DAS and rest ¼ th at 40–45 DAS as foliar spray) treatment and 118.46 kg/ha (27.00 %) in the T9 treatment. The T4 treatment (4.0 kg/ 
ha boron-basal application), on the other hand, had the lowest yield advantage of 61.22 kg/ha (13.95 %) over the control treatment 
(Fig. 3).

3.3. The effect of boron application on germination percentage

The germination percentage was also significantly affected by boron treatments. In both years, the lowest germination rates were 
observed in the control treatment (T1) with values of 85.33 % in 2021 and 85.00 % in 2022, resulting in a pooled average of 85.17 %. 
This indicates a remarkable decrease in seed quality and viability in the absence of boron application. The highest germination rate was 
observed in T3 (3.0 kg/ha boron basal application), with germination rates of 94.67 % in 2021 and 96.33 % in 2022, resulting in a 
pooled value of 95.67 %. Based on pooled average germination percentage all the boron treatments outperformed the control treat
ment with no boron and was statistically similar. The germination percentage exhibited lower variation between the two years 
compared to seed yield, which suggests that while environmental conditions might have influenced overall yield performance, seed 
quality (as indicated by germination) was more directly affected by the boron treatments (Table 4).

3.4. Benefit of boron application

Boron application on the Corchorus olitorius seed crop provided a net benefit to all boron treatments (Fig. 4). On the basis of pooled 
net benefit, treatment T6 provided the highest net benefit (22945 taka/ha) and the lowest net benefit found in the T4 treatment with a 
benefit of 8244.40 taka/ha. Method-2 was the most effective in both years, followed by method-3, and method-1 comparing at the 
same level of boron application. Among all the boron doses, applying at the rate of 3 kg/ha provided more net benefit in all application 
method (Fig. 4).

3.5. Principal component analysis (PCA)

Table 5 presents the variance % and eigenvalues of PCA analysis. In 2021, PC1 explained 42.97 % of the entire variance, PC2 
explained 22.44 %, and PC3 explained 12.99 %. In 2022, PC1 explained 61.69 % of the total variance, PC2 explained 22.33 %, and PC3 
explained 8.63 %. In 2021 and 2022, PC1, PC2, and PC3 accounted for 78.40 % and 92.65 % of the total variation, respectively. 
According to the Kaiser guidelines [25], eigenvalues greater than 1.0 are recognized as the descriptor of the variance in data collection. 

Fig. 3. Yield advantages and yield advantages percentage (%) due to different application methods of born over control treatment. (Based on 
pooled data).
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PC1 (3.87), PC2 (2.02), and PC3 (1.17) all had eigenvalues that were greater than 1.0 in 2021; but, in 2022, PC1 (5.55) and PC2 (2.01) 
had eigenvalues that were higher than 1.0.

Fig. 5 presents PCA graphs for the studied parameters on the application of boron. There were three groups in 2021. The first one 
included the number of seeds/capsule, capsule length, and seed yield. The second one consisted of plant height, the 1000- seed 
weights, the number of capsules/plant, and the germination percentage. And the last one included the number of branches/plant and 
base diameter. In 2022, there were also three groups: i. the number of seeds/capsule, capsule length, and the seed yield, ii. Plant height, 
1000- seed weights, the number of capsules/plant, the germination percentage, and the number of branches/plant, and iii. Only base 
diameter.

Fig. 4. Net benefit obtained due to boron application in different doses and methods (based on pooled data).

Table 5 
The eigenvalues and the percentage of variance for the parameters of Principal Component Analysis (PCA).

Principal components Years Eigenvalue Percentage Cumulative Percentage

PC1 2021 3.86 42.97 42.97
2022 5.55 61.69 61.69

PC2 2021 2.02 22.44 65.41
2022 2.01 22.32 84.02

PC3 2021 1.17 12.99 78.40
2022 0.77 8.62 92.64

PC1 = Principal Component 1, PC2 = Principal Component 2 and PC3 = Principal Component 3.

Fig. 5. PCA graph of boron application for investigated parameters of the year 2021 (left) and 2022 (right). 
PH = Plant Height, BD = Base Diameter, NBP = Number of Branch/Plant, NCP = Number of Capsule/Plant, CL = Capsule length, NSC = Number of 
Seed/Capsule, TSW = Thausand Seed Weight, SY = Seed Yield, %G = Germination Percentage.
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4. Discussion

In our experiment, plant height, base diameter, and the number of branches/plant showed no statistically significant response to 
varying methods and doses of boron application. However, previous studies on crops like cotton, tomato, soybean and summer tomato 
[26–29] have demonstrated significant effects of boron on these traits. The non-significant effect of boron on plant height, base 
diameter, and branch number of Corchorus olitorius may be due to the fact that these traits are primarily controlled by genetic factors 
and influenced more significantly by macro-nutrients [30,31]. As a micronutrient, boron mainly affects reproductive and cellular 
processes [32,33], which means its influence on structural growth may not be as prominent as its role in promoting reproductive 
functions like flower and seed development of Corchorus olitorius. The variation in boron’s effects between Corchorus olitorius seed crop 
and other crops on non-significant traits suggests species-specific responses, requiring further detailed research.

Our experiment also revealed that the number of capsules/plant and capsule length were significantly influenced by boron 
application. This result partially aligns with findings by Ali et al. (2015), who reported that combined foliar applications of zinc and 
boron improved summer tomato growth and fruit yield [34]. Similarly, Abdel-Motagally and El-Zohri, (2018) observed that boron 
increased spike length in wheat (Triticum aestivum L.) [35]. This significant increase suggests that boron plays a pivotal role in 
reproductive development, likely enhancing flower fertility and capsule formation [36]. These findings align with boron’s established 
function in promoting reproductive processes and seed setting in plants. Additionally, Haque (2024) noted that while boron has limited 
effects on structural traits like plant height and stem diameter, it is crucial for reproductive functions such as flowering and fruit set in 
crops like maize [37].

The research demonstrated that the application of boron significantly increased the number of seeds/capsule and the 1000-seed 
weights. Previous studies support this, with Long and Peng, (2023) showing that boron enhances seed numbers in fruits by 
improving pollen viability, stimulating pollen tube growth, and increasing fertilization efficiency, which promotes better seed setting 
and pod development [30]. Additionally, boron aids hormonal balance, enhancing flower retention and seed formation. Lei et al. 
(2009) further confirmed that boron greatly improves silique formation, seed setting, and seed yield in mustard, especially in 
boron-deficient soils [38]. The observed increase in seed numbers per capsule, capsule length, and 1000-seed weights aligns with 
findings by Refs. [13,39] and is partially consistent with [18], who reported similar results in separate mustard studies. Likewise, 
Ahmad et al. (2009) demonstrated that boron application improves seed formation and enhances grain development in various rice 
cultivars [9].

The results of this study regarding the effect of boron on yield-contributing traits of Corchorus olitorius seeds align with findings 
from various other studies conducted on different crops. Rab and Haq (2012) found that borax significantly increased the number of 
branches, flowers per cluster, and fruits per plant in tomatoes [40]. This aligns with Zheng et al. (2019), who observed that foliar boron 
application boosted reproductive growth and seed yields in Moringa oleifera [41]. Similar results were noted by Ref. [42] in soybeans. 
Foliar boron treatments also enhanced cotton yield and 1000-seed weights in studies by Refs. [43,44].

The application of boron significantly increased seed production over both years of the study. Specifically, the yield of Corchorus 
olitorius seeds improved with varying boron dosages compared to yields obtained without boron application. Generally, the con
centration of boron in floral structures, such as the flowers, stamen, and pistil, rises with increased boron availability, enhancing flower 
formation, continuity, germination, pollen tube development, and overall seed and fruit development [9,45–48]. Moreover, the 
observed improvements in seed production may be attributed to the increased levels of organic matter and nutrients in the soil 
resulting from boron application. Naznin et al. (2020) demonstrated that the application of boron in black gram production led to 
elevated soil levels of organic matter, nitrogen, phosphorus, potassium, and boron post-harvest [49]. Supporting this, Mumivand et al. 
(2021) and Yadav et al. (2016) reported that boron application enhanced yield-contributing traits and seed yields in mustard and 
Satureja khuzistanica, respectively [13,50]. Additionally, Halim et al. (2023) found that a combination treatment of zinc and boron 
increased mustard seed production [51]. Öktem (2022) similarly reported that combined soil and foliar boron treatment maximized 
grain production in lentils [52]. Furthermore, Maqbool et al. (2018) highlighted that applying boron optimized the growth, yield, and 
seed protein content of mungbean, particularly under both normal and water-stressed conditions [53]. Soylu et al. (2004) found that 
applications of boron significantly increased the grain yields of Triticum durum Desf. across all genotypes compared to the control [54].

The addition of boron significantly improved seed germination rates over both years of the study, with the highest germination 
percentage achieved through combined basal and foliar applications. Similar findings were reported by Ref. [55] in their research on 
Parthenium argentatum seeds. This study underscores the importance of boron in enhancing seed germination and quality, as supported 
by Ref. [56]. Boron contributes to the structural integrity of cell walls by facilitating pectin formation, which is essential for cell di
vision and elongation. Additionally, it supports root system development and enhances the uptake and transport of essential nutrients, 
collectively leading to increased germination rates and improved seedling vigor [30,57,58]. These cumulative effects can elucidate the 
enhanced seed yield and germination percentage observed in Corchorus olitorius, as these factors are critical determinants of crop seed 
yield and quality.

The study indicated that a foliar application of 3 kg/ha of boron resulted in the highest seed yield. Boron can be applied through soil 
for root absorption or via foliar spray, though literature presents mixed results regarding foliar boron application. For instance, 
positive outcomes have been observed in almonds [59], while other studies reported no significant differences between basal and foliar 
sprays [60]. Positive effects of foliar boron application have also been reported for wheat, potato, and barley [61–63]. In distinct 
investigations, Dey et al. (2023) and Sabry et al. (2023) independently showcased that the foliar application of boron resulted in an 
increase in sesame seed yield [64,65]. In dry soil conditions, root uptake is often limited, making foliar application a more effective 
method to fulfill boron needs [58]. Given the typically dry conditions during Corchorus olitorius seed production in the study region, 
foliar application proved more effective than soil application for meeting the plant’s boron requirements.
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The study emphasizes that the application of boron at optimal rates substantially increases farmers’ net benefits by significantly 
improving the seed yield of Corchorus olitorius over both years. Sarker et al. (2007) similarly observed that foliar boron application 
provided superior economic returns compared to soil application for crops such as wheat, potato, and mustard [66]. Hussain et al. 
(2012) also demonstrated that optimal boron levels maximize net financial gains in rice farming [67]. Priyanka et al. (2022) found that 
the benefit-cost ratio and net return improved when boron and plant growth regulators were applied at recommended rates [68].

Excessive boron, however, can be harmful to plants, as shown by Refs. [69,70], and [71], who noted its toxic effects on agronomic 
crops. Thus, applying boron at optimal levels is crucial to maximizing economic benefits and avoiding yield losses due to deficiencies 
or toxicities [46,72]. A balanced approach ensures that crops receive the necessary nutrients without exceeding tolerance thresholds.

5. Conclusion

The field experiment aimed to evaluate the cumulative effects of different doses and application methods of boron on the seed 
production of Corchorus olitorius. The results demonstrated that all boron treatments significantly enhanced seed yield for late-season 
jute seed production compared to the control. Among the treatments, a foliar application of boron at 3 kg/ha applied in two splits, half 
at 20–25 DAS and the remainder at the first flowering stage consistently outperformed all other treatments across both years. Based on 
these findings, this dose and application method are recommended for optimizing Corchorus olitorius seed production in subtropical 
regions of Bangladesh.
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