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Optimizing nitrogen and zinc fertilizer application is crucial for achieving
maximum fibre quality and vyield in jute cultivation. A field experiment was
conducted from May to September 2022 at the Agronomy Field Laboratory,
Department of Agronomy and Agricultural Extension, University of Rajshahi, to
assess the effects of varying nitrogen (urea) and zinc (ZnSO,) rates on jute fibre
development and vyield. The experiment followed a Randomized Complete Block
Design (RCBD) with three nitrogen rates: N; (100 kg ha™ 1), N, (200 kg ha™ 1),
and N3 (300 kg ha™ 1), and three zinc rates: Zn; (5.5 kg ha™ %), Zn, (11 kg ha™ %),
and Zn; (16.5 kg ha™ *). Standard agronomic practices were uniformly applied
across all treatments. Application of 300 kg ha™ * urea (N5 ) significantly increased
plant height (287.5 cm), stem diameter (13.67 mm), fibre area (2.80 mm?), fibre
yield (4.49 t ha™ 1), stick yield (9.90 t ha™ 1), and biological yield (14.39 t ha™ 1).
Similarly, zinc application at 16.5 kg ha™ ! (Zns ) enhanced plant height (283.26
cm), stem diameter (13.15 mm), fibre area (2.67 mm3), fibre yield (4.09 t ha™ 1),
stick yield (9.19 t ha™ 1), and biological yield (13.28 t ha™ 1). The interaction of N5
and Zn; (300 kg ha™ * N + 16.5 kg ha™ * Zn) produced the highest values for plant
height (309.4 cm), stem diameter (14.07 mm), fibre area (3.02 mmg?), fibre yield
(5.39 t ha™ 1), stick yield (12.16 t ha™ 1), and biological yield (17.55 t ha™ ). These
findings suggest that applying 300 kg ha™ * urea in combination with 16.5 kg ha™ *
ZnS0O, is an effective strategy for maximizing jute fibre yield. Future research
should investigate soil nutrient dynamics, plant nutrient uptake, and the economic
and environmental implications of these fertilizer regimes.

© 2023 Faculty of Agriculture, RU. All rights reserved.

Introduction

Jute is one of Bangladesh's most important
cashcrops and is vital to Bangladesh's economy.
Jute is often called the golden fiber of Bangladesh.
Bangladesh is the world's second-largest producer
of jute, with an estimated yearly production of 1.6
million tons (Rahman et al., 2023). In 2021-22,
Bangladesh's jute yield per hectare was 11.593
Bales over an area of 7,27,382 ha.
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Jute accounts for over 20% of the world's
annual output of natural industrial fibers (Akter et
al., 2020). Despite the fact that jute is farmed in
practically every district in Bangladesh, the most
well-known places are Faridpur, Tangile, Jessore,
Dhaka, Sirajganj, Bogura, and Jamalpur.
Approximately 90% of the jute goods produced in
Bangladesh are exported (BBS, 2011). This
industry has the potential to generate a large
quantity of foreign currency for Bangladesh
(Hossain et al., 2023). Jute has a higher
contribution to GDP, Jute contributes 1.4% to GDP
and 26% to agriculture. It means that jute
contributes about 8 billion to total GDP. In recent.
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times, jute has found its place in the technical sector,
particularly in the non-woven industry. It is being
utilized as a cost-effective and high-tensile natural fiber
to create substitutes for wood, materials for furniture,
ceiling products, sanitary napkins, automotive
components, and fire-resistant fibers, replacing
traditional fabricsin order to promote the utilization of
jute, the current government has officially categorized
jute and jute-related products as agricultural
commodities eligible for export benefits; additionally,
researchers and scientists from organizations such as
the Bangladesh Jute Research Institute (BJRI) and the
Bangladesh Council for Scientific and Industrial
Research (BCSIR) have embarked on a range of
experiments aimed at introducing innovative jute-based
products.

Plant nutrients play an essential role in the growth
and development of jute. Nitrogen is one of the most
important nutrients that help to increase vegetative
growth and is known as a necessary constituent of
chlorophyll (Muhammad et al., 2022). Nitrogen
fertilizer modulates plant growth, chlorophyll pigments
and enzymatic activities under different irrigation
regimes. In jute, nitrogen enhances the fiber quality
and helps achieve a higher yield. Nitrogen is also the
primary building block for plant protoplasm.
Protoplasm is the translucent substance that is the
living matter of cells. It is needed for flower
differentiation, speedy shoot growth, and the health of
flower buds, and it increases the quality of fruit set. It
also acts as a catalyst for other minerals. Due to a
deficiency of nitrogen, slow growth and low-quality
fibers are seen in jute plants.

Among the micronutrients, zinc is one of the
essential elements and plays a significant role in
several physiological functions in plants and its
imbalance reduces yield. Zinc is also involved in the
metabolism of plant hormones such as auxin and
tryptophan (Suganya, 2020), indole acetic acid (IAA),
and gibberellins. It also supports plant resistance to
biotic and abiotic stressors (Shah, 2023). In many
parts of Bangladesh, deficiency of micronutrients like
Zn, B, Mn, Cu, and Mo in crops has been reported
along with the identified deficiencies of major nutrients
(Hasanuzzaman et al., 2020). Currently, Zn deficiency
is the most visible micronutrient deficiency in crops in
Bangladesh. This element deficiency in the country
was identified in late 1970s (Leghari et al., 2016). and
now more than 70% of cultivated soils are deficient in
Zn.

Based on the preceding discussion, it can be
deduced that nitrogen and zinc are crucial for
enhancing the growth and yield of jute. Therefore, it
becomes imperative to establish the appropriate
application rates for these fertilizers. This study was
conducted with the following aims: (i) To determine
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the ideal nitrogen and zinc fertilizer rates for
maximizing the growth and vyield of jute. (ii)To
evaluate the combined impact of nitrogen and zinc on
the growth and yield of jute fibers.

Materials and methods
Location and site

The experiment was carried out at the Agronomy
Field Laboratory within the Department of Agronomy
and Agricultural Extension at the University of
Rajshahi, Rajshahi. This research was conducted from
May 2022 to September 2022 with the aim of
examining the impact of nitrogen and zinc fertilizer
rates on the development of jute fibers. Geographically,
the experimental site was situated at a latitude of
24°22'36" N and a longitude of 88°38'36" E, with an
elevation of 20 meters above sea level. This location
belongs within the Agroecological zone AEZ-11. The
experimental soil was characterized as sandy loam in
texture and exhibited a pH value of 7.6. Before
applying any fertilizers, a composite soil sample was
collected from 0-15 centimeters in the experimental
plot and analyzed for its physical and chemical
properties.

Experimental treatments

The experiment was carried out with three
nitrogen fertilizer rates (Urea): N;=100 kg ha™ (50% of
standard recommendation); N,= 200 kg ha™ (standard
recommendation); N;=300 kg ha™ (150% of standard
recommendation) and three Zinc fertilizer rates
(ZnSO,) Zn,= 55 kg ha' (50% of standard
recommendation); Zn,= 11 kg ha' (Standard
recommendation) and Zn;=16.5 kg ha® (150% of
standard recommendation). Altogether, 9 treatments
were replicated three times using a Randomized
Complete Block Design (RCBD). Each experimental
plot occupied an area of 10 m? (5m x 2m). Except for
experimental treatments, standard agronomic practices
were followed according to the recommendation of
BJRI.

Crop cultivation and agronomic management

Initially, on May 14, 2022, the land was opened
using a power tiller. Subsequently, the land underwent
plowing and cross-plowing three times, followed by
harrowing. Individual plots were prepared through
repeated spading until the soil reached an optimal tilth
and was ready for sowing. Weeds and crop residues
were cleared to ensure clean land. Drainage channels
were established around the experimental plots to
facilitate water management. The fertilizers were
applied by following BJRI fertilizer recommendation
guide.

Nitrogen and zinc were supplied in the form of
urea and zinc sulfate during the final land preparation.
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Urea (containing 46% nitrogen) was applied in three
splits: half at the time of sowing, one-quarter at 20 days
after sowing (DAS), and one-quarter at 45 DAS after
the first and second weeding. Additionally, a standard
dose of 50 kg of P,Os and 60 kg of K,O per hectare
was applied in the form of triple superphosphate (TSP)
and muriate of potash (MoP), respectively, at the time
of sowing. Healthy and robust seeds were manually
dibbled into the soil, and thinning was conducted to
maintain the desired plant population. Weeding was
carried out manually at 20 and 45 days after sowing.
Irrigation was applied immediately after sowing to
ensure proper germination and establishment of the
plants. Subsequent irrigations were administered as
required.

Collection of experimental data

During the growing phase, five plants were chosen
at random for data collection. The crops and plants in
each plot were recognized and marked for subsequent
examination. Before harvesting, a one-square-meter
plant sample from each plot was randomly selected and
uprooted for data collection. The Bundles of jute plants
were put into Jag means by arranging the bundle in row
and cross row pattern in retting pond. After making the
Jag it was steeped in pond water with the help of water
hyacinth and other aquatic weed. The depth of water
was sufficient to allow the jute bundle to float. The jute
fiber was stripped from stick manually after completion
of proper retting. At fiber stripping the upper layer of
bark was removed from lower portion of the jute plant
by hand pushing to minimize the cuttings. The fiber
was washed in clean water to ensure quality fiber. The
fiber was dried on bamboo bar under direct sunshine
for 4-5 days to complete drying. The dryness of fiber
was observed by ‘hand touch’ to ensure the dryness.
The fiber bundles were assorted plot wise, tag labels
and weighed. Jute sticks were also dried continuously
in seven days to get dry sticks and then weighed.

Statistical analysis

The collected data was collated and prepared for
statistical analysis. The collected data was statistically
analyzed using the " STATVIEW " program. Duncan's
Multiple-Range Test was used to examine mean
differences.

Results
Plant height

The aim was to determine the significance of
different nitrogen and zinc fertilization levels and their
combined effects on jute. Plant height of jute differed
significantly due to different nitrogen fertilizer rates at
all observations except 30 DAS and most of the cases
highest values were found with maximum nitrogen
application or Nj (Table. 1). At 30 DAS, maximum
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plant height (58.96 cm) was observed in N; and
minimum plant height (54.96 cm) was observed in Na.
At 60 DAS, maximum plant height (130.0 cm) was
observed in N3 which reduced only 6.61% in N, and
significantly by 16.0% in N;. At 90 DAS, the highest
plant height (247.62cm) was recorded in Nj, it reduced
by 5.98% and 12.97% in N, and N, respectively. Plant
height of jute differs moderately for different levels of
zinc fertilizer application at all observations except 30
DAS (Table 1). At 60 DAS, the highest plant height
(126.8cm) was observed in Znz which reduced by
6.07% and 9.54 % in Zn, and Zn, respectively At 90
DAS, maximum plant height (243.1 cm) was observed
in Zng which reduced marginally (4.23%) in Zn, but
significantly by 9.54% in Zn;. Remarkable variation
was found in plant height of jute due to the interaction
of nitrogen and zinc fertilizer rates (Table 1). In 30
DAS, greater plant height was observed in combination
of N1Zn;. In regard to 60 DAS, the highest plant height
(135.0cm) of jute was observed in the combination of
N3 with Zn; and the lowest plant height (102.7cm) was
recorded in the combination of N; with Zn;. At 90
DAS, maximum plant height was found in the
combination of N3 with Zn; and minimal result was
found in combination of N; with Zn;.

Number of leaves

Number of leaves per plant was also significantly
influenced by nitrogen levels except at 30 DAS (Table.
1). At 30 DAS, the maximum number of leaves per
plant (11.22) was observed in N, and the minimum
number of leaves (10.73) was in N;. At 60 DAS, the
maximum number of leaves per plant (17.03) was
found in N3 which reduced significantly by 7.51% and
15.14% for N, and N respectively. At 90 DAS, a
similar trend has also occurred. The maximum number
of leaves per plant (27.89) was recorded in N3, which
was significantly reduced by 10.36% and 18.46% for
N, and N; respectively. Increased application of
nitrogen might have increased the plant vigor during
the vegetative phage, contributing to the higher
production of branches and leaves per plant. The
number of jute leaves at 30, 60 and 90 DAS in
response to different zinc fertilizer levels was presented
in (Table. 1). Data revealed that the number of jute
leaves varied significantly for different zinc
fertilization at all growth stages except at 30 DAS. At
30 DAS, the highest number of leaves per plant (11.36)
was observed in Zn; and the lowest number of leaves
per plant (10.56) in Zn;. At 60 DAS, the highest leaf
number per plant (16.67) was found in Zn; treatment,
which reduced only 5.81% in Zn, and 10.85% in Zn;,.
At 90 DAS, the highest leaf number per plant (26.89)
was produced in Zn; treatment, which was reduced by
6.51% and 12.27% in Zn, and Zny respectively. At the
fact of number of leaves, no significant influence
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hadfound in the phenomenon of the interaction
between different level of nitrogen fertilizers with
different levels of zinc fertilizer at 30 DAS but it
influenced significantly at 60 and 90 DAS (Table 1).
At 30 DAS, the highest number of leaves per plant
(12.33) was produced in N,Zn; and the lowest number
of leaves per plant (10.22) was obtained in treatment
combination N,Znz. At 60 DAS, the highest number of
leaves per plant (17.55) was recorded in treatment
combination N3Zns, while the lowest number per plant
(13.12) was in N;Zn;. At 90 DAS, the highest leaf
number per plant (30.22) was observed in interaction
NsZn; and the lowest number of leaves per plant
(21.45) in N1Zn;.

Stem diameter

Stem diameter of jute was recorded at 30, 60, 90, and
110 DAS, where the data of 30, 60, and 90 DAS was
considered as growth parameter (Table 2), whereas the
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final data, which was collected at 110 DAS was
considered as vyield component and separately
presented in Table 3. Nitrogen fertilizer's effect on
jute's stem diameter was statistically significant at all
growth stages except 30 DAS. Stem diameter increased
progressively with an increase in nitrogen fertilizer
rates and the highest values were recorded for the
application of maximum urea at 60 and 90 DAS (Table
2). At 30 DAS, the highest stem diameter (4.61 mm)
was observed in N, and the lowest (4.37 mm) in N;. At
60 DAS, the highest stem diameter (6.67 mm) was
observed in Nj treatment, which reduced significantly
by 10.46% and 23.38% in N, and Ny, respectively. At
90 DAS, the highest stem diameter (12.14 mm) was
observed in N3 which reduced significantly by 10.46%
and 20.61 % in N, and Ny, respectively. Zinc fertilizer
shows no significant result on stem diameter at 30 and
60 DAS, but a significant result was observed at 90
DAS (Table 2)

Table.1. Effects of nitrogen and zinc fertilizer rates and their interactions on plant height and leaf number of jute

and different days after sowing (DAS)

Plant height (cm)

Leaf number

Nitrogen

30 DAS 60 DAS 90 DAS 30 DAS 60 DAS 90 DAS
N, 58.96+2.11 109.2+3.78b 215.5+6.92b 10.73£0.64 14.45+0.67b  22.74+1.22b
N, 56.93+1.80 121.4+3.35a 232.8+5.30a 11.22+0.49 15.75+0.52ab  25.00+1.02ab
Nj 54.96+0.70 130.0+3.76a 247.62+4.91a 11.11+0.36  17.03x0.57a 27.89+0.84a
Zinc
Zn,; 57.07+2.34 114.7+4.05b 219.9+7.28b 11.36£0.68 14.86+0.85b  23.59+1.16b
Zn, 57.82+1.15 119.1+4.77ab  232.8+6.43ab 11.15+0.29 15.70+0.61ab 25.14+1.06 ab
Zn, 55.96+1.46 126.8+4.30a 243.1+6.03a 10.56+£0.45 16.67+0.39a 26.89+1.32a
Interactions
N;Zn, 63.55+5.30a  102.7+3.60c 200.7+13.09d 10.31+£1.69 13.12+1.26b  21.45+2.42c
N;Zn, 58.44+1.49ab 106.4+6.69bc  217.3+10.11cd 11.67£0.67 14.56+1.25ab 22.78+2.36bc
N1Zns 54.89+1.96ab 118.5+6.73abc 228.4+10.35abcd 10.22+0.97 15.67+0.72ab  24.00+2.19bc
N,Zn, 52.78+2.00b  115.8+4.92abc 222.7+9.45bcd 12.33+0.58 14.92+1.37ab  23.67+2.03bc
N,Zn, 59.34+2.41ab 121.4+6.84abc 231.8+8.27abc 11.114£0.56 15.55+0.62ab  24.89+0.92abc
N,Zns 58.67+4.00ab 126.8+5.77ab  243.7+8.28abc 10.22+1.06  16.78+0.39a 26.44+2.41abc
NsZn, 54.89+0.98ab 125.5+5.48ab  236.3+7.34abc 11.44+1.18 16.56+1.54ab 25.67+1.35abc
NsZn, 55.67+2.03ab 129.6+6.45a 249.2+8.38ab 10.67£0.19 17.00+1.0la 27.78+0.89ab
Ns;Zns 54.34+0.50b  135.0+8.66a 257.3+7.25a 11.22+0.11 17.55+0.50a  30.22+0.86a
CV(%) 8.19 9.04 6.97 14.29 11.45 12.61

Mean followed by different letter (s) differed significantly as per DMRT; DAS= Day’s after sowing; CV= Co-
efficient of variation; N,= 100kg ha™; N,=200kg ha™; N3=300 kg ha™ Zn,-5.5 kg ha™, Zn,= 11 kg ha*, and Zns=

16.5 kg ha*
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Table. 2. Effects of nitrogen and zinc fertilizer rates and their interactions on stem diameter and fiber area of jute

at different days after sowing (DAS)

Stem diameter (mm)

Fiber area (mm)

Nitrogen

30 DAS 60 DAS 90 DAS 60 DAS 90 DAS
N; 4.37+0.16 5.11+0.23b 9.63+0.46b 1.12+0.04b 1.65+0.13b
N, 4.61+0.16 5.97+0.26ab 10.87+0.42b 1.16+0.05ab 1.95+0.12ab
N 4.45+0.20 6.67+0.42a 12.14+0.49a 1.29+0.05a 2.24+0.14a
zZinc
Zn; 4.3640.13 5.53+0.34 9.93+0.53b 1.16+0.05 1.7310.14b
zn, 4.70+0.16 6.01+0.32 10.98+0.48ab 1.18+0.05 1..95+0.14ab
Zn; 4.38+0.21 6.20+0.45 11.73+0.55a 1.21+0.06 2.16+0.14a
Interactions
N:Zn; 4.06+0.05 4.79+0.37b 8.33+0.77¢c 1.07+0.08 1.33+0.22c
N:Zn, 4.7540.19 5.47+0.49ab 9.98+0.47bc 1.08+0.06 1.74+0.15bc
N.Zn, 4.3040.37 5.06+0.37b 10.58+0.59bc 1.19+0.07 1.87+0.20abc
N,Zn; 4.39+0.21 5.61+0.53ab 10.22+0.50bc 1.15+0.06 1.83+0.19bc
N,»Zn, 4.79+0.22 5.94+0.60ab 10.86+0.74ab 1.15+0.05 1.94+0.24abc
N»Zn; 4.66+0.43 6.35+0.21ab 11.52+0.94ab 1.17+0.17 2.07+0.27ab
N3Zn, 4.6240.30 6.19+0.68ab 11.24+0.64ab 1.27+0.09 2.02+0.20abc
N3Zn, 4.55+0.47 6.62+0.55ab 12.10+0.89ab 1.32+0.08 2.18+0.32ab
NsZn; 4.19+0.38 7.20+1.05a 13.09+0.89a 1.28+0.10 2.53+0.13a
CV(%) 12.23 17.05 11.69 13.35 19.46

Mean followed by different letter (s) differed significantly as per DMRT; DAS= Day’s after sowing; CV= Co-
efficient of variation; N,;= 100kg ha™; N,=200kg ha™; N;=300 kg ha™ Zn,- 5.5 kg ha™, Zn,= 11 kg ha™, and

Zn;=16.5 kg ha™

At 30 DAS, the highest stem diameter (4.7 mm)
was observed in Zn, and the lowest (4.36 mm) in Zn,.
At 60 DAS, the highest stem diameter (6.20 mm) was
observed in Znz and the lowest (5.53 mm) in Zn;. At 90
DAS, the highest stem diameter (11.73 mm) was
observed in Zns treatment, which reduced only 6.39%
in Zn, but significantly by 15.34% in Zn;. No
significant effect on the stem diameter of jute was
obtained in the treatment combination of nitrogen and
zinc fertilizer rates at 30 DAS, but significant results
were found at 60 and 90 DAS (Table 2). At 30 DAS,
the highest stem diameter (4.79 mm) was observed in
N,Zn, and the lowest (4.06 mm) was recorded in
N;Zn;. At 60 DAS, the highest stem diameter (7.20
mm) was found in N3Zn; and the lowest value (4.79
mm) was obtained in N;Zn;. At 90 DAS, the maximum
stem diameter (13.09 mm) was observed in N3Zn; and
the minimum value (8.33 mm) was observed in N;Zn;.

Fibre area

Fibre area of jute was recorded at 60, 90, and 110
DAS, where the data of 60 and 90 DAS was considered
as growth parameter presented in Table 2, whereas the
final data, which was collected at 110 DAS was
considered as yield component and separately shown in
Table 3. Depending on different nitrogen fertilizer
rates, jute fiber area varied significantly at 60 and 90
DAS. At 60 DAS, the highest fibre area (1.29mm) was
recorded in N3, which reduced significantly to 10.07%
in N, and 13.18% in N;. At 90 DAS, the maximum
fibre area (2.24 mm) was found in Ns, significantly
reducing 12.95% and 26.33% in N, and Ny,
respectively. The application of zinc fertilizer rates
showed a significant effect on fibre area of jute at 90
DAS, but a non-significant result was found at 60 DAS
(Table 2). At 60 DAS, the highest fibre area (1.21 mm)
was recorded in Zng and the lowest (1.16 mm) in Zn,.
At 90 DAS, the highest fibre area (2.16 mm) was
observed in Zns, which reduced 9.72% in Zn2 and
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19.90% in Zn;. It was noticed that the treatment
combination of nitrogen and zinc fertilizer rate had a
marked effect on fibre area of jute recorded at 90 DAS
but showed no significant effect at 60 DAS (Table 2).
At 60 DAS, the highest fibre area (1.32 mm) was
shown in N3Zn, and the lowest value (1.07 mm) was
obtained in N;Zn;. At 90 DAS, the highest output (2.53
mm) was recorded in NzZn; and the lowest output
(1.33 mm) was observed in N;Zn;.

Yield components and yield

Final plant height, stem diameter and fibre area of
jute (110 DAS) were considered yield components
(Table 3). Plant height varied significantly due to
different nitrogen fertilizer rates. The superior plant
height (287.5 cm) was observed from the highest
nitrogen level (N3) and it reduced by 6.81% in N, but
significantly 13.6% in Ny (Table 3). Nitrogen induced
exuberant vegetative growth; thus a higher rate of
nitrogen resulted in increased plant height in this
experiment. Different rates of zinc fertilization showed
significant differences in plant height. The highest
plant height (283.26cm) was observed in Zns treatment,
It reduced only 6.31% in Zn, but significantly by
9.85% in Zn; (Table 3). The plant height of jute
statistically differed due to the interaction of nitrogen
and zinc fertilizer rates. The highest plant height (309.4
cm) was observed in treatment combination N3Znz and
the lowest (234.0 cm) was obtained in N1Zn;.

Nitrogen fertilizer significantly affects the stem
diameter of jute (Table 3). The highest stem diameter
(13.67 mm) was observed in the maximum nitrogen
level (N3), which reduced moderately to 8.55% in N,
but significantly to 16.16 % in N;The application of
16.5 kg ha™ Zn (Zn) showed the highest stem diameter
(13.15 mm) of jute, which reduced marginally (4.10%)
in Zn, and significantly by 9.65% in Zn;. The stem
diameter of jute was statistically differed due to the
interaction of nitrogen and zinc fertilizer rate. The
highest stem diameter (14.07mm) was observed in
treatment combination NsZn; and the lowest
(10.67mm) was obtained in NyZn;. Increasing nitrogen
fertilizer rates significantly influenced the Fibre area of
jute (Table 3). The highest fibre area (2.80 mm) was
observed in N3 which reduced significantly 12.5 and
20.00% in N, and N, respectively. The highest fibre
area (2.67 mm) was observed in Zns and the lowest
(2.29 mm) in Zn;. The fibre area was reduced by 5.61
% in Zn, and 16.85% in Zn;. There was a significant
effect between nitrogen and zinc fertilizer rates on fibre
area. The highest fibre area (3.02 mm) was obtained in
treatment combination N3;Zn; and the lowest fibre area
(2.07 mm) was found in the combination of N; with
Zn;.

A progressive increase in stick yield was observed
with each rise in nitrogen dose (Table 3). The highest
stick yield (9.90 t ha™) was recorded in N3 which
reduced significantly 25.05% and 41.41% in N, and

Bangladesh J Agric Life Sci 4 (2023) 17-26

N,, respectively, indicating that increasing nitrogen
level increased stick yield. Data revealed that stick
yield increased significantly with maximum ZnSO,
application (Table 3). The highest stick yield (9.19t ha’
1) was obtained in Zn; treatment, significantly reducing
16.75% in Zn, and 31.66% in Zn; Different
combinations of nitrogen and zinc fertilization differed
in stick yield of jute (Table 3). Apparently, the highest
stick yield (12.16 t ha™) was achieved in N3Zn;and the
lowest stick yield (4.42 t ha™) was achieved in N;Zn;.
There was a significant variation in fibre yield due to
different nitrogen levels (Table 3). It was observed that
the fibre yield gradually increased with an increase in
nitrogen level. The highest fibre yield (4.49t ha™) was
obtained in N3, which reduced significantly to 27.39
and 45.21% in N, and Nj, respectively. So, increasing
nitrogen level increased all yield contributing
characters, which in term increased fibre yield. The
fibre yield of jute presented in (Table 3) showed that
fibre yield of jute increased significantly with
maximum zinc level. Maximum fibre yield (4.09 tha™)
was observed in Zn3, which reduced significantly to
17.60% and 32.76% in Zn, and Zn,, respectively. The
interaction effect of nitrogen and zinc fertilizer showed
a significant effect on fibre yield of jute plant (Table.
3). Maximum fibre yield (5.39 t ha™*) was observed in
treatment combination Nz;Zns. On the other hand,
minimum fibre yield (2.00 t ha™) was observed in
treatment combination N;Zn;. From Table 3, it was
observed that nitrogen fertilizer had a significant effect
on the biological yield of jute plant. Maximum
biological yield was observed by N; (14.39 t ha™)
treatment, which reduced significantly to 25.71% and
42.59% in N, and Ngj, respectively. The highest
biological yield (13.28 t ha™) was recorded in Zns,
which reduced significantly to 17.01% and 32.00% in
Zn, and Zn,, respectively. The biological yield was
significantly affected from the interaction between
nitrogen and zinc fertilizer rates (Table 3). It revealed
that the highest biological yield (17.55 t ha™) was
found in the combination of N3;Zn; and the lowest
biological vyield (6.43t ha') observed in the
combination of N;Zn;. The harvest index was not
influenced due to nitrogen fertilization (Table 3).
Numerically, the highest harvest index (31.26 %) was
found in N3 and the lowest harvest index (29.84%) was
obtained in N;. The effect of zinc fertilizer rate had no
significant effect on harvest index (Table 3).
Numerically, the highest harvest index (30.70 %) was
obtained in Znz and the lowest (30.34%) was found in
Zn,. Nitrogen and zinc fertilizer levels significantly
affected the jute harvest index (Table 3). Numerically,
the highest harvest index (31.75%) was obtained in
N,Zn; treatment combination and the lowest harvest
index (28.67%) was obtained in N;Zn, treatment
combination.
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Table. 3.Effects of nitrogen and zinc fertilizer rates and their interactions on yield and yield component of jute

. Plant height . Stem Fiber area . . . . Biological
Nitrog diameter at Stick yield  Fiber yield . Harvest

at harvest at harvest 1 1 Yield (t .
en harvest (tha™) (tha™) 1 index (%0)
(cm) (mm) ha™)
(mm)

N, 248.4+7.08b 11.46+0.31b 2.24+0.12b  5.80+0.37c 2.46+0.14c 8.26+0.51c 29'8450'47

N, 267.945.49ab 12.50+0.40ab  2.45+0.09b 7.42+0.28b 3.26+0.19b 10'69;0'46 30'32;10'48

N;  2875t885a 1367:048a 280:0.1la 990:0.66a 4491028 Toooot SLE0H033
Zinc

Zn;  255.33+£8.45b  11.88+0.49b 2.29+0.14b  6.28+0.50c 2.75+0.23c  9.03+0.72¢  30.45+0.50

Zn, 265.37+6.68a 12.61+0.48ab 2.52+0.12ab  7.65+0.57b 3.37%£0.31b 11.02+0.87 30.34+0.52

b b
13.28+1.15

Zn;  283.2649.38a 13.15+0.47a  2.67+0.10a 9.19+0.79a 4.09+0.37a a 30.70+0.40

Interactions
31.16+0.83

N:Zn; 234.0£12.74c  10.67+£0.57c 2.07£0.31c  4.42+0.11g 2.00+0.12g 6.43+0.23g ab
N,Zn, 24&5ffa49b 1151:037bc  223:020c  6.07+0.13f 24430.05f 8510.14f 007059
N, Zns 262.71011.06b 12.20100.31ab 2 4140.11bc  6.92+0 12e 2.921;0.07d 9.84+0.19¢ 29.6;;0.19
N,Zn, 258.81012.81b 11.81J_rCO.71ab 2 30+0.23bc 6.651f0.03e 2.691f0.05e 9.331f0.08e 28.78(;;0.34
N,Zn, 267.4+6.85bc 12.52100.87ab 2.4612.13ab 7.13160.03d 3.15+0.06d 10.28:0.09 30.6(;50.34
N.Zn, 2775798ab 13.6:047ab 200" gagsooee  395x000c 2SO 3LTOH049
N,Zn, 273.1ibll.84a 13.15+0 71ab 2.501(0).19ab 7.781do.190 3.56+0.14c 11.34;0.33 31.3;50.36
NsZn, 280'1211'263 13.80+0.71ab  2.87+0.14ab 9.75+051b 4.53+0.18h 14'2750'67 31'74;—'0'58
NsZn, 309.4+17.36a 14.07+122a  3.02+0.07a 12'16:0'43 5.39+0.28a 17'55;0'66 30'6§§0'74
CV% 7.58 9.8 12.39 5.47 6.96 5.55 3.03

Mean followed by different letter (s) differed significantly as per DMRT; DAS= Day’s after sowing; CV= Co-
efficient of variation; N;= 100kg ha™; N,=200kg ha™®; N;=300 kg ha™ Zn;-5.5 kg ha™, Zn,= 11 kg ha*, and Zn,=
16.5 kg ha™

Discussion

Nitrogen is a fundamental macronutrient essential
for plant growth, particularly in promoting vegetative
development such as stem elongation and increased
plant height. Elevated nitrogen availability stimulates
various physiological and biochemical processes that
lead to enhanced cell division and elongation, thereby
contributing to greater plant stature (Singh et al., 2021;
Zhao et al., 2023). Nitrogen is a critical constituent of
nucleic acids—DNA and RNA—which govern genetic

information and cellular replication, enabling rapid
growth and development in plants (Kumar et al., 2022).
Adequate nitrogen supply ensures the continuous
provision of these molecular building blocks,
facilitating efficient stem cell proliferation and
elongation, resulting in taller jute plants.

Moreover, nitrogen plays a vital role in leaf
development by stimulating chlorophyll synthesis, the
key pigment driving photosynthesis. Increased nitrogen
fertilization correlates with a higher number of leaves
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and improved leaf health, enhancing photosynthetic
capacity and biomass accumulation (Rahman et al.,
2020; Ahmed et al., 2023). Healthy, chlorophyll-rich
leaves optimize light interception and energy
conversion, supporting further vegetative growth and
yield potential. These findings align with earlier studies
on jute and related fibre crops, which demonstrated
positive correlations between nitrogen rates and plant
height and leaf production (Nuruzzaman, 2007; Olaniyi
& Ajibola, 2008), while extending understanding with
contemporary physiological insights.

The combined effects of nitrogen on cell division
and expansion, vascular tissue development, cell wall
strengthening, hormonal regulation, and secondary
growth are responsible for the increased stem diameter
of jute observed with increasing nitrogen fertilizer
rates. Nitrogen is essential for promoting stem growth
and development in jute, resulting in thicker, sturdier
stems (Thakur & Yadav, 2023).

Increased jute fiber yield with increasing nitrogen
fertilizer rates can be attributed to nitrogen's combined
effects on enhanced vegetative growth, hormonal
regulation, nutrient uptake and utilization, and stress
tolerance. Recent studies have confirmed that nitrogen
application significantly enhances fiber yield in jute.
Nitrogen plays a vital role in fiber development by
supporting cell wall formation and elongation, which
ultimately leads to increased fiber production (Patel et
al., 2022).

Zinc is an essential micronutrient for plant growth
and development, and it plays an important role in jute
plant height. Zinc increases plant height by promoting
cell elongation, particularly in the internodal regions of
the stem. A sufficient supply of zinc ensures the proper
function of enzymes involved in cell elongation,
resulting in taller jute plants. (Kermani, et al., 2022).

Zinc improves the absorption of other essential
nutrients such as nitrogen and phosphorus, both of
which are required for leaf development (Saleem, et
al., 2022). A sufficient supply of zinc ensures that jute
plants have the resources they need to support cell
division and expansion in the leaves. Zinc is a cofactor
for several enzymes involved in cell division and
expansion, which are essential processes for stem
growth (Das et al., 2020).). An increased stem diameter
of jute was observed with adequate zinc supply due to
the proper functioning of different enzymes, promoting
the formation of new cells in the stem and the
expansion of existing cells (Suganya et al. 2020).

The increased fiber yield of jute observed with
increasing zinc fertilizer rates can be attributed to zinc's
combined effects on enzyme activation, auxin
production, cell wall strength, stress tolerance, and
reproductive processes. Zinc is essential for fiber
development in jute, resulting in plants with higher
fiber yields.
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Conclusion

Present research was conducted to investigate the
effects of nitrogen and zinc fertilizers on the growth
and vyield of jute. The data were recorded on broad
parameters of vyield and vyield characters. Result
revealed that application of urea (N) @ 300 kg ha™
gave significantly higher plant height (287.5 cm), stem
diameter (13.67 mm), fibre area (2.80 mm), fibre yield
(4.49 t ha™), stick yield (9.90 t ha-1) and biological
yield (14.39 tha™) of jute. Application of zinc (ZnSO,)
@ 16.5 kg ha™ also showed a significant influence on
jute growth and yield which produced the highest
plant height (283.26 cm), stem diameter (13.15 mm),
fibre area (2.67 mm), fibre yield (4.09 tha™), stick
yield (9.19 tha™) and biological yield (13.28 tha™).

Among the interactions between nitrogen and
zinc, combination N3Zn3(300 kg ha N+ 16.5kg ha™
Zn) proved superior over rest of the treatment
combination with respect to improvement in plant
height (309.4 cm), stem diameter (14.07 mm) and
fibre area (3.02 mm), fibre yield (5.39 t ha™), stick
yield (12.16 t ha™) and biological yield (17.55 t ha™).

Therefore, farmers can be suggested to apply in a
combination of nitrogen (Urea = 300 kg ha™) and zinc
(ZnSO, =16.5 kgha) to get a higher yield of jute.
However, soils in the experimental area might contain
less nitrogen and zinc. An appropriate dose of urea
and zinc sulphate should be applied with other
intercultural operations to arrive at a definite
conclusion. Further investigation is needed, focusing
on soil nutrient and plant uptake.
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