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ABSTRACT

Jute, a cornerstone of Nepal's agro-economy known as the “golden fiber," has faced a catastrophic decline in
cultivated area and productivity. This decline is largely driven by degraded soil fertility in the intensive growing
belts of the Terai region. Among essential nutrients, sulfur (S) has been identified as a critical limiting factor.
Sulfur is vital for jute's unique physiology, directly influencing the biosynthesis of fiber-strengthening
compounds and lignin-cellulose metabolism. The objective of this study was to determine the optimal sulfur
application rate for maximizing the growth, fiber yield, and quality of commercially important jute varieties. A
two-year field experiment (2022—2023) was conducted at the Jute Research Program, Itahari, to evaluate the
effects of graded sulfur application (0, 10, 20, 30, and 40 kg S ha™ 1) on growth, yield, and fiber quality of four
commercially grown jute varieties (Itahari-4, JRO-204, NJ-7010, Itahari-2). The experiment was arranged in a
split-plot design with three replications. Observations included plant height, basal stem diameter, green plant
yield, green fiber yield, dry fiber yield, dry stick yield, and fiber thickness. The experimental results indicated
that there were no significant differences in basal diameter and fiber thickness traits across the tested
combinations. These traits remained largely unaffected by sulfur, suggesting genotypic stability. However, sulfur
application significantly enhanced plant height, green fiber yield, dry fiber yield, green stick yield and dry stick
yield in the 30 kg S ha™ * dose producing the highest overall performance across most traits. Among varieties,
NJ-7010 (Rani) consistently exhibited superior growth and yield, particularly under optimal sulfur nutrition. The
study concluded that 30 kg S ha™ t is the optimal sulfur dose for improving jute productivity and fiber quality
under Nepalese Terai conditions, and integrating responsive varieties with balanced sulfur fertilization could
provide a cost-effective strategy to revitalize the declining jute sector.
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INTRODUCTION

Jute (Corchorus olitorius and C. capsularis), renowned globally as the "golden fiber," is a cornerstone natural
fiber crop in South Asia, prized for its biodegradable nature and versatile applications in textiles, packaging,
and composite materials. In Nepal, cultivation is traditionally concentrated in the warm, humid, alluvial plains
of the eastern Terai (Morang, Sunsari, and Jhapa districts), which offer agro-ecological suitability for its
growth. Despite this potential, the national jute sector has experienced a severe and protracted decline. Recent
reports indicate a drastic contraction in cultivated area from approximately 200,000 hectares in the late 20th
century to a mere 7,000-8,000 hectares today, with annual production stagnating around 10,000-11,000 metric
tons (MoALD 2025, CBS 2021). This trend, driven by labor-intensive harvesting and retting, price volatility,
and rising production costs, has critically increased Nepal's dependence on imported raw fiber, undermining
the sustainability of this indigenous, eco-friendly industry (Sharma et al 2024).

The diminishing productivity and compromised fiber quality that contribute to this decline are fundamentally
linked to degraded soil fertility in the intensive jute-growing belts. Among essential nutrients, sulfur (S) has
emerged as a critical limiting factor. Sulfur is the fourth major plant nutrient, vital for chlorophyll formation,
protein synthesis, and the activity of key enzymes (Narayan et al 2022). For bast fiber crops like jute, sulfur
plays a specific and crucial role in the biosynthesis of sulfur-containing amino acids (cystine and methionine)
and in regulating lignin-cellulose metabolism, which directly governs the development of fiber strength,
fineness, and length (Mondal et al 2006). However, soils in major jute-growing regions of South Asia,
including Nepal's Terai, are increasingly deficient in sulfur due to intensive cultivation, the widespread use of
sulfur-free or low-sulfur fertilizers (e.g., urea, DAP), and continuous nutrient removal through harvests (Ali et
al 2023). This deficiency results in stunted plant growth, reduced photosynthetic efficiency, and the production
of coarse and weak fiber, thereby depressing both yield and market value (Mondal et al 2006).

In the context of Nepal's contracting jute area and rising unit costs, optimizing nutrient management through
strategic sulfur application represents a pragmatic and cost-effective pathway to revitalize the sector. Evidence
from neighboring regions demonstrates that balanced sulfur fertilization can significantly enhance fiber yield,
improve fineness and tensile strength, and increase nitrogen-use efficiency, leading to better economic returns
for farmers (Mazumdar et al 2022). However, agronomic responses are highly site-specific, influenced by local
soil pH, organic matter, sulfur retention capacity, and prevalent cultivars. Therefore, data generated under the
distinct pedo-climatic and management conditions of the Nepalese Terai are essential to formulate credible,
actionable recommendations (Timsina et al 2018). Therefore, this study was conducted for evaluate the effects
of graded sulfur application on the growth, yield, and fiber quality parameters of commercially grown jute
varieties in Nepal.

MATERIALS AND METHODS

Field experiments were conducted consecutively during the rainy seasons of 2022 and 2023 at the research
farm of the Jute Research Program, Itahari, Nepal to find the optimum level of sulphur in different jute varieties
with respect to fiber yield. The site is geographically located at approximately 26°66°46” N latitude and
87°27°18” E longitude. The site is geographically situated at 26°39’ N latitude and 87°16" E longitude at an
altitude of approximately 130 meters above sea level. The region experiences a humid subtropical monsoon
climate, characterized by high temperatures (mean 28-32°C) and heavy rainfall (>2000 mm annually) during
the growing season (May-September), which is ideally suited for jute cultivation. The experimental field's soil
was characterized as sandy loam (Typic Haplustept) with initial soil properties determined prior to sowing.
Analysis revealed a slightly acidic pH (6.2), medium organic carbon content (0.85%), and low available sulfur
content (12.5 ppm), which established a baseline of sulfur deficiency conducive to this study.

The experiment was laid out in a Split-Plot Design with three replications. This design was chosen to
efficiently manage the practical application of the main plot five graded levels of sulfur were applied: SO: 0
kg S/ha (Control), S10: 10 kg S/ha, S20: 20 kg S/ha, S30: 30 kg S/ha, and S40: 40 kg S/ha while precisely
evaluating its interaction with sub-plot factor (four Jute Varieties): V1: Itahari 4 (JRO 524), V2: JRO
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204, V3: NJ 7010 (Rani), and V4: Itahari 2. The gross plot size for each main plot (sulfur treatment) was 12 m
x 3 m (36 m?). Each main plot was subdivided into four sub-plots of 3 m x 2 m (6 m?), with a 1-meter buffer
between main plots and a 0.5-meter pathway between sub-plots to minimize interference.

Seeds of all varieties were treated with a recommended fungicide (Carbendazim @ 2 g/kg seed) before sowing
to prevent seed-borne diseases. Sowing was completed manually in the third week of Baishakh (mid-April to
early May) in lines spaced 25 cm apart. Seeds were sown at a higher density and later thinned at 10-15 Days
After Sowing (DAS) to maintain a uniform intra-row spacing of 5-7 cm, achieving a final plant population of
approximately 400,000 plants per hectare. A uniform basal dose of Nitrogen (N), Phosphorus (P, Os ), and
Potassium (K, O) at 40:20:40 kg/ha was applied to all plots using Urea, Diammonium Phosphate (DAP), and
Muriate of Potash (MOP), respectively. The sulfur treatments (gypsum) were applied as a basal dose during
the final land preparation and thoroughly incorporated into the soil. All other intercultural operations, including
weeding, irrigation, and plant protection measures against pests (semi-looper, mites) and diseases (stem rot),
were carried out as per the standard package of practices recommended by JRP, Itahari, to ensure a healthy
crop stand.

Harvesting was performed when plants in a plot showed flower bud formation, the physiological stage for
optimal fiber yield. Data were recorded from the net harvest area of the central six rows (4.5 m?) in each sub-
plot to avoid border effects. Observations recorded included: Phenological and Morphological Traits: Days to
flowering, plant height at harvest (cm), and basal stem diameter (mm), Yield and Yield Attributes: Green plant
weight (kg/plot), green stick weight (kg/plot), green fiber yield (kg/plot), dry fiber yield (kg/plot), and dry stick
yield (kg/plot). Dry yields were obtained after sun-drying the fibers and sticks to a constant weight. Fiber
Quality Parameter: Fiber fineness/thickness (Tex) was measured using a standard gravimetric method.

The data for all recorded parameters for both years were subjected to Analysis of Variance (ANOVA)
appropriate for the Split-Plot Design using STAR 2.0 (Statistical Tool for Agricultural Research, version 2.0)
software developed by IRRI. The significance of treatment effects (main and interaction) was tested using the
F-test at a 5% probability level (p < 0.05). Where the ANOVA indicated significant differences, the treatment
means were compared using Least Significant Difference (LSD) test at the 5% level of significance. A
combined analysis over the two years was performed after confirming the homogeneity of error variances to
draw stable and reliable conclusions.

RESULT

Effect on plant height

Analysis of variance for plant height revealed significant differences in varietal response and sulfur (S)
utilization across the two growing seasons (Table 1). Among the tested genotypes, JRO-204 produced the
tallest plants, while Itahari-2 consistently recorded the shortest stature. The varietal effect remained significant,
indicating a stable genotypic expression for plant height under the prevailing edaphic and climatic conditions.
The significant interaction revealed that the agronomic efficiency of sulfur was strongly genotype-dependent.
At 10 kg S ha™ 1, NJ-7010 achieved the greatest height, while Itahari-2 was severely repressed, At 20 kg S
ha™ 1, JRO-204 showed its peak response with Itahari-2 remaining the poorest performer, the most productive
combination was NJ-7010 fertilized with 30 kg S ha™ ¢, achieving a maximum height and Itahari-4 recorded
the lowest stature and even under the control (0 kg S ha™ 1), NJ-7010 maintained its superior stature,
with Itahari-2 again showing the minimum height. This interaction confirmed that NJ-7010 (Rani) possessed
a high intrinsic responsiveness to sulfur nutrition, reaching its phenotypic potential at 30 kg S ha™ *. In
contrast, Itahari-2 demonstrated poor adaptability and a consistently diminished stature across the sulfur
gradient.
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Table 1: Effect of different dose of Sulphur on jute plant height (cm) at JRP, Itahari
Treatments 2022 2023 Combine
Vi V2 V3 V4 Mean V1 V2 V3 V4 Mean V1 V2 V3 V4 Mean
10 kg Sulphur/ha 259.4 290.4 257.7 275.1 270.6 357.3 353.6 363.6 353.3 356.9 308.3 322.0 310.6 314.2 3138
20 kg Sulphur/ha 282.6 296.1 277.0 272.3 281.9 345.9 344.4 3709 303.2 341.1 314.3 320.3 3239 287.7 3115
30 kg Sulphur/ha 282.9 301.3 3129 3019 299.8 336.2 338.0 335.0 3255 333.7 309.5 319.7 323.9 313.7 316.7
40 kg Sulphur/ha 282.6 291.8 2925 264.7 2829 3575 387.5 391.8 381.1 3795 320.1 339.6 342.1 322.9 331.2

Control 263.2 2795 2746 2543 2729 3233 3585 3445 230.7 314.3 293.3 319.0 309.5 2425 2935
Mean 2741 2918 2829 273.6 281.6 344.04 356.4 361.1 318.7 345.1 309.1 324.1 322.0 296.2 313.3
" - test (Variety) faled ** **
LSD (0.05) 24.12 19.64 21.88
" - test (Treatment) ns faded ns
LSD (0.05) - 21.96

“—test (Var x Trt) ns * Ns
LSD (0.05) - 43.91

C.V (%) 15.3 7.7 13.03

Note:-*, Significant at P < 0.05. ** P<0.01. LSD, least significant difference. CV, coefficient of variance, respectively. V1= Itahari
4, V2=JRO0-204, V3= NJ-7010 (Rani), V4= Itahari-2

Effect on basal diameter

Basal stem diameter, a key trait for mechanical strength and biomass, showed contrasting patterns between
years (Table 2). A significant varietal effect was present in 2022, with NJ-7010 (Rani) developing thicker
stems than JRO-204. Sulphur treatment and its interaction with variety were non-significant. However, in 2023
and in the combined analysis, no significant effects were found for variety, sulphur, or their interaction. This
demonstrated that the expression of basal stem diameter was highly sensitive to yearly environmental
conditions, which overrode genotypic and treatment effects in the later season.

Table 2: Effect of different dose of Sulphur on jute basal diameter (cm) at JRP, Itahari
Treatments 2022 2023 Combine
Vi V2 V3 V4 Mean VI V2 V3 V4 Mean V1 V2 V3 V4 Mean
10 kg Sulphur/ha 1.05 1.1 123 124 115 147 157 148 157 1.52 126 1335 1.355 1405 1.335
20 kg Sulphur/ha 119 1.1 122 125 119 16 143 146 1.23 143 1395 1265 134 124 131
30 kg Sulphur/ha 1.32 1.08 129 124 123 161 145 145 137 147 1465 1265 137 1305 1.35
40 kg Sulphur/ha 1.3 1.3 123 117 125 16 152 141 147 15 145 141 132 132 1.38

Control 124 122 124 127 124 144 148 157 134 1.46 134 135 1405 1305 1.35
Mean 122 116 124 123 121 154 149 148 139 148 1382 1325 1358 1.315 1.344
- test (Variety) * ns Ns
LSD (0.05) 0.096 -

- test (Treatment) Ns ns ns
LSD (0.05) - -

—test (Var x Trt) Ns ns Ns
LSD (0.05) - -

C.V (%) 14.5 12.1 115

Note:-*, Significant at P < 0.05. **, P<0.01. LSD, least significant difference. CV, coefficient of variance, respectively. V1= Itahari
4, V2= JR0O-204, V3= NJ-7010 (Rani), V4= Itahari-2

Effect on fiber thickness
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In 2022, basal stem diameter a key trait for mechanical strength and biomass showed a significant varietal
effect (Table 2), with NJ-7010 (Rani) developing thicker stems than JRO-204. No significant effects of sulphur
treatment or the variety x sulphur interaction were observed. However, in 2023 and in the combined two-year
analysis, basal diameter did not differ significantly among varieties, sulphur levels, or their interaction. This
indicated that year-to-year environmental variation was the primary factor modulating trait expression

Table 3: Effect of different dose of Sulphur on jute fiber thickness (cm) at JRP, Itahari
Treatments 2022 2023 Combine
Vi V2 V3 V4 Mean V1 V2 V3 V4 Mean V1 V2 V3 V4 Mean
10 kg Sulphur/ha 0.12 0.11 0.12 0.12 0.2 0.12 0.14 013 0.15 0.13 0.12 0.125 0.125 0.135 0.13
20 kg Sulphur/ha 0.13 0.12 0.3 0.13 0412 024 043 012 0411 042 0.135 0.125 0.125 0.12 0.12
30 kg Sulphur/ha 0.13  0.12 0.13 0.13 013 012 0.13 013 0.13 0.13 0.125 0.125 0.13 0.13 0.13
40 kg Sulphur/ha 0.13 0.13 0.12 0.12 013 013 0.13 013 013 013 013 0.13 0.125 0.125 0.13

Control 013 012 013 013 0413 012 0.14 015 011 013 0425 013 014 0122 013
Mean 0.13 0.12 013 013 012 0.12 0.13 013 0.12 0.13 0.127 0.127 0.129 0.126 0.125
"~ test (Variety) Ns ns ns
LSD (0.05) . -
" - test (Treatment) Ns ns ns
LSD (0.05) . -
“—test (Var x Trt) * ns ns
LSD (0.05) 0.93 -
C.V (%) 16.9 147 15.8

Note:-*, Significant at P < 0.05. **, P<0.01. LSD, least significant difference. CV, coefficient of variance, respectively. V1= Itahari
4, V2= JR0-204, V3= NJ-7010 (Rani), V4= Itahari-2

Effect on green plant yield

Green plant yield was significantly influenced by the main effects of variety and sulphur dose, as well as their
interaction, across both individual years and the combined analysis (Table 4). In 2022, variety NJ-7010 (Rani)
consistently produced the highest yield across all sulphur treatments, yielding significantly more than other
varieties. Among sulphur doses, application at 30 kg/ha resulted in the highest overall mean yield, which was
significantly greater than the control. For instance, NJ-7010 (Rani) yielded best at 30 kg/ha, whereas Itahari-2
and Itahari-4 were superior at lower and higher doses, respectively (Table 4). This change contributed to a
significant year x variety x sulphur interaction in the combined analysis, confirming that varietal performance
was contingent upon both sulphur level and yearly environmental conditions.

Table 4: Effect of different dose of Sulphur on green plant yield (t ha™ 1) at JRP, Itahari
Treatments 2022 2023 Combine
V1 V2 V3 V4 Mean V1 V2 V3 V4 Mean V1 V2 V3 V4 Mean
10 kg Sulphur/ha 29.4 29.1 323 305 303 346 350 361 351 352 320 321 342 328 328
20 kg Sulphur/ha 29.9 28.0 313 29.6 29.7 347 285 347 368 337 323 282 330 332 317
30 kg Sulphur/ha 315 35.0 327 322 328 322 422 465 446 414 319 386 396 384 37.1
40 kg Sulphur/ha 33.1 29.6 33.3 30.6 316 339 252 329 343 316 335 274 331 325 316

Control 235 285 266 224 253 436 360 352 259 352 336 323 309 241 302
Mean 295 301 313 290 300 358 334 371 354 354 326 317 342 322 327
F - test (Variety) * ns Ns
LSD (0.05) 1.62 -

F - test (Treatment) *x * *
LSD (0.05) 1.81 5.07 3.44
F — test (Var x Trt) * * *
LSD (0.05) 3.62 10.15 6.885
C.V (%) 7.3 17.3 12.3

Note:-*, Significant at P < 0.05. **, P<0.01. LSD, least significant difference. CV, coefficient of variance, respectively. V1= Itahari 4,
V2=JR0O-204, V3= NJ-7010 (Rani), V4= Itahari-2
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Effect on green fiber yield

Green fiber yield was significantly influenced by variety, sulphur dose, and their interaction in both years
(Table 5). Varietal yield rankings were dependent on sulphur application rate. In 2022, Itahari-4 produced the
highest yields at 10 and 20 kg S ha™ 1, whereas JRO-204 and NJ-7010 (Rani) performed better at higher doses.
A consistent finding was that the application of 30 kg S ha™ ? yielded the highest mean green fiber production
across both years, a value significantly greater than that of the control. The significant variety x sulphur
interaction revealed genotype-specific response patterns in 2023. NJ-7010 (Rani) achieved peak yield at the
30 kg S ha™ * dose while also maintaining high productivity under control conditions, indicating both strong
inherent vigor and a pronounced positive response to optimal sulphur nutrition. In contrast, Itahari-4 exhibited
a yield advantage at 40 kg S ha™ 1, suggesting a distinct physiological tolerance or requirement for a higher
sulphur supply. These results demonstrated that varietal selection for maximizing green fiber yield must be
tailored to specific sulphur management regimes.

Table 5: Effect of different dose of Sulphur on green fiber yield (t ha™ 1) at JRP, Itahari
Treatments 2022 2023 Combine

V1 V2 V3 V4 Mean V1 V2 V3 V4 Mean V1 V2 V3 V4  Mean
10 kg Sulphur/ha 142 104 95 10.8 11.2 96 121 136 134 122 119 112 115 121 117
20 kg Sulphur/ha 124 9.2 9.7 11.3 106 127 109 142 178 139 126 101 120 145 123
30 kg Sulphur/ha 125 151 141 117 134 166 189 20.6 198 19.0 1455 17.00 17.35 1575 16.2
40 kg Sulphur/ha  12.0 103 120 10.7 112 106 119 12 133 120 11.30 11.10 12.00 12.00 11.6

Control 86 108 9.2 9.5 9.5 16.7 144 131 6.3 126 126 126 112 7.9 11.1
Mean 119 112 109 1038 112 132 136 147 141 139 126 124 128 125 327
* - test (Variety) * ns ns
LSD (0.05) 1.62 -
* - test (Treatment) *x * *
LSD (0.05) 1.81 5.07 3.44
—test (Var x Trt) * * *
LSD (0.05) 3.62 10.15 6.885
C.V (%) 7.3 17.3 12.3

Note:-*, Significant at P < 0.05. **, P<0.01. LSD, least significant difference. CV, coefficient of variance, respectively. V1= Itahari 4,
V2= JR0O-204, V3= NJ-7010 (Rani), V4= Itahari-2

Effect on green stick yield

Green stick yield was significantly influenced by sulphur treatment and the variety x sulphur interaction, while
the main effect of variety alone was non-significant (Table 6). The 30 kg S ha™ ! treatment produced the
highest overall mean vyield significantly higher than the control. The significant interaction revealed that
varietal performance was contingent upon the sulphur dose. The application of 30 kg S ha™ ! consistently
produced the highest mean yields for both traits. Variety NJ-7010 (Rani) demonstrated the most stable and
superior performance, particularly under the optimal sulphur regime, but also maintained high productivity
under low-input (control) conditions.

Table 6: Effect of different dose of Sulphur on green stick yield (t ha™ ) at JRP, Itahari
Treatments 2022 2023 Combine
V1 V2 V3 V4 Mean V1 V2 V3 V4 Mean V1 V2 V3 V4  Mean
10 kg Sulphur/ha 11.87 13.56 13.95 13.81 133 13.6¢ 1253 17.61 17.07 1521 128 130 158 154 143
20 kg Sulphur/ha 14.63 10.74 14.64 1523 1381 179¢ 12 16.61 20.14 16.68 163 114 156 177 15.2
30 kg Sulphur/ha 14.07 1754 16.1 1443 1553 1587 21.01 2189 225 2032 1497 19.28 1900 184 17.93
40 kg Sulphur/ha 16.06 13.97 16.84 1401 1522 183 1426 138 1556 1548 17.18 1412 1532 147 15.35

Control 10.7 13.36 12.05 1231 12.1 22.4¢ 1514 17.04 9.13 1595 166 143 145 10.7 14.0
Mean 1347 1383 14.72 13.96 1399 17.6% 14.99 1739 16.88 16.73 156 144 161 154 1536
F - test (Variety) ns ns ns
LSD (0.05) -

F - test (Treatment) i ** ol
LSD (0.05) 1.49 2.78 2.14
F — test (Var x Trt) * o *
LSD (0.05) 2.98 5.55 4.27
C.V (%) 12.9 21.1 17.0

Note:-*, Significant at P <0.05. ** P<0.01. LSD, least significant difference. CV, coefficient of variance, respectively. V1= Itahari 4,
V2= JR0O-204, V3= NJ-7010 (Rani), V4= Itahari-2
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Effect on dry fiber yield

The dry fiber yield (DFY) of jute was significantly influenced by sulfur application rate and the variety x sulfur
interaction across both experimental years and in the combined analysis (Table 7). Sulfur application
substantially increased DFY compared to the control. The application of 30 kg S ha™ * resulted in the highest
mean yield, which was 72.45 % greater than the yield of control. The significant variety x sulfur interaction
indicated that varietal performance was dependent on the sulfur level. Notably, JRO-204 achieved the highest
overall plot yield at 30 kg S ha™ ¢, while yielding the lowest at both 20 kg S ha™ * and 40 kg S ha™ %,
demonstrating a highly specific optimal dose. The most productive variety x treatment interaction in the
combined dataset was NJ-7010 under 30 kg S ha™ 1, whereas Itahari-2 under control conditions yielded the

lowest.

Table 7: Effect of different dose of Sulphur on dry fiber yield (t ha™ 1)) at JRP, Itahari

Treatments 2022 2023 Combine

Vi V2 V3 V4 MeanV1l V2 V3 V4 Mean V1 V2 V3 V4  Mean
10 kg Sulphur/ha 1.89 205 1.60 195 187 247 245 295 3.05 273 218 225 228 250 2.30
20 kg Sulphur/ha 1.84 1.66 1.77 243 192 370 232 393 342 334 277 199 285 2093 2.63
30 kg Sulphur/ha 3.07 398 397 312 353 372 468 42 432 423 340 433 4.09 3.72 3.88
40 kg Sulphur/ha 236 1.86 258 222 226 24 255 235 3.07 259 238 221 247 265 2.43
Control 156 191 182 142 168 3.07 280 330 207 281 232 236 25 175 2.25
Mean 214 229 235 223 225 307 29 335 318 314 261 263 285 271 2.70
F - test (Variety) ns ns ns
LSD (0.05) -
F - test (Treatment) * ** **
LSD (0.05) 0.31 0.54 - 0.48
F — test (Var x Trt) * * *
LSD (0.05) .62 1.09 0.86
C.V (%) 16.9 21.0 18.9

Note:-*, Significant at P <0.05. ** P<0.01. LSD, least significant difference. CV, coefficient of variance, respectively. V1= Itahari 4,
V2= JR0O-204, V3= NJ-7010 (Rani), V4= Itahari-2

Effect on dry stick yield

The effect of sulfur and variety on dry stick yield varied markedly between the two experimental years. In
2022, no significant differences were observed for variety, sulfur treatment, or their interaction. In contrast,
the 2023 results revealed significant main effects of variety as well as a significant variety x sulfur interaction.
Variety Itahari-4 produced the highest mean dry stick yield, while JRO-204 consistently recorded the lowest
yield across all treatment levels (Table 8). The significant interaction was driven by this consistent ranking;
Itahari-4 yielded the maximum at every sulfur application rate, with its highest yield at 30 kg S ha™ .
Conversely, JRO-204 consistently yielded the minimum under both treated and control conditions.

Table 8: Effect of different dose of Sulphur on dry stick yield (t ha™ ) at JRP, Itahari

2022 2023 Combine
Vi V2 V3 V4 Mean V1 ;/ V3 V4 Mean V1 V2 V3 V4 Mean
10 kg Sulphur/na 5.08 532 431 46 483 895 58 797 812 771 7.02 556 6.14 6.36 6.27
20 kg Sulphur/fha 424 51 491 511 484 865 645 858 7.3 775 645 578 6.75 6.21 6.30
30 kg Sulphur/fha 5.05 544 494 485 507 862 740 827 793 805 6.84 642 661 6.39 6.56

40 kg Sulphur/na 466 5 587 391 486 780 558 752 663 688 623 529 6.70 5.27 5.87

Treatments

Control 341 57 422 471 451 1085 778 44 867 793 7.13 674 431 6.69 6.22
Mean 449 531 485 464 482 897 66 735 773 766 673 59 610 6.18 6.24
F - test (Variety) ns ** foled
LSD (0.05) - 1.06 0.25
F - test (Treatment) ns ns ns
LSD (0.05) - - -

F — test (Var x Trt) ns * ns
LSD (0.05) - 2.38 -
C.V (%) 22.0 18.9 20.4
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Note:-*, Significant at P < 0.05. ** P<0.01. LSD, least significant difference. CV, coefficient of variance, respectively. V1= Itahari
4, V2= JRO-204, V3= NJ-7010 (Rani), V4= Itahari-2

DISCUSSION

The present study demonstrated that graded sulfur application significantly influenced the growth, yield, and
fiber quality of jute varieties, confirming the pivotal role of sulfur in optimizing jute productivity under
Nepalese Terai conditions. Among the varieties tested, NJ-7010 (Rani) consistently exhibited superior
performance in terms of plant height, green plant yield, and fiber yield, particularly at 30 kg S ha™ %, suggesting
a strong genotypic responsiveness to sulfur nutrition. This aligns with prior observations that certain jute
genotypes possess inherent vigor and efficiently utilize sulfur to achieve optimal phenotypic expression (Alam
et al 2009b, Mazumdar et al 2022).

Plant height, a key determinant of biomass and potential fiber yield, was significantly influenced by both
varietal differences and sulfur levels, with the highest stature recorded for NJ-7010 under 30 kg S ha™ *. The
significant variety x sulfur interaction indicates that genotypic responses to sulfur are not uniform, reflecting
the complex interplay between nutrient availability and genetic potential (Mahapatra et al 2009). Basal stem
diameter, however, exhibited minimal response to sulfur in 2023 and the combined analysis, suggesting that
environmental factors, such as rainfall and temperature fluctuations, might override nutrient effects on stem
thickening, consistent with findings by Majumdar et al (2016).

Fiber thickness remained largely unaffected by sulfur treatment, although varietal differences were
occasionally significant. This suggested that fiber fineness in jute is predominantly genotype-dependent, while
sulfur plays a more pronounced role in fiber elongation and tensile strength, rather than diameter alone (Alam
et al 2009b). The stability of fiber thickness across sulfur gradients indicates that moderate sulfur doses suffice
to maintain fiber quality, while excessive application may not provide additional benefits (Mazumdar et al
2022).

Sulfur application notably enhanced green plant yield, green fiber yield, and dry fiber yield, with the 30 kg S
ha™ ! treatment consistently producing the highest outputs. The increase in yield parameters under optimal
sulfur nutrition could be attributed to improved chlorophyll synthesis, protein formation, and enhanced
enzymatic activity, which collectively promoted photosynthetic efficiency and biomass accumulation
(Narayan et al, 2022). The significant variety x sulfur interactions observed for green fiber and dry fiber yields
suggested that genotypic selection should be tailored to nutrient management practices for maximum
productivity. For instance, NJ-7010 (Rani) attained peak green fiber yield at 30 kg S ha™ 1, whereas Itahari-4
required 40 kg S ha™ * to achieve comparable yields, highlighting the necessity for site- and variety-specific
sulfur recommendations. These results corroborated reports by Alam et al. (2009a), who emphasized that sulfur
fertilization significantly enhances bast fiber yield and quality in sulfur-deficient soils.

Green and dry stick yields were also significantly influenced by sulfur application and varietal responses. The
optimal dose of 30 kg S ha™ * maximized both traits, with NJ-7010 (Rani) showing stable performance across
control and treated plots. This indicated that the variety not only responded positively to sulfur but also
exhibited inherent resilience under low-input conditions. Conversely, Itahari-2 consistently underperformed
across all sulfur levels, suggesting poor adaptability and nutrient-use efficiency. Similar genotype-specific
responses to sulfur have been reported in jute cultivation in India and Bangladesh, emphasizing the importance
of matching varietal traits with nutrient management strategies to enhance system productivity (Mahapatra et
al 2009).

The pronounced yield improvements at moderate sulfur levels underscore the potential of targeted sulfur
fertilization as a cost-effective strategy to revitalize the declining jute sector in Nepal. Given the historical
reduction in jute cultivation area and declining soil fertility in the Terai, integrating balanced sulfur application
into conventional nutrient management programs can improve both productivity and fiber quality, thereby
increasing farmers’ profitability and reducing dependence on imports (Ghimire and Thakur 2013). Moreover,
varietal selection in conjunction with site-specific sulfur management could enhance resource use efficiency
and ensure stable yields under variable climatic conditions, supporting sustainable jute production.
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CONCLUSION

The study demonstrated that graded sulfur application significantly influenced the growth, yield, and fiber
quality of jute varieties in the Terai region of Nepal. Among the varieties tested, NJ-7010 (Rani) consistently
exhibited superior performance across most traits, particularly at 30 kg S ha™ 1, indicating a strong genotypic
responsiveness to sulfur nutrition. Optimal sulfur application enhanced plant height, green and dry fiber yield,
and stick yield, highlighting the critical role of sulfur in chlorophyll synthesis, protein formation, and lighin—
cellulose metabolism. The significant variety x sulfur interactions observed for multiple traits emphasized the
necessity of variety-specific nutrient management to maximize productivity. Overall, the results suggested that
30 kg S ha™ tis the optimal sulfur dose for most commercially grown jute varieties under the prevailing pedo-
climatic conditions of Nepalese Terai. Adoption of balanced sulfur fertilization, in conjunction with the
selection of responsive varieties such as NJ-7010, could substantially improve jute yield and fiber quality,
providing a cost-effective strategy to revitalize the declining jute sector in Nepal. Future studies should explore
long-term sulfur management and integrate other macro- and micronutrients to sustain soil fertility and fiber
quality.
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