


Original Research Article
Influence of climate change (Rainfall) on fibre yield and yield attributes of kenaf as affected by variety 
                                     
[bookmark: _Hlk195020014]

Abstract
The experiment was conducted at Jute Research Regional Station (JRRS), Kishoreganj and Jute Research Regional Station (JRRS), Rangpur during 2024 to determine the optimum sowing time depending on the jo- condition (The soil condition when it is ready for seed sowing) available after rainfall of three kenaf varieties viz: HC 95, BJRI Kenaf 3 (Bot Kenaf) and BJRI Kenaf 4 (KE-3). The experiment was laid out in RCBD with three replications. Crops were sown on two different dates in each location based on rainfall patterns. In Kishoreganj, sowing was carried out on 29 March and 21 April, while in Rangpur it was done on 25 March and 17 April. These sowing dates were considered as treatment factors in the experiment. All, the crops were attained standard cultural practices and harvested at 120 days after sowing. The results showed that all the yield contributing parameters like plant population, plant height, base diameter, fibre yield and stick yield, differed significantly due to sowing times and variety. HC-95 sown on 29 March gave significantly higher fibre (3.60 tha-1) and stick yields (7.25 tha-1) in Kishoreganj. In Rangpur, HC-95 gave maximum fibre yield (3.70 tha-1) and stick yield (7.40 tha-1) when sown on 25 March.
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1. Introduction
Kenaf (Hibiscus cannabinus L.) has emerged as an increasingly important industrial fibre crop, gaining attention both in developed and developing countries due to its versatile applications and sustainability advantages (Mamun et al.,2021). It belongs to the family Malvaceae and is a close relative of jute (Corchorus spp.), sharing many fibre characteristics that make it an attractive alternative or supplement to jute in various industrial uses. Globally, kenaf (Hibiscus cannabinus L.) is valued for its rapid growth, high biomass yield, and adaptability across diverse agro-climatic conditions. It grows optimally at 25–35°C with 500–800 mm of well-distributed rainfall and 60–80% relative humidity, preferring well-drained sandy loam soils with a pH of 6.0–7.5 and abundant sunlight (12–13 hours daily). Suited to low- to mid-altitude regions, kenaf thrives under warm, moist, and fertile environments, making it a promising crop for sustainable fibre production and climate-resilient agriculture under conditions of climate change and resource limitation. (Adnan et al., 2020; BBS, 2024, Mamun et al., 2020). The growing demand for natural fibres in paper, textile, bio-composite, and bioenergy industries has significantly enhanced the role of kenaf in sustainable agricultural systems, especially in countries such as Bangladesh, where natural fibre crops remain integral to rural livelihoods and national economies (Akil et al., 2011; Mamun et al., 2023).

Kenaf has several outstanding agronomic characteristics that enhance its global importance. It grows quickly, reaching heights of 4–6 meters in just 4–5 months, and yields durable bast fibres ideal for making ropes, cordage, paper pulp, packaging materials, and environmentally friendly composites increasingly utilized in the automotive sector (Alexopoulou et al., 2015; Shamsudin et al., 2015). Several studies have shown that kenaf fibres possess tensile strength and quality comparable to jute. With high cellulose content, good lustre, and biodegradability, kenaf serves as a durable and eco-friendly alternative suitable for ropes, sacks, and composite materials. These properties enable kenaf fibres to be effectively blended with or substituted for jute in diverse industrial applications (Azizi Mossello et al., 2023; BIDS, 2024). In addition to its industrial value, kenaf is environmentally sustainable as it efficiently sequesters atmospheric carbon, enhances soil organic matter, and requires fewer inputs than many competing crops. Its renewable fibres are used in paper, textiles, ropes, geotextiles, and biodegradable composites for packaging and automotive parts, making kenaf a valuable resource for climate-smart and eco-friendly industries (Bera et al., 2020; Jeong et al., 2017).

In Bangladesh, kenaf has emerged as a valuable fibre crop, gaining attention for its potential to broaden the country’s natural fibre industry beyond conventional jute. At present, the crop is cultivated on around 0.04 million hectares of land, yielding nearly 0.08 to 0.09 million tons of fibre each year (BJRI, 2023; FAO, 2024). Kenaf cultivation significantly supports Bangladesh’s domestic fibre sector, contributing to about 1–2% of GDP, and forms part of the global market where Bangladesh, India, and China produce over 70% of the world’s kenaf, though exact financial shares are not clearly quantified, especially as the global market moves toward renewable and biodegradable raw materials (Mamun et al., 2020; Cheng et al., 2016; Giwa., 2019). Farmers in districts such as Brahmanbaria, Bhairab, Netrakona, Kishoreganj, Laksmipur, Noakhali, Shariatpur, Madaripur, Tangail, Mymensingh, and Jamalpur have adopted kenaf cultivation, particularly in marginal and char lands where other crops may be less profitable (Ezzadin et al., 2022; Mamun et al., 2023). The cultivation of kenaf in such regions is expanding rapidly, not only because of market demand but also because of its adaptability to marginal environments where management practices are minimal and input costs are low.

[bookmark: _Hlk212236127]Studies have shown that under marginal growing conditions, kenaf cultivation can be more profitable than jute. This is largely because kenaf has a lower cost of production, requiring less expenditure on land preparation, fertilization, irrigation, and weeding, while still yielding fibres with market value comparable to jute. Moreover, kenaf is easier to manage, as it demands fewer labor-intensive practices such as manual retting, frequent pest management, and multiple harvests, making it well-suited for low-input or resource-limited farming systems (Mamun et al., 2023; Gwon et al., 2023). Farmers who face constraints in labour availability or financial resources often prefer kenaf as it offers comparable income with reduced production costs. This trend has been reinforced by the increasing global demand for sustainable fibres and the rising domestic use of kenaf in various industrial sectors. As a result, kenaf is gradually replacing jute in some marginal areas of Bangladesh, reshaping the dynamics of fibre crop production and trade (Hullet et al., 2023; Akil et al., 2011).

Despite its advantages, kenaf cultivation in Bangladesh faces significant challenges associated with changing climatic conditions, especially erratic rainfall and shifting monsoon patterns. Traditionally, the sowing of kenaf has depended on the timely onset of the monsoon, which provides essential soil moisture for seed germination and early crop establishment (Mamun et al., 2020; Ojha et al., 2025). Recent years have seen irregular rainfall patterns, with some regions experiencing dry spells in March–April that delay sowing, while others face excessive rainfall causing waterlogging and poor crop establishment (Mamun et al., 2023; Lips et al., 2013). These uncertainties often force farmers to reschedule or abandon sowing, highlighting the need to determine optimal sowing times for stable, high fibre yields (Khiari et al., 2020; Venturi et al., 2008).
Sowing time is a crucial factor affecting growth and yield in fibre crops. Early sowing under adequate moisture promotes strong germination, vigorous growth, and higher fibre output, while late sowing often results in stunted growth, lower biomass, and reduced fibre quality (Webber et al., 2002; Mamun et al., 2023). In kenaf, sowing time influences plant height, basal diameter, node number, and fibre strength, determining both yield and quality (Sim et al., 2021; Suriani et al., 2021). With climate change increasing rainfall and temperature variability in Bangladesh, optimizing sowing time is essential to sustain kenaf production and support the fibre industry (IPCC, 2022; Oztürk et al., 2010).
Beyond climatic limitations, several management factors also interact with sowing time to influence kenaf yield. Soil fertility, weed control, plant spacing, and pest incidence all play important roles, either intensifying or reducing the impact of sowing date. For instance, when sown at the right time, a higher plant density can effectively suppress weeds and enhance fibre yield; however, delayed sowing under dense conditions may lead to lodging or increased competition for nutrients (Okeke et al., 2022; Norhisham et al., 2024). In water-limited areas, delayed sowing may coincide with terminal droughts, reducing biomass and fibre quality. This underscores the need for location-specific sowing recommendations that consider agro-ecological and climatic variability (Meryemoğlu et al., 2014; Saba et al., 2015).
[bookmark: _Hlk211731848]Globally, research on kenaf has advanced considerably, highlighting its role in sustainable fibre production. The crop is increasingly acknowledged for its climate resilience, providing farmers with a stable income and supplying industries with a renewable, environmentally friendly raw materia (Sarkar et al., 2019; Vayabari et al., 2023). Kenaf cultivation has expanded significantly in China, India, and several African countries due to its use in paper pulp and biocomposites, offering valuable lessons that could be applied in Bangladesh (FAO, 2022; Venturi et al., 2008). Kenaf is increasingly explored for biofuel, phytoremediation, and animal feed, highlighting its multi-purpose value (Suriani et al., 2021; Mamun et al., 2023). Strengthening kenaf research in Bangladesh is therefore vital to remain competitive in the global fibre sector. In this context, the present study was designed to address a critical research gap: the determination of optimal sowing times for kenaf under the changing climatic conditions of Bangladesh. The research specifically focuses on identifying a sowing window that ensures high fibre yield and quality across diverse environments, while minimizing the risks posed by erratic rainfall. The findings are expected to provide actionable recommendations for farmers, policymakers, and the fibre industry, thereby contributing to national agricultural development goals and international sustainability agendas. Moreover, this study will generate knowledge that supports the resilience of natural fibre systems in Bangladesh, ensuring that kenaf remains a viable and profitable crop for smallholder farmers in the years to come.

2. Materials and Methods
2.1. Experimental Sites
[bookmark: _Hlk211731791]The field experiment was conducted during the 2024 growing season at two Jute Research Regional Stations (JRRS) in Bangladesh: Kishoreganj (24°26′N, 90°49′E) and Rangpur (25°45′N, 89°14′E). These locations were selected to represent contrasting agro-ecological zones, providing insights into the performance of kenaf (Hibiscus cannabinus L.) under variable environmental conditions. Kishoreganj is characterized by alluvial soils with moderate fertility, whereas Rangpur represents a lowland agro-ecology with periodic waterlogging and sandy loam soils (Khiari et al., 2020; Mamun et al., 2023). The mean monthly temperature and rainfall data during the experimental period were recorded using automatic weather stations at each site. Soil samples from both stations were collected prior to land preparation to determine soil texture, pH, organic matter content, and nutrient status following standard protocols (BIDS, 2024; Berar et al., 2020).

2.2. Experimental Design and Layout
[bookmark: _Hlk211731350]The experiment was arranged in a Randomized Complete Block Design (RCBD) with three replications at each location. The RCBD was selected to minimize the effect of field variability and to provide reliable statistical comparison among treatments (Gomez & Gomez, 1984; Chenget al., 2016). The experimental unit (plot) measured 4.0 m × 2.5 m, while the spacing between plots was 1.0 m and the spacing between replications was 1.5 m. The field was thoroughly levelled using a tractor-mounted leveller and ploughed twice using a tractor-drawn moldboard plough to ensure uniform soil conditions across the experimental plots.

2.3. Planting Materials and Treatments
Three kenaf varieties were used in this experiment: HC 95, BJRI Kenaf 3 (Bot Kenaf), and BJRI Kenaf 4 (KE-3). These varieties were selected based on their superior fibre yield potential, adaptability to different agro-ecological zones, and widespread recommendation by BJRI (BJRI, 2023; Mamun et al., 2023). Two sowing months, March and April, were used to investigate the effect of planting time on growth, yield, and fibre quality. This allowed assessment of kenaf performance under varying rainfall and soil moisture conditions at the start of the cropping season.

Seeds were sown in lines 30 cm apart at a depth of 2–3 cm following standard agronomic recommendations (Lips et al., 2013). Sowing was done using a manual dibbler, with an equal number of seeds per plot to ensure uniform plant density. Sowing followed adequate rainfall for optimal germination, and seedlings that failed to establish were replaced within seven days.
2.4. Crop Management
2.4.1 Land Preparation
Prior to sowing, the experimental plots were prepared by deep ploughing using a tractor-drawn moldboard plough, followed by laddering to create a fine tilth suitable for kenaf seed germination. Farmyard manure (FYM) at the rate of 10 t ha⁻¹ was applied during final land preparation to improve soil fertility and structure (Vayabari et al., 2023; Lips et al., 2013).
2.4.2 Fertilization
Chemical fertilizers were applied according to BJRI recommendations: nitrogen (N) at 120 kg ha⁻¹, phosphorus (P₂O₅) at 60 kg ha⁻¹, and potassium (K₂O) at 60 kg ha⁻¹. Nitrogen was applied in three splits: one-third at sowing, one-third at 25 days after sowing (DAS), and one-third at 60 DAS. Full doses of phosphorus and potassium were applied as basal dose at final land preparation (Mamun et al., 2023; Adnan et al., 2020).

2.4.3 Irrigation and Weed Management

Irrigation was applied during dry spells to maintain adequate soil moisture. Manual weeding was done twice at 25 and 45 DAS to control major weeds such as Khudesama (Echinochloa colonum) 
Angulighas (Digitaria sanguinalis), Mutha (Cyperus rotundus), Chapra (Eleusine indica), Durba (Cynodon dactylon), etc. Standard intercultural practices, including thinning at 15 DAS, light hoeing, and earthing-up, were followed uniformly across all plots (Giwa Ibrahim et al., 2019).
2.4.4 Pest and Disease Management

No severe pest or disease infestation was observed during the cropping season. However, prophylactic measures were taken against common pests such as jute hairy caterpillar (Spilosoma obliqua), stem weevil (Apion corchori), and semilooper (Anomis sabulifera), as well as diseases like stem rot (Macrophomina phaseolina) and leaf spot (Colletotrichum corchori). Recommended insecticides and fungicides were applied as preventive treatments to ensure healthy crop growth (Mamun et al., 2023; Adnan et al., 2020).

2.5. Data Collection

Data on growth, yield, and yield contributing parameters were collected at various crop stages:
i) Plant Height (cm): Measured from the base to the tip of the main stem at harvest.
ii) Number of Plants per meter square: Counted at harvest.
iii) Stem Diameter (cm): Measured at the base using slide callipers.
iv) Fibre Yield (tha⁻¹): Harvested plants were retted, stripped, and the fibre weight recorded.
v) Stick Yield (tha⁻¹): Including fibre length, strength, and fineness, determined using standard BJRI laboratory procedures (BJRI, 2023; Mamun et al., 2023).

Additionally, environmental conditions such as rainfall, temperature, and soil moisture at sowing and early growth stages were recorded to correlate with plant performance. Location-wise data were analyzed separately to assess site-specific responses of kenaf varieties and sowing dates 
(Giwa Ibrahim et al., 2019).

2.6. Weather Data

List 1: Weather Information of Jute Research Regional Station, Kishoreganj, Bangladesh (March-August)
	[bookmark: _Hlk210124598]Months
	Max. Temperature (0C)
	Min. Temperature (0C)
	Max. Humidity
(%)
	Min. Humidity
(%)
	Sunshine Hour
(h)
	Wind Direction
(Degree) 
	Wind Speed
(Knots)

	March
	30.41
	17.25
	89
	45
	7.70
	184.90
	3.45

	April
	31.87
	21.16
	91
	56
	7.00
	140.56
	3.90

	May
	32.03
	23.09
	93
	66
	6.48
	124.90
	3.32

	Jun
	32.32
	25.36
	95
	73
	4.76
	132.43
	3.23

	July
	32.26
	26.03
	95
	74
	4.41
	146.48
	3.06

	August
	32.25
	26.32
	95
	73
	5.06
	145.48
	3.06

	Average
	31.85
	23.20
	93
	64.5
	50.9
	145.79
	3.33


Jute Research Regional Station, Kishoreganj, Bangladesh
List 2: Weather Information of Jute Research Regional Station, Rangpur, Bangladesh (March-August)
	[bookmark: _Hlk210124671]Months
	Max. Temperature (0C)
	Min. Temperature (0C)
	Max. Humidity
(%)
	Min. Humidity
(%)
	Sunshine Hour
(h)
	Wind Direction
(Degree) 
	Wind Speed
(Knots)

	March
	30.90
	18.83
	90
	47
	7.09
	192.41
	3.07

	April
	32.10
	22.46
	91
	59
	6.87
	141.9
	3.90

	May
	31.90
	23.87
	93
	67
	6.03
	129.55
	3.90

	Jun
	31.60
	25.72
	95
	75
	4
	140.07
	3.73

	July
	31.25
	26.00
	95
	77
	3.67
	199.48
	3.61

	August
	32.00
	26.19
	94
	75
	4.35
	151.83
	3.29

	Average
	31.62
	23.85
	93
	66.67
	5.33
	159.21
	3.58



Jute Research Regional Station, Rangpur, Bangladesh


2.7. Statistical Analysis
Collected data were analyzed using R software, version 4.2.2. Means of different treatments were compared using the Least Significant Difference (LSD) test at 5% probability (Gomez & Gomez, 1984; Ahmed et al., 2024). Prior to analysis, data were tested for normality and homogeneity of variance to ensure the assumptions of ANOVA were met. Separate analyses were conducted for growth, yield and yield contributing traits to understand the influence of variety, sowing date, and their interaction. Graphical representations were also performed to illustrate trends and relationships among the comparative rainfall patterns of 10 days of March (20-31) and April (15-25). 




3. Results and Discussion
Table 1: ANOVA table for all the parameters, Kishoreganj
	Source of Variation
	DF
	Mean square (MS)

	
	
	Plant population
	Plant height

	Base dia meter 
	Fibre Yield
	Stick Yield

	Replication
	2
	2.667 ns
	0.002 ns
	0.034 ns
	0.002 ns
	0.0012 ns

	Factor A (Variety)
	2
	288.17***
	0.423***
	49.618***
	0.259***
	4.6924***

	Factor B (Sowing Time)
	1
	122.72***
	0.243***
	32.536***
	0.091***
	0.3200***

	A × B (Interaction)
	2
	12.06*
	0.009*
	1.723***
	0.003 ns
	0.0122 ns

	Error
	10
	2.800
	0.002
	0.024
	0.001
	0.0037


Legends: ns = Not Significant, * = Significant at 5% level, ** = Significant at 1% level, *** = Significant at 0.1% level
Table 2: ANOVA table for all the parameters, Rangpur
	Source of Variation
	DF
	Mean square (MS)

	
	
	Plant popu lation (m-2)
	Plant height
(m)
	Base dia meter (mm)
	Fibre Yield
	Stick Yield

	Replication
	2
	24.889 ns
	0.01556 ns
	0.155 ns
	0.002 
	0.009 ns

	Factor A (Variety)
	2
	294.222***
	0.599***
	31.396***
	0.543***
	10.989**

	Factor B (Sowing Time)
	1
	304.222***
	0.269***
	53.561***
	0.211***
	0.757***

	A × B (Interaction)
	2
	6.222**
	0.005*
	1.763***
	0.028 ns
	0.132 ns

	Error
	10
	0.889
	0.00406
	0.008
	0.004ns
	0.012


Legends: ns = Not Significant, * = Significant at 5% level, ** = Significant at 1% level, *** = Significant at 0.1% level

The graph (Fig. 1) shows the daily rainfall pattern in Kishoreganj for March and April 2024. During March, rainfall of about 3–5 mm on 24–25 March provided enough moisture for early crop establishment. A subsequent dry spell up to 29 March created ideal sowing conditions, as the soil was moist but not waterlogged—making late March, particularly 29 March, a suitable sowing window.

In April, intermittent rainfall was recorded, with peaks of 7–8 mm on 14–15 and 19 April, followed by moderate showers (1–3 mm) later in the month. These rains maintained adequate soil moisture but briefly increased the risk of excess wetness in mid-April. By late April, rainfall eased to moderate levels, providing favorable conditions for sowing. Thus, 21 April also represented an optimal date, balancing soil moisture and minimizing waterlogging risks.[image: ]

[bookmark: _Hlk210141823][bookmark: _Hlk211625473]Fig.1: The comparative rainfall pattern of 10 days of March (20-31) and April (15-25) of 2024 in Kishoreganj


In Rangpur, the March rainfall pattern shows light to moderate showers (1–5 mm) up to 22 March, followed by a short dry spell leading into 25 March (Fig.2). This created favorable soil conditions for the first sowing on 25 March, as soil moisture was adequate for germination without excess wetness.

In April, higher rainfall events were recorded, peaking at 9–10 mm around 12–13 April. By 17 April, rainfall intensity had declined to moderate levels (about 0 mm), providing suitable soil moisture while reducing the risk of waterlogging. This made the second sowing on 17 April well-timed under the prevailing climatic conditions.
[image: ]
Fig.2: The comparative rainfall pattern of 10 days of March (20-31) and April (10-21) of 2024 in Rangpur
[bookmark: _Hlk167097149][bookmark: _Hlk167097249]Results presented that all the yield contributing parameters viz: plant population, plant height, base diameter, fibre yield and stick yield differed significantly due to variety irrespective of sowing date (Table-1 & 2 and Table 3). At Kishoreganj, HC-95 performed numerically higher fibre yield (3.52 tha-1) and stick yield (7.02 tha-1). The next higher fibre yield (3.33 tha-1) and stick yield (6.32 tha-1) were found in BJRI Kenaf 4 (KE-3) and the lowest value for fibre yield (3.10 tha-1) and stick yield (5.25 tha-1) were found in BJRI Kenaf-3 (Bot Kenaf). At Rangpur, HC-95 performed numerically higher fibre yield (3.51 tha-1) and stick yield (7.05 tha-1). The second highest fibre yield (3.24 tha-1) and stick yield (6.16 tha-1) were found in BJRI Kenaf 4 (KE-3) and the lowest fibre yield (2.90 tha-1) and stick yield (4.35 tha-1) were found in BJRI Kenaf-3 (Bot Kenaf).
The results clearly indicate that kenaf varieties differed significantly in terms of yield and yield-contributing traits across both locations. At Kishoreganj and Rangpur, HC-95 consistently produced higher fibre and stick yields compared to BJRI Kenaf-3 and BJRI Kenaf-4. This superior performance of HC-95 may be attributed to its greater plant population, taller plant height, and larger base diameter, which are critical determinants of fibre accumulation and stick biomass (Akil et al., 2011). The varietal differences observed in this study align with earlier findings where genotypic variability was reported as a key factor influencing fibre yield potential under diverse agroecological conditions in Bangladesh (Ahmed et al., 2024, Norhisham et al., 2023).
Interestingly, although BJRI Kenaf-4 performed better than BJRI Kenaf-3 in both locations, its yield was still lower than HC-95, highlighting the need for further genetic improvement and location-specific management strategies. Similar observations were made by Babalad et al. (2021), who emphasized that variety selection, in combination with appropriate sowing dates, plays a decisive role in optimizing kenaf yield under climate variability.
These findings also underscore the potential of HC-95 as a high-yielding variety for sustainable fibre production in Bangladesh. Considering the growing demand for kenaf fibre in both domestic and international markets (Islam et al., 2019), adoption of high-performing varieties such as HC-95 could substantially enhance the profitability and competitiveness of kenaf cultivation.

Table 3: Effect of variety on fibre yield and yield components of kenaf at different locations
	Locations
	Treatment
	PP (m-1)
	PH (m)
	BD (mm)
	FY (tha-1)
	SY (tha-1)

	
	V1
	35.00a
	3.35a
	19.40a
	3.52a
	7.02a

	
	V2
	21.17c
	2.82c
	13.65c
	3.10c
	5.25c

	Kishoreganj
	V3
	27.33b
	3.02b
	16.79b
	3.33b
	6.32b

	
	LSD(0.05)
	2.15
	0.06
	0.20
	0.04
	0.07

	
	% CV
	6.01
	1.53
	0.93
	0.98
	0.98

	
	V1
	39.00a
	3.45a
	20.67a
	3.51a
	7.05a

	
	V2
	25.00c
	2.83c
	16.09c
	2.90c
	4.35c

	  Rangpur
	V3
	32.33b
	3.19b
	18.37b
	3.24b
	6.16b

	
	LSD(0.05)
	1.21
	0.08
	0.11
	0.07
	0.14

	
	% CV
	2.94
	2.01
	0.48
	1.85
	1.84


Values with dissimilar letters are significantly different at P<0.05
Legend: V1 = HC 95, V2 = BJRI Kenaf 3 (Bot Kenaf), V3 = BJRI Kenaf 4 (KE-3); PP = Plant Population, PH = Plant height, BD = Base diameter, FY = Fibre yield, SY= Stick yield.
The results showed significant differences among the parameters due to different sowing dates (Table-1 & 2 and Table 4). At Kishoreganj, the highest plant population (30.44 m-2) was found on 29 March. Again, the highest value for plant height (3.18 m) and base diameter (17.95 mm) also came from 29 March. Moreover, the highest fibre yield (3.40 tha-1) and stick yield (6.35 tha-1) were found on the same date of sowing in March. All the yield contributing parameters showed lower performances when it was sown on 21 April than on 29 March.  At Rangpur, the highest plant population (36.22 m-2) was found on 25 March. Again, the highest value for plant height (3.28 m) and base diameter (20.01 mm) also came from 25 March. Moreover, the highest fibre yield (3.33 tha-1) and stick yield (6.05 tha-1) were found on the same date of sowing in March. All the yield contributing parameters showed lower performances when seeds were sown on 17 April than that on 25 March.
The present findings clearly indicate that sowing date exerted a significant influence on kenaf growth and yield across locations. At both Kishoreganj and Rangpur, sowing in late March resulted in superior performance in plant population, plant height, base diameter, fibre yield, and stick yield compared to April sowing. This could be attributed to favorable climatic conditions during March, when moderate rainfall and optimal soil moisture facilitated better seed germination and crop establishment. In contrast, April sowing likely exposed seedlings to less favorable conditions, which reduced growth and yield. Similar results were reported by Islam et al. (2019), who emphasized that early sowing allows kenaf to synchronize its growth with favorable rainfall distribution in Bangladesh.
The highest fibre yield (3.40 tha⁻¹) and stick yield (6.35 tha⁻¹) were recorded at Kishoreganj when sown on 29 March, while at Rangpur, the highest fibre yield (3.33 tha⁻¹) and stick yield (6.05 tha⁻¹) were obtained on 25 March. These findings are consistent with Ahmed et al. (2024), who observed that timely sowing improves crop vigor and enhances yield attributes by ensuring optimum utilization of soil moisture and temperature during the early growth stages.
Overall, the results suggest that late March sowing is the most suitable period for kenaf in both locations, as it ensures better crop establishment and higher productivity. This supports the conclusions of Mostofa et al. (2017), who highlighted the importance of adjusting sowing time to maximize yield potential under varying agro-ecological conditions.
  
Table 4: Effect of sowing dates on fibre yield and yield components of kenaf at different locations
	Locations
	Treatment
	PP (m-2)
	PH (m)
	BD (mm)
	FY (tha-1)
	SY (tha-1)

	Kishoreganj
	29-Mar
	30.44a
	3.18a
	17.95a
	3.40a
	6.35a

	
	21-Apri
	25.22b
	2.95b
	15.27b
	3.24b
	6.07b

	
	LSD(0.05)
	   1.75
	0.04
	0.16
	0.03
	0.06

	
	% CV
	   6.01
	1.53
	0.93
	0.98
	0.98

	    Rangpur
	25-Mar
	36.22a
	3.28a
	20.10a
	3.33a
	6.05a

	
	17-Aril
	28.00b
	3.03b
	16.65b
	3.10b
	5.63b

	
	LSD(0.05)
	   0.10
	0.06
	0.09
	0.06
	0.11

	
	% CV
	   2.94
	2.01
	0.48
	1.85
	1.84


[bookmark: _Hlk165208803]Values with dissimilar letters are significantly different at P<0.05
Legend:  V1 = HC 95, V2 = BJRI Kenaf 3 (Bot Kenaf), V3 = BJRI Kenaf 4 (KE-3); PP = Plant Population, PH = Plant height, BD = Base diameter, FY = Fibre yield, SY= Stick yield.
At Kishoreganj, the interaction effect of variety and sowing dates showed significant differences among the means of treatment combinations (Table 1 & 2 and Table 5). The highest plant population (40.00 m-2) was found in the V1S1 treatment combination. Again, the highest plant height (3.47 m), and base diameter (21.35 mm) were also found from the V1S1 treatment combination. Moreover, the highest fibre yield (3.60 tha-1) and stick yield (7.25 tha-1) also came from the same treatment combination and the lowest fibre yield (3.02 tha-1) and stick yield (5.13 tha-1) came from the V2 x S2 treatment combination.
The interaction between sowing dates and varieties clearly indicates that both factors jointly influence the yield and yield components of kenaf. Early sowing on 29 March created favorable environmental conditions for better crop establishment, vegetative growth, and fibre accumulation, which is consistent with the general findings that timely sowing enhances photosynthetic efficiency and biomass partitioning. Among the varieties, HC 95 (V1) exhibited superior adaptability under early sowing, likely due to its vigorous growth habit and higher resource-use efficiency. This is also found by Ahmed et al. (2024), who reported that HC 95 performed more consistently across environments compared to other genotypes.
Delayed sowing on 21 April reduced plant population, growth, and yield regardless of variety, which may be linked to higher temperatures and soil moisture stress during the early stages of development. Islam et al. (2019) also noted that late sowing exposes kenaf plants to suboptimal conditions, ultimately decreasing fibre yield. Although BJRI Kenaf 4 (V3) showed moderate performance under early sowing, its yield was still inferior to HC 95, suggesting genotypic variation in sowing date response. This aligns with the observations of Mostofa et al. (2017), who highlighted that different kenaf genotypes vary in their adaptability to specific sowing windows.
Overall, the interaction analysis confirms that early sowing, particularly in combination with HC 95, provides the best opportunity to maximize fibre and stick yield in the Kishoreganj region.
Table 5: Interaction effect of variety and date of sowing on fibre yield & yield components of kenaf at Kishoreganj
	Treatment
	PP (m-2)
	PH (m)
	BD (mm)
	FY (tha-1)
	SY (tha-1)

	V1 x S1
	40.00a
	3.47a
	21.35a
	3.60a
	7.25a

	V1 x S2
	31.00b
	3.23b
	17.47c
	3.42b
	6.85b

	V2 x S1
	22.33cd
	2.97d
	14.50e
	3.18d
	5.40e

	V2 x S2
	20.00d
	2.67e
	12.81f
	3.02e
	5.13f

	V3 x S1
	30.00b
	3.10c
	18.07b
	3.37b
	6.41c

	V3 x S2
	24.67c
	2.95d
	15.50d
	3.28c
	6.24d

	LSD(0.05)
	3.04
	0.08
	0.28
	0.05
	0.11

	% CV
	6.01
	1.52
	0.93
	0.97
	0.98


Values with dissimilar letters are significantly different at P<0.05
Legend:  V1 = HC 95, V2 = BJRI Kenaf 3 (Bot Kenaf), V3 = BJRI Kenaf 4 (KE-3); S1 = 29 March, S2 = 21 April, PP = Plant population, PH = Plant height, BD = Base diameter, FY = Fibre yield, SY= Stick yield.
At Rangpur, the interaction effect of variety and sowing dates showed significant differences among the means of treatment combinations (Table 1 & 2 and Table 6). The highest plant population (45.00 m⁻²) was found in the V1 × S1 treatment combination. Similarly, the highest plant height (3.60 m) and base diameter (22.75 mm) were also recorded from V1 × S1. Moreover, the highest fibre yield (3.70 t ha⁻¹) and stick yield (7.40 t ha⁻¹) were obtained from the same treatment, while the lowest fibre yield (2.85 t ha⁻¹) and stick yield (4.28 t ha⁻¹) were produced by V2 × S2.

The superior performance of HC 95 sown on 25 March (V1 × S1) indicates that early sowing provided favorable temperature and soil moisture conditions for better establishment and growth, leading to higher biomass and fibre yield. Similar trends were reported by Sengupta et al. (2022) and Rahman et al. (2022), who found that early sowing improved vegetative growth and fibre yield in kenaf. The decline in growth and yield under late sowing (21 April) is likely due to reduced growing duration and higher temperature stress, as noted by Ahmed et al. (2024). The positive response of plant population and base diameter under early sowing agrees with Islam et al. (2019), who observed enhanced canopy development and fibre yield under optimum plant density and early planting. Overall, these results suggest that early sowing (late March) of HC 95 ensures better yield performance under Rangpur conditions.
Table 6: Interaction effect of variety and date of sowing on fibre yield & yield components of kenaf at Rangpur
	Treatment
	PP (m-2)
	PH (m)
	BD (mm)
	FY (tha-1)
	SY (tha-1)

	V1 x S1
	45.00a
	3.60a
	22.75a
	3.70a
	7.40a

	V1 x S2
	34.00c
	3.30b
	18.60c
	3.32b
	6.63b

	V2 x S1
	28.00d
	2.95d
	18.10d
	2.95d
	4.43e

	V2 x S2
	22.00e
	2.70e
	14.08f
	2.85d
	4.28e

	V3 x S1
	36.67b
	3.283b
	19.47b
	3.33b
	6.33c

	V3 x S2
	28.00d
	3.10c
	17.27e
	3.15c
	5.98d

	LSD(0.05)
	1.72
	0.11
	0.16
	0.10
	0.19

	% CV
	2.94
	2.01
	0.48
	1.85
	1.84


Values with dissimilar letters are significantly different at P<0.05
Legend: V1 = HC 95, V2 = BJRI Kenaf 3 (Bot Kenaf), V3 = BJRI Kenaf 4 (KE-3); S1 = 25 March, S2 = 21 April; PP = Plant population, PH = Plant height, BD = Base diameter, FY = Fibre yield, SY= Stick yield.
4. Conclusion
Different kenaf varieties and sowing dates had a significant effect on plant height, base diameter, fibre yield and stick yield. The outcomes of the present study concluded that proper jo- conditions found in the last week of March, both in Kishoreganj and Rangpur, gave higher fibre yield and stick yield. The outcomes of this study indicate that HC-95 can be sown in the last week of March for better fibre and stick yield, depending on the rainfall.
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