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Influence of Line Sowing on Growth Dynamics and Yield Performance of Onion (Allium cepa L.) in Coastal Region
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ABSTRACT 

	A field experiment was conducted in the field of Noakhali Science & Technology University, Noakhali-3814, Bangladesh during the period from 5th December, 2017 to 27th April 2018 to study the effect of line sowing on growth dynamics and yield performance of onion. The experimental field was laid out in Randomized Complete Block Design (RCBD) with three replications. The treatments were T1 = 2 m, T2 = 3 m, T3= 3.5 m. Key parameters including plant height, number of leaves per plant, leaf length, leaf breadth, and bulb weight were recorded at 40 and 55 days after sowing (DAS). Analysis of variance revealed significant differences among treatments for all measured traits. Plant height was consistently highest in T2 at both 40 DAS (25.77 cm) and 55 DAS (33.50 cm), indicating enhanced vegetative growth, while T1 produced the shortest plants. Leaf number showed slight variations, with T3 producing the maximum leaves at 55 DAS (6.33) and T2 recording the lowest (5.33). Leaf length was highest in T2 (23.83 cm at 40 DAS; 29.57 cm at 55 DAS), whereas T3 produced the widest leaves at 55 DAS (0.93 cm). Bulb weight differed across treatments, with T2 producing the heaviest bulbs at 40 DAS (13.50 g) and T1 achieving the highest weight at 55 DAS (14.20 g). The results indicate that T2 favored early vegetative growth and initial bulb development, while T1 contributed to superior final bulb weight. These findings suggest that stage-specific management practices can enhance onion growth dynamics and maximize yield under similar agro-climatic conditions.




Keywords: Growth dynamics; line sowing; yield performance; onion


1. INTRODUCTION 

Globally important as a vegetable and spice crop, onions (Allium cepa L.) are valued for their nutritional content and culinary diversity [1]. In Bangladesh, it holds a prominent position in the agricultural sector, contributing substantially to both domestic consumption and export markets [2]. Despite its significance, growing onions presents difficulties because of poor agronomic techniques, which frequently result in lower yield and quality [3].
In Bangladesh, onion is a staple in the diet and a significant cash crop. The country ranks as the fifth-largest producer of onions globally, with an annual production of approximately 2.5 million tons. However, this production falls short of meeting the domestic demand, leading to a reliance on imports to bridge the gap. In 2023, while the demand for onion in Bangladesh was around 2.5 million metric tons, domestic production was approximately 3.4 million metric tons [4]. Despite this, around 1 million metric tons were lost during harvesting and storage due to inadequate infrastructure, leaving only a portion to reach the market. This discrepancy highlights the need for improved cultivation and post-harvest practices to enhance onion production and reduce dependency on imports [5].
Traditional sowing methods, such as broadcasting, are prevalent among farmers due to their simplicity and low cost. However, these methods can result in uneven plant distribution, increased competition for nutrients, and inefficient use of resources. In contrast, line sowing—where seeds are planted in well-defined rows—has been proposed as a potential solution to enhance crop establishment and productivity [6].
Line sowing offers several agronomic advantages over broadcasting. It facilitates better light interception, improves air circulation, and allows for more efficient weed and water management [7]. Additionally, it enables precise control over plant density and spacing, which are critical factors influencing plant growth and yield. By adopting line sowing, farmers can achieve more uniform crop stands, leading to improved resource utilization and higher yields [8-9]. For instance, research on onion cultivation has shown that line sowing can lead to increased bulb size, higher total yield, and improved marketable yield [10]. These benefits are attributed to the optimized plant arrangement and reduced inter-plant competition inherent in line sowing systems [11]. The adoption of line sowing could be a step towards sustainable intensification of onion production, aligning with the country's agricultural development goals [12].
Line sowing offers several agronomic advantages over broadcasting. It facilitates better light interception, improves air circulation, and allows for more efficient weed and water management [13]. Additionally, it enables precise control over plant density and spacing, which are critical factors influencing plant growth and yield. By adopting line sowing, farmers can achieve more uniform crop stands, leading to improved resource utilization and higher yields [14-15]. Moreover, line sowing can enhance the efficiency of intercultural operations such as weeding, fertilization, and irrigation. These practices are crucial for optimizing growth conditions and maximizing yield potential. The improved management of these operations can lead to better resource use efficiency and reduced production costs [16].
However, despite the recognized benefits, research on the influence of line sowing on growth dynamics and yield performance of onion under local conditions remains limited [17]. A clear understanding of its impact on morphological traits and yield attributes is essential for recommending improved cultural practices to farmers. Therefore, the present study was undertaken to evaluate the effect of line sowing on the growth dynamics and yield performance of onion (Allium cepa L.) in Bangladesh [18]. By comparing line sowing with traditional broadcasting methods, the research seeks to provide empirical data on the advantages of line sowing in terms of plant growth parameters, yield components, and overall productivity [19]. The findings are expected to know the growth and bulb of onion production and to know size and weight of the single fruit of the onion through line sowing that can enhance onion production and contribute to the economic well-being of farmers.

2. material and methods 

2.1 Experimental Site
The study was conducted during 05 December 2017 to 27 April 2018 in front of teacher’s dorm at Noakhali Science and Technology University. The experimental area was located at 22°.72N latitude and 91.105°’E longitude, The experimental field falls under the agro-ecological zone of Young Meghna Estuarine Floodplain AEZ number 18.
2.2 Soil and Climate
Noakhali has sub-tropical climate and it has significant rainfall most months, with a short dry season. The soil was both sites sandy loam in texture and slightly saline soil which pH range were 7.8 to 8.5. The climatic condition of experimental field is given in Figure 1.
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Figure 1: Distribution of monthly average air temperature, relative humidity, rainfall, sea level 
pressure and sunshine of the experiment site. 
2.3 Experimental Treatments
The variety Deshi variety (Jhulia) was collected from an agent of BADC from Dotterhat Nursery Store was included in the study. T1 = 2 m, T2 = 3 m, T3= 3.5 m.
2.4 Fertilizers Application
Urea, Triple Super Phosphate (TSP), Murate of Potash and cow dung were used as sources of nutrient. During land ploughing cow dung, urea, TSP, MP, Gypsum, Borax, and ZnSO4 is required in 50kg. 100g, 100g, 50g, 40g, 100g, 40g, 40g ha-1 respectively. Prior to the completion of the final land preparation, all fertilizers were applied, with the exception of muriate of potash. Three top dressings of muriate of potash were applied at 15, 30, and 45 days after transplanting (DAT).
2.5 Preparation of Pit
For raising Onion seedling, the soil well prepared and converted into loose friable. All weeds and dead stubbles were removed and the soil mixed with well rotten cow dung. Soil clods are broken down by hands. Fertilizers and manures are mixed properly with the soil. The Seeds were sown on 50 cm x 50 cm x 45 cm sized pit. 2m x 2m distance was maintained. The pit was covered with water hyacinth & straw for protecting the seeds and seedlings & for holding the moisture content of the soil.
2.6 Intercultural Operations
After sowing of the seedlings different intercultural operations were carried out for better growth and development of plants.
2.7 Irrigation and Drainage:
Immediately after transplanting, light watering to the individual seedlings was provided to overcome water deficit. After establishment of the seedlings, watering was done as and when necessary. Stagnant water was effectively drained out at the time of excess irrigation.
2.8 Weeding and Mulching
Weeding and mulching were done to keep the line/furrow free from weeds, easy aeration of soil and to conserve soil moisture, which ultimately ensured better growth and development. When the seedlings were established, first mulching and weeding were done uniformly in all pits. Second weeding was done after 25 days of the first one. During flower bud initiation and maturity stage of the fruits, another weeding was done for clean cultivation. The newly emerged weeds were uprooted carefully whenever necessary. Breaking the cluster of the soil, when needed was done through mulching.
2.9 Harvesting
All fruits were not matured at a same time, so it could not be done at a time from the whole field. Harvesting was done at tender stage & before 100% maturity of each seed and bulb. Harvested was done by 27 April 2018.
2.10 Collection of Data
2.10.1 Height of Plant
Length of plant was taken in centimeter (cm) after harvesting of each fruit by using a meter scale and mean value was recorded accurately.
2.10.2 Number of Leaves Per Plant
The data were collected from the field at 40 DAS & 55 DAS The data were subjected to statistical analysis & then highlighted through line sowing
2.10.3 Length of Leaf
Length of leaf per plant & each variety was counted manually at 6 and 8 weeks after planting and mean value was recorded.
2.10.4 Leaf Breadth
The data were collected from the field at 40 DAS & 55 DAS. The data were subjected to statistical analysis & then highlighted in the line sowing.
2.10.5 Weight of Bulb (g)
Single fruit weight was recorded in kg from each variety and average value was calculated for every variety. The average yield data were recorded in g after harvesting by using digital weight machine.
2.11 Statistical Analysis 
Data on, yield and yield parameters were compiled, tabulated and analyzed statistically using the analysis of variance technique. Analysis of variance was done and the mean differences were adjudged by Duncan's Multiple Range Test (DMRT) according to Gomez and Gomez [20] with the help of computer package program (M-STAT).

3. results and discussion
3.1 Plant Height (cm)
The ANOVA revealed significant block effects (F cal = 8.4 > F tab = 6.94), indicating that field variability influenced plant height, while the variation among treatments suggests that different sowing methods or spacing contributed to differential growth (Table 1). The plant height of onion varied among treatments at both 40 and 55 DAS (Table 1). At 40 DAS, plant height ranged from 24.13 cm in T3 to 25.77 cm in T2. By 55 DAS, plant height increased in all treatments, ranging from 31.2 cm in T1 to 33.5 cm in T2, indicating active vegetative growth during this period (Figure 2a and Figure 4). Among treatments, T2 consistently produced the tallest plants at both stages, followed by T3 and T1. 
The increment in plant height from 40 to 55 DAS was highest in T2 (an increase of 7.73 cm), suggesting that this treatment favored rapid stem elongation during the vegetative phase. In contrast, T1 showed the least increase (6.7 cm), indicating slightly slower growth. These differences may be due to the improved light interception, nutrient availability, and reduced intra-plant competition under T2 conditions. Such trends are consistent with previous studies showing that optimal line sowing or spacing can enhance vegetative growth in onion [21].
3.2 Leaves Plant-1
The ANOVA revealed significant block effects (F cal = 9.02 > F tab = 6.94), indicating the influence of field heterogeneity on leaf production (Table 1). The number of leaves per plant exhibited moderate variation among treatments at both growth stages (Table 1). At 40 DAS, T2 produced slightly more leaves (5.66) compared to T1 and T3 (5.33 each). By 55 DAS, T3 showed the highest leaf number (6.33), followed by T1 (6.0) and T2 (5.33) (Figure 2b and Figure 4). 
Over time, leaf number increased in all treatments, reflecting continuous vegetative growth. The increase was most pronounced in T3 (from 5.33 to 6.33), indicating that this treatment may have favored leaf initiation at later stages. In contrast, T2 showed a slight decrease in leaf number at 55 DAS (from 5.66 to 5.33), which could be attributed to leaf senescence or competition among growing leaves. Although T3 had slightly more leaves at 55 DAS, the slightly lower leaf number in T2 might be compensated by longer and more robust leaves, as seen in the leaf length parameter. These findings suggest a trade-off between leaf number and leaf size, where fewer but larger leaves in T2 may be more efficient in photosynthesis. Similar results were observed by Jain et al. [22], emphasizing that both leaf number and leaf size contribute to overall crop productivity.
3.3 Leaf Length (cm)
ANOVA results indicated significant block effects (F_cal = 7.37 > F_tab = 6.94), highlighting the impact of field conditions on leaf elongation (Table 1). Leaf length at 40 DAS ranged from 20.2 cm (T3) to 23.83 cm (T2), while at 55 DAS it ranged from 28.07 cm (T1) to 29.57 cm (T2), showing progressive growth over time. Among treatments, T2 consistently had the longest leaves at both growth stages, followed by T3 and T1 (Figure 2c and Figure 4).  The increase in leaf length from 40 to 55 DAS was highest in T2 (5.74 cm), followed by T3 (8.63 cm) and T1 (7 cm). This suggests that T2 provided favorable growth conditions that promoted both cell division and elongation. Longer leaves enhance the photosynthetic area, which is critical for assimilate production during bulb formation. The consistent increase in leaf length across all treatments reflects normal vegetative growth, but the relative superiority of T2 underscores the importance of appropriate agronomic management in optimizing leaf development [23].
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Figure 2: Variation of plant height, leaves per plant and length of leaf for different treatment
T1= 2 m, T2= 3 m, T3= 3.5 m
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Table 1: Effect of line sowing on plant height, leaves per plant and length of leaf
	[bookmark: _Hlk207674405]Treatment

	Plant height (cm)
	
	d.f
	S.S
	M.S
	F (cal)
	F (tab)

	
	40DAS
	55DAS
	
	
	
	
	
	

	T1
	24.5 cm
	31.2 cm
	Block
	2
	15.54
	7.77
	8.4
	6.94

	T2
	25.77 cm
	33.5 cm
	Treatment
	2
	4.41
	6.205
	
	

	T3
	24.13 cm
	31.63 cm
	Error
	4
	12.2
	0.738
	
	

	
	Leaves per plant
	
	d.f
	S.S
	M.S
	F (cal)
	F (tab)

	
	40DAS
	55DAS
	
	
	
	
	
	

	T1
	5.33
	6
	Block
	2
	0.90
	0.45
	9.02
	6.94

	T2
	5.66
	5.33
	Treatment
	2
	0.23
	0.415
	
	

	T3
	5.33
	6.33
	Error
	4
	3.09
	0.046
	
	

	
	Length of leaf (cm)
	
	d.f
	S.S
	M.S
	F (cal)
	F (tab)

	
	40DAS
	55DAS
	
	
	
	
	
	

	T1
	21.07 cm
	28.07 cm
	Block
	2
	11.06
	5.53
	7.37
	6.94

	T2
	23.83 cm
	29.57 cm
	Treatment
	2
	11.6
	9.8
	
	

	T3
	20.2 cm
	28.83 cm
	Error
	4
	33.34
	1.33
	
	


[bookmark: _Hlk207846737]F (cal) > F (tab) at 5 % level of significance, which means null hypothesis rejected, that means treatment effect is highly significant. T1= 2 m, T2= 3 m, T3= 3.5 m
3.4 Leaf Breadth (cm)
The ANOVA indicated significant block effects (F cal = 11.07 > F tab = 6.94), suggesting field variability influenced leaf width (Table 2). Leaf breadth of onion plants showed slight variation among treatments at both 40 and 55 DAS. At 40 DAS, leaf breadth ranged from 0.47 cm in T3 to 0.67 cm in T1. By 55 DAS, leaf breadth increased for all treatments, ranging from 0.9 cm in T1 and T2 to 0.93 cm in T3 (Figure 3a and Figure 4). Leaf breadth, together with leaf length, contributes to the total leaf area and photosynthetic potential of onion plants. The increase in leaf breadth over time indicates normal leaf expansion during vegetative growth. Studies by Jadhav et al. [24] similar trends, showing that both leaf length and breadth are critical indicators of plant vigor and can influence bulb development.
3.5 Weight of Bulb (g)
The ANOVA revealed significant block effects (F cal = 9.6 > F tab = 6.94), highlighting the influence of experimental blocks on bulb growth (Table 2). Bulb weight was measured at 40 and 55 DAS. At 40 DAS, T2 produced the heaviest bulbs (13.5 g), followed by T1 (12.03 g) and T3 (11.47 g). By 55 DAS, bulb weight increased in all treatments, with T1 recording 14.2 g, T3 at 13.63 g, and T2 slightly decreased to 13.8 g (Figure 3b and Figure 4). Treatment differences indicate that early growth vigor (as seen in T2) may contribute to initial bulb development, while final bulb weight at 55 DAS showed minor differences among treatments. Bulb weight is a critical yield determinant in onion cultivation. The higher bulb weight in T2 at 40 DAS suggests that this treatment promoted early assimilate accumulation, likely due to better vegetative growth and photosynthetic activity [25]. By 55 DAS, the slight decrease in T2 bulb weight compared to T1 may indicate redistribution of resources or measurement variability. The results suggest that both vegetative growth parameters (height, leaf length, breadth) and agronomic management practices influence bulb development. Similar findings have been reported by [21], emphasizing that treatment-induced variation in early growth stages can affect final bulb size and quality.
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[bookmark: _Hlk213544489]Figure 3: Variation of leaf breadth and weight of bulb for different treatment
T1= 2 m, T2= 3 m, T3= 3.5 m
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Figure 4: Varietal effect of plant height, leaves per plant, length of leaf, leaf breadth and weight of bulb for different treatment
PH40DAS= plant height at 40 days after sowing, PH50DAS= plant height at 50 days after sowing, LPP40DAS= leaves per plant at 40 days after sowing, LPP50DAS= leaves per plant at 50 days after sowing, LL40DAS= length of leaf at 40 days after sowing, LL50DAS= length of leaf at 50 days after sowing, LB40DAS= leaf breadth at 40 days after sowing, LB50DAS= leaf breadth at 50 days after sowing, WB40DAS= weight of bulb at 40 days after sowing, WB50DAS= weight of bulb at 50 days after sowing, T1= 2 m, T2= 3 m, T3= 3.5 m
Table 2: Effect of line sowing on Leaf breadth and Weight of bulb
	Treatment

	Leaf breadth (cm)
	
	d.f
	S.S
	M.S
	F (cal)
	F (tab)

	
	40DAS
	55DAS
	
	
	
	
	
	

	T1
	0.67 cm
	0.9 cm
	Block
	2
	0.006
	0.003
	11.07
	6.94

	T2
	0.5 cm
	0.9 cm
	Treatment
	2
	0.066
	0.83
	
	

	T3
	0.47 cm
	0.93 cm
	Error
	4
	0.03
	0.075
	
	

	
	Weight of bulb (g)
	
	d.f
	S.S
	M.S
	F (cal)
	F (tab)

	
	40DAS
	55DAS
	
	
	
	
	
	

	T1
	12.03 g
	14.2 g
	Block
	2
	3.93
	1.965
	9.6
	6.94

	T2
	13.5 g
	13.8 g
	Treatment
	2
	0.48
	0.24
	
	

	T3
	11.47 g
	13.63 g
	Error
	4
	18.55
	0.025
	
	


F (cal) > F (tab) at 5 % level of significance, which means null hypothesis rejected, that means treatment effect is highly significant. T1= 2 m, T2= 3 m, T3= 3.5 m
4. Conclusion

The study demonstrated that agronomic treatments had a significant influence on the growth and yield attributes of onion. Among the treatments, T2 consistently promoted taller plants and longer leaves, indicating enhanced vegetative growth and photosynthetic capacity during the early growth stages. T3, however, produced the highest number of leaves and widest leaves at later stages, suggesting superior canopy expansion and potential for higher light interception. Overall, the results indicate that appropriate treatment selection can significantly enhance onion growth dynamics and yield performance. These findings provide valuable insights for improving onion management practices under similar agro-climatic conditions.
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