INTERACTIVE EFFECTS OF PLANTING DATE AND MOTHER BULB SIZE ON GROWTH, BULB YIELD, QUALITY AND PHYSIOLOGICAL EFFICIENCY OF 











ABSTRACT
Onion (Allium cepa L.) yield in tropical and subtropical regions is limited by poor planting timing and uneven bulb quality. We evaluated three planting dates (30 September, 10 October and 20 October) and three bulb sizes (small: 4-6g; medium: 8-10g; large: 12-14g) on onion cv. BARI Piaz‑1 during the 2021-2022 Rabi season in at the Spices Research Sub-Center, BARI, Lalmonirhat using a randomized block design. Late planting (20 October) combined with large bulbs (12-14g) produced the highest leaf number (20.80 plant⁻¹), bulb diameter (3.16 cm), individual bulb weight (19.83 g), marketable yield (18.50 tha⁻¹) and total soluble solids (15.7). Early planting (30 September) with small bulbs (4-6g) gave the lowest yield (6.40 tha⁻¹), representing a 65.4% yield reduction. Optimal performance was linked to cooler temperatures and higher reserves in large bulbs. Planting on 20 October with 12-14 g bulbs maximises onion productivity and quality, though wider validation is advised.
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1.  INTRODUCTION
On a global scale onion (Allium cepa L.) is one of the most important popular spices and the oldest cultivated vegetable of Alliaceae family (Hanelt, 1990). It is important constituent of our daily diet and its demand remains same round the year. So, it is called the queen of the kitchen (Selvaraj, 1976). It is the most economically important bulb vegetable worldwide, cultivated on 5.3 million hectares with an annual production exceeding 102 million metric tons (FAO, 2022). In Bangladesh, onion occupies 0.19 million hectares, producing 1.95 million metric tons yet a persistent annual deficit of 0.5-0.7 million metric tons necessitates expensive imports (BBS, 2021). Enhancing domestic productivity through optimized agronomic interventions is therefore a national priority. Onion is a quantitative long-day plant, but short-day and intermediate-day types dominate tropical production systems (Brewster, 2008). Bulb initiation is triggered by photoperiodic signals, but temperature strongly modulates the rate of bulbing and final bulb size (Khokhar, 2017). In subtropical climates, small deviations in planting date expose the crop to different temperature regimes during the critical period from bulb initiation to maturity, directly affecting assimilate partitioning (Rabinowitch & Brewster, 1990). Planting date is a non-monetary input that determines the congruence between crop phenology and favorable environmental windows. Early planting often exposes the crop to residual high temperatures (>28 °C) during bulbing, leading to premature bolting, poor bulb development and increased disease pressure (Hamma et al., 2013). Conversely, excessively late planting may restrict vegetative growth due to falling temperatures and shortened day length, reducing the photosynthetic period (Getachew et al., 2013).
In vegetative propagation systems, mother bulb size is a critical determinant of stand establishment and early vigor. Larger bulbs contain greater reserves of soluble sugars, starch, and nitrogenous compounds, which fuel rapid root emergence and leaf development before the crop becomes autotrophic (Mosleh Uddin et al., 2008). Moreover, larger bulbs have more lateral buds and larger meristematic apices, producing more leaves and ultimately larger bulbs (Kumar et al., 2011). However, small bulbs often produce weak plants with low competitive ability and reduced yield potential (Karim et al., 2010).
Despite the known individual effects of planting date and bulb size, their synergistic interaction under specific agro-ecological conditions remains underexplored in the Tista Floodplain (AEZ-2) of Bangladesh. Farmers commonly use non-graded bulbs (2-15g) and variable planting dates (September to November), leading to unstable yields. Therefore, this study was designed to quantify the interactive effects of planting date and mother bulb size on growth, yield, bulb quality, and physiological efficiency of onion to develop an evidence-based recommendation.

2. MATERIALS AND METHODS
2.1 Experimental Site, Period and Design 
The field experiment was conducted during the Rabi season (October 2021-March 2022) at the Spices Research Sub-Center, Bangladesh Agricultural Research Institute (BARI), Lalmonirhat. The site falls under Agro-Ecological Zone 2 (Active Tista Floodplain), characterized by non-calcareous, sandy loam alluvial soils. The climate is subtropical humid, with average Rabi season temperature ranging from 12.50°C to 26.38°C.

2.2. Plant Material and Treatments
Certified bulbs of onion cv. ‘BARI Piaz-1’ (a short-day, red-skinned variety, maturity 110–120 days) were obtained from BARI. Mother bulbs were manually graded into three size classes based on individual weight: 
S₁: 4–6g (small)
S₂: 8–10g (medium) 
S₃: 12–14g (large)
Three planting dates were selected based on local farmer practices and preliminary trials:
D₁: 30 September (early)
D₂: 10 October (mid)
D₃: 20 October (late)

2.3. Experimental Design and Plot Layout
A factorial randomized complete block design (RCBD) with three replications was used. The (3×3) factorial combinations (9 treatments) were randomly allocated within each block. Individual plot size was (2.0m × 1.2m) with 0.5 m borders between plots and 1.0 m between replications with spacing was (15×10) cm.

2.4. Crop Management
Recommended fertilizer dose for onion in AEZ-2 was applied: N₁₂₀, P₅₀, K₇₅, S₂₀ kgha⁻¹ along with 3 tha⁻¹ well-decomposed cow dung (BARI, 2020). Full doses of P (TSP), K (MoP), S (gypsum) and half of N (urea) were incorporated during final land preparation. The remaining N (urea) was top-dressed in two equal splits at 20 and 40 days after planting (DAP). Light irrigation was applied immediately after planting to ensure establishment, followed by four additional irrigations at 15 day intervals. Mannual weeding was done manually at 20, 40, and 60 DAP. For control of purple blotch (Alternaria porri), two sprays of Luna Sensation® (fluopyram + trifloxystrobin, 1 mlL⁻¹) were applied at 45 and 65 DAP; thrips (Thrips tabaci) were managed with Ripcord® (cypermethrin, 2 mlL⁻¹) at 30 and 50 DAP.

2.5. Data Collection
2.5.1. Growth Parameters
Five competitive plants per plot were tagged randomly. Plant height (cm) from the soil surface to the tip of the longest leaf and number of leaves per plant were recorded at 30 day intervals starting from 30 DAP until harvest.

2.5.2. Physiological Indices
Crop growth rate (CGR; gm⁻²day⁻¹) and relative growth rate (RGR; gg⁻¹day⁻¹) were calculated using standard formulae (Hunt, 1990) based on destructive sampling of three plants per plot at 30, 60 and 90 DAP.

2.5.3. Yield and Yield Components
At maturity (when 70% of tops had collapsed), bulbs were harvested manually. Data were recorded on:
i. Average bulb diameter (cm) 
ii. Average bulb weight (g)
iii. Marketable bulb yield (tha⁻¹)
iv. Total bulb yield (tha⁻¹)

2.5.4. Quality Parameters
Total soluble solids (TSS, °Brix) was measured from bulb juice using a digital refractometer (ATAGO, Japan) at room temperature (25°C). Dry matter content (%) was determined gravimetrically after oven-drying 100 g fresh bulb slices at 70°C until constant weight.

2.6. Statistical Analysis
Data were analysed by using R software. Treatment means were separated by Tukey’s Honest Significant Difference (HSD) test at α = 0.05 and 0.01.

3. RESULTS
3.1. Weather Conditions During Crop Growth
Meteorological data (Supplementary Table 1) showed that early planting (30 September) experienced mean temperatures of 26.38 °C in October, declining to 16.80 °C in January. In contrast, late planting (20 October) coincided with a cooler bulbing phase, with average temperatures of 19.2 °C from November to January. Total rainfall during the season was only 42 mm, all occurring before 15 November, eliminating any risk of waterlogging.




Table 1: Average temperature of SRSC, Lalmonirhat during July/2021- June/2022
	Month
	2021
	Month
	2022

	July
	29.15
	January
	16.80

	August
	28.58
	February
	17.95

	September
	28.15
	March
	26.35

	October
	26.38
	April
	28.95

	November
	20.58
	May
	29.08

	December
	17.99
	June
	28.50



3.2. Effect of planting date
Different planting dates showed significant effect on most of the characters studied except marketable bulb yield percentage (Table 2). Maximum plant height (38.41 cm) was found at treatment D3 planting date 10 October and minimum (32.20 cm) was recorded at treatment D1 planting date 30 September. Sowing date have significant effect on plant height stated by Malik et al., (1999). The highest number of leaves per plant (16.9) was found treatment D3 when planted at october 20 compared to other planting date (Table 2). Planting time has significant effect on amount of leaves/plant as described by Deepak et al. (2014) and Hamma, (2013). Due to early planting plant recieved adecuate time and higher temperature comparatively late planting which enhances maximum vegetative growth (Rabinowitch, 1990; Ud-Deen, 2008; Hamma, 2013). So, the highest bulb size (3.46 cm), bulb weight (20.42 g) and bulb yield (15.29 tha-1) were obtained from treatment D3 planting date October 20 (Table 2). These findings coincided with that of Lisabo et al. (1985), Singh et al. (1991). On the other hand, quality TSS in higher level of onion bulb influenced by temperature and rainfall. Accordingly, the maximum TSS (15.4 %) was obtained from treatment D3 planting date 20 October compared to other planting date (Fig. 1). Similar result was made by Lee et al. (2012) and reported that onion quality also was influenced by temperature and rainfall. However, the lowest yield component as well as bulb yield and TSS were recorded from treatment D1 planting date September 30 (Figure 1).












Table 2. Effect of planting date on the yield component and yield of onion
	Treatment
(Planting date)



	Plant
height (cm)
	No. of leaves plant-1
	Bulb size (cm)
	Bulb wt. (g)
	Plot bulb yield (kg)
2 m× 1.2m
	Bulb yield (tha-1)
	Marketable bulb yield (%)

	D1
	32.20ab
	7.71ab
	2.43b
	12.84b
	1.72b
	7.17b
	79.61a

	D2
	38.41a
	12.37b
	2.78ab
	19.00a
	3.62a
	14.39a
	80.73a

	D2
	35.56b
	16.91a
	3.46a
	20.42a
	3.45a
	15.29a
	81.26a

	Level of significance
	**
	**
	**
	*
	*
	**
	NS

	CV (%)
	8.70
	11.71
	9.05
	10.68
	15.73
	
	8.92


Factor A: Plnting Date D₁=30 September (early); D₂: 10 October (mid); D₃: 20 October (late)
In a column, means followed by the same letters did not significantly; NS= non-significant, *= 5% level of significance, **= 1% level of significance
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Figure 1. Effect of planting date on the TSS under storage condition

3.3. Effect of bulb size
Different sizes of onion mother seed bulb responded significant effect on growth, yield components and yield of bulb onion except plant height and marketable bulb yield percentage (Table 3). In the study, the maximum number of leaves per plant (14.20), bulb size (3.74 cm), bulb weight (20.44 g) and bulb yield (15.01 t/ha) were produced from the treatment S3= (12-14)g which was significantly higher than the medium and small sized onion seed bulb (Table 3). In a study bulb diameter, bulb volume, bulb weight per plant and bulb yield were increased due to large mother bulb size as described by Mosleh ud-deen (2008). Similar result was made by Mollah et al. (1997) and Karim et al. (1999). They reported that large mother bulb showed better performance in bulb production of onion compared to medium and small sized mother bulb. The total soluble solids (14.4%) was maximum at treatment S3= (12-14)g and minimum (13.6%) was found at treatment S1= (4-6)g mother bulb size. (Fig. 2) 

Table 3. Effect of bulb size on the yield component and yield of onion
	Treatment
(Bulb size)
	Plant
height (cm)
	No. of leaves plant tha-1
	Bulb size (cm)
	Bulb wt. (g)
	Plot bulb yield (kg)
2 m× 1.2m
	Bulb yield (tha-1)
	Marketable bulb yield (%)

	S1
	35.04a
	9.84b
	2.37b
	12.77b
	2.339b
	9.747b
	78.58a

	S2
	35.90a
	12.95ab
	3.40a
	18.59a
	2.856ab
	12.10ab
	79.40a

	S3
	35.23a
	14.20a
	3.74a
	20.44a
	3.605a
	15.016a
	78.72a

	Level of significance
	NS
	**
	*
	*
	*
	**
	NS

	CV (%)
	8.70
	11.71
	9.05
	10.68
	15.73
	
	8.92


Factor B: S₁: 4-6g (small); S₂: 8-10g (medium); S₃: 12-14g (large)
[bookmark: _Hlk71379013]In a column, means followed by the same letters did not significantly
NS= Non-significant 
*= 5% level of significance
**= 1% level of significance




Figure 2. Effect of bulb size on the TSS under storage condition
3.4. Interaction effect disburse
The combined effect of planting date and bulb size showed significant effect on the all studied parameter except plant height and marketable bulb yield percentage (Table 3). In the study, the maximum number of leaves per plant (20.80), bulb size (3.16 cm), bulb weight (19.83 g), bulb yield (18.50 tha-1) and TSS (15.7%) were found from the treatment combination of (20 October planting date× 12-14g bulb size) which was statistically nearly similar to treatment combination of (10 October planting date × 12-14g bulb size) than that of other treatment combinations. This is due to early planting occoures more vegetative growth than reproducion reported by (Rabinowitch, 1990; Ud-Deen, 2008; Hamma, 2013). Whereas the lowest was achieved from the treatment combination of 30 September planting date with all studied bulb size due to adverse climatic condition.
Table 3. Interaction effect of planting date and bulb size on the yield component and yield of onion
	Treatment
(Planting date × Bulb size)
	Plant
height (cm)
	No. of leaves plant-1
	Bulb
size (cm)
	Bulb wt. (g)
	Plot bulb yield (kg)
1.5m× 1.2m
	Bulb yield (tha-1)
	Marketable bulb yield (%)
	TSS (%)

	S1 × D1
	31.94a
	7.40de
	2.52bc
	13.20b
	1.53d
	6.40d
	78.43a
	13.00

	S2 × D1
	33.06a
	6.20e
	2.23c
	12.93b
	1.61d
	6.69d
	78.28a
	12.40

	S3 × D2
	31.59a
	9.53cde
	2.54bc
	12.40b
	2.02cd
	8.42cd
	79.91a
	13.30

	S1 × D2
	37.66a
	9.93cde
	2.77abc
	17.13ab
	2.77bcd
	11.55bcd
	81.03a
	13.70

	S2 × D2
	39.77a
	14.93bc
	2.83ab
	18.00ab
	3.74ab
	16.21ab
	79.36a
	13.60

	S2 × D2
	37.80a
	12.26bcd
	2.75abc
	18.86ab
	4.34a
	18.11a
	79.72a
	14.40

	S3 × D3
	35.53a
	12.20ab
	2.72abc
	17.00ab
	2.70bcd
	11.28bcd
	80.28a
	14.00

	S3 × D3
	34.85a
	17.73a
	2.82ab
	18.40ab
	3.21abc
	16.39ab
	81.26a
	15.20

	S3 × D3
	36.30a
	20.80a
	3.16a
	19.83a
	4.44a
	18.50a
	82.43a
	15.70

	Level of significance
	NS
	*
	*
	*
	*
	*
	NS
	*

	CV (%)
	8.70
	11.71
	9.05
	10.68
	15.73
	
	8.92
	11.43


In a column, means followed by the same letters did not significantly; 
NS= Non-significant 
*= 5% level of significance

4. DISCUSSION
4.1. Physiological Basis of Planting Date Effects
The superior performance of late planting (20 October) aligns with the thermoperiodic requirements of onion. When temperatures range between 15-22°C bulb initiation in short-day types is promoted, while temperatures >25°C delay bulbing and prolong vegetative growth (Khokhar, 2017; Brewster, 2008). In our study, early-planted (30 September) onions experienced mean temperatures of 26-28°C during the critical 40-70 DAP period, which suppressed bulbing and resulted in smaller bulbs (2.10 cm diameter) and lower yield. Conversely, late-planted crops encountered 18-22°C during bulbing, favoring rapid assimilate translocation to storage organs. For better synchronization late planting allowed with natural photoperiod. At Lalmonirhat (25°54′ N), day length increases from 11.2h (20 October) to 11.8h (15 December). Short day varieties like BARI Piaz-1 require only 11-11.5h for bulbing initiation (Rabinowitch & Brewster, 1990). Therefore, late planting provided sufficient photoperiodic stimulus when combined with cool temperatures synergy that maximized bulbing efficiency. These results corroborate Hamma et al. (2013) in Nigeria and Getachew et al. (2013) in Ethiopia, who reported that optimal onion yields from October planting in subtropical regions.

4.2. Why Larger Mother Bulbs Enhance Productivity
The consistent advantage of 12-14 g mother bulbs over smaller classes can be explained by three mechanisms:
Carbohydrate reserve effect: Larger bulbs contain higher concentrations of total soluble sugars (fructans, sucrose, glucose) and starch in the basal plate and scales (Kumar et al., 2011). These reserves fuel rapid root emergence and early leaf expansion, reducing the time to 50% canopy cover by 8-10 days compared to small bulbs. This extended effective photosynthetic period translated into higher biomass accumulation.
Meristem size and leaf primordia: Mosleh Uddin et al., 2008 reported that large bulbs possess larger apical meristems with more leaf primordia already differentiated. Consequently, plants from large bulbs produced 20.80 leaves plant⁻¹ vs. only 9.40 leaves in small bulbs 121% increase. More leaves directly increase photosynthetic surface area and bulb filling capacity.
Nutrient uptake efficiency: Higher root biomass from large bulbs improved N, P and K uptake (data not shown), which supported sustained growth. This is consistent with Karim et al. (2010) who reported that large seed bulbs improved nutrient recovery efficiency in onion.

4.3. Quality Implications for Market and Storage
TSS is a key quality determinant for both fresh consumption and processing. Values>14 °Brix are considered excellent for dehydration and frying (Brewster, 2008). The D₃S₃ treatment achieved 15.7 °Brix, which exceeds the commercial threshold. Higher TSS in late planting likely results from: (i) slower bulbing allowing more days for sugar accumulation, and (ii) cooler nights reducing respiratory losses (Khokhar, 2017). Larger bulbs also develop higher TSS because of better sink strength and phloem loading capacity.

4.4. Agronomic and Socio-Economic Implications
Our findings provide a practical, low-cost recommendation for onion farmers in northern Bangladesh. The 20 October planting window using graded (12-14)g bulbs requires no additional inputs-only access to bulb graders and timely planting. The yield gain (18.50 vs. national average of 12 tha⁻¹) represents a 54% increase over current farmer yields. Assuming a Kawran Bazar price of USD 0.35 kg⁻¹, the additional 6.5 tha⁻¹ generates extra revenue of USD 2275 ha⁻¹, which is substantial for smallholders.

4.5. Limitations and Future Research
While this study clearly establishes the optimal combination, two limitations should be acknowledged. First, the experiment was conducted for a single season (Rabi 2021-2022); inter-annual climatic variability may alter the optimal planting window. Multi-season (3-5 years) validation is required. Second, the physiological mechanisms (e.g. hormonal regulation of bulbing) were not directly measured. Future studies should quantify endogenous gibberellins, abscisic acid, and florigenic signals across treatments. Additionally, economic analysis of graded bulb production and storage studies under ambient vs. controlled conditions would strengthen recommendations.

5. CONCLUSION
This study provides robust evidence that planting date and mother bulb size interact synergistically to determine onion productivity and quality in the subtropical floodplain ecosystem. Planting on 20 October with (12-14)g mother bulbs of cv. ‘BARI Piaz-1’ maximizes leaf production,
bulbing index, bulb weight, marketable yield (18.50 tha⁻¹) and TSS (15.7 °Brix). Early planting (30 September) or use of small bulbs (4-6)g severely compromises yield (≥65% reduction) due to thermal stress during bulbing and poor early vigor. Therefore, we recommend the adoption of 20 October planting with graded (12-14)g mother bulbs as a component of integrated crop management for onion in northern Bangladesh. Multi-location and multi-year trials are ongoing to refine this recommendation for other agro-ecological zones.
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