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Evaluation of different varieties under various date of transplanting for kharif onion production

Abstract

Selection of suitable variety and transplanting date is very important for successful onion cultivation specially when grown during kharif season. This study aimed to evaluate the effects of different transplanting dates and varieties on bulb yield per plot, bulb quality and economic feasibility of kharif onion at subtropical climate of Lucknow, Uttar Pradesh, India, since onion is one of the most important vegetables extensively used in every kitchen along the world along with its medicinal another uses. Ten varieties viz., Bhima Red (V1), Bhima  Safed (V2), Bhima Super (V3), Bhima Raj (V4), Bhima Kiran (V5), Bhima Shweta (V6), Bhima Shakti (V7), Bhima Light Red (V8), Bhima Dark Red (V9), Bhima Shubhra (V10) were transplanted on four dates i.e. 30th August (D1), 15th September (D2), 30th September (D3),15th October (D4) following two factor randomized block design with three replications. Data collected over two years revealed significant differences in bulb yield per plot, quality and economy of kharif onions depending on transplanting dates and varieties. Among the four transplanting dates and ten varieties tested, onion transplanted on August 30th exhibited the highest bulb yield, superior bulb characteristics like fresh bulb weight, dry bulb weight, ascorbic acid, total sugar, reducing sugar, non- reducing sugar and thus, showed higher profit (5.71 B:C ratio). Regarding varietal performance, Bhima Raj (V4) among ten varieties showed the highest yield (356.26 q/ha) while, Bhima Shakti (V7) excelled in terms of bulb quality. Based on interaction effect Bhima Super transplanted on 30th August (D1V3) showed the highest yield (401.75 q/ha) and maximum benefit : cost ratio of 5.96. However, performance of different varieties significantly differs on different dates of transplanting. This approach definitely will make a bridge between market demand and production as well as ensure better economic returns for the farmers as well as economic relief to the consumer. 
Introduction

Onion (Allium cepa L.) is a biennial bulb vegetable and spice crop that belongs to the Amaryllidaceae family. Onion is native to Central Asia with its secondary centre of origin in the Near East (McCollum, 1976). It was introduced and adapted in India in ancient time seven before the Christian era. Although it originally evolved in the temperate regions of Central Asia with a perennial or biennial growth habit and a preference for long-day conditions for bulbing. Onion is successfully adapted to India’s tropical climate, thriving under short-day photoperiods of 11 to 11.5 hours for successful onion cultivation in any region, it is essential to select varieties suited to the local environmental conditions and to follow the appropriate planting time (Seshadri and Chatterjee, 1996). Onion is highly nutritious, helps stimulate appetite acts as a natural diuretic, reduces the sensation of body heat, helps in lowering blood sugar levels and supports heart health. At present onions are in high demand both as a table vegetable and for processing into products like dehydrated flakes and powders. These processed products are usually made from white onion varieties that have a high dry matter content (Currah and Proctor 1990). Onion is one of the most important crops among the various allium species grown in India for thousands of years it is cultivated over an area of 128500 hectares with a total production of about 23262000 tonnes (NHB 2018). Over the past decade, both the area under cultivation and the production of onion have steadily increased. Among various crop management practices the date of transplanting, choice of cultivar are key factors in achieving optimal onion yield. Onion is a photosensitive crop that needs short-day conditions for proper bulb formation in plains making the transplanting time critical for maximizing yield (Misra, et al., 2014). In northern India the ideal time for nursery sowing is when the average day time temperature is around 24°C, relative humidity is about 58% and day length exceeds 10 hours (Choudhary, et al., 2023). Onions are rich in beneficial compounds such as quercetin powerful antioxidant. They also contain phytochemicals like alliin and allyldisulfide which convert into allicin when the onion is crushed or cut. Scientific studies have shown that these compounds possess anti-mutagenic properties, allicin help reduces cholesterol levels by inhibiting the activity of HMG-CoA reductasea key enzyme involved in cholesterol synthesis in liver cells. In addition to the traditional rabi season crop (grown in winter) the kharif season crop (grown during the rainy season) is now being successfully cultivated in the northern and eastern regions of India. This development has significantly transformed onion production and marketing across the country. The Rabi crop harvested in April–May is stored and gradually released for domestic consumption and export until September–October. However there is acritical shortage of onion supply from October to March which often leads to sharp price increases during this period. Asuccessful Kharif onion harvest can help full this supply gap and stabilize the market. Moreover growing onions during the kharif season provides farmers with a profitable alternative helping them earnm better returns (Pandita, 1994).
Materials and methods

The study was conducted during the 2022–23 and 2023–24 cropping seasons at the Horticulture Research Farm, Department of Horticulture, School of Agricultural Sciences and Technology, Babasaheb Bhimrao Ambedkar University, Lucknow, Uttar Pradesh, India (located at 26°50’ N latitude, 80°52’ E longitude, and 123 meters above mean sea level). The site is situated in a subtropical climate characterized by moderately dry summers and moderate annual rainfall.The experiment included four transplanting dates:D1 – 30 August, D2 – 15 September, D3 – 30 September, D4 – 15 October and ten onion varieties: Bhima Red (V1), Bhima Safed (V2), Bhima Super (V3), Bhima Raj (V4), BhimaKiran (V5), Bhima Shweta (V6), Bhima Shakti (V7), Bhima Light Red (V8), Bhima Dark Red (V9), and Bhima Shubhra (V10). The experiment was laid out in a two-factor Randomized Block Design (RBD) with three replications. The two experimental factors were transplanting date (4 levels) and variety (10 levels).Certified seeds of the selected varieties were obtained from the ICAR-Directorate of Onion and Garlic Research (DOGR), Pune. Seeds were sown in raised nursery beds (15 cm high, 1.0–1.2 m wide, and 3–4 m long), which were prepared with well-decomposed farmyard manure (FYM) to ensure good drainage and seedling health. To prevent damping-off disease, nursery beds were drenched with copper oxychloride solution (3 g/L) prior to sowing. Seeds were sown at a depth of 0.5–1.0 cm with 10 cm row spacing on 15 July for the first transplanting date (30 August), and sowing dates were adjusted accordingly for other transplanting treatments to maintain a uniform seedling age of approximately 45 days at the time of transplanting. Transplanting was done on flat beds (1 m × 0.6 m plots) with proper drainage. A spacing of 15 cm between rows and 10 cm between plants was maintained. Transplanting was performed when seedlings were 15–20 cm tall and had developed 2–3 leaves. A standard package of recommended practices was uniformly applied across all treatments for proper crop management. Irrigation was provided at intervals of 7–10 days, depending on weather conditions, until crop maturity. Harvesting was carried out when two-thirds of the plant foliage turned yellow, followed by curing of bulbs for five days. From each plot, representative bulb samples were collected for recording observations. Data were collected on the following parameters: Bulb yield per plot, fresh weight of bulb, dry weight of bulb, ascorbic acid, total sugar, reducing sugar, non-reducing, cost of cultivation, gross return, net return and B:C ratio. The data collected over two years were statistically analyzed using standard methods for two-factor RBD as described by (Sukhatme and Amble, 1995). Treatment means were compared using the least significant difference (LSD) at the 5% significance level.

Result and discussion 
Based on pooled data, the effect of varieties on bulb yield per plot was found to be statistically significant. Among the tested varieties, 'Bhima Raj' recorded the highest bulb yield per plot of 2.52 kg (Table 1, Figure 1 for yield per ha), followed closely by 'Bhima Super' with a mean yield of 2.49 kg. The lowest mean yield of 2.18 kg was observed in 'Bhima Safed.m Similarly, transplanting date had a significant influence on bulb yield. Transplanting on 30th August produced the highest mean yield of 2.65 kg per plot, followed by the 15th September transplanting date with a mean yield of 2.53 kg. The lowest mean yield of 2.07 kg per plot was recorded for the 15th October transplanting date.The interaction between variety and transplanting date also showed non-significant effects. The combined V3D1 (variety Bhima Super transplanted on the first date) yielded the highest mean of 2.74 kg per plot, while on the second transplanting date, V4D1 recorded the maximum yield of 2.72 kg. For the third transplanting date, V7D3 achieved the highest mean yield of 2.57 kg, and V5D4 showed a maximum of 2.20 kg on the fourth transplanting date. Bulb yield per plot in onion is largely determined by the genetic potential of the variety and the timing of transplanting, especially under the subtropical climatic conditions of Central Lucknow. These factors significantly influence vegetative growth, bulb initiation, bulbing ratio and ultimately, final bulb development, all of which contribute to overall yield performance. These findings are supported by previous studies including those by (Sharma, et al., 2003), (Mahadeen, 2009), (Mohanta and Mandal, 2014), (Prasad, et al., 2017) and (Prasad, et al., 2021).

According to the Pooled data (Table 1) the influence of onion varieties on fresh bulb weight was found to be statistically significant. The highest mean fresh weight of 62.95 g was recorded in the variety Bhima Raj, followed by Bhima Super with a mean of 62.32 g, while the lowest mean fresh weight of 54.55 g was observed in Bhima Safed. Transplanting date also had a significant effect on the fresh weight of bulbs. Seedlings transplanted on 30th August (D1) exhibited the highest mean fresh weight of 66.16 g, followed by the 15th September (D2) transplanting with 63.33 g. The minimum fresh bulb weight, 51.77 g, was recorded for the 15th  October (D4) transplanting date. The interaction between variety and transplanting date showed notable variation. The V3D1 combination (variety Bhima Super with the 30th  August transplanting date) recorded the highest mean fresh weight of 68.52 g. For the second transplanting date, V4D2 produced the maximum fresh bulb weight of 66.13 g. On the third transplanting date, the V7D3 combination recorded the highest value, while V5D4 resulted in the highest fresh bulb weight (54.89 g) on the fourth transplanting date. Fresh bulb weight is a crucial component of marketable yield in onions and is influenced by both varietal genetic makeup and agronomic practices such as transplanting time. Differences in bulb weight can be attributed to the variety's inherent bulbing potential, number of scales, and growth duration. Additionally, the timing of transplanting influences the crop's exposure to climatic conditions during the bulbing phase, there by affecting fresh bulb development. These findings are in agreement with previous studies conducted by (Salari, et al., 2022), (Bosekeng and Coetzer, 2013), (Ketema, et al., 2013), (Mohanta and Mondal, 2014) and (Das, et al., 2015).

Based on pooled data, the effect of varieties on the dry weight of onion bulbs (g) was found to be statistically significant. Among the tested varieties, Bhima Shakti recorded the highest mean dry weight of 12.51 g, followed by Bhima Kiran with a mean of 12.45 g. The lowest mean dry weight of 10.11 g was observed in Bhima Safed. Transplanting date also had a significant effect on bulb dry weight. Seedlings transplanted on 30th  August recorded the maximum mean dry weight of 12.49 g, followed by the 15th  September transplanting with a mean of 12.42 g. The minimum mean dry weight of 9.99 g was observed when transplanting was done on 15th  October. The interaction between variety and transplanting date showed a non-significant influence on bulb dry weight. The combination V7D1 (variety Bhima Shakti with transplanting on 30th  August) recorded the highest mean dry weight of 13.74 g. For the second transplanting date, V4D2 produced the maximum mean value of 13.36 g, while V7D3 achieved the highest mean of 13.29 g on the third transplanting date. On the fourth transplanting date, V5D4 recorded the highest mean dry weight of 11.88 g. Dry bulb weight is an important trait affecting the storage quality, processing suitability and market value of onion. It reflects the extent of assimilate accumulation in the bulb tissues and is strongly influenced by the genetic potential of the variety and agronomic practices such as transplanting time.These results are supported by the findings of (Devi and Limi, 2005), (Gupta, et al., 1999) and (Prasad, et al., 2021).

Based on the results from two consecutive years, the effect of transplanting date and onion varieties on ascorbic acid content (mg/100g) was found to be statistically significant. Among the varieties, Bhima Shakti (V7) recorded the highest mean ascorbic acid content of 14.73 (mg/100g) followed by Bhima Kiran (V5) with 14.22 mg/100g. The lowest ascorbic acid concentration was observed in Bhima Safed (V2) with a mean value of 10.64 mg/100g.Transplanting date also significantly influenced ascorbic acid levels. The highest mean ascorbic acid content of 13.74 mg/100g was recorded with transplanting on 30th  August (D1) followed by 15th  September (D2) with 13.51 mg/100g. The lowest value of 12.40 mg/100g was noted for transplanting on 15th  October (D4). The interaction between transplanting date and variety also had a significant effect. On the 30th  August transplanting date (D1) Bhima Shakti (V7) exhibited the maximum ascorbic acid content of 16.68 mg/100g. On 15th  September (D2) Bhima Raj (V4) recorded the highest value of 15.09 mg/100g. For the 30th  September transplanting (D3), Bhima Shakti (V7) again showed the highest ascorbic acid content at 14.80 mg/100g. On the 15th  October transplanting date (D4) the maximum ascorbic acid concentration of 13.91 mg/100g was recorded in Bhima Kiran (V5). Ascorbic acid content in onion bulbs is influenced by several factors, primarily the genotype, transplanting time and prevailing environmental conditions such as temperature, sunlight and soil moisture. Transplanting date plays a crucial role in determining ascorbic acid levels in Kharif onions. Early transplanting generally allows the crop to grow under more favorable conditions, including moderate temperatures and higher sunlight intensity which enhance photosynthetic activity and ascorbic acid biosynthesis. Conversely late transplanting especially when coinciding with increased rainfall and humidity may reduce ascorbic acid synthesis or accelerate its degradation due to stress and limited light exposure.Genotypic differences also significantly influence ascorbic acid accumulation. Certain cultivars possess inherently higher antioxidant capacities and exhibit greater efficiency in synthesizing and retaining ascorbic acid under diverse environmental conditions. Early-maturing genotypes that establish well under Kharif conditions tend to accumulate higher levels of ascorbic acid in the bulbs (Das, et al., 2017).
Table 2 showed that the variety 'Bhima Shakti' (V7) recorded the highest total sugar content at 6.55%, followed by 'Bhima Kiran' (V5) with a mean value of 6.45%. The lowest total sugar content of 4.40% was observed in 'Bhima Safed' (V2).Transplanting date also had a significant influence on total sugar percentage. Transplanting on 30th August resulted in the highest mean total sugar content of 6.09%, which was statistically at par with the 15th September transplanting date (5.97%). The lowest mean value, 5.22%, was recorded for the 15th October transplanting date.The interaction effect between variety and transplanting date on total sugar content was also found to be significant. On the 30th August transplanting date (D1), 'Bhima Shakti' (V7) exhibited the highest total sugar content at 7.19%. On 15th September (D2), 'Bhima Raj' (V4) recorded the highest sugar content at 7.14%. For the 30th September transplanting (D3), 'Bhima Shakti' (V7) again showed the highest value at 6.95%, while on the 15th October transplanting date (D4), 'Bhima Kiran' (V5) recorded the highest mean value of 6.41%.Total sugar content in onion bulbs is a vital quality trait that significantly influences taste, processing suitability, and consumer acceptance. It is determined by both genetic makeup (variety) and environmental conditions, particularly the transplanting date, which affects carbohydrate metabolism and sugar accumulation during bulb development. These results are in agreement with previous findings by Ashok, et al., (2013) and Deshpande, et al., 2013.
Similarly the effect of onion varieties on reducing sugar content (%) was found to be statistically significant the variety 'Bhima Shakti' (V7) recorded the highest mean reducing sugar content at 3.18% which was statistically comparable to 'Bhima Kiran' (V5) with a mean value of 3.11%. The lowest reducing sugar content of 2.09% was observed in Bhima Safed (V2).Transplanting date also had a significant impact on reducing sugar levels. The highest mean reducing sugar content (2.83%) was recorded in seedlings transplanted on 30th  August (D1)  followed by 15th  September (D2) with 2.76%. The lowest mean value (2.54%) was observed with the 15th October (D4) transplanting date. The interaction between variety and transplanting date was also statistically significant. On the 30th August transplanting date (D1) Bhima Shakti (V7) recorded the highest reducing sugar content at 3.46%. On 15th September (D2) Bhima Raj (V4) exhibited the highest value of 3.37%. For the 30th  September transplanting (D3) Bhima Shakti (V7) again recorded the highest reducing sugar level at 3.31% while on 15th October (D4), Bhima Kiran (V5) showed the maximum value of 3.19%. Reducing sugar content in onion bulbs primarily glucose and fructose it is a critical quality trait influencing flavour, sweetness and processing suitability. Its concentration is influenced by both genetic and environmental factors particularly the transplanting date which affects sugar metabolism during bulb development. Some onion varieties inherently possess higher activity of enzymes such as sucrose synthase and invertase, which facilitate the conversion of stored sucrose into reducing sugars (glucose and fructose) leading to increased accumulation. These findings are supported by previous research conducted by Prasad, et al. (2017), Prajapati, et al. (2016) and Behera, et al. (2017).

Similar result was also recorded for non-reducing sugar content where, the highest mean non-reducing sugar content was recorded in the variety Bhima Shakti (V7) with 3.37%  followed closely by Bhima Kiran (V5) at 3.33%. The lowest mean value of 2.31% was observed in Bhima Safed (V2). The effect of transplanting date on non-reducing sugar content was also significant, the highest mean value of 3.26% was recorded for the 30th  August transplanting date (D1) followed by the 15th  September transplanting date (D2) with 3.21%. The lowest mean value of 2.68% was observed on the 15th October transplanting date (D4). The significant interaction effect between variety and transplanting date was also observed. On the 30th August transplanting date (D1) Bhima Shakti (V7) recorded the highest non-reducing sugar content of 3.74%. On 15th September Bhima Raj (V4) exhibited the highest value of 3.77%. For the 30th  September transplanting date Bhima Shakti' (V7) again recorded the highest mean value of 3.64%, while on 15th  October (D4) Bhima Kiran (V5) showed the maximum mean non-reducing sugar content at 3.23%. Non-reducing sugars which primarily include sucrose contribute significantly to the flavor profile, processing quality (such as suitability for dehydration) and storage behavior of onion bulbs. Their accumulation is influenced by both the genetic makeup of the variety and environmental/agronomic practices, particularly the timing of transplanting date which affects sugar partitioning during bulb maturation. These findings are supported by the studies of several scientists (Deshpande, et al., 2013), (Ashok, et al., 2013) and (Navaldey, et al., 2016).

Based on the economic assessment study two-year study (Table 4), the cost of cultivation was calculated as ₹95,215.00 per hectare. The highest gross return of ₹5,87,829.00 was obtained from the variety Bhima Raj (V4) while among the transplanting dates, the 30th  August (D1) transplanting recorded the maximum gross return of  6,38,748.00. This was followed by the variety Bhima Super (V3) with a gross return of 5,82,417.00 and the 15th  September (D2) transplanting date with ₹6,12,480.00. The lowest gross return of 3,79,812.00 was recorded for the variety Bhima Safed (V2) and 4,54,921.50 for the 15th  October (D4) transplanting date. The higher gross returns were primarily attributed to greater bulb yield and favorable market prices. In terms of net return the highest value of 4,92,613.98 was obtained from Bhima Raj (V4) while the 30th  August transplanting date (D1) yielded the highest net return of  5,43,532.98. This was followed by Bhima Super (V3) with 4,87,201.98 and the 15th  September transplanting date (D2) with 5,17,264.98. The lowest net return of  2,84,596.98 was recorded for Bhima Safed (V2) and 3,59,706.48 for the 15th  October transplanting date (D4). The variation in net returns closely followed the trend in gross returns. The benefit-cost (B:C) ratio was also found to be highest in Bhima Raj (V4) at 5.17 while the 30th  August (D1) transplanting recorded the highest B:C ratio of 5.71. This was followed by Bhima Super (V3) with a B:C ratio of 5.12 and the 15th  September transplanting date (D2) with 5.43. The lowest B:C ratio of 2.99 was observed in Bhima Safed (V2) and 3.78 in the 15th  October (D4) transplanting date. The higher B:C ratio is attributed to the increased net returns. These results are in agreement with earlier findings reported by (Nandal and Singhal, 2002), (Patel, et al., 2011), (Kalhapure and Shete, 2013), (Jain and Gupta, 2018) and (Sharma, et al., 2020).

Conclusion

Present investigation clearly revealed that kharif season onion production is possible in the subtropical regions, however, transplanting on different time as well as choice of variety had a close relation with yield, quality of bulb and economy of kharif onion production. It was noticed that maximum bulb yield and superior bulb quality traits were observed in transplanting on 30thAugust (D1). Among the selected varieties Bhima Raj, followed by Bhima Shakti performed best for yield and more profit, while Bhima Shakti produced good quality bulbs. Considering the interaction, Bhima Shakti transplanting on 30th August can be suggested for kharif season onion production in sub- tropical climate of Lucknow, however, Bhima  Raj considered best for overall four selected dates of transplanting from 30th August to 15th Ocober.
Table -1. Effect of varieties and date of transplanting on yield, fresh and dry weight of bulb of kharif onion.
	Variety
	Yield per plot (kg)
	Fresh weight of bulb (g)
	Dry weight (%)



	
	Date of transplanting
	Date of transplanting
	Date of transplanting

	
	D1
	D2
	D3
	D4
	Mean
	D1
	D2
	D3
	D4
	Mean
	D1
	D2
	D3
	D4
	Mean

	V1
	2.69
	2.58
	2.39
	2.13
	2.45
	67.31
	64.62
	59.73
	53.30
	61.24
	13.00
	11.54
	11.81
	10.43
	11.69

	V2
	2.50
	2.19
	2.17
	1.87
	2.18
	62.59
	54.71
	54.14
	46.75
	54.55
	11.01
	10.78
	10.27
	8.37
	10.11

	V3
	2.74
	2.63
	2.52
	2.08
	2.49
	68.51
	65.77
	63.10
	51.91
	62.32
	13.52
	12.70
	12.49
	10.26
	12.24

	V4
	2.72
	2.65
	2.54
	2.16
	2.52
	68.03
	66.13
	63.60
	54.03
	62.95
	12.49
	13.36
	12.94
	10.75
	12.38

	V5
	2.63
	2.52
	2.47
	2.20
	2.45
	65.73
	62.89
	61.83
	54.89
	61.33
	12.12
	13.23
	12.56
	11.88
	12.45

	V6
	2.68
	2.56
	2.52
	2.05
	2.45
	66.93
	63.92
	62.88
	51.16
	61.22
	12.83
	12.95
	11.95
	9.90
	11.91

	V7
	2.64
	2.58
	2.57
	2.07
	2.46
	65.98
	64.45
	64.20
	51.66
	61.57
	13.74
	12.58
	13.29
	10.42
	12.51

	V8
	2.64
	2.56
	2.53
	2.11
	2.46
	65.93
	64.04
	63.26
	52.81
	61.51
	12.51
	12.59
	11.53
	9.87
	11.62

	V9
	2.59
	2.52
	2.41
	2.13
	2.41
	64.82
	62.96
	60.22
	53.21
	60.30
	11.81
	12.30
	11.25
	9.47
	11.21

	V10
	2.63
	2.55
	2.53
	1.92
	2.41
	65.84
	63.80
	63.15
	47.98
	60.19
	11.90
	12.16
	10.79
	8.51
	10.84

	Mean
	2.65
	2.53
	2.46
	2.07
	
	66.16
	63.33
	61.61
	51.77
	
	12.49
	12.42
	11.89
	9.99
	

	
	SEm ±
	CD (p=0.05)
	
	
	
	SEm ±
	CD (p=0.05)
	
	
	
	SEm ±
	CD (p=0.05)
	
	
	

	Date

(D)
	0.023
	0.066
	
	
	
	0.551
	1.553
	
	
	
	0.137
	0.387
	
	
	

	Varieties

(V)
	0.037
	0.104
	
	
	
	0.871
	2.456
	
	
	
	0.217
	0.612
	
	
	

	Interaction

(D*V)
	0.073
	NS
	
	
	
	1.741
	NS
	
	
	
	0.434
	1.212
	
	
	


Table -2. Effect of varieties and date of transplanting on ascorbic acid, total sugar, reducing sugar of bulb of kharif onion.
	Variety
	Ascorbic acid (mg/100g)
	Total sugars  (%)
	Reducing sugars (%)

	
	Date of transplanting
	Date of transplanting
	Date of transplanting

	
	D1
	D2
	D3
	D4
	Mean
	D1
	D2
	D3
	D4
	Mean
	D1
	D2
	D3
	D4
	Mean

	V1
	12.16
	14.25
	13.17
	12.53
	13.03
	6.33
	6.23
	5.30
	5.00
	5.71
	3.16
	2.64
	2.78
	1.98
	2.64

	V2
	11.08
	10.79
	10.77
	9.94
	10.64
	4.75
	4.49
	4.34
	4.02
	4.40
	2.16
	2.11
	2.18
	1.92
	2.09

	V3
	15.90
	13.89
	13.60
	13.15
	14.13
	6.76
	5.61
	5.91
	4.89
	5.79
	3.21
	2.25
	2.58
	1.99
	2.51

	V4
	13.94
	15.09
	13.95
	13.27
	14.06
	5.70
	7.14
	6.45
	6.06
	6.34
	2.88
	3.37
	3.05
	2.92
	3.06

	V5
	15.24
	14.61
	13.14
	13.91
	14.22
	6.59
	6.95
	5.84
	6.41
	6.45
	3.07
	3.21
	2.99
	3.19
	3.11

	V6
	11.70
	12.16
	13.03
	13.05
	12.48
	5.70
	6.13
	5.83
	4.99
	5.66
	2.89
	3.09
	2.46
	2.86
	2.83

	V7
	16.68
	14.52
	14.80
	12.91
	14.73
	7.19
	6.41
	6.94
	5.65
	6.55
	3.46
	3.11
	3.31
	2.86
	3.18

	V8
	15.05
	13.16
	12.20
	11.94
	13.09
	5.63
	6.16
	5.35
	4.39
	5.38
	2.23
	2.78
	2.80
	2.05
	2.46

	V9
	13.09
	13.90
	13.49
	10.48
	12.74
	6.52
	5.51
	5.33
	5.90
	5.81
	3.00
	2.69
	2.82
	2.89
	2.85

	V10
	12.60
	12.71
	13.07
	12.83
	12.80
	5.75
	5.11
	5.51
	4.89
	5.31
	2.31
	2.36
	2.41
	2.75
	2.45

	Mean
	13.74
	13.51
	13.12
	12.40
	
	6.09
	5.97
	5.68
	5.22
	
	2.83
	2.76
	2.74
	2.54
	

	
	SEm ±
	CD (p=0.05)
	
	
	
	SEm ±
	CD (p=0.05)
	
	
	
	SEm ±
	CD (p=0.05)
	
	
	

	Date

(D)
	0.119
	0.337
	
	
	
	0.05
	0.15
	
	
	
	0.03
	0.07
	
	
	

	Varieties

(V)
	0.189
	0.532
	
	
	
	0.09
	0.24
	
	
	
	0.04
	0.11
	
	
	

	Interaction

(D*V)
	0.377
	1.065
	
	
	
	0.17
	0.48
	
	
	
	0.08
	0.22
	
	
	


Table 3. Effect of varieties and date of transplanting on non - reducing sugar of onion bulb. 

	Varieties
	Date of transplanting

	
	D1
	D2
	D3
	D4
	Mean

	V1
	3.17
	3.59
	2.51
	3.02
	3.07

	V2
	2.59
	2.39
	2.16
	2.10
	2.31

	V3
	3.55
	3.36
	3.33
	2.91
	3.29

	V4
	2.82
	3.77
	3.40
	3.14
	3.28

	V5
	3.52
	3.74
	2.85
	3.23
	3.33

	V6
	2.81
	3.04
	3.37
	2.13
	2.84

	V7
	3.74
	3.30
	3.64
	2.79
	3.37

	V8
	3.40
	3.38
	2.55
	2.34
	2.92

	V9
	3.52
	2.82
	2.51
	3.02
	2.97

	V10
	3.44
	2.76
	3.10
	2.14
	2.86

	Mean
	3.26
	3.21
	2.94
	2.68
	

	Date

(D)
	SEm ±
	CD (p=0.05)
	
	
	

	Varieties

(V)
	0.03
	0.08
	
	
	

	Interaction

(D*V)
	0.04
	0.12
	
	
	

	
	0.08
	0.24
	
	
	


Table 4.  Economic analysis for feasibility of kharif onion

	
	Total cost (Rs)
	Yield (q/ha)
	Gross returns (Rs./ ha)
	Net returns (Rs./ ha)
	B:C

	Date of transplanting
	
	
	
	
	

	D1
	95215
	387.12
	638748.00
	543532.98
	5.71

	D2
	95215
	371.2
	612480.00
	517264.98
	5.43

	D3
	95215
	338.27
	558145.50
	462930.48
	4.86

	D4
	95215
	275.71
	454921.50
	359706.48
	3.78

	Varieties
	
	
	
	
	

	V1
	95215
	348.78
	575487.00
	480271.98
	5.04

	V2
	95215
	316.51
	379812.00
	284596.98
	2.99

	V3
	95215
	352.98
	582417.00
	487201.98
	5.12

	V4
	95215
	356.26
	587829.00
	492613.98
	5.17

	V5
	95215
	346.94
	572451.00
	477235.98
	5.01

	V6
	95215
	344.34
	413208.00
	317992.98
	3.34

	V7
	95215
	349.38
	576477.00
	481261.98
	5.05

	V8
	95215
	345.44
	569976.00
	474760.98
	4.99

	V9
	95215
	337.1
	556215.00
	460999.98
	4.84

	V10
	95215
	333.04
	399648.00
	304432.98
	3.20

	Interaction
	
	
	
	
	

	D1V1
	95215
	395.40
	652410.33
	557195.31
	5.85

	D1V2
	95215
	360.57
	432680.22
	337465.20
	3.54

	D1V3
	95215
	401.75
	662887.83
	567672.81
	5.96

	D1V4
	95215
	398.58
	657662.83
	562447.81
	5.91

	D1V5
	95215
	391.47
	645920.32
	550705.30
	5.78

	D1V6
	95215
	393.75
	472496.24
	377281.22
	3.96

	D1V7
	95215
	383.23
	632335.32
	537120.30
	5.64

	D1V8
	95215
	386.57
	637835.32
	542620.30
	5.70

	D1V9
	95215
	386.51
	637736.32
	542521.30
	5.70

	D1V10
	95215
	373.37
	448048.22
	352833.20
	3.71

	D2V1
	95215
	380.85
	628408.31
	533193.29
	5.60

	D2V2
	95215
	338.99
	406792.20
	311577.18
	3.27

	D2V3
	95215
	387.83
	639925.32
	544710.30
	5.72

	D2V4
	95215
	397.01
	655061.33
	559846.31
	5.88

	D2V5
	95215
	365.76
	603504.30
	508289.28
	5.34

	D2V6
	95215
	369.79
	443748.22
	348533.20
	3.66

	D2V7
	95215
	386.25
	637312.82
	542097.80
	5.69

	D2V8
	95215
	371.24
	612551.81
	517336.79
	5.43

	D2V9
	95215
	357.16
	589319.79
	494104.77
	5.19

	D2V10
	95215
	357.15
	428580.21
	333365.19
	3.50

	D3V1
	95215
	337.78
	557337.28
	462122.26
	4.85

	D3V2
	95215
	311.21
	373448.19
	278233.17
	2.92

	D3V3
	95215
	343.16
	566214.28
	470999.26
	4.95

	D3V4
	95215
	346.02
	570927.79
	475712.77
	5.00

	D3V5
	95215
	337.83
	557414.28
	462199.26
	4.85

	D3V6
	95215
	336.68
	404016.20
	308801.18
	3.24

	D3V7
	95215
	351.29
	579628.79
	484413.77
	5.09

	D3V8
	95215
	343.35
	566533.28
	471318.26
	4.95

	D3V9
	95215
	333.05
	549538.27
	454323.25
	4.77

	D3V10
	95215
	342.32
	410784.21
	315569.19
	3.31

	D4V1
	95215
	281.10
	463815.23
	368600.21
	3.87

	D4V2
	95215
	255.28
	306340.15
	211125.13
	2.22

	D4V3
	95215
	279.16
	460614.23
	365399.21
	3.84

	D4V4
	95215
	283.41
	467631.84
	372416.82
	3.91

	D4V5
	95215
	292.70
	482955.24
	387740.22
	4.07

	D4V6
	95215
	277.15
	332584.17
	237369.15
	2.49

	D4V7
	95215
	276.75
	456632.23
	361417.21
	3.80

	D4V8
	95215
	280.60
	462984.73
	367769.71
	3.86

	D4V9
	95215
	271.66
	448239.22
	353024.20
	3.71

	D4V10
	95215
	259.33
	311200.16
	215985.14
	2.27


Figure 1-2. Effect of varieties and date of transplanting on yield (q/ha).
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