Impact of Varying Planting Dates on Agronomic Performance and Quality of Kale Under South Gujarat’s Sub-Humid Climatic Conditions



Abstract
	A three-year field investigation (Rabi 2021–24) at Navsari Agricultural University, South Gujarat, evaluated six sowing dates of kale (Brassica oleracea L. var. acephala) to identify the optimum planting window under sub-humid tropical conditions. Sowing in the 3rd week of October (T₂) consistently achieved the greatest plant height, leaf number, and yield per plant, plot, and hectare, alongside the highest net economic returns. While the earliest sowing (1st week of October) produced taller plants in early growth stages, it was inferior to T₂ in total yield. Quality attributes and mineral composition remained unaffected by sowing date and no major pest or disease incidences were recorded. The study recommends nursery sowing in the 3rd week of October with transplantation of 25-30 days old seedlings to maximize productivity and profitability of kale in South Gujarat.
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Introduction:
	Kale (Brassica oleracea L. var. acephala), a member of the family Cruciferae, is a nutrient-dense leafy vegetable valued for its high biological, nutritional, and health-promoting properties. Rich in vitamin C, provitamin A, calcium, β-carotene, and antioxidant compounds, kale has gained increasing attention for its role in promoting human health and preventing chronic diseases. Globally, kale is cultivated in temperate and cool climates, with curly-leafed types being the most widely grown for fresh consumption.
	Although traditionally associated with colder regions, kale can be successfully cultivated in subtropical areas during the cooler months. In the sub-humid tropics of South Gujarat, where average temperatures from September to April range between 18 °C and 32 °C, the crop is relatively new, and scientific information on its adaptability, growth, and yield potential under local conditions is limited. Sowing time is a critical factor influencing crop establishment, vegetative growth, yield, and quality. Appropriate planting dates help synchronize crop development with favorable climatic conditions, optimizing photosynthetic efficiency, nutrient uptake, and marketable yield.
	The present study used Pusa Kale 64, a variety developed by ICAR-IARI, New Delhi, known for its vigorous growth, attractive dark-green curly leaves, and high nutritional content. It is well-suited for multiple harvests, has good regrowth potential after cutting, and matures in about 60–70 days after transplanting, making it a promising choice for winter cultivation in South Gujarat. 	Given the crop’s potential as a high-value winter vegetable and the lack of region-specific agronomic recommendations, it is essential to determine the optimal sowing date for kale in South Gujarat. Therefore, the present investigation was undertaken to study the effect of different sowing dates on growth, yield, and quality parameters of kale under sub-humid tropical conditions, with the aim of developing location-specific recommendations for farmers and commercial growers.
Materials and methods
	The present field experiment was conducted at the Horticulture Polytechnic Farm, ASPEE College of Horticulture and Forestry, Navsari Agricultural University, Navsari, Gujarat (20°37′ N latitude, 72°54′ E longitude, and 11.98 m above mean sea level) during the Rabi seasons of 2021–22, 2022–23, and 2023–24. The location falls under the South Gujarat Heavy Rainfall Zone-I, Agro-Ecological Situation-III, characterized by a sub-humid tropical climate with average temperatures ranging from 18 °C to 32 °C between September and April. The experiment was laid out in a Completely Randomized Design (CRD) with six treatments representing different sowing dates: 1st week October (T₁), 3rd week October (T₂), 1st week November (T₃), 3rd week November (T₄), 1st week December (T₅), and 3rd week December (T₆), each replicated six times. The variety used was Pusa Kale 64, known for its vigorous growth and suitability for winter cultivation. Seedlings were raised in nursery beds and transplanted at 25–30 days old at a spacing of 45 cm × 20 cm. Each large plot measured 5.4 m × 3.2 m, and sample plots of 1.8 m × 1.0 m were used for data collection, maintaining approximately 192 plants per block and a total of 1152 plants in the experiment. Fertilization involved the application of farmyard manure at 20 t ha⁻¹ along with recommended doses of nitrogen, phosphorus, and potassium (100:90:60 kg ha⁻¹). Full doses of phosphorus and potassium and 25% of nitrogen were applied as a basal dose, with the remaining nitrogen split into three equal doses applied after each harvest. Standard crop management practices including irrigation, weeding, and pest management were uniformly followed across treatments. Observations recorded included growth parameters such as days to first cut, plant height, leaf petiole length, and leaf area; yield parameters including leaf number per plant, yield per plant, yield per plot, and yield per hectare; quality attributes like total chlorophyll, β-carotene, vitamin C, and crude fibre; as well as mineral contents (Ca, Fe, Mg, Mn, P, K). Pest and disease incidences, if any, were also monitored. Data from three years were pooled and statistically analyzed standard methods.
Result and discussion
	The three-year pooled data analysis revealed that sowing date significantly influenced the growth and yield of kale (Brassica oleracea L. var. acephala) under the sub-humid tropical conditions of South Gujarat. 
Growth Parameters:
	The days to first cut were significantly longer in early sowing treatments (T₁: 1st week October) compared to late sowing (T₆: 3rd week December). This was due to more favorable temperature and photoperiod conditions during early sowing, which prolonged vegetative growth (Al-Douri and Saeed, 2024). Plant height was highest in treatments T₁ and T₂, showing that early sowing allowed optimal vegetative development under suitable climatic conditions (Korus, 2010). Leaf petiole length peaked under T₂, likely because of the combination of moderate temperatures and adequate day length favoring leaf expansion (Kunelius et al., 1989). Leaf area varied across harvests, with early sowing generally promoting larger leaves, a trend also reported in other leafy vegetables grown under optimal sowing times (Behera et al., 2024). 
Yield Parameters:
	Sowing in the 3rd week of October (T₂) produced the highest leaf number per plant and maximum yield per unit area across all years. This mid-October window likely provided the best combination of temperature, soil moisture, and photoperiod for kale (Al-Douri and Saeed, 2024). Late sowing dates, particularly T₅ and T₆, showed reduced yields due to lower temperatures and shorter day lengths, which restricted vegetative growth (Kunelius et al., 1989). Stress factors such as reduced sunlight and cooler weather in late sowings may also have contributed to lower productivity (Bauer et al., 2022). 
Quality and Mineral Content:
Nutritional parameters such as total chlorophyll, β-carotene, vitamin C, and crude fibre showed no significant variation between sowing dates, indicating that kale’s nutritional profile remains stable across different planting times (Becerra-Moreno et al., 2014). Mineral content (Ca, Fe, Mg, Mn, P, K) was similarly unaffected, showing resilience in nutrient composition despite environmental differences (Thavarajah et al., 2019).
Pest and Disease Incidence:
No major pest or disease problems were observed during the trial, suggesting that kale grown under sub-humid tropical conditions experiences minimal biotic stress when managed properly (Pathania et al., 2023).
Economics:
Economic analysis indicated that T₂ sowing resulted in the highest net returns. This is due to higher yields, better marketable produce, and the possibility of multiple harvests within the growing season (Al-Douri and Saeed, 2024).
Conclusion:



	In conclusion, sowing kale during the 3rd week of October is recommended under South Gujarat’s sub-humid tropical conditions for superior growth, yield, and economic returns. The consistency in quality and mineral content across sowing dates provides flexibility in production without compromising nutritional value. These findings align with previous studies and provide region-specific guidance to farmers for optimizing kale cultivation.



	Table 1: Effect of different sowing dates on days to first cut in Kale cv. Pusa Kale 64 
	Treatments
	Days to first cut

	
	2021-22
	2022-23
	2023-24
	Pooled

	T1
	30.50
	33.75
	34.25
	32.83

	T2
	23.00
	22.25
	24.25
	23.17

	T3
	23.00
	23.75
	22.75
	23.17

	T4
	22.50
	23.75
	21.75
	22.67

	T5
	22.25
	23.00
	22.00
	22.42

	T6
	17.75
	18.25
	20.00
	18.67

	Mean (Y)
	23.17
	24.13
	24.17
	23.82

	SEm± (T)
	0.862
	0.643
	0.993
	0.463

	CD @5%(T)
	2.56
	1.91
	2.95
	1.31

	
	Y
	Y x T

	SEm±
	-
	0.327
	-
	0.80

	CD @5%
	-
	NS
	-
	NS

	CV%
	7.44
	5.33
	8.22
	6.73





Table 2: Effect of different sowing dates on plant height (cm) before each harvestingin Kale cv. Pusa Kale 64

	Treatments
	Plant Height at 1st harvest
	Plant Height at 2nd harvest
	Plant Height at 3rd harvest

	
	2021-22
	2022-23
	2023-24
	Pooled
	2021-22
	2022-23
	2023-24
	Pooled
	2021-22
	2022-23
	2023-24
	Pooled

	T1
	40.90
	42.00
	41.43
	41.44
	35.43
	34.25
	34.93
	34.87
	38.33
	36.24
	37.25
	37.27

	T2
	33.45
	33.45
	33.53
	33.48
	34.48
	32.13
	33.40
	33.33
	31.20
	30.55
	31.18
	30.98

	T3
	32.20
	32.78
	32.45
	32.48
	36.30
	35.00
	34.95
	35.42
	33.38
	33.33
	33.40
	33.37

	T4
	27.20
	26.20
	26.70
	26.70
	28.35
	27.65
	28.00
	28.00
	31.45
	31.35
	31.45
	31.42

	T5
	31.70
	30.93
	31.30
	31.31
	31.43
	29.65
	30.63
	30.57
	25.55
	27.05
	26.40
	26.33

	T6
	24.95
	25.80
	25.33
	25.36
	20.80
	20.45
	20.63
	20.63
	23.25
	24.75
	24.23
	24.08

	Mean (Y)
	31.73
	31.86
	31.79
	31.79
	31.13
	29.85
	30.42
	30.47
	30.53
	30.54
	30.65
	30.57

	SEm±(T)
	1.099
	0.965
	1.036
	0.597
	0.897
	0.913
	0.999
	0.513
	1.049
	1.188
	1.043
	0.632

	CD@5%(T)
	3.26
	2.87
	3.08
	1.69
	2.67
	2.71
	2.97
	1.45
	3.12
	3.53
	3.10
	1.79

	
	Y
	Y x T
	Y
	Y x T
	Y
	Y x T

	SEm±
	-
	0.422
	-
	1.03
	-
	0.362
	-
	0.888
	-
	0.447
	-
	1.09

	CD @5%
	-
	NS
	-
	NS
	-
	NS
	-
	NS
	-
	NS
	-
	NS

	CV%
	6.92
	6.06
	6.52
	6.51
	5.77
	6.12
	6.56
	5.83
	6.88
	7.78
	6.80
	7.16



Table 3: Effect of different sowing dates on plant height (cm) before each harvestingin Kale cv. Pusa Kale 64
	Treatments
	Plant Height at 4th harvest
	Plant Height at 5th harvest
	Average of Plant height at each harvesting

	
	2021-22
	2022-23
	2023-24
	Pooled
	2021-22
	2022-23
	2023-24
	Pooled
	2021-22
	2022-23
	2023-24
	Pooled

	T1
	37.95
	37.25
	37.70
	37.63
	38.60
	38.10
	38.33
	38.34
	38.24
	37.57
	37.93
	37.91

	T2
	32.05
	31.10
	31.65
	31.60
	32.30
	31.00
	31.68
	31.66
	32.70
	31.65
	32.29
	32.21

	T3
	31.28
	31.28
	31.35
	31.30
	32.30
	32.30
	32.33
	32.31
	33.09
	32.94
	32.90
	32.97

	T4
	33.28
	31.85
	32.58
	32.57
	30.68
	30.55
	30.60
	30.61
	30.19
	29.52
	29.87
	29.86

	T5
	24.80
	25.05
	24.98
	24.94
	22.60
	25.20
	23.88
	23.89
	27.22
	27.58
	27.44
	27.41

	T6
	26.35
	27.30
	26.88
	26.84
	25.75
	26.10
	25.95
	25.93
	24.22
	24.88
	24.60
	24.57

	Mean (Y)
	30.95
	30.64
	30.85
	30.81
	30.37
	30.54
	30.46
	30.46
	30.94
	30.69
	30.83
	30.82

	SEm±(T)
	1.017
	0.956
	0.965
	0.564
	1.273
	1.074
	1.043
	0.655
	0.437
	0.516
	0.456
	0.270

	CD@5% (T)
	3.02
	2.84
	2.87
	1.60
	3.78
	3.19
	3.10
	1.86
	1.30
	1.53
	1.35
	0.76

	
	Y
	Y x T
	Y
	Y x T
	Y
	Y x T

	SEm±
	-
	0.399
	-
	0.980
	-
	0.463
	-
	1.131
	-
	0.191
	-
	0.473

	CD @5%
	-
	NS
	-
	NS
	-
	NS
	-
	NS
	-
	NS
	-
	NS

	CV%
	6.57
	6.24
	6.25
	6.34
	8.38
	7.03
	6.85
	7.45
	2.82
	3.37
	2.96
	3.03




Table 4: Effect of different sowing dates on leaf petiole length before each harvesting in Kale cv. Pusa Kale 64
	Treatments
	Leaf petiole length (cm) at 1st harvest
	Leaf petiole length (cm) at 2nd harvest
	Leaf petiole length (cm) at 3rd harvest

	
	2021-22
	2022-23
	2023-24
	Pooled
	2021-22
	2022-23
	2023-24
	Pooled
	2021-22
	2022-23
	2023-24
	Pooled

	T1
	10.18
	9.88
	10.05
	10.03
	11.42
	11.35
	11.35
	11.37
	11.54
	11.50
	11.50
	11.51

	T2
	14.23
	13.55
	13.90
	13.89
	14.15
	13.63
	13.85
	13.88
	13.32
	13.35
	13.20
	13.29

	T3
	13.45
	13.60
	13.53
	13.53
	12.54
	12.59
	12.53
	12.55
	11.19
	11.38
	11.03
	11.20

	T4
	8.55
	8.75
	8.68
	8.66
	6.49
	6.43
	6.43
	6.45
	5.69
	5.98
	5.05
	5.57

	T5
	3.68
	3.90
	3.78
	3.78
	4.05
	4.20
	4.15
	4.13
	2.90
	3.00
	3.03
	2.98

	T6
	4.70
	5.05
	4.93
	4.89
	3.90
	4.15
	4.00
	4.02
	3.83
	4.18
	4.00
	4.00

	Mean (Y)
	9.13
	9.12
	9.14
	9.13
	8.76
	8.72
	8.72
	8.73
	8.08
	8.23
	7.97
	8.09

	SEm±(T)
	0.356
	0.314
	0.313
	0.190
	0.421
	0.196
	0.292
	0.183
	0.390
	0.364
	0.420
	0.223

	CD@5% (T)
	1.06
	0.93
	0.93
	0.54
	1.25
	0.58
	0.87
	0.52
	1.16
	1.08
	1.25
	0.63

	
	Y
	Y x T
	Y
	Y x T
	Y
	Y x T

	SEm±
	-
	0.134
	-
	0.33
	-
	0.129
	-
	0.32
	-
	0.158
	-
	0.39

	CD @5%
	-
	NS
	-
	NS
	-
	NS
	-
	NS
	-
	NS
	-
	NS

	CV%
	7.81
	6.87
	6.85
	7.19
	9.62
	4.49
	6.70
	7.25
	9.65
	8.85
	10.55
	9.57




Table 5: Effect of different sowing dates on leaf petiole length before each harvestingin Kale cv. Pusa Kale 64
	Treatments
	Leaf petiole length (cm) at 4th harvest
	Leaf petiole length (cm) at 5th harvest
	Average of Petiole length (cm)

	
	2021-22
	2022-23
	2023-24
	Pooled
	2021-22
	2022-23
	2023-24
	Pooled
	2021-22
	2022-23
	2023-24
	Pooled

	T1
	11.18
	11.13
	11.13
	11.14
	11.88
	11.90
	11.85
	11.88
	11.24
	11.15
	11.18
	11.19

	T2
	12.70
	12.70
	12.45
	12.62
	12.95
	12.90
	12.88
	12.91
	13.47
	13.23
	13.26
	13.32

	T3
	10.11
	10.86
	10.48
	10.48
	9.29
	8.73
	8.98
	9.00
	11.31
	11.43
	11.31
	11.35

	T4
	4.79
	5.03
	4.90
	4.91
	4.14
	4.42
	4.30
	4.29
	5.93
	6.12
	5.87
	5.97

	T5
	3.60
	3.95
	3.78
	3.78
	3.20
	3.40
	3.35
	3.32
	3.49
	3.69
	3.62
	3.60

	T6
	3.10
	3.30
	3.18
	3.19
	3.75
	3.75
	3.78
	3.76
	3.86
	4.09
	3.98
	3.97

	Mean (Y)
	7.58
	7.83
	7.65
	7.69
	7.53
	7.52
	7.52
	7.52
	8.21
	8.28
	8.20
	8.23

	SEm±(T)
	0.594
	0.317
	0.424
	0.263
	0.506
	0.365
	0.412
	0.249
	0.221
	0.109
	0.141
	0.094

	CD@5% (T)
	1.76
	0.94
	1.26
	0.75
	1.50
	1.08
	1.22
	0.71
	0.66
	0.32
	0.42
	0.27

	
	Y
	Y x T
	Y
	Y x T
	Y
	Y x T

	SEm±
	-
	0.186
	-
	0.46
	-
	0.176
	-
	0.43
	-
	0.066
	-
	0.16

	CD @5%
	-
	NS
	-
	NS
	-
	NS
	-
	NS
	-
	NS
	-
	NS

	CV%
	15.68
	8.10
	11.07
	11.85
	13.43
	9.71
	10.96
	11.47
	5.37
	2.62
	3.43
	3.94




Table 6: Effect of different sowing dates on leaf area at each harvestingin Kale cv. Pusa Kale 64
	
Treatments
	Leaf area (cm2) at 1st harvest
	Leaf area (cm2) at 2nd harvest
	Leaf area (cm2) at 3rd harvest

	
	2021-22
	2022-23
	2023-24
	Pooled
	2021-22
	2022-23
	2023-24
	Pooled
	2021-22
	2022-23
	2023-24
	Pooled

	T1
	143.13
	143.29
	154.12
	146.85
	110.03
	110.48
	159.03
	126.51
	123.33
	122.78
	122.99
	123.03

	T2
	117.64
	118.56
	115.10
	117.10
	90.15
	87.83
	87.84
	88.61
	99.03
	99.75
	101.07
	99.95

	T3
	100.74
	105.52
	101.98
	102.75
	99.99
	106.25
	109.06
	105.10
	78.65
	78.85
	81.39
	79.63

	T4
	121.98
	122.25
	128.15
	124.13
	109.57
	108.00
	119.43
	112.33
	107.03
	78.75
	108.73
	98.17

	T5
	114.36
	116.25
	105.44
	112.02
	129.20
	127.00
	162.92
	139.71
	132.68
	132.25
	133.35
	132.76

	T6
	135.34
	134.53
	136.52
	135.46
	100.74
	100.04
	103.66
	101.48
	90.15
	90.84
	91.39
	90.79

	Mean (Y)
	122.20
	123.40
	123.55
	123.05
	106.61
	106.60
	123.66
	112.29
	105.14
	100.54
	106.49
	104.05

	SEm±(T)
	8.514
	9.824
	4.972
	4.635
	8.459
	9.520
	9.823
	4.644
	8.435
	13.065
	4.635
	5.342

	CD@5% (T)
	25.30
	NS
	14.77
	13.14
	25.13
	28.29
	29.19
	13.17
	25.06
	38.82
	13.77
	15.15

	
	Y
	Y x T
	Y
	Y x T
	Y
	Y x T

	SEm±
	-
	3.277
	-
	8.028
	-
	3.284
	-
	8.043
	-
	3.778
	-
	9.253

	CD @5%
	-
	NS
	-
	NS
	-
	9.31
	-
	22.81
	-
	NS
	-
	NS

	CV%
	13.93
	15.92
	8.05
	13.05
	15.87
	17.86
	15.89
	14.33
	16.05
	25.99
	8.71
	17.79




Table 7: Effect of different sowing dates on Leaf area at each harvestingof Kale cv. Pusa Kale 64
	Treatments
	Leaf area (cm2) at 4th harvest
	Leaf area (cm2) at 5th harvest
	Average of Leaf area (cm2) at each harvest

	
	2021-22
	2022-23
	2023-24
	Pooled
	2021-22
	2022-23
	2023-24
	Pooled
	2021-22
	2022-23
	2023-24
	Pooled

	T1
	102.85
	103.45
	104.55
	103.62
	127.87
	128.20
	125.83
	127.30
	146.64
	123.83
	133.31
	134.59

	T2
	74.80
	74.00
	68.36
	72.39
	75.86
	76.30
	75.06
	75.74
	127.99
	77.35
	89.49
	98.27

	T3
	95.86
	95.75
	95.84
	95.82
	98.85
	99.14
	97.41
	98.47
	126.17
	107.37
	97.14
	110.22

	T4
	117.31
	118.83
	121.89
	119.34
	100.65
	101.70
	102.13
	101.49
	125.62
	105.84
	116.07
	115.84

	T5
	110.29
	110.53
	114.39
	111.74
	112.29
	111.25
	113.22
	112.25
	128.38
	114.68
	125.86
	122.97

	T6
	104.75
	104.00
	109.30
	106.01
	126.39
	125.25
	119.13
	123.59
	90.52
	129.09
	112.00
	110.54

	Mean (Y)
	100.98
	101.09
	102.39
	101.48
	106.98
	106.97
	105.46
	106.47
	124.42
	109.69
	112.31
	115.41

	SEm±(T)
	8.483
	6.108
	5.104
	3.872
	8.383
	6.642
	4.385
	3.846
	7.837
	4.140
	2.213
	2.198

	CD@5% (T)
	25.20
	18.15
	15.16
	10.98
	24.91
	19.73
	13.03
	10.90
	23.29
	12.30
	6.57
	6.23

	
	Y
	Y x T
	Y
	Y x T
	Y
	Y x T

	SEm±
	-
	2.738
	-
	6.706
	-
	2.719
	-
	6.661
	-
	1.554
	-
	3.807

	CD @5%
	-
	NS
	-
	NS
	-
	NS
	-
	NS
	-
	4.41
	-
	10.79

	CV%
	16.80
	12.08
	9.97
	13.22
	15.67
	12.42
	8.32
	12.51
	12.62
	7.55
	3.94
	6.60



Table 8: Effect of different sowing dates on leaf number plant- 1 at each harvest of Kale cv. Pusa Kale 64
	Treatments
	Leaf number plant-1 at
1st harvesting
	Leaf numberplant-1 at
2nd harvesting
	Leaf numberplant-1 at
3rd harvesting

	
	2021-22
	2022-23
	2023-24
	Pooled
	2021-22
	2022-23
	2023-24
	Pooled
	2021-22
	2022-23
	2023-24
	Pooled

	T1
	9.80
	10.10
	10.55
	10.15
	7.35
	7.45
	7.70
	7.50
	4.05
	4.30
	4.15
	4.17

	T2
	14.10
	14.40
	14.80
	14.43
	8.35
	8.90
	8.50
	8.58
	5.40
	5.35
	5.25
	5.33

	T3
	5.15
	4.75
	5.05
	4.98
	5.80
	6.00
	6.35
	6.05
	4.30
	4.45
	4.40
	4.38

	T4
	4.75
	4.75
	4.85
	4.78
	4.20
	3.80
	4.30
	4.10
	4.40
	4.40
	4.35
	4.38

	T5
	4.75
	4.40
	4.65
	4.60
	4.00
	3.75
	3.95
	3.90
	4.25
	4.23
	4.25
	4.24

	T6
	4.50
	4.30
	4.50
	4.43
	3.80
	4.00
	3.90
	3.90
	4.30
	4.15
	4.20
	4.22

	Mean (Y)
	7.18
	7.12
	7.40
	7.23
	5.58
	5.65
	5.78
	5.67
	4.45
	4.51
	4.43
	4.46

	SEm±(T)
	0.370
	0.284
	0.410
	0.203
	0.433
	0.334
	0.336
	0.212
	0.307
	0.255
	0.225
	0.152

	CD@5% (T)
	1.10
	0.84
	1.22
	0.41
	1.29
	0.99
	1.00
	0.43
	0.91
	0.77
	0.67
	0.31

	
	Y
	Y x T
	Y
	Y x T
	Y
	Y x T

	SEm±
	-
	0.143
	-
	0.351
	-
	0.150
	-
	0.367
	-
	0.108
	-
	0.264

	CD @5%
	-
	NS
	-
	NS
	-
	NS
	-
	NS
	-
	NS
	-
	NS

	CV%
	10.31
	7.99
	11.07
	9.72
	15.51
	11.81
	11.63
	12.96
	13.79
	11.50
	10.14
	11.90



Table 9: Effect of different sowing dates on leaf number plant- 1 at each harvest of Kale cv. Pusa Kale 64 
	Treatments
	Leaf number plant-1 at
4th harvesting
	Leaf number plant-1 at
5th harvesting
	Average of leaf number plant-1

	
	2021-22
	2022-23
	2023-24
	Pooled
	2021-22
	2022-23
	2023-24
	Pooled
	2021-22
	2022-23
	2023-24
	Pooled

	T1
	4.50
	4.70
	4.65
	4.62
	4.65
	4.65
	4.75
	4.68
	6.07
	6.24
	6.36
	6.22

	T2
	5.40
	5.40
	5.65
	5.48
	5.55
	5.60
	5.55
	5.57
	7.76
	7.93
	7.95
	7.88

	T3
	4.70
	4.65
	4.80
	4.72
	4.05
	3.85
	3.85
	3.92
	4.80
	4.74
	4.89
	4.81

	T4
	4.65
	4.63
	4.70
	4.66
	3.85
	3.70
	3.85
	3.80
	4.37
	4.22
	4.32
	4.30

	T5
	4.55
	4.50
	4.75
	4.60
	3.80
	3.65
	3.80
	3.75
	4.27
	4.17
	4.30
	4.25

	T6
	4.50
	4.00
	4.15
	4.22
	3.70
	3.55
	3.70
	3.65
	4.16
	4.00
	4.09
	4.08

	Mean (Y)
	4.72
	4.65
	4.78
	4.72
	4.27
	4.17
	4.25
	4.23
	5.24
	5.22
	5.32
	5.26

	SEm±(T)
	0.283
	0.249
	0.205
	0.142
	0.304
	0.245
	0.260
	0.156
	0.163
	0.135
	0.191
	0.094

	CD@5% (T)
	0.84
	0.75
	0.61
	0.28
	0.90
	0.73
	0.77
	0.31
	0.49
	0.40
	0.57
	0.19

	
	Y
	Y x T
	Y
	Y x T
	Y
	Y x T

	SEm±
	-
	0.100
	-
	0.246
	-
	0.110
	-
	0.270
	-
	0.066
	-
	0.163

	CD @5%
	-
	NS
	-
	NS
	-
	NS
	-
	NS
	-
	NS
	-
	NS

	CV%
	12.01
	10.74
	8.59
	10.43
	14.24
	11.76
	12.25
	12.75
	6.24
	5.18
	7.19
	6.20


Table 10: Effect of different sowing dates on yield parameters of Kale cv. Pusa Kale 64
	Treatments

	Yield plant-1 (kg)
	Yield plot-1 (kg)
	Yield ha-1 (t)

	
	2021-22
	2022-23
	2023-24
	Pooled
	2021-22
	2022-23
	2023-24
	Pooled
	2021-22
	2022-23
	2023-24
	Pooled

	T1
	0.146
	0.145
	0.149
	0.147
	2.93
	2.90
	2.97
	2.93
	16.25
	16.11
	16.50
	16.29

	T2
	0.184
	0.182
	0.189
	0.185
	3.68
	3.64
	3.78
	3.70
	20.44
	20.22
	21.00
	20.56

	T3
	0.164
	0.165
	0.160
	0.163
	3.29
	3.30
	3.21
	3.26
	18.25
	18.31
	17.81
	18.12

	T4
	0.162
	0.161
	0.158
	0.160
	3.24
	3.23
	3.16
	3.21
	17.97
	17.92
	17.53
	17.81

	T5
	0.156
	0.152
	0.156
	0.155
	3.12
	3.04
	3.12
	3.09
	17.31
	16.86
	17.33
	17.17

	T6
	0.131
	0.133
	0.125
	0.129
	2.61
	2.66
	2.50
	2.59
	14.50
	14.75
	13.89
	14.38

	Mean (Y)
	0.157
	0.156
	0.156
	0.156
	3.14
	3.13
	3.12
	3.13
	17.45
	17.36
	17.34
	17.39

	SEm±(T)
	0.006
	0.005
	0.008
	0.003
	0.127
	0.110
	0.155
	0.076
	0.705
	0.610
	0.861
	0.423

	CD@5% (T)
	0.019
	0.016
	0.023
	0.011
	0.37
	0.32
	0.46
	0.22
	2.10
	1.81
	2.56
	1.20

	
	Y
	Y x T
	Y
	Y x T
	Y
	Y x T

	SEm±
	-
	0.003
	-
	0.007
	-
	0.054
	-
	0.132
	-
	0.299
	-
	0.732

	CD @5%
	-
	NS
	-
	NS
	-
	NS
	-
	NS
	-
	NS
	-
	NS

	CV%
	8.08
	7.03
	9.92
	8.42
	8.08
	7.03
	9.92
	8.42
	8.08
	7.03
	9.92
	8.42



Table 11: Effect of different sowing dates on quality parameters
	Treatments
	Total Chlorophyll (mg g-1)
	Leaf dry matter content (%)
	Beta carotene (mg100g-1)

	
	2021-22
	2022-23
	2023-24
	Pooled
	2021-22
	2022-23
	2023-24
	Pooled
	2021-22
	2022-23
	2023-24
	Pooled

	T1
	251.08
	251.25
	250.24
	250.86
	14.79
	14.69
	14.74
	14.74
	6.67
	6.67
	6.62
	6.66

	T2
	251.07
	251.07
	250.17
	250.77
	14.67
	14.65
	14.67
	14.66
	6.71
	6.71
	6.63
	6.68

	T3
	247.55
	246.74
	247.96
	247.42
	14.68
	14.63
	14.65
	14.65
	6.92
	6.87
	6.59
	6.79

	T4
	249.10
	249.20
	249.21
	249.17
	14.47
	14.48
	14.48
	14.48
	6.63
	6.62
	6.62
	6.62

	T5
	248.31
	248.31
	248.63
	248.42
	14.73
	14.75
	14.74
	14.74
	6.45
	6.45
	6.64
	6.51

	T6
	246.97
	247.89
	248.12
	247.66
	14.59
	14.59
	14.59
	14.59
	6.49
	6.46
	6.65
	6.53

	Mean (Y)
	249.01
	249.08
	249.06
	249.05
	14.65
	14.63
	14.64
	14.64
	6.64
	6.63
	6.63
	6.63

	SEm±(T)
	1.646
	1.635
	1.839
	0.987
	0.110
	0.117
	0.112
	0.065
	0.133
	0.136
	0.104
	0.072

	CD@5% (T)
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	
	Y
	Y x T
	Y
	Y x T
	Y
	Y x T

	SEm±
	-
	0.698
	-
	1.709
	-
	0.046
	-
	0.113
	-
	0.051
	-
	0.125

	CD @5%
	-
	NS
	-
	NS
	-
	NS
	-
	NS
	-
	NS
	-
	NS

	CV%
	1.32
	1.31
	1.48
	1.37
	1.51
	1.60
	1.53
	1.54
	4.01
	4.10
	3.14
	3.77



Table 12: Effect of different sowing dates on quality parameters
	Treatments
	Vitamin C (mg100g-1)
	Crude fiber (%)

	
	2021-22
	2022-23
	2023-24
	Pooled
	2021-22
	2022-23
	2023-24
	Pooled

	T1
	104.99
	105.35
	105.18
	105.17
	2.44
	2.42
	2.34
	2.40

	T2
	105.32
	105.41
	105.37
	105.37
	2.37
	2.37
	2.34
	2.36

	T3
	105.07
	105.27
	105.18
	105.17
	2.32
	2.33
	2.37
	2.34

	T4
	105.15
	105.32
	105.24
	105.24
	2.35
	2.34
	2.35
	2.35

	T5
	105.07
	105.85
	105.44
	105.45
	2.37
	2.36
	2.34
	2.36

	T6
	105.24
	105.35
	105.30
	105.29
	2.28
	2.30
	2.38
	2.32

	Mean (Y)
	105.14
	105.42
	105.28
	105.28
	2.35
	2.35
	2.35
	2.35

	SEm±(T)
	0.119
	0.346
	0.184
	0.131
	0.040
	0.026
	0.024
	0.018

	CD@5% (T)
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	
	Y
	Y x T
	Y
	Y x T

	SEm±
	-
	0.093
	-
	0.227
	-
	0.013
	-
	0.031

	CD @5%
	-
	NS
	-
	NS
	-
	NS
	-
	NS

	CV%
	0.23
	0.66
	0.35
	0.43
	3.41
	2.23
	2.01
	2.62




Table 13: Effect of different sowing dates on minerals ofKale cv. Pusa Kale 64
	Treatments
	Ca (mg/100g)
	Fe (mg/100g)
	Mg (mg/100g)

	
	2021-22
	2022-23
	2023-24
	Pooled
	2021-22
	2022-23
	2023-24
	Pooled
	2021-22
	2022-23
	2023-24
	Pooled

	T1
	2.58
	2.55
	2.56
	2.56
	15.12
	15.12
	14.68
	14.97
	8.71
	8.71
	8.67
	8.69

	T2
	2.52
	2.50
	2.56
	2.53
	15.11
	15.05
	14.73
	14.96
	8.71
	8.65
	8.64
	8.66

	T3
	2.58
	2.58
	2.57
	2.58
	14.68
	14.68
	14.88
	14.75
	8.73
	8.76
	8.68
	8.72

	T4
	2.56
	2.56
	2.56
	2.56
	14.62
	14.61
	14.86
	14.69
	8.68
	8.68
	8.65
	8.67

	T5
	2.67
	2.65
	2.56
	2.63
	14.94
	14.94
	14.76
	14.88
	8.59
	8.55
	8.61
	8.58

	T6
	2.54
	2.52
	2.52
	2.53
	14.76
	14.64
	14.84
	14.74
	8.30
	8.47
	8.51
	8.43

	Mean (Y)
	2.57
	2.56
	2.56
	2.56
	14.87
	14.84
	14.79
	14.83
	8.62
	8.64
	8.62
	8.63

	SEm±(T)
	0.033
	0.037
	0.063
	0.027
	0.130
	0.146
	0.140
	0.079
	0.128
	0.115
	0.140
	0.074

	CD@5% (T)
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	
	Y
	Y x T
	Y
	Y x T
	Y
	Y x T

	SEm±
	-
	0.019
	-
	0.046
	-
	0.056
	-
	0.138
	-
	0.052
	-
	0.128

	CD @5%
	-
	NS
	-
	NS
	-
	NS
	-
	NS
	-
	NS
	-
	NS

	CV%
	2.57
	2.92
	4.96
	3.62
	1.75
	1.97
	1.90
	1.85
	2.98
	2.67
	3.25
	2.97





Table 14: Effect of different sowing dates on minerals ofKale cv. Pusa Kale 64
	Treatments
	Mn (mg/100g)
	P (mg/100g)
	K(mg/100g)

	
	2021-22
	2022-23
	2023-24
	Pooled
	2021-22
	2022-23
	2023-24
	Pooled
	2021-22
	2022-23
	2023-24
	Pooled

	T1
	29.18
	29.16
	29.23
	29.19
	4.02
	4.02
	4.04
	4.02
	4.28
	4.28
	4.21
	4.26

	T2
	29.30
	29.25
	29.29
	29.28
	4.03
	4.03
	4.04
	4.03
	4.11
	4.10
	4.28
	4.16

	T3
	29.35
	29.26
	29.31
	29.30
	4.05
	4.05
	4.02
	4.04
	4.32
	4.32
	4.22
	4.29

	T4
	29.57
	29.60
	29.47
	29.54
	4.05
	4.05
	4.03
	4.04
	4.22
	4.21
	4.25
	4.22

	T5
	29.45
	29.39
	29.37
	29.40
	4.02
	4.02
	4.04
	4.03
	4.26
	4.25
	4.24
	4.25

	T6
	29.13
	29.10
	29.20
	29.14
	4.03
	4.03
	4.03
	4.03
	4.27
	4.27
	4.23
	4.26

	Mean (Y)
	29.33
	29.29
	29.31
	29.31
	4.03
	4.03
	4.03
	4.03
	4.24
	4.24
	4.24
	4.24

	SEm±(T)
	0.131
	0.208
	0.232
	0.113
	0.010
	0.010
	0.008
	0.005
	0.054
	0.053
	0.050
	0.030

	CD@5% (T)
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	
	Y
	Y x T
	Y
	Y x T
	Y
	Y x T

	SEm±
	-
	0.080
	-
	0.195
	-
	0.004
	-
	0.009
	-
	0.021
	-
	0.052

	CD @5%
	-
	NS
	-
	NS
	-
	NS
	-
	NS
	-
	NS
	-
	NS

	CV%
	0.89
	1.42
	1.58
	1.33
	0.49
	0.50
	0.40
	0.47
	2.54
	2.50
	2.34
	2.46






Table 15: Effect of different sowing dates on minerals of Kale cv. Pusa Kale 64
	Treatments
	Zn (mg/100g)

	
	2021-22
	2022-23
	2023-24
	Pooled

	T1
	50.23
	50.23
	50.23
	50.23

	T2
	50.22
	50.22
	50.22
	50.22

	T3
	50.20
	50.19
	50.19
	50.19

	T4
	50.31
	50.35
	50.33
	50.33

	T5
	50.25
	50.25
	50.25
	50.25

	T6
	50.24
	50.36
	50.30
	50.30

	Mean (Y)
	50.24
	50.26
	50.25
	50.25

	SEm±(T)
	0.064
	0.054
	0.056
	0.034

	CD@5% (T)
	NS
	NS
	NS
	NS

	
	Y
	Y x T

	SEm±
	-
	0.024
	-
	0.058

	CD @5%
	-
	NS
	-
	NS

	CV%
	0.26
	0.22
	0.22
	0.23





Table 16: Economics of various treatments ofKale cv. Pusa Kale 64
	Treatment
	 Leaf yield
	Fixed cost
	Variable cost
	Total cost
	Gross realization
	Net Realization

	
	(t ha-1)
	(Rs.)
	(Rs.)
	(Rs.)
	(Rs.)
	(Rs.)

	T1
	16.29
	76450
	23133
	99583
	325800
	226217

	T2
	20.56
	76450
	29258
	105708
	411200
	305492

	T3
	18.12
	76450
	25536
	101986
	362400
	260414

	T4
	17.81
	76450
	25069
	101519
	356200
	254681

	T5
	17.17
	76450
	24520
	100970
	343400
	242430

	T6
	14.38
	76450
	20322
	96772
	287600
	190828


*Price of Kale= Rs.20/kg
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