Effect of  sowing time  and weed management practices on phenophases of summer sesame

ABSTRACT
[bookmark: _Hlk206528369][bookmark: _GoBack]A field experiment entitled “Effect of dates of sowing and weed management practices on summer sesame in new alluvial zone of West Bengal had been conducted during summer season of 2022 and 2023 at Instructional farm, Jaguli. Bidhan Chandra Krishi Viswavidyalaya, Mohanpur, West Bengal. The soil of experimental site was clay loam in texture, near neutral in reaction (pH: 6.5) and non-saline (EC 0.3); medium in organic carbon (0.68), low available nitrogen (196.76 kg ha-1) and high in available phosphorus (24 P2O5 kg ha-1) and available potassium (294.5 K2O kg ha-1). The experiment was laid out in split plot design with three main plot treatments (dates of sowing) and eight sub plot treatments (weed management practices) replicated thrice. Main plot treatments comprised of three dates of sowing i.e. D1: Sowing on February 21st, D2: Sowing on March 7th, and D3: Sowing on March 22nd. Sub plot treatments comprised of eight weed management practices i.e. W1. Pendimethalin @ 1 kg a.i. ha-1 [2 DAS (days after sowing)] + Hand weeding (30 DAS), W2:: Butachlor @ 1 kg a.i. ha-1 (2 DAS) + Hand weeding (30 DAS), W3: Hand weeding (15 DAS) + Quizalofop ethyl @ 50 g a.i. ha-1 (30 DAS), W4: Pendimethalin @ 1 kg a.i.ha-1 (2 DAS) + Quizalofop ethyl @ 50 g a.i. ha-1 (30 DAS), W5: Butachlor @ 1 kg a.i.ha-1 (2 DAS) + Quizalofop ethyl @ 50 g a.i. ha-1 (30 DAS),W6: Hand weeding (15 DAS) + Hand weeding (30 DAS), W7: Weedy check and W8: Weed free check. Sesame variety ‘Savitri’ was chosen for the experiment. The phenophases (days to emergence, days to flowering, days to 50% flowering, days from flowering to maturity and days to maturity) of sesame was significantly influenced by main plots (dates of sowing) treatments only. Sub plots and interactions between main plots and sub plots  were found to be non-significant. 
Among the dates of sowing, D3: sowing on march 22nd registered lesser days of phenophases [days to emergence (7.06 days), days to flowering (34.82), days to 50% flowering (46.85 days), days from flowering to maturity (34.90 days) and days to maturity (88.85 days)].
Keywords: Weed, phenophases,  emergence  , sowing , sesame, herbicides.





INTRODUCTION

[bookmark: _Hlk206497509]Oilseed crops hold a significant place in India’s economy, contributing uniquely to agriculture and forming an essential part of daily diets. Despite this, India imports large amounts of edible oil, which constitutes one of the biggest burdens on the national economy. The country is among the leading producers of vegetable oils globally, covering about 8% of the world’s oilseed cultivation area and producing nearly 35% of the total oilseeds. 

[bookmark: _Hlk206497532][bookmark: _Hlk206497573]   Sesame (Sesamum indicum L.) ranks as one of the most important oilseed crops in India, following groundnut, rapeseed, and mustard. Owing to its high-quality polyunsaturated stable fatty acids, it is often referred to as the "Queen of Oilseeds." In many developing countries, sesame is predominantly cultivated by small-scale farmers, as it is widely recognized for its drought tolerance (Jefferson, 2003). Boureima et al. (2011) highlighted that sesame is a stress-tolerant crop capable of producing distinctive chemical compounds absent in other edible oil crops. These bioactive compounds play a crucial role in safeguarding sesame oil against oxidative rancidity, thereby improving its stability and extending its shelf life. Sesame is a short-day crop that generally initiates flowering within 42–45 days under a photoperiod of about 10 hours (Weiss, 1983). Sesame holds great significance due to its dual role as both a food crop and a raw material for various industries, establishing it as an important export commodity. Its seeds are highly nutritious, containing around 50% oil, 25% protein, and 20% carbohydrates, along with essential vitamins, minerals, antioxidants, and all vital amino and fatty acids. In addition, the seed meal serves as an excellent source of protein, ranging from 34–50%.

[bookmark: _Hlk206497594]Sesame oil cake serves as an excellent cattle feed owing to its high protein content and considerable amounts of phosphorus and potash. The crop is predominantly cultivated in tropical and subtropical regions. India stands as the world’s largest producer, consumer, and exporter of sesame. However, sesame yield levels show wide variation, largely influenced by environmental conditions, cultivation practices, and the genetic potential of the cultivars grown (Brigham, 1985). The yield potential of sesame is governed by several yield-attributing components, each strongly influenced by environmental conditions and agronomic management practices. Among these, sowing time and competition from weeds are particularly critical factors that play a decisive role in determining the crop’s productivity.
The choice of an appropriate sowing date is a critical factor in synchronizing sesame growth stages with prevailing environmental conditions to maximize yield. Although sesame is recognized for its drought tolerance, it is predominantly cultivated as a dryland crop, especially in the Indian subcontinent. Here, the timing of sowing is largely determined by the availability of soil moisture, and in many cases, sowing is deliberately delayed to ensure adequate water supply for optimum plant establishment and growth.
[bookmark: _Hlk206497613][bookmark: _Hlk206497638][bookmark: _Hlk206497652][bookmark: _Hlk206497669]Selecting an appropriate sowing date allows the different growth stages of sesame to align more effectively with favorable environmental conditions, thereby enhancing photosynthetic efficiency. This improved photosynthetic activity promotes greater assimilation and translocation of nutrients, which are subsequently stored in the seeds, ultimately resulting in higher crop productivity. ( Erhart et al., 2005). Determining the optimal sowing time, coupled with the selection of high-yielding cultivars, is essential for maximizing land-use efficiency and securing profitable returns from sesame cultivation (Hamza and Abd El Salam, 2015). Delayed sowing often discourages farmers, resulting in a decline in the area allocated to sesame cultivation. Moreover, late planting increases the crop’s vulnerability to pests and diseases, which adversely affects both crop health and yield (El-Bakheit, 1985). Delayed sowing ultimately shortens the maturity period of sesame, thereby limiting its vegetative and reproductive growth and reducing its overall yield potential (Stumpf, 1959).
[bookmark: _Hlk206497683]Weed infestation is among the major constraints that limit sesame productivity. The small seed size of sesame makes precise placement at an appropriate depth essential for ensuring uniform germination and establishment. Furthermore, sesame seedlings are small, delicate, and exhibit relatively slow early growth compared to other oilseed crops, which makes the crop highly vulnerable to weed competition during its initial stages. The magnitude of yield loss caused by weeds largely depends on the composition of the weed flora and the timing of infestation under prevailing agro-climatic conditions. Uncontrolled weed growth in sesame has been reported to cause yield losses of up to 50% (Dungarwal et al., 2003).
[bookmark: _Hlk206497764][bookmark: _Hlk206497788]Weeds significantly reduce sesame yield because the crop’s seedlings exhibit slow growth during the first four weeks after emergence, rendering sesame a poor competitor against weeds in its early developmental stages. (Bennett et al., 2003). Weeds exert substantial stress on sesame during its early growth stages, which can severely reduce its economic yield. Under unfavorable conditions, unchecked weed infestation may cause yield losses of up to 60%. (Ibrahim et al., 1988). Amare et al. (2009) identified a critical period of weed competition in sesame between 15 and 30 days after seedling emergence. Therefore, maintaining the crop in a weed-free condition during this interval is essential for achieving maximum yield. 
A well-balanced integration of chemical and manual weeding, if applied in an economically viable and ecologically sustainable manner, can provide effective weed control and significantly reduce yield losses in sesame. In light of this, a research program titled "Effect of Dates of Sowing and Weed Management Practices on Summer Sesame in the New Alluvial Zone of West Bengal" has been initiated to explore the optimal strategies for weed control and improve sesame yield in the region.

MATERIALS AND METHODS
A field experiment entitled “Effect of dates of sowing and weed management practices on summer sesame in new alluvial zone of West Bengal had been conducted during summer season of 2022 and 2023 at Instructional farm, Jaguli. Bidhan Chandra Krishi Viswavidyalaya, Mohanpur, West Bengal. The soil of experimental site was clay loam in texture, near neutral in reaction (pH: 6.5) and non-saline (EC 0.3); medium in organic carbon (0.68), low available nitrogen (196.76 kg ha-1) and high in available phosphorus (24 P2O5 kg ha-1) and available potassium (294.5 K2O kg ha-1). The experiment was laid out in split plot design with three main plot treatments (dates of sowing) and eight sub plot treatments (weed management practices) replicated thrice. Main plot treatments comprised of three dates of sowing i.e. D1: Sowing on February 21st, D2: Sowing on March 7th, and D3: Sowing onMarch 22nd.Sub plot treatments comprised of eight weed management practices i.e. W1. Pendimethalin @ 1 kg a.i. ha-1 [2 DAS (days after sowing)] + Hand weeding (30 DAS),W2:: Butachlor@ 1kga.i. ha-1(2 DAS)+Hand weeding(30 DAS),W3: Handweeding(15DAS) + Quizalofop ethyl @ 50 g a.i. ha-1 (30 DAS), W4: Pendimethalin @ 1 kg a.i.ha-1 (2 DAS) + Quizalofop ethyl @ 50 ga.i. ha-1 (30 DAS), W5: Butachlor @ 1 kg a.i.ha-1 (2 DAS) + Quizalofop ethyl @ 50 g a.i. ha-1 (30 DAS),W6: Hand weeding (15 DAS) + Hand weeding(30 DAS),W7:Weedy check and W8:Weed free check. ‘Savitri’was chosen for the experiment.
Throughout the crop growing season, all advised cultural practices and plant protection techniques were followed. “Observation like plant height, drymatter accumulation, leaf area index, number of branches per plant, number of capsules per plants, number of seeds per capsule, seed yield, stalk yield, weed density, dry weight, weed control efficiency and weed index were taken using standard procedures from five randomly selected tagged plants from each plot. Harvesting was done as per the treatments and maturity of crop, respectively. Threshing was done plot wise and the seed yield from the net plot was converted into kg ha-1to which the yield from five tagged plants was also added. For calculating gross return, net return and B:C ratio.
RESULTS AND DISCUSSION

	Phenophases
Sesame had indeterminate type of growth habit in which two major growth stages, i.e. vegetative and reproductive stage were intermingled together for a specific period. In the experiment, a total of five phenophases of sesame crop were studied; sowing to emergence (S-E), emergence to flower initiation (E-FI), flower initiation to capsule initiation (FI-CI) and capsule initiation to maturity (CI-M) and sowing to maturity (S-M).
Data on phenophases of sesame crop revealed that there was significant influence with dates of sowing only. Interactions between dates of sowing and weed management practices were found to be non-significant.
Delay in sowing of sesame from 21st February (D₁) to 22nd March shortened the duration of the crop by 12 days. Sesame sown on 21st February (D₁), 7th March (D2) and 22nd March (D3) required 101.14, 93.68, 88.85 days to complete life cycle. Crop sown on 21st February took more time to complete all four phenophases, while delayed sowing from 21st February to 22nd March shortened the length of phenophases of sesame during summer season. (Table.1)
Under higher temperatures, bright sunshine hours and day length causes stress condition due to partial drought which results reproductive period became progressively shorter with progressive delay in sowings which resulted in shortened the duration of the crop. Similar findings were reported by Adhikary et al. (2021).


















Table.1 Effect of dates of sowing and weed management practices on Phenophases of summer sesame
	[bookmark: _Hlk206510217]Phenophases (days)

	
	Sowing- emergence
	Sowing-flower initiation
	Days to 50% flowering
	Flowering to maturity
	Sowing to maturity

	
	2022
	2023
	pooled
	2022
	2023
	Pooled
	2022
	2023
	Pooled
	2022
	2023
	Pooled
	2022
	2023
	Pooled

	Date of sowing

	D1
	9.47
	9.97
	9.72
	40.57
	38.37
	39.47
	54.15
	48.42
	51.29
	41.39
	35.85
	38.62
	100.78
	101.51
	101.14

	D2
	8.05
	8.06
	7.68
	38.60
	36.76
	37.68
	51.45
	50.59
	51.02
	37.45
	39.35
	36.81
	94.86
	92.29
	93.68

	D3
	7.30
	6.08
	7.06
	35.53
	34.12
	34.82
	48.45
	45.26
	46.85
	34.26
	32.35
	34.90
	88.40
	89.31
	88.85

	SE (m±)
	0.052
	0.035
	0.023
	0.366
	0.366
	0.183
	0.441
	0.441
	0.220
	0.527
	0.155
	0.264
	0.597
	0.379
	0.369

	C.D.at 5%
	0.205
	0.138
	0.090
	1.439
	1.439
	0.719
	1.731
	1.731
	0.866
	2.069
	0.492
	1.035
	2.344
	1.487
	1.448

	Weed management practices

	W1
	8.68
	7.44
	8.06
	40.62
	38.87
	39.74
	54.14
	50.88
	52.51
	38.63
	38.67
	38.65
	100.20
	103.29
	101.74

	W2
	8.34
	7.13
	7.73
	38.45
	36.70
	37.58
	51.98
	48.72
	50.35
	38.02
	36.50
	37.26
	97.37
	97.98
	97.67

	W3
	8.13
	6.93
	7.53
	37.62
	35.87
	36.74
	50.98
	47.72
	49.35
	37.68
	35.50
	36.59
	95.70
	96.67
	96.19

	W4
	7.97
	6.72
	7.34
	36.12
	34.37
	35.24
	48.64
	45.38
	47.01
	36.74
	33.00
	34.87
	93.20
	91.73
	92.47

	W5
	8.03
	6.78
	7.41
	36.62
	34.87
	35.74
	49.81
	46.55
	48.18
	37.24
	34.33
	35.79
	94.53
	94.40
	94.47

	W6
	8.58
	7.28
	7.93
	39.62
	37.87
	38.74
	52.98
	49.72
	51.35
	38.29
	37.50
	37.90
	98.87
	100.84
	99.85

	W7
	7.25
	6.06
	6.65
	35.23
	33.48
	34.35
	47.14
	43.88
	45.51
	36.18
	31.67
	33.93
	92.20
	89.29
	90.74

	W8
	9.19
	7.94
	8.57
	41.62
	39.87
	40.74
	55.14
	51.88
	53.51
	38.85
	39.67
	39.26
	101.37
	104.48
	102.92

	SEm±
	0.128
	0.112
	0.088
	0.211
	0.211
	0.204
	0.266
	0.266
	0.266
	0.155
	0.155
	0.142
	0.253
	0.363
	0.262

	C.D.at 5%
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	Interaction (DxW)

	D1W1
	7.79
	8.74
	8.26
	37.89
	40.81
	39.35
	51.24
	53.38
	52.31
	31.41
	42.17
	36.79
	96.38
	109.17
	102.78

	D1W2
	7.14
	8.19
	7.66
	35.72
	38.65
	37.18
	49.07
	51.22
	50.14
	33.91
	40.00
	36.96
	93.55
	102.09
	97.82

	D1W3
	7.24
	8.09
	7.66
	34.89
	37.81
	36.35
	48.07
	50.22
	49.14
	34.91
	39.00
	36.96
	91.88
	99.67
	95.78

	D1W4
	7.07
	7.77
	7.42
	33.39
	36.31
	34.85
	45.74
	47.88
	46.81
	37.08
	36.50
	36.79
	89.38
	94.34
	91.86

	D1W5
	7.14
	7.84
	7.49
	33.89
	36.81
	35.35
	46.91
	49.05
	47.98
	35.91
	37.83
	36.87
	90.72
	96.51
	93.61

	D1W6
	7.64
	8.34
	7.99
	36.89
	39.81
	38.35
	50.07
	52.22
	51.14
	32.74
	41.00
	36.87
	95.05
	105.84
	100.45

	D1W7
	5.79
	7.38
	6.58
	32.72
	34.98
	33.85
	44.24
	46.38
	45.31
	38.08
	35.17
	36.62
	88.38
	90.01
	89.20

	D1W8
	8.58
	8.16
	8.37
	38.89
	41.81
	40.35
	52.24
	54.38
	53.31
	30.08
	43.17
	36.62
	97.55
	111.09
	104.32

	D2W1
	9.99
	7.15
	8.57
	43.01
	39.31
	41.16
	56.94
	51.22
	54.08
	44.21
	38.67
	41.44
	104.30
	105.34
	104.82

	D2W2
	9.34
	6.97
	8.15
	40.85
	37.15
	39.00
	54.78
	49.05
	51.91
	42.04
	36.50
	39.27
	101.46
	98.26
	99.86

	D2W3
	9.44
	6.72
	8.08
	40.01
	36.31
	38.16
	53.78
	48.05
	50.91
	41.04
	35.50
	38.27
	99.80
	95.84
	97.82

	D2W4
	9.27
	6.55
	7.91
	38.51
	34.81
	36.66
	51.44
	45.72
	48.58
	38.54
	33.00
	35.77
	97.30
	90.51
	93.90

	D2W5
	9.34
	6.62
	7.98
	39.01
	35.31
	37.16
	52.61
	46.88
	49.75
	39.87
	34.33
	37.10
	98.63
	92.67
	95.65

	D2W6
	9.99
	7.12
	8.55
	42.01
	38.31
	40.16
	55.78
	50.05
	52.91
	43.04
	37.50
	40.27
	102.96
	102.01
	102.49

	D2W7
	8.71
	6.25
	7.48
	37.18
	34.15
	35.66
	49.94
	44.22
	47.08
	37.21
	31.67
	34.44
	96.30
	88.17
	92.24

	D2W8
	9.66
	8.33
	9.00
	44.01
	40.31
	42.16
	57.94
	52.22
	55.08
	45.21
	39.67
	42.44
	105.46
	107.26
	106.36

	D3W1
	8.53
	6.24
	7.38
	38.79
	34.31
	36.55
	52.08
	45.88
	48.98
	38.10
	33.00
	35.55
	97.08
	93.59
	95.34

	D3W2
	8.12
	6.39
	7.25
	39.95
	35.48
	37.72
	53.08
	46.88
	49.98
	39.10
	34.00
	36.55
	98.58
	94.67
	96.63

	D3W3
	7.72
	5.99
	6.85
	37.95
	33.48
	35.72
	51.08
	44.88
	47.98
	37.10
	32.00
	34.55
	95.42
	94.51
	94.96

	D3W4
	7.55
	5.82
	6.69
	36.45
	31.98
	34.22
	48.75
	42.55
	45.65
	34.60
	29.50
	32.05
	92.92
	90.34
	91.63

	D3W5
	7.62
	5.89
	6.75
	36.95
	32.48
	34.72
	49.91
	43.72
	46.81
	35.93
	30.83
	33.38
	94.25
	94.01
	94.13

	D3W6
	8.27
	6.42
	7.35
	40.95
	36.48
	38.72
	54.25
	48.05
	51.15
	40.27
	35.17
	37.72
	99.92
	95.34
	97.63

	D3W7
	7.25
	4.54
	5.90
	35.79
	31.31
	33.55
	47.25
	41.05
	44.15
	33.27
	28.17
	30.72
	91.92
	89.67
	90.80

	D3W8
	9.33
	7.33
	8.33
	41.95
	37.48
	39.72
	55.25
	49.05
	52.15
	41.27
	36.17
	38.72
	101.08
	95.09
	98.09

	SE (m±)

	D*W
	0.052
	0.035
	0.023
	0.366
	0.366
	0.183
	0.441
	0.441
	0.220
	0.527
	0.155
	0.264
	0.597
	0.379
	0.369

	W*D
	0.128
	0.112
	0.088
	0.211
	0.211
	0.204
	0.266
	0.266
	0.266
	0.155
	0.155
	0.142
	0.253
	0.363
	0.262

	C.D.at 5%

	D*W
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	W*D
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS




CONCLUSION
The phenophases (days to emergence, days to flowering, days to 50% flowering, days from flowering to maturity and days to maturity) of sesame was significantly influenced by main plots ( dates of sowing) treatments only. Sub plots and interactions between main plots and sub plots  were found to be non-significant. 
Among the dates of sowing, D3: sowing on march 22nd registered lesser days of phenophases [days to emergence (7.06 days), days to flowering (34.82), days to 50% flowering (46.85 days), days from flowering to maturity (34.90 days) and days to maturity (88.85 days)], whereas sowing on February 21st i.e. (D1) taken 101 days to complete its life cycle.
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