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Effect of Plant Growth Regulators and Pinching on Plant Growth and Flowering Parameters in Calendula

ABSTRACT
The study was carried out at Banaras Hindu University in Varanasi in 2021–2022 to evaluate the impact of benzyl adenine (BA) and pinching on growth and flowering of calendula (Calendula officinalis L.). Pinching was done at 30 DAT, and BA was sprayed on the leaves at 50–300 ppm at 21 DAT. Three replications of the experiment were set up in a Randomized Block Design. Pinching greatly enhanced the number of main branches, leaf area, and plant spread while decreasing the height of the plant. While BA 200 ppm increased floral weight, flower quantity, and peduncle length, BA 250 ppm generated the greatest number of branches. Maximum floral diameter and delayed flower initiation were seen at BA 150 ppm. Additionally, pinching improved blooming characteristics and extended flower life. Pinching × BA 150 ppm for floral size and pinching × BA 300 ppm for flower number had the best combined effects. The results indicate that the integration of pinching with suitable BA concentration can significantly improve vegetative growth, flower yield, and ornamental value in calendula.
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Introduction
Calendula (Calendula officinalis L.) is a winter annual herb native to southern Europe. It is also known as pot marigold, English marigold and Scottish marigold and belongs to Asteraceae (Compositae) family. This flower gets its name from the latin word (calend) which means the first day of the month, owing to the plant's long flowering period. It is a hardy and free blooming annual with beautiful crowns, grown for garden decoration and for cut flowers. Calendulas are of diverse colours and used in making bouquets, garlands and for vase arrangement (Hasan, 2019). It is used as bedding plant, for growing in pots, window boxes and other garden places where enhancement of colour in garden is required. It is a complex mixture including essential oils, glycosides, saponins, triols and xanthophylls, with the triterpenoids being the most important anti-inflammatory principles (Martin and Deo, 2000). Cytokinins are plant hormones that plants produce naturally and regulate plant growth, including cell division and leaf senescence. There are several commercial plant growth regulators (PGRs) that contain benzyladenine, a synthetic cytokinin. Pinching (the removal of the apical bud of the main shoot) is a common floricultural practice designed to encourage axillary shoot development and greater floral synchrony (Thakare et al., 2020). However, pinching is usually aimed at increasing flower number for display purposes. Pinching has been found to be effective in chrysanthemum (Thakare et al., 2020). Being a garden decorator calendula requires to grow profusely and for longer duration. Hence, present investigation was carried out to see the effect of pinching and BA on its overall growth and flowering.
MATERIALS AND METHODS
The experiment was conducted to see the effect of benzyl adenine and pinching on growth and flowering in calendula at the Horticultural Research Farm, Department of Horticulture, Institute of Agricultural Sciences, Banaras Hindu University, Varanasi, Uttar Pradesh during 2021–22.In this study, two levels of pinching (no pinching, single pinching at 30 DAT), six levels of BA (50, 100, 150, 200, 250 and 300 ppm) were used, as well as a control (distilled water). The experiment was designed in a Randomized Block Design, with seven treatments replicated three times. Seeds were sown in the second week of November and one-month-old seedlings were transplanted at a distance of 60 cm between rows and 50 cm between plants. Different concentrations of BA were sprayed on the plants 21 days after transplanting to the runoff stage. Observations on various growth and flowering attributes were recorded. Results thus obtained, were subjected to statistical analysis.

RESULTS AND DISCUSSION
Effect of pinching and BA on growth attributes 
The effect of BA and pinching on calendula growth attributes were shown in Table 1. All of the growth parameters were significantly influenced by the treatment of pinching and BA.It was found that pinching at 30 days after transplanting resulted in reduced plant height (43.91 cm) and maximum number of primary branches (11.21), leaf area (107.02 cm2) and plant spread at 90 DAT (63.72 cm) when compared to non-pinching. The data shows that pinching increased the leaf area and primary branches possibly due to apical bud dominance refers to the growth of lateral branches.Increased plant spread and number of primary branches and leaves plant with pinching are in conformity with the finding of Kumar et al. (2011) in pot marigold.
Application of BA 250 ppm resulted in maximum number of primary branches/plant (11.93). Maximum plant spread was found with BA 300 ppm (65.29 cm). Different levels of BA showed an increase in vegetative growth. Perhaps it's because PGR is essential for cell elongation and call division. Similar to the present findings, increased plant height and plant spread has been reported by the application of BA in chrysanthemum crop by earlier workers (Singh and Bala 2018 and Alhajhoj, 2017).
Interaction effect
Table.1 shows that the interaction of different levels of pinching and BA had a significant effect on all growth attributes. Maximum plant height at 90 days was reported with interaction of no pinching + BA 250 ppm. BA 250 ppm × pinching shows maximum primary branches/plants (12.94) followed by BA 150 ppm × pinching. Similarly, maximum leaf area and plant spread at 90 DAT was recorded with interaction of BA 200 ppm × pinching. In plants, the apical bud produces auxins that are responsible for apical dominance. Removal of apical buds also stimulates cytokinins (BA) to trigger the lateral buds to start growth andultimately it suppresses apical dominance that control plant height. In Zinnia, beneficial effects of growth chemicals and pinching were noted by Ali et al. (2021).
Effect of pinching and BA on flowering attributes
All the flowering parameters were found to be significantly influenced by different stages of pinching and BA (Table. 2). Except for peduncle length, all flowering attributes are significantly higher in pinching, including bud initiation (60.02 days), flower initiation (74.63 days), flower diameter (69.70 mm), fresh weight of flower (9.54 g), dry weight of flower (1.22 g), flower withering (83.47 days), and number of flowers (228.66). These results are corroborated by the results of Hawa et al. (2021) in annual chrysanthemum and Sathappan (2018) in marigold.
The application of BA 250 ppm results in maximum days to bud initiation (55.30 days) when compared to control (50.00 days). Whereas, BA 150 ppm resulted in maximum days of flower initiation (71.44 days) and flower diameter. Maximum fresh (10.29 g) and dry of flower (1.31 g) were observed with BA 200 ppm. BA 50 ppm resulted maximum days of flower withering. The maximum number of flowers and peduncle length was reported with BA 200 ppm.Tuberose had the largest flower diameter with the application of BA (Asil et al., 2011). BA treatment increased the number of flowers, diameter of the flowering stem, fresh weight of the flowers and length of the flowering stem in roses (Shoura. 2018).
Interaction effect
[bookmark: _Hlk103528850]The data revealed from Table 2. showed the significant effect on all flowering parameters due to the interaction effect of various levels of pinching and BA except for dry weight of flower. Early bud initiation (43.61 days) and flowering (61.89 days) was observed with interaction BA 150 ppm × no pinching while maximum days to bud initiation was seen with interaction BA 250 ppm × pinching. Interaction BA 150 ppm × pinching registered maximum days to flowering, flower diameter (76.20 mm) and fresh weight of flower (12.01 g). Maximum days to flower withering (87.28) was recorded with interaction BA 50 ppm × pinching.While, maximum number of flowers per plant (251.67) was observed with treatment BA 300 ppm × pinching. Maximum peduncle length (22.60 cm) was reported with interaction BA 200 ppm × no pinching which was at par with BA 150 ppm × no pinching (22.26).
Conclusion
The current study unequivocally showed that the development and flowering behavior of Calendula officinalis L. were significantly impacted by both pinching and foliar application of BA. By decreasing apical dominance, pinching at 30 DAT improved vegetative growth characteristics like the number of primary branches, leaf area, and plant spread. In a similar vein, foliar BA spraying improved branching, leaf development, flower size, weight, and total flower number, especially at doses between 150 and 250 ppm. While combined treatments like BA 150 ppm × Pinching and BA 300 ppm × Pinching performed best for flower diameter, flower weight, and total number of flowers, respectively, BA 200–250 ppm generally produced the best growth and blooming results. Overall, the study shows that combining pinching with suitable BA concentrations is a viable method for raising calendula's production and visual appeal.


Table 1: Effect of BA and pinching on growth parameters in calendula.
	Treatment 
	Plant height at 90 DAT (cm)
	No. of primary branches at 90 DAT
	Leaf area
(cm2)
	Plant spread at 90 DAT
(cm)

	Non pinching
	47.24
	9.35
	97.99
	58.39

	Pinching
	43.91
	11.21
	107.02
	63.72

	C.D. at 5%
	1.78
	0.322
	5.06
	1.91

	
	
	
	
	

	Control
	41.84
	9.27
	91.68
	57.23

	BA 50 ppm
	42.07
	9.73
	103.49
	57.56

	BA 100 ppm
	44.58
	10.17
	95.11
	60.94

	BA 150 ppm
	50.08
	10.61
	117.00
	62.32

	BA 200 ppm
	43.70
	9.49
	114.29
	61.96

	BA 250 ppm
	49.67
	11.93
	97.77
	62.11

	BA 300 ppm
	46.13
	10.75
	98.20
	65.29

	C.D. at 5%
	3.33
	0.603
	9.47
	1.02

	Interaction (T×P)
	
	
	
	

	 Control × No pinching
	42.853
	8.71
	93.57
	56.97

	BA 50 ppm × No pinching
	45.60
	8.33
	93.34
	52.36

	BA 100 ppm × No pinching
	43.17
	10.00
	91.19
	56.83

	BA 150 ppm × No pinching
	48.76
	9.22
	117.42
	60.80

	BA 200 ppm × No pinching
	46.27
	8.53
	100.23
	57.64

	BA 250 ppm × No pinching
	54.68
	10.92
	95.30
	59.08

	BA 300 ppm × No pinching
	47.32
	9.72
	94.91
	65.05

	Control × Pinching
	40.82
	9.83
	89.80
	57.50

	BA 50 ppm × Pinching
	38.42
	11.13
	113.63
	62.75

	BA 100 ppm × Pinching
	45.98
	10.33
	99.03
	65.05

	BA 150 ppm × Pinching
	51.41
	12.00
	116.59
	63.83

	BA 200 ppm × Pinching
	41.13
	10.44
	128.34
	66.28

	BA 250 ppm × Pinching
	44.66
	12.94
	100.23
	65.14

	BA 300 ppm × Pinching
	44.94
	11.78
	101.49
	65.53

	C.D. at 5%
	4.72
	0.853
	13.40
	2.70
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	Bud initiation
(days)

	Days of flower initiation
	Flower diameter
(cm)
	Fresh weight of flower (gm)
	Dry weight of flower (gm)
	Flower withering
	Total number of flowers
	Peduncle length

	Non pinching
	[bookmark: _Hlk103528424]46.39
	[bookmark: _Hlk103528452]64.23
	67.36
	7.62
	1.01
	72.46
	211.52
	20.03

	Pinching
	60.02
	74.63
	69.70
	9.54
	1.22
	83.47
	228.66
	19.08

	C.D. at 5%
	0.72
	0.86
	0.79
	0.36
	0.15
	0.8
	4.07
	0.33

	
	
	
	
	
	
	
	
	

	Control
	50
	66.08
	63.36
	6.47
	0.86
	74.79
	199.33
	17.59

	BA 50ppm
	54.41
	69.91
	72.42
	10.06
	1.28
	80.69
	205.83
	19.80

	BA 100ppm
	54.22
	70.44
	66.30
	7.14
	0.92
	79.00
	240.50
	18.22

	BA 150 ppm
	52.38
	71.44
	75.21
	9.54
	1.24
	77.67
	210.83
	20.69

	BA 200ppm
	52.91
	68.41
	65.24
	10.29
	1.31
	77.11
	240.67
	21.07

	BA 250ppm
	55.30
	70.03
	64.83
	8.94
	1.19
	78.79
	215.83
	20.35

	BA 300ppm
	53.22
	69.72
	72.37
	7.63
	0.99
	77.72
	227.67
	19.17

	C.D. at 5%
	1.36
	1.60
	1.47
	0.67
	0.28
	1.5
	7.6
	0.63

	Interaction (T×P)
	
	
	
	
	
	
	
	

	Control × No pinching
	44
	64.83
	62.37
	6.11
	0.90
	70.41
	185.33
	17.05

	BA 50 ppm × No pinching
	46.67
	63.94
	72.53
	8.73
	1.10
	74.11
	193.33
	19.73

	BA 100 ppm × No pinching
	51.22
	68.05
	64.27
	7.86
	1.03
	76.05
	239.00
	19.77

	BA 150 ppm × No pinching
	43.61
	61.89
	74.21
	7.06
	0.92
	70.17
	202.00
	22.26

	BA 200 ppm × No pinching
	46
	63.44
	66.35
	8.92
	1.21
	71.61
	235.33
	22.60

	BA 250 ppm × No pinching
	46.72
	62.33
	58.43
	7.52
	1.02
	71.68
	222.00
	19.93

	BA 300 ppm × No pinching
	46.56
	65.17
	73.36
	7.13
	0.87
	73.17
	203.67
	18.87

	Control × Pinching
	56.01
	70.28
	64.34
	6.82
	0.82
	79.16
	213.33
	18.13

	BA 50 ppm × Pinching
	62.16
	75.89
	72.30
	11.39
	1.46
	87.28
	218.33
	19.87

	BA 100 ppm × Pinching
	57.22
	72.83
	68.33
	6.41
	0.81
	81.94
	242.00
	16.66

	[bookmark: _Hlk103528939]BA 150 ppm × Pinching
	61.16
	78.05
	76.20
	12.01
	1.56
	85.16
	219.67
	19.12

	BA 200 ppm × Pinching
	59.83
	73.37
	64.13
	11.65
	1.41
	82.61
	246.00
	19.53

	BA 250 ppm × Pinching
	63.89
	77.72
	71.23
	10.36
	1.35
	85.89
	209.67
	20.77

	BA 300 ppm × Pinching
	59.89
	74.27
	71.38
	8.13
	1.11
	82.27
	251.67
	19.48

	C.D. at 5%
	1.92
	2.26
	2.08
	0.95
	N/A
	2.12
	10.75
	0.89
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