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Optimizing Growth, Yield and Quality Parameters of Celosia plumosa var. Century Pink (Cockscomb) through Biostimulants and Plant Growth Regulators


ABSTRACT: The present findings are helpful for comparative studies on soil and foliar application of biostimulants and also, the mode of action of different biostimulants can be analyzed. The study was conducted at Kittur Rani Channamma College of Horticulture, Arabhavi, UHS, Bagalkot during the year 2022-2023.The plants treated with Biovita (1%) + Humic acid (1%) in Celosia plumosa var. Century Pink were found to be superior in all growth, yield, and quality parameters. The treatment that received the combination of biostimulants Biovita (1%) and Humic acid (1%) demonstrated the highest plant height (40.00 cm), number of branches (13), leaf length (5.96 cm), leaf breadth (3.06 cm), leaf area (34.41 cm²), leaf area index (0.025), number of leaves (41.33), and plant spread in both N-S and E-W directions (22.86 and 24.70 cm, respectively) among the growth regulators, biostimulants, and their combination treatments. 
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INTRODUCTION: A beautiful decorative plant with a vibrant flower is cock's comb. It belongs to the family Amaranthaceae and the class Magnoliopsida of the order Caryophyllales. The showy blossoms, which resemble the head of a rooster (cock), are known by the colloquial term "cock's comb." China, Burma, and India were the first countries to cultivate it for religious purposes. It can be found in the stony, arid slopes of America, Africa, and India. Since the 18th century, flowers have been grown throughout North America. (Pandy, 2021).
Cock's comb comes in over 60 varieties, both annual and perennial. The two cultivars are C. cristata and C. plumosa, while the wild type is C. argentea. Each of them belongs to one of the three main groups of celosia, which are distinguished by the forms of their flower heads. The C. argentea species has lengthy bloom stalks and cylindrical pink or rose flower heads that belong to the spicata group. The flower heads of Celosia plumosa resemble fluffy plumes. The plant's strong medical properties are mentioned in both Chinese herbal therapies and Indian Ayurveda. The traditional method of using the plant for therapy involves creating a decoction of the entire herb. The plant cockscomb has a number of qualities, including anthelmintic, antiviral, and antioxidant effects. It is used to treat blood disorders, eye issues, mouth sores, and intestinal worms, especially tapeworms.
Since picking the optimal variety for the correct area is one of the first stages to maximise yields, it is necessary to evaluate a number of parameters. Every variety has specific advantages and limitations that affect how well it fits in with a certain location. However, the performance of any crop species varies from one location to another under a certain set of agro-climatic conditions. The current investigation was carried out in order to determine these factors. Every crop production program's flower output and quality standards are either directly or indirectly influenced by the environment. Additionally, soil, cultural practices, and their interactions affect crop productivity (Anuradha, 2016). The use of growth regulators and biostimulants has expanded dramatically over the past decade and has the potential to improve plant development. However, it has proven to be very challenging to determine the function of this class of products (Khan et al., 2009; Carvalhais et al., 2013; Rose et al., 2014). 
In light of this, the current study was conducted with the intention of improving flower quality through the use of different plant growth regulators and biostimulants, as well as increasing flower production through the manipulation of plant growth.
MATERIALS AND METHODS: The present investigation was conducted at the experimental field of the Department of Floriculture and Landscape Architecture, Kittur Rani Channamma College of Horticulture, Arabhavi, University of Horticultural Sciences, Bagalkot, Karnataka during the year 2022-2023. Arabhavi falls under the semi-arid region, receiving both South-West and North-East monsoons. The meteorological data was gathered from Agricultural Research Station, Arabhavi during the experimental period and mentioned in Appendix I at last. 
LIST 1. The treatments for the experiment are as follows.
	T1
	Water spray (Control)

	T2
	NAA @ 100 ppm

	T3
	GA3 @ 100 ppm

	T4
	Kinetin @ 50 ppm

	T5
	Humic acid 1 %

	T6
	Biovita 1%

	T7
	NAA @ 100 ppm + GA3 @ 100 ppm + Kinetin @ 50 ppm

	T8
	Biovita 1% + Humic acid 1 %

	T9
	NAA @ 100 ppm + GA3 @ 100 ppm + Kinetin @ 50 ppm + Biovita 1% + Humic acid 1 %


[bookmark: _GoBack]RESULTS AND DISCUSSION: The results obtained for the parameters studied during this research were mentioned below. The combination of growth regulators NAA @ 100 ppm + GA3 @ 100 ppm + Kinetin @ 50 ppm (13.70 cm) and growth regulators and biostimulants treatment NAA @ 100 ppm + GA3 @ 100 ppm + Kinetin @ 50 ppm+ Biovita 1% + Humic acid 1% (13.00 cm) produced the highest plant height in Century Pink with a biostimulant concentration of 14.34 cm. On the other hand, at 45 DAT, the control group's plant height was the lowest, measuring 9.16 cm. Following the combination of growth regulators NAA @ 100 ppm + GA3 @ 100 ppm + Kinetin @ 50 ppm (36.33 cm) and growth regulators and biostimulants NAA @ 100 ppm + GA3 @ 100 ppm + Kinetin @ 50 ppm+ Biovita 1% + Humic acid 1% (33.33 cm), the combination of biostimulants resulted in the highest plant height in Century Pink (40.00 cm). At 60 DAT, the control group's minimum plant height (18.16 cm) was noted.
	Maximum number branches per plant (8.00) was recorded with the combination of biostimulants Biovita 1% + Humic acid 1% in Century Pink which was followed by the treatment with the combination of growth regulators T7-NAA @ 100 ppm + GA3 @ 100 ppm + Kinetin @ 50 ppm) (5.33) and minimum was observed in control (2.00) at 45. Maximum number of branches per plant (13.00) exhibited with the combination of biostimulants Biovita 1% + Humic acid 1% in Century Pink which was followed by the combined treatment of growth regulators NAA @ 100 ppm + GA3 @ 100 ppm + Kinetin @ 50 ppm (12.00). Whereas the lowest was observed in control (3.00) at 60 DAT. These results are supported by Karuppaiah and Sendhilnathan (2011).
Table 1. Effect of growth regulators and biostimulants on plant height, number of branches, diameter of crown and  number of leaves per plant of Celosia plumosa var. Century Pink             
	[bookmark: _Hlk151200027]Treatments details
	Plant height (cm)
	Number of branches
	Diameter of crown (cm)
	Number of leaves per plant

	
	45 DAT
	60 DAT
	45 DAT
	60 DAT
	45 DAT
	60 DAT
	45 DAT
	60 DAT

	[bookmark: _Hlk148575925]T1 : Water spray (Control)
	9.16
	18.16
	1.93
	2.43
	2.00
	3.00
	8.41
	9.39

	T2 : NAA @ 100 ppm
	11.65
	23.66
	2.13
	2.66
	3.67
	8.00
	10.29
	11.40

	T3 : GA3 @ 100 ppm
	12.67
	25.66
	2.30
	3.23
	4.00
	11.00
	13.30
	18.66

	T4 : Kinetin @ 50 ppm
	10.33
	22.83
	2.10
	2.36
	3.34
	7.00
	9.39
	11.33

	T5 : Humic acid 1 %
	11.66
	24.00
	2.40
	3.26
	4.00
	11.00
	10.66
	13.67

	T6 : Biovita 1%
	12.33
	30.00
	2.36
	2.93
	5.00
	9.00
	11.32
	14.00

	T7 : NAA @ 100 ppm + GA3 @ 100 ppm + Kinetin @ 50 ppm
	13.70
	36.33
	2.33
	3.46
	5.33
	12.00
	18.70
	22.34

	T8 : Biovita 1% + Humic acid 1 %
	14.34
	40.00
	3.86
	4.06
	8.00
	13.00
	22.62
	24.70

	T9 : NAA @ 100 ppm + GA3 @ 100 ppm + Kinetin @ 50 ppm +Biovita 1% + Humic acid 1 %
	13.00
	33.33
	2.53
	3.90
	4.40
	11.00
	16.33
	18.67

	S.Em ±
	0.86
	2.76
	0.24
	0.28
	0.81
	0.63
	2.50
	3.14

	C.D. (5 %)
	2.60
	8.29
	0.72
	0.86
	2.43
	1.90
	7.50
	9.42


Note : DAT – Days after transplanting
	The maximum leaf length (4.90 cm) was observed with the treatment of combination of biostimulants Biovita 1% + Humic acid 1% in Century Pink which was followed by the combined treatment of growth regulators NAA @ 100 ppm + GA3 @ 100 ppm + Kinetin @ 50 ppm (4.86 cm) and biostimulant treatment Humic acid 1% (4.26 cm). However minimum leaf length is recorded with the control (2.93 cm) at 45 DAT. Maximum length of the leaves in Century Pink (5.96 cm) was seen in the combined treatment of biostimulants Biovita 1% + Humic acid 1% which was followed by the combined treatment of growth regulators NAA @ 100 ppm + GA3 @ 100 ppm + Kinetin @ 50 ppm (5.73 cm) and Humic acid 1% (5.60 cm). Whereas minimum leaf length was obtained in control (3.39 cm) at 60 DAT.
Table 2. Effect of growth regulators and biostimulants on leaf length, leaf breadth, leaf area and leaf area index of and Celosia plumosa var. Century Pink             
	Treatments details
	Leaf length (cm)
	Leaf breadth (cm)
	Leaf area (cm2)
	Leaf area index

	
	45 DAT
	60 DAT
	45 DAT
	60 DAT
	45 DAT
	60 DAT
	45 DAT
	60 DAT

	T1 : Water spray (Control)
	2.93
	3.39
	3.80
	18.16
	0.002
	0.013
	1.83
	2.00

	T2 : NAA @ 100 ppm
	3.34
	4.30
	5.85
	22.83
	0.004
	0.016
	2.13
	2.23

	T3 : GA3 @ 100 ppm
	3.40
	4.53
	8.89
	32.17
	0.006
	0.023
	2.26
	2.33

	T4 : Kinetin @ 50 ppm
	3.13
	4.36
	5.31
	18.20
	0.003
	0.013
	2.10
	2.16

	T5 : Humic acid 1 %
	4.26
	5.60
	6.82
	30.33
	0.005
	0.022
	2.03
	2.40

	T6 : Biovita 1%
	3.33
	4.70
	6.39
	24.67
	0.004
	0.018
	2.16
	2.33

	T7 : NAA @ 100 ppm + GA3 @ 100 ppm + Kinetin @ 50 ppm
	4.86
	5.73
	10.53
	33.40
	0.007
	0.024
	2.60
	2.80

	T8 : Biovita 1% + Humic acid 1 %
	4.90
	5.96
	11.33
	34.41
	0.008
	0.025
	2.83
	3.06

	T9 : NAA @ 100 ppm + GA3 @ 100 ppm + Kinetin @ 50 ppm +Biovita 1% + Humic acid 1 %
	3.53
	4.53
	9.48
	31.33
	0.007
	0.023
	2.46
	2.93

	S.Em ±
	0.18
	0.18
	1.45
	3.06
	0.001
	0.033
	0.15
	0.12

	C.D. (5 %)
	0.55
	0.56
	4.35
	9.19
	0.003
	0.099
	0.47
	0.37


Note : DAT – Days after transplanting
	The maximum leaf breadth (2.83 cm) is achieved in the combination of biostimulants Biovita 1% + Humic acid 1% in Century Pink which was followed by the combination of growth regulators NAA @ 100 ppm + GA3 @ 100 ppm + Kinetin @ 50 ppm (2.60 cm) and growth regulators and biostimulants combination treatment NAA @ 100 ppm + GA3 @ 100 ppm + Kinetin @ 50 ppm+ Biovita 1% + Humic acid 1% (2.46 cm). However lowest leaf breadth is observed in control (1.83 cm) at 45 DAT. The maximum leaf breadth in Century Pink (3.06 cm) is seen in the biostimulant combination Biovita 1% + Humic acid 1% which was followed by the treatment having growth regulators and biostimulants combination of NAA @ 100 ppm + GA3 @ 100 ppm + Kinetin @ 50 ppm+ Biovita 1% + Humic acid 1% (2.93 cm) followed by growth regulators combination of NAA @ 100 ppm + GA3 @ 100 ppm + Kinetin @ 50 ppm (2.80 cm) compared to the control (2.00 cm) at 60 DAT.
	The maximum leaf area was observed with the combination of biostimulants treatment Biovita 1% + Humic acid 1% (34.41 cm2) in Century Pink which was followed by the growth regulators combination NAA @ 100 ppm + GA3 @ 100 ppm + Kinetin @ 50 ppm (33.40 cm2) and followed by growth regulator treatment GA3 @ 100 ppm (32.17 cm2) and growth regulators and biostimulants combination T9-NAA @ 100 ppm + GA3 @ 100 ppm + Kinetin @ 50 ppm+ Biovita 1% + Humic acid 1 % (31.33 cm2) when compared with kinetin @ 100 ppm (18.20) and control (18.16 cm2) at 60 DAT. 
The maximum leaf area index in Century Pink was observed with the combination of biostimulant treatment Biovita 1% + Humic acid 1% (0.025) which was followed by the growth regulators combination NAA @ 100 ppm + GA3 @ 100 ppm + Kinetin @ 50 ppm (0.024), growth regulator treatment GA3 @ 100 ppm (0.023) and growth regulators and biostimulants combination NAA @ 100 ppm + GA3 @ 100 ppm + Kinetin @ 50 ppm+ Biovita 1% + Humic acid 1% (0.023) when compared with Kinetin @ 100 ppm (0.013) and control (0.013) at 60 DAT.
	The minimum number of days to taken to first flower initiation (27.67 days) was recorded with the treatment combination of biostimulants Biovita 1% + Humic acid 1 % in Century Pink which was followed by the growth regulators combination treatment NAA @ 100 ppm + GA3 @ 100 ppm + Kinetin @ 50 ppm (27.83 days) and the combination of growth regulator and biostimulant treatment NAA @ 100 ppm + GA3 @ 100 ppm + Kinetin @ 50 ppm+ Biovita 1% + Humic acid 1% (28.00 days). Whereas, late first flower initiation was observed with the treatment control (34.66 days). 
Table 3. Effect of growth regulators and biostimulants on number of days for first flowering, 50% flowering, number of spikes per plant and per hectare, weight of single spike and vase life of  Celosia plumosa var. Century Pink             
	Treatments details
	Number of days for first flowering
	Number of days for 50% flowering
	Number of spikes per plant
	Number of spikes per ha
	Weight of single spike (g)
	Vase life (days)

	T1 : Water spray (Control)
	34.66
	39.70
	3.00
	[bookmark: _Hlk149786658]222000.00
	10.67
	3.00

	T2 : NAA @ 100 ppm
	30.71
	36.34
	4.67
	345580.00
	11.23
	5.91

	T3 : GA3 @ 100 ppm
	30.32
	35.40
	5.33
	394420.00
	13.50
	6.05

	T4 : Kinetin @ 50 ppm
	34.71
	39.67
	4.40
	325600.00
	11.16
	5.88

	T5 : Humic acid 1 %
	29.32
	34.00
	5.00
	370000.00
	13.00
	6.01

	T6 : Biovita 1%
	29.00
	34.33
	4.66
	344840.00
	11.83
	6.10

	T7 : NAA @ 100 ppm + GA3 @ 100 ppm + Kinetin @ 50 ppm
	27.83
	33.00
	6.34
	[bookmark: _Hlk149786603]469160.00
	12.33
	6.65

	T8 : Biovita 1% + Humic acid 1 %
	27.67
	32.70
	9.00
	[bookmark: _Hlk149786582]666000.00
	16.23
	6.81

	T9 : NAA @ 100 ppm + GA3 @ 100 ppm + Kinetin @ 50 ppm +Biovita 1% + Humic acid 1 %
	28.00
	32.83
	6.00
	[bookmark: _Hlk149786638]444000.00
	12.00
	6.25

	S.Em ±
	1.60
	1.61
	0.83
	61803.55
	0.98
	0.74

	C.D. (5 %)
	4.81
	4.83
	2.50
	185286.97
	2.93
	2.24


The number of days for 50% flowering in Century Pink recorded and the minimum number of days for 50 % flowering (32.70) was recorded in Century Pink with the biostimulant combination treatment Biovita 1% + Humic acid 1 % which was followed by the growth regulators and biostimulant combination NAA @ 100 ppm + GA3 @ 100 ppm + Kinetin @ 50 ppm+ Biovita 1% + Humic acid 1 % (32.83) and the growth regulator combination of NAA @ 100 ppm + GA3 @ 100 ppm + Kinetin @ 50 ppm (33.00). However, the maximum number of days for 50% flowering was observed with kinetin @ 50 ppm (39.67) and control (39.70). These findings are supported by Shinde et al. (2010) in Marigold.
	The highest number of spikes per plant is observed with the treatments combination of biostimulants Biovita 1% + Humic acid 1% (9.00) Century Pink which was followed by the growth regulator combination treatment NAA @ 100 ppm + GA3 @ 100 ppm + Kinetin @ 50 ppm (6.34) and growth regulators and biostimulant NAA @ 100 ppm + GA3 @ 100 ppm + Kinetin @ 50 ppm+ Biovita 1% + Humic acid 1% (6.00). However, minimum no of spikes per plant was observed in the control (3.00). Among all the treatments, the maximum number of spikes per hectare was obtained with the biostimulants combination treatment Biovita 1% + Humic acid 1% (666000.00) in Century Pink which was followed by the growth regulator combination treatment NAA @ 100 ppm + GA3 @ 100 ppm + Kinetin @ 50 ppm (469160.00) and growth regulators and biostimulant combination treatment NAA @ 100 ppm + GA3 @ 100 ppm + Kinetin @ 50 ppm+ Biovita 1% + Humic acid 1% (444000.00). Whereas, minimum number of spikes per hectare is observed in control (222000.00). 
The highest crown diameter (3.86 cm) was obtained with the treatment combination of biostimulants Biovita 1% + Humic acid 1% in Century Pink which was followed by NAA @ 100 ppm + GA3 @ 100 ppm + Kinetin @ 50 ppm+ Biovita 1% + Humic acid 1% (2.53 cm) and biostimulant treatment Humic acid 1% (2.40 cm), Biovita 1% (2.36 cm). The lowest crown diameter was obtained in Kinetin @ 50 ppm (1.93 cm) and control (2.10 cm) at 45 DAT. The highest crown diameter in Century Pink (4.06 cm) was observed with the treatment combination of biostimulants Biovita 1% + Humic acid 1 % which was followed by the growth regulators and biostimulants combination NAA @ 100 ppm + GA3 @ 100 ppm + Kinetin @ 50 ppm+ Biovita 1% + Humic acid 1% (3.90 cm), the growth regulators combination treatment NAA @ 100 ppm + GA3 @ 100 ppm + Kinetin @ 50 ppm (3.46 cm), Humic acid 1% (3.26 cm) and T3-GA3 @ 100 ppm (3.23 cm). However, control shows minimum crown diameter (2.43 cm) at 60 DAT. The results are in line with the findings of Shinde et al. (2010).
	The highest weight of the spike in Century Pink (16.23 g) was obtained with the biostimulant combination treatment Biovita 1% + Humic acid 1 % which was followed by biostimulant treatment Humic acid 1% (13.00 g) and lowest weight of spike was observed in control (10.67 g). Similar findings were close conformity with the findings of Doddagoudar (2004) in China aster, Kumar et al. (2003) in China aster, Anil (2004) in French marigold.
The maximum vase life (6.81 days) was obtained with the treatment combination of biostimulants Biovita 1% + Humic acid 1% in Century Pink which was followed by the growth regulators combination treatment NAA @ 100 ppm + GA3 @ 100 ppm + Kinetin @ 50 ppm (6.65 days) and the growth regulators and biostimulants combination treatment NAA @ 100 ppm + GA3 @ 100 ppm + Kinetin @ 50 ppm+ Biovita 1% + Humic acid 1% (6.25 days), biostimulant treatment Biovita 1% (6.10), GA3 @ 100 ppm (6.05 days) and Humic acid 1% (6.01). Whereas lowest vase life was observed in control (3.00 days). A similar trend also obtained by Pruthvi et al. (2017) in chrysanthemum. 
	The results are discussed here. In terms of plant height (14.34 and 40 cm), number of branches (8 and 13), leaf length (4.90 and 5.96 cm), leaf breadth (2.83 and 3.06 cm), leaf area (11.33 and 34.41 cm2), leaf area index (0.008 and 0.025), number of leaves (25.66 and 41.33), plant spread N-S direction (20 and 22.86 cm), and plant spread in the E-W direction (22.62 and 24.70 cm), Biovita 1% + Humic acid 1% was found to be superior in growth parameters throughout the growth period. The combination of biostimulant treatments Biovita 1% + Humic acid 1% was found to be the most effective in reducing the minimum number of days for first flowering (27.67 days), days to 50 per cent flowering (32.70 days), weight of the single spike (16.23 g), crown diameter (4.06 cm), number of spikes per plant (9.00), number of spikes per hectare (666000.00), and vase life (6.81 days). 
When comparing Celosia plumosa var. Century Pink to the RHS colour chart, there was no discernible difference in the flower colour across all treatments, which all had the same flower hue and Red-Purple group N66-A. When using the biostimulant combo treatment of Biovita 1% + Humic acid 1%, the highest seed test weight (1.39 g) was observed. In comparison to other biostimulant treatments, Biovita 1% + Humic acid 1% recorded the highest total chlorophyll concentration (39.06). Treatment Biovita 1% + Humic acid 1% produced the highest benefit-cost ratio of 3.05, whereas the control had the lowest (1.87). 
CONCLUSION: Within the various treatments of growth regulators and biostimulants, Celosia plumosa var. Century Pink showed notable differences in growth, blooming, yield, and quality characteristics. Below is a conclusion of the findings from the current study on how growth regulators and biostimulants affect cockscomb's growth, yield, and quality metrics. Cockscomb flower productivity and quality were found to be significantly improved by Biovita 1% + Humic acid 1% in Celosia plumosa var. Century Pink, according to the results of the current study. In addition to improving growth parameters, the current study demonstrated that using growth regulators and biostimulants to boost crop yields is an environmentally friendly method that can lessen the negative effects of chemical fertilizers on the environment by boosting nutrient uptake, enhancing soil health, and enhancing fertilizer management techniques. Therefore, it can be suggested that the cockscomb be treated with 1% Biovita and 1% Humic acid in order to maximize flower and yield, which might guarantee the highest possible net return. 
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Appendix I. Monthly meteorological data recorded during the period of the experiment (January 2023 to September 2023) from the Agricultural Research Station, Arabhavi.

	Months
	Max.
Temp.
(oC)
	Min.
Temp.
(oC)
	Rainfall
(mm)
	Rainy days (Day)
	R.H.
(Morning) (%)
	R.H
(Evening)
(%)

	January 2023
	32.6
	13.0
	-
	-
	81.5
	46.0

	February 2023
	34.9
	14.8
	-
	-
	62.9
	26.5

	March 2023
	37.5
	11.25
	0.1
	0.0
	58.1
	29.3

	April 2023
	39.7
	18.6
	0.1
	0.0
	66.8
	30.5

	May 2023
	39.5
	18.1
	58.1
	4.0
	67.2
	34.7

	June 2023
	38.3
	14.3
	9.6
	1.0
	70.6
	47.5

	July 2023
	26.9
	19.5
	150
	21
	85.0
	78

	August 2023
	31.5
	23.2
	25.2
	6
	78.6
	61.4

	September 2023
	31.2
	24.4
	82.2
	12
	80.4
	64.5



