


Response of various pinching levels on growth and flowering of annual chrysanthemum (Chrysanthemum coronarium L.) cv. Local in Bhubaneswar, Odisha condition.


ABSTRACT
[bookmark: _GoBack]The Present investigation to study the response of various pinching levels on growth and flowering of Annual Chrysanthemum (Chrysanthemum coronarium) cv. Local was carried out in form of a field trial at the Agricultural Research Station, Binjhagiri, Chhatabar, Institute of Agricultural Sciences , Siksha ‘O’ Anusandhan  (Deemed to be University), Bhubaneswar during 2019-20.Among three different levels of pinching tried, parameters like weight of individual flower was observed to be maximum under no pinching (P0) treatment. However, plants took minimum time for 50 % flowering under this pinching treatment. Besides, plants receiving no pinching treatment exhibited poor performances with respect to several growth and flowering parameters. Numbers of primary branches per plant, weight of flowers per plant, weight of flowers per plot as well as per hectare were found to be lowest under this treatment (P0). On the other hand several growth and flowering parameters were improved under this pinching treatment. Parameters like plant spread (N-S),number of primary branches,  weight of flowers per plant, weight of flowers per plot as well as per hectare were observed to be maximum under this double pinching treatment. Besides, flowering parameters like 50 % flowering were maximum delayed under this pinching treatment.
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Introduction
Annual chrysanthemum (Chrysanthemum coronarium L.) is one of the popular commercial flowers which is grown in various parts of India. It is used both as cut and loose flowers (You got this information from somewhere, it needs to be cited. You got this from somewhere, it needs to be cited.). As cut flower, it is used as a filler during preparation of bouquet along with other flowers. Besides, it is also used in the vase for table arrangement. As loose flower it is used alone or in combination with marigold and other flowers for making garlands as well as for religious offerings. Although this flower is extensively used in the state of Odisha as loose flower and its popularity is next to marigold, it is mostly used as a garden plant in beds and borders. Its commercial cultivation has not yet been started because of unavailability of suitable horticultural practices to the  flower growers of the state.
Among different crop management practices to increase production and quality of various annual flowers including annual chrysanthemum, cultural manipulation of growth and flowering throughproper planting density assumes greater significance (Citation). Spacing or planting density influences, plant growth and yield of flowers in terms of number, size and weight through modifying the microclimate at the close vicinity of the plants exerting a considerable influence on the performance of the crop (citation). Hence, in the present investigation an attempt was made to determine the influence of different planting densities on growth and yield of flowers in annual chrysanthemum and to find out the optimum spacing for maximization of production of quality flowers.
Materials and methods
The present investigation to study effect of Pinching on growth and flowering of Annual Chrysanthemum (Chrysanthemum coronarium) was carried out in form of a field trial at the Agricultural Research Station,Institute of Agricultural Sciences, Siksha ‘O’ Anusandhan  (Deemed to be University) Enter the geographic location of the place (coordinates), Bhubaneswar during 2019-20.The experiment was conducted following Factorial Randomized Block Design consisting of two factors viz., spacing and pinching as treatments. In this study four levels of spacing viz., S1 (30 cm X 30 cm), S2 (40 cm X 30 cm), S3 (60 cm X 40 cm) & S4 (60 cm X 60 cm) as main plot treatments and three levels of pinching viz., P0 (No pinching), P1 (Single pinching i.e. 30 days after transplanting) & P2 (Double pinching i.e. 30 and 45 days after transplanting) as sub plot treatments under each main plot treatment were included which were replicated thrice. Observations on various growth and flowering parameters such as plant spread (North-South), number of primary branches and individual flower weight were recorded after two and three months of transplanting. Besides, other flowering components and flower characters such as days taken for 50 % flowering, weight of flowers per plant and weight of flowers per plot were also recorded under various treatments. Yield of flowers per hectare was computed from the per plot (8.64 m2 area) yield data. All the data concerning various growth parameters, flowering components and flower characters were analyzed statistically. The treatment effects were tested by ‘F’ test at 5 % level of significance. The critical difference at 5 % level was calculated for comparing treatment means.
Results and Discussion	Comment by danie: 
Plant Spread (North-South)
Observations on plant spread in north-south direction as influenced by pinching treatments were recorded twice after two and three months of transplanting and the analyzed data are presented in Table-1 (Place the table 1 here). It was found that pinching treatments were concerned maximum spread was recorded in plant receiving double pinching (P2) after 30 and 45 days of planting which had 52.21 cm and 57.48 cm spread after two and three months of planting respectively. It was reduced with decrease in levels of pinching. The minimum was recorded in plants receiving no pinching treatments (P0) and the values of the same were 50.43 cm and 55.02 cm during first and second observations respectively. Similar findings have been reported by Pavankumar et al (2014)  in china aster, Mohantyet al (2015) in marigold who recorded lowest plant spread in P0 (no pinching) as compared to pinched plants at different dates and different levels. However, no significant difference was noticed in plants spread (N-S) in the present study due to various levels of pinching during both the two observations.
Number of primary branches
Significant difference was noticed among various pinching levels with respect to number of primary branches produced per plant at various stages of plant growth which are presented in Table-1. Maximum number of branches were produced per plant receiving double pinching (P2) treatment which differed significantly from other pinching levels such as single pinching (P1) and no pinching(P0)treatments and the lowest number was recorded under no pinching treatment. The same trend was noticed during both the observations. The average numbers of branches were 24.70 & 28.40 under P2, 20.83 & 24.01 under P1 and 18.57 & 21.10 under P0 after two and three months of planting respectively. In pinching, the apical portion of main stem is removed and therefore more side branches are formed below pinched portion. This is due to diversion of carbohydrates or food material towards auxiliary vegetative bud below pinched portion resulting in production of more number of primary branches, (Gaidhani et al., 2020). Similar results were also obtained by Chauhan et al. (2005) in marigold who found that number of branches increased significantly with pinching.
Days taken for 50% flowering  
Significant difference in various pinching levels was noticed with respect to days taken for 50% flowering. Plant receiving no pinching treatments (P0) took significantly less time (42.33 days) and gradual delay was noticed for the same with increase in pinching level (Table-1). The plants receiving double pinching (P2) treatment took significantly longer time (64.83 days) and it was followed by single pinching plants (P1) which took 49.42 days for the same.Delay in flowering by pinching was due to removal of mature portion and new shoots which emerged out from pinched plants took more time to become physiologically inductive to produce flower than un pinched plants (Improve the writing in this sentence). , The results are in conformity with Gaidhani et al. (2020) and  Khobragade et al. (2012)  who observed similar effect of pinching on days to 50 % flowering in china aster.
Individual flower weight
Significant influence of various levels of pinching on individual flower weight was also noticed during both the observations recorded after two and three months of planting and the obtained data are presented in Table-1. It was significantly higher in plants receiving no pinching treatment (P0) and decreased with increase in levels of pinching. Significantly lower weight of flower was recorded in double pinched plant (P2). The same trend was observed during both the observations. After two months of planting the average weight of individual flower was 2.66 g, 2.42 g, & 2.26 g, under P0, P1 and P2 treatments respectively while the same was 2.39 g, 1.80 g, and 1.53g under P0, P1 and P2respectively after three months of planting. Similar results were also recorded by Sailaja and Panchbhai (2014) in china aster who noticed that flower weight was maximum in un pinched plants and decreased with increase in pinching  levels and  it was minimum in double pinched plants. This might be due to the fact that the photosynthesized compounds food materials synthesized by the plant might have been utilized by more number of flowers produced in pinched plants which might have resulted in reduction of individual flower weight as observed in the present study (improve the text). It was also noticed that the weight of individual flower under various treatments in general decreased as the plants grew older.
Weight of flowers per plant
Observations on weight of flowers per plantas influenced by pinching treatments were recorded twice after two and three months of transplanting and the analyzed data are presented in Table-2 (Place the table 2 here). Significant difference in weight of flowers per plant was also noticed due to various levels of pinching. It was maximum (487.60 g) under double pinching (P2) which decreased  with decrease in pinching level recording 444.95 g under single pinching (P1) and 435.08 g under no pinching (P0) treatments. However, the weight of flowers per plant under P1 and P2 as well as P1 and P0 treatments did not show any significant variation from each other. Production of more number of flowers in pinched plants was noticed in the present study which was due to more number of branches per plant and it increased with pinching levels. Since the flower weight per plant was directly correlated with number of flowers per plant, maximum weight of flowers per plant was recorded in double pinched plants and the lowest in plants receiving no pinching. Similar results have been reported by Nain et al. (2017) and  Khobragade et al. (2012) in marigold and china aster respectively.
Weight Of Flowers Per Plot 
Various levels of pinching also influenced the flower weight per plot significantly (Table-2). It was maximum (25.60 kg) in plants receiving double pinching (P2) which differed significantly from other pinching treatments. Weight of flowers showed a decreasing trend with reduction in pinching levels and the lowest (22.29 kg) was recorded under no pinching (P0) treatment. However, it was at par with single pinching (P1) which recorded 22.51 kg of flowers per plotProduction of more number of flowers per plot under pinching treatments compared to no pinching was observed in the present study which has been reported earlier. Further, weight of flowers per plant was also found to be more in pinched plants and the reasons for the same have already been described earlier. These two factors have contributed for higher weight of flowers per plot as recorded in the present investigation. Dorajeerao et al. (2012) in garland chrysanthemum and Khobragade et al. (2012) in china aster also recorded similar observations.
Weight of flowers per hectare
Significant influence of pinching on yield of flowers per hectare was also observed in the present investigation and analyzed data are presented in Table-2. It was significantly higher (29.63 t/ha) under double pinching (P2) which was decreased with decrease in pinching levels. The minimum (25.80 t/ha) was recorded under no pinching (P0) treatment However, it was at par with single pinching, (26.06 t/ha) The result of the study corroborates with the findings of Mohanty et al. (2015 ) and Nain et al. (2017 ) in marigold who recorded higher yield of flowers per hectare in pinched plants as compared to  no pinching treatment.
Table -1. Effect of Pinching levels on plant spread (N-S), number of primary branches, individual flower weight and days to 50% flowering in annual chrysanthemum var. Local.
	Treatments
	Plant spread (N-S) (cm)
	Number of primary branches

	Individual flower weight
(g)
	Days taken for 50 % flowering


	
	After 2 months
	After 3 months
	After 2 months
	After 3 months
	After 2 months
	After 3 months
	

	Pinching(P)
	

	P0 (No pinching)
	50.43
	55.02
	18.57
	21.10
	2.66
	2.39
	42.33

	P1 (Single pinching)
	50.48
	55.74
	20.83
	24.01
	2.42
	1.80
	49.42

	P2 (Double pinching)
	52.21
	57.48
	24.70
	28.40
	2.26
	1.53
	64.83

	SE (m) ±
	1.03
	1.00
	0.41
	0.41
	0.02
	0.01
	0.62

	CD at 5 %
	NS
	NS
	2.03
	2.04
	0.10
	0.06
	3.05



Table 2. Effect of Pinching levels on weight of flowers per plant,  per plot and per hectare,  in annual chrysanthemum var. Local.

	Treatments
	Weight of flowers per plant (g)
	Weight of flowers per plot (kg)
	Weight. of flowers per hectare (t)

	Pinching(P)
	

	P0(No pinching)
	435.08
	22.29
	25.80

	P1(Single pinching)
	444.95
	22.51
	26.06

	P2 (Double pinching)
	487.60
	25.60
	29.63

	SE(m) ±
	9.95
	0.50
	0.64

	CD at 5%
	48.45
	2.45
	3.11




Conclusion
Among three different levels of pinching testedtried, parameters like weight of individual flower was obtained served to be maximum under no pinching (P0) treatment (improve this sentence). However, plants took minimum time for 50 % flowering under this pinching treatment. Besides, plants receiving no pinching treatment exhibited poor performances with respect to several growth and flowering parameters. Number of primary branches per plant,weight of flowers per plant, weight of flowers per plot as well as per hectare were found to be lowest under this treatment (P0). On the other hand several growth and flowering parameters were improved under this pinching treatment. Parameters like plant spread (N-S), number of primary branches,  weight of flowers per plant, weight of flowers per plot as well as per hectare were  observed to be maximum under this double pinching treatment. Besides, flowering parameters like 50 % flowering were maximum delayed under this pinching treatment. However, Different levels of pinching could not influence the plant spread significantly.
Since the ultimate aim of any crop production programme is  to maximize the yield  through an ideal crop management practices, in the present investigation it was  found that adoption of closest spacing of 30 cm x 30 cm with double pinching, once after 30 days and again after 45 days of planting was most suitable practice for maximizing flower yield in annual chrysanthemum cv. Local which may be recommended to the flower growers for its commercial cultivation in and around Bhubaneswar.
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