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Effect of spacing and micronutrients on growth and flowering parameters in Annual Chrysanthemum cv. Bijli (Chrysanthemum coronarium L.)



Abstract
An experiment was conducted at Farmer’s field, Hagarga village, Kalaburagi district during 2023-24 on effect of spacing and micronutrients on growth and flowering parameters in 
annual chrysanthemum cv. Bijli (Chrysanthemum coronarium L.). The experiment consists of two factors i.e., four spacings (30 x 15, 30 x 30, 40 x 15 and 40 x 30 cm) and four micronutrient application (Micronutrient mixture @ 0.2, 0.3, 0.4 and 0.5 %) in factorial Randomized Block Design with three replications. The results revealed that significantly maximum plant height (98.05 cm), minimum days to first flower bud initiation and 50 per cent flowering (41.50 and 66.23 days), maximum flower yield per plot and per hectare (8.05 kg and 14.91 t) recorded significantly highest in S1. Between different concentration of micronutrient applications, M4 registered significantly highest plant height (102.07 cm), minimum days to first flower bud initiation (44.00 days) and 50 per cent flowering (67.78 days), maximum flower yield per plot (5.89 kg) and per hectare (12.08 t). Hence, the results of present investigation revealed that, planting with closure spacing (S1) and 0.5 percent micronutrient mixture (M4) were found to be superior.	Comment by Yazar: In the study, S1- 30 x 15 cm, S2- 30 x 30 cm, S3- 40 x 15 cm, S4- 40 x 30 planting spacings were used. As a result, the best result was obtained from S1. In that case, instead of gradually increasing the other 3 planting spacings, shouldn't a smaller planting spacing be tried than 30x15? Which study was used as a reference to determine planting distances? or has pre-study been done?
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Introduction

Annual chrysanthemum also called as Garland chrysanthemum, botanically known as Chrysanthemum coronarium L., is an annual under the chrysanthemum group of flowers.  It is different from pluriannual or florist chrysanthemum in many aspects. It is relatively short duration crop and less photosensitive. 	Comment by Yazar: There is a lack of sources of information.
Chrysanthemum coronarium L., It is more hardy, vigorous and grows taller. Its flowers are in various  shades  of  yellow,  white,  having  single  or  double  forms. They are hermaphrodite. The plant is self-fertile and seed propagated. It is typically used for bedding in landscape gardening as well as garland making. Typically, flowers are used to create garlands, veni, hair adornments and floral arrangements for religious and social gatherings. The    taller    varieties    of    annual chrysanthemum are great border plants, whereas, the shorter varieties can be grown as edging plants. In addition, it is utilized as a potted plant and blooms are prepared for bouquets, vases and flower decoration.	Comment by Yazar: It is recommended to write in academic language. 	Comment by Yazar: Current references on the subject must be added to this section.
Growth and flower production can be affected by spacing. It is opined by various researchers that closer spacing accommodates more number of plants but deteriorates the quality of flowers and reduces yield per plant. Wider planting on the other hand could lead to improper use of natural resources including soil, fertilizers and water. So, optimum spacing is required to produce better quality flowers as well as higher yield.	Comment by Yazar: Which researchers and which study? Please provide references.
Zinc, iron, boron and manganese are needed in small amount for crop production and therefore, classified as micronutrients. Zinc is an important component of various enzymes that are responsible for driving many metabolic reactions in all crops. Plants need iron for chlorophyll formation and photosynthesis. Manganese (Mn) is an important micronutrient for plant growth and development and sustains metabolic roles within different  plant cell  compartments. The primary role of boron in plants is to improve Ca metabolism and helps the absorption of nitrogen.	Comment by Yazar: Current references on the subject must be added to this section.

Material and Methods

The field experiment was conducted with four spacing (S1- 30 x 15 cm, S2- 30 x 30 cm, S3- 40 x 15 cm, S4- 40 x 30 cm) and four different concentrations of micronutrients applications viz., M1- Micronutrient mixture @ 0.2%, M2-Micronutrient mixture @ 0.3%, M3-Micronutrient mixture @ 0.4% and M4-Micronutrient mixture @ 0.5% during Rabi 2023-24 at Farmer’s field, Hagarga village, Kalaburagi. Micronutrient mixture sprayed at 20 and 40 days after transplanting. The flowers were harvested when it reached full bloom stage for all the treatments. The flowers harvested from field experiment was used to assess the flower reproductive yield and quality parameters using factorial randomized block design (FRBD) with three replications to know the effect of spacing and micronutrient application in annual chrysanthemum.	Comment by Yazar: What studies were used as references for planting distances? Is there a pre-study?	Comment by Yazar: Detailed information is required about the fertilizers used.
Observations

The observations were recorded for plant height (cm), days to first flower bud initiation (days), days to 50 per cent flowering (days), yield per plot (kg) and yield per hectare (t). The data pertaining to several characteristics of flower quality were statistically analysed using the methodology outlined by Gomez and Gomez (1984).	Comment by Yazar: How and on how many plants were the measurements made? No replication was mentioned. Which program was the statistical analysis done with?
Results and Discussion
	The results showed that spacings and micronutrient applications had shown significance difference for plant height (cm), days to first flower bud initiation (days), days to 50 per cent flowering (days), yield per plot (kg) and yield per hectare (t). But, interactions had shown a non significance difference. 
The closure spacing (S1) recorded significantly maximum plant height (98.05 cm) compared S4 spacing (91.90 cm). Among different micronutrient application M4 (Micronutrient mixture @ 0.5%) recorded significantly highest plant height (102.07 cm) compared to M1 (87.75 cm) (Table 1). This might be because This might be due to the higher density of plants which can reduce light penetration within the crop stand, causing plants to elongate their main stem in order to receive sufficient light for photosynthesis and enhanced availability of essential micro nutrients that are crucial for plant growth and development especially Zn plays an important role which stimulated the plant height and helps in synthesis of tryptophan as precursor of auxin. The similar results were demonstrated through the experiments conducted by Vasudeva (2007) in rose, Nagaraja (2013), Naik (2019) in marigold and Patel (2021) in chrysanthemum.	Comment by Yazar: not included in referances	Comment by Yazar: not included in referances
The closer spacing (S1) recorded significantly minimum days to first flower bud initiation (41.50 days) compared to S4 spacing (50.10 days). Among micronutrient applications, M4 (Micronutrient mixture @ 0.5%) recorded significantly minimum days to first flower bud initiation (44.00 days) compared M1 spacing (47.50 days) (Table 1). Due to more competition among the plants for nutrients, soil moisture, sunlight, etc., the plants growing in closer spacing produced less vegetative growth and tried to complete their reproductive stage earlier. These findings are supported by Dorajeerao et al. (2012) in annual chrysanthemum and Naik (2019) in marigold. Additionally, iron is essential for chlorophyll production and provides the energy necessary for flower bud development, as observed by Chopde et al. (2016) and Vanlalruati et al. (2019).
The closer spacing (S1) recorded significantly minimum days to 50 per cent flowering (66.23 days) compared to S4 spacing (74.45 days). Among micronutrient applications, M4 (Micronutrient mixture @ 0.5%) recorded significantly minimum days to 50 per cent flowering (67.78 days) compared M1  (72.73 days) (Table 1). Wider spaced plants, remained in vegetative phase for long on account of lesser competition from the adjacent plants for space and light, thus delayed flowering.. These findings are supported by Dorajeerao et al. (2012) in annual chrysanthemum. Additionally, Iron is vital for chlorophyll production, which supports the energy needs for flower bud development. Boron plays a direct role in reproductive processes by aiding in cell wall formation, pollen tube growth, and nutrient transport, as observed by Choudhary et al. (2016) and Patel (2021).
The closure spacing (S1) recorded significantly maximum flower yield per plot (8.05 kg) than S4 (3.78 kg). Among different  micronutrient application, M4 treatment observed significantly maximum flower yield per plot (5.89 kg) than the treatment M1 (5.45 kg). This may be due to more plants per unit area in closer spacing and this got decreased with plant population per unit area in wider spacing. Similar results were also reported by Dorajeerao et al. (2012) in annual chrysanthemum. Optimal levels of boron greatly enhanced flowering by influencing reproductive phase directly. Boron aids in cell division, fortifies cell walls, and improves nutrient transport, all of which are essential for the development and maturation of a greater number of flower buds. A similar results found in Vasudeva (2007) in rose and Patel (2021) in chrysanthemum.
The closure spacing (S1) recorded significantly maximum flower yield per hectare (14.91 t) than S4 (9.01 t). Among different micronutrient application, M4 treatment observed significantly maximum flower yield per hectare (12.08 t) than the treatment M1 (11.20 t). This may be the result of less number of plants per unit area with wider spacing or more number of plants per unit area with closer spacing. Similar findings were also made by Amit (2004) and Dorajeerao et al. (2012) in annual chrysanthemum and Naik (2019) in marigold. Boron greatly enhances flowering by influencing reproductive phase directly when applied at optimal levels. Boron aids in cell division, fortifies cell walls, and improves nutrient transport, all of which are essential for the development and maturation of a greater number of flower buds. A similar results found in Bhute et al. (2017) and Bishnoi et al. (2017).	Comment by Yazar: not included in referances
Table 1. Effect of spacing and micronutrient application on growth and flowering
               parameters in annual chrysanthemum.
	Treatments
	Plant height (cm)
	
Days to first flower bud initiation
	Days to 50 per cent flowering
	Yield per plot (kg)
	Yield per hectare (t)

	Spacing

	S1
	98.05
	41.50
	66.23
	8.05
	14.91

	S2
	92.28
	47.10
	71.42
	4.8
	10.66

	S3
	95.43
	43.80
	68.53
	5.98
	11.86

	S4
	91.90
	50.10
	74.45
	3.78
	9.01

	S.Em.±
	5.05
	2.62
	3.56
	0.32
	0.57

	CD @5%
	14.59
	7.56
	10.30
	0.93
	1.66

	Micronutrient mixture

	M1
	87.75
	47.50
	72.73
	5.45
	11.20

	M2
	90.57
	46.00
	70.48
	5.56
	11.42

	M3
	97.28
	45.00
	69.62
	5.71
	11.73

	M4
	102.07
	44.00
	67.78
	5.89
	12.08

	S.Em.±
	5.07
	2.65
	3.60
	0.35
	0.60	Comment by Yazar:  LSD value must also be given..	Comment by Yazar: Also, when it is statistically significant, numbers should be marked with an star according to their level of significance. For example; 15.00**

	CD @5%
	14.61
	7.60
	10.36
	0.96
	1.70




 

[bookmark: _Hlk178075162]
[bookmark: _Hlk178075602]Factor 1 : Spacing (S) 			Factor 2 : Micronutrients (M) 
S1 : 30 × 15 cm				M1 : Micronutrient mixture (0.2%)
S2 : 30 × 30 cm				M2 : Micronutrient mixture (0.3%)
S3 : 40 × 15 cm				M3 : Micronutrient mixture (0.4%)
S4 : 40 × 30 cm				M4 : Micronutrient mixture (0.5%)





Table 2. Interaction effect between spacing and micronutrient application on growth and flowering parameters in  annual chrysanthemum
	
Treatment
	Plant height (cm)
	
Days to first flower bud initiation
	Days to 50 per cent flowering
	Yield per plot (kg)
	Yield per hectare (t)

	Spacing x Micronutrient mixture

	S1M1
	93.13
	42.47
	68.60
	7.73
	14.32

	S1M2
	93.40
	42.30
	67.23
	7.87
	14.58

	S1M3
	100.67
	41.50
	65.57
	8.14
	15.07

	S1M4
	105.00
	39.60
	63.50
	8.46
	15.67

	S2M1
	85.80
	49.07
	74.07
	4.67
	10.37

	S2M2
	88.53
	47.20
	72.63
	4.73
	10.50

	S2M3
	94.47
	46.43
	70.20
	4.83
	10.73

	S2M4
	100.33
	45.67
	68.77
	4.97
	11.03

	S3M1
	88.33
	45.10
	70.93
	5.75
	11.40

	S3M2
	91.53
	44.10
	66.30
	5.89
	11.69

	S3M3
	98.80
	43.40
	69.00
	6.06
	12.03

	S3M4
	103.07
	42.63
	67.87
	6.20
	12.30

	S4M1
	83.73
	53.40
	77.33
	3.65
	8.70

	S4M2
	88.80
	50.33
	75.76
	3.74
	8.90

	S4M3
	95.20
	48.67
	73.70
	3.82
	9.09

	S4M4
	99.86
	48.07
	71.00
	3.92
	9.33

	S.Em.±
	3.37
	1.74
	2.38
	0.21
	0.38

	CD @ 5 %
	NS
	NS
	NS
	NS
	NS	Comment by Yazar: LSD value must be given





Factor 1 : Spacing (S) 			Factor 2 : Micronutrients (M) 
S1 : 30 × 15 cm				M1 : Micronutrient mixture (0.2%)
S2 : 30 × 30 cm				M2 : Micronutrient mixture (0.3%)
S3 : 40 × 15 cm				M3 : Micronutrient mixture (0.4%)
S4 : 40 × 30 cm				M4 : Micronutrient mixture (0.5%)


Fig. 1. Plant height, days to first flower bud initiation and 50 percent flowering as influenced by spacing and micronutrients in annual chrysanthemum cv. Bijli.


Fig. 2. Yield per plot and per hectare as influenced by spacing and micronutrients in annual chrysanthemum cv. Bijli.


Conclusion

From the study it can be concluded that closer spacing (30 x 15 cm) was found superior for all the growth and flowering parameters viz., plant height, number of days to first flower bud initiation and 50 percent flowering, flower yield per plot and per hectare than other spacing. Among different micronutrient application, M4 (Micronutrient mixture @ 0.5%) was found superior for all the growth and flowering parameters viz., plant height, number of days to first flower bud initiation and 50 percent flowering, flower yield per plot and per hectare.
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