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Studies on Plant Geometry and Nutrient levels on growth, flowering, quality and yield of daisy (Aster amellus L.) cv. Purple Multipetal
Abstract: An experiment was conducted at the Department of Floriculture and Landscaping, Kittur Rani Channamma College of Horticulture, Arabhavi, under the University of Horticultural Sciences, Bagalkot, to study the effect of different spacing and fertilizer levels on daisy (Aster amellus L.) cv. Purple Multipetal. The study included three spacing levels (30 × 20 cm, 30 × 30 cm, and 40 × 30 cm) and three fertilizer levels: F1 (105:131.25:112.5 NPK kg/ha), F2 (140:175:150 NPK kg/ha), and F3 (175:218.75:187.5 NPK kg/ha). The results revealed that both spacing and fertilizer levels had significant effects on the growth and yield of daisy. Among the spacing treatments, the closer spacing of 30 × 20 cm resulted in the highest plant height (81.55 cm) and the maximum spike yield (5.49 lakh stems per hectare). However, the wider spacing of 40 × 30 cm produced the best results in terms of vegetative growth and floral quality parameters, including the highest number of suckers per plant (15.84), fresh and dry weight of plant (565.28 g and 189.43 g, respectively), longest root length (12.57 cm), root volume (191.10 cm³), root weight (105.76 g), and number of roots (47.68). It also led to the most favorable flowering characteristics such as days to spike initiation (76.45), days to 50% flowering (89.65), number of spikes per plant (5.04), length of the main spike (6.49 cm), flower diameter (2.82 cm), weight of 10 flowers (2.81 g), vase life (10.95 days), and chlorophyll content (52.98). Among the fertilizer treatments, F3 (175:218.75:187.5 NPK kg/ha) recorded the highest values for all growth and flowering parameters. The combined treatment of wider spacing (40 × 30 cm) and the highest fertilizer level (F3), i.e., S3F3, showed superior performance across all growth, yield, and quality parameters in daisy cultivation.
Keywords: Daisy, Aster amellus, spacing,  fertilizers, iteractions.
Introduction
Daisy (Aster amellus L.), commonly referred to as the Italian aster, is a promising plurennial filler flower crop native to Europe and parts of Asia, belonging to the Asteraceae family. It is characterized by upright, branched stems and dark green foliage, with basal leaves that are obovate and petiolated. Widely grown for use in cut flower arrangements and as filler material, daisy has gained popularity in India, particularly around urban centers, for its ornamental appeal and adaptability. Its blooming season, from July to October, aligns well with market demand. The species performs optimally under full sun and across diverse soil conditions, showing high tolerance to heat and drought, and natural resistance to major pests and diseases. Its perennial nature and consistent blooming capacity make it a viable alternative to seasonal flowers, especially during off-peak periods, offering potential for continuous production and market supply.

In floricultural production, both nutrient management and plant spacing are key determinants of success. Among macronutrients, nitrogen (N), phosphorus (P), and potassium (K) are essential for optimal plant development and productivity. Nitrogen promotes vegetative growth and leaf greenness through enhanced photosynthesis and protein synthesis; phosphorus is crucial for early root development, flower initiation, and seed formation; and potassium improves stem strength, stress tolerance, and overall plant health. A well-balanced NPK regime enhances not only plant growth but also flowering intensity, flower quality, and ultimately, yield.

Equally important is plant spacing, which significantly affects physiological functions and morphological traits. Wider spacing improves air flow, light interception, and root expansion, thereby enhancing plant vigor and flower quality. In contrast, closer spacing tends to increase the number of flowers per unit area but can restrict individual plant growth due to resource competition. Thus, a balance between spacing and nutrient availability is necessary to optimize both yield and quality.

Considering the critical roles of spacing and fertilizer in influencing the growth dynamics, flowering behavior, floral quality, and overall yield of daisy, an experiment was undertaken to evaluate their interactive effects. This study aimed to determine the ideal combination of spacing and fertilizer levels for maximizing performance in Aster amellus cv. Purple Multipetal. The findings contribute valuable insights for enhancing commercial daisy cultivation, as also supported by previous studies such as Siddappa et al. (2018).
Materials and methods
The present study was carried out at the Department of Floriculture and Landscaping, Kittur Rani Channamma College of Horticulture, Arabhavi, to investigate the influence of different spacing and fertilizer levels on the vegetative growth of daisy (Aster amellus L.) cv. Purple Multipetal. The experiment was designed using a factorial randomized block design (FRBD), involving two factors—spacing and fertilizer—each replicated three times and randomly assigned. The spacing treatments included S1 (30 × 20 cm), S2 (30 × 30 cm), and S3 (40 × 30
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cm), while the fertilizer treatments comprised three levels: F1 (105:131.25:112.5 NPK kg/ha), F2 (140:175:150 NPK kg/ha), and F3 (175:218.75:187.5 NPK kg/ha). Suckers of the Purple Multipetal cultivar were transplanted according to the assigned spacing treatments and fertilized as per the respective fertilizer levels. Prior to planting, the experimental plots were enriched with well-decomposed farmyard manure (FYM). A basal dose consisting of the full amounts of phosphorus and potassium, along with half of the nitrogen, was applied at the time of planting. The remaining half of the nitrogen was top-dressed 30 days after transplanting. Standard cultural practices were followed uniformly across all treatments, and data collected during the experiment were subjected to statistical analysis.

Results and discussion

 Vegetative parameters

Plant height (cm)
The plant height of Aster amellus L. cv. Purple Multipetal was significantly influenced by spacing, fertilizer levels, and their interaction (Table 1). The tallest plants at 90 DAP were recorded under the closest spacing S1 (30 × 20 cm) with 81.55 cm, followed by S2 (30 × 30 cm) with 76.80 cm, while the shortest height was observed under S3 (40 × 30 cm) with 65.84 cm. Among fertilizer levels, F3 (175:218.75:187.5 NPK kg/ha) produced the tallest plants (78.43 cm), followed by F2 (75.86 cm), and the lowest under F1 (69.90 cm). The interaction effect was also significant, with the S1F3 combination resulting in the highest plant height (86.48 cm) and longest internodes (7.98 cm), whereas the lowest values were recorded in S3F1. Increased plant height at closer spacing is attributed to competition for light, moisture, and nutrients, encouraging vertical growth due to mutual shading, as also noted in chrysanthemum by Sainath et al. (2012). The taller plants under higher fertilizer doses may be due to nitrogen’s role in vegetative growth and phosphorus in ATP production, supporting active metabolic processes, as observed in marigold by Srivastava et al. (2002) and in zinnia by Chaudhary et al. (2007). Similar interaction effects were also reported in China aster by Muktanjali et al. (2004) and in gomphrena by Duggani et al. (2023).

Number of suckers per plant
The number of suckers per plant in daisy was significantly influenced by spacing, fertilizer levels, and their interactions at all growth stages (Table 1). At 90 days after planting (DAP), the maximum number of suckers (15.84) was recorded under wider spacing (S3: 40 × 30 cm), followed by S2 (30 × 30 cm) with 14.39 suckers per plant, while the minimum (12.98) was observed at the closest spacing S1 (30 × 20 cm). Fertilizer application also had a notable impact, with the highest sucker count (15.38) obtained with the highest fertilizer dose (F3: 175:218.75:187.5 NPK kg/ha), followed by F2 (140:175:150 NPK kg/ha) with 14.34 suckers, and the lowest (13.50) under F1 (105:131.25:112.5 NPK kg/ha). The interaction between spacing and fertilizer levels significantly affected sucker production at all stages except at 30 DAP. The combination of S3F3 resulted in the highest sucker count (16.90), whereas the lowest (12.40) was recorded in S1F1. The increased sucker production under wider spacing may be attributed to better availability of nutrients, moisture, and light, which

Table 1. Plant height (cm) and Number of suckers per plant, Fresh and dry weight (g) of daisy (Aster amellus L.) cv. Purple Multipetal at various growth stages as influenced by different spacing and fertilizer levels

	Treatments
	Plant height (cm)
	Number of suckers per plant
	Fresh weight (g)
	Dry weight (g)

	Factor I - Spacing levels

	S1
	81.55
	12.98
	335.36
	116.57

	S2
	76.80
	14.39
	448.70
	147.28

	S3
	65.84
	15.84
	565.28
	189.43

	S.Em±
	0.34
	0.07
	5.66
	1.92

	C.D. @ 5%
	1.02
	0.23
	16.99
	5.76

	Factor II - Fertilizer levels

	F1
	69.90
	13.50
	381.23
	131.22

	F2
	75.86
	14.34
	448.27
	148.10

	F3
	78.43
	15.38
	519.83
	173.96

	S.Em±
	0.34
	0.07
	5.66
	1.92

	C.D. @ 5%
	1.02
	0.23
	16.99
	5.76

	Interaction (S × F)

	S1F1
	74.91
	12.40
	284.13
	103.94

	S1F2
	83.27
	12.83
	320.69
	114.01

	S1F3
	86.48
	13.72
	401.25
	131.76

	S2F1
	71.60
	13.29
	367.51
	127.15

	S2F2
	78.53
	14.37
	445.66
	139.47

	S2F3
	80.26
	15.51
	532.94
	175.22

	S3F1
	63.20
	14.80
	492.05
	162.57

	S3F2
	65.77
	15.83
	578.47
	190.82

	S3F3
	68.54
	16.90
	625.31
	214.89

	S.Em±
	0.59
	0.14
	9.82
	3.33

	C.D. @ 5%
	1.77
	0.41
	29.43
	9.98


DAP – Days after planting

Spacing levels:                    Fertilizer levels:

S1- 30 × 20 cm                     F1- 105:131.25:112.5 NPK kg/ha

S2- 30 × 30 cm                     F2- 140:175:150 NPK kg/ha

S3- 40 × 30 cm                     F3- 175:218.75:187.5 NPK kg/ha

enhanced photosynthesis and metabolic activity, ultimately promoting plant growth. Similarly, higher fertilizer levels likely boosted nitrogen availability, improving metabolism, chlorophyll production, and translocation of photosynthates, thereby supporting leaf and sucker development. These findings are consistent with earlier studies in daisy (Siddappa et al., 2018), gerbera (Fayaz et al., 2016), and chrysanthemum (Ayemi et al., 2017)
Fresh weight (g) and Dry weigt (g) of plant
The fresh and dry weights of daisy plants at harvest were significantly influenced by different spacing levels, fertilizer doses, and their interactions (Table 1). Among the spacing treatments, the widest spacing (S3: 40 × 30 cm) resulted in the highest fresh weight (565.28 g) and dry weight (189.43 g), followed by S2 (30 × 30 cm), while the lowest fresh (335.36 g) and dry weights (116.57 g) were recorded in the closest spacing (S1: 30 × 20 cm). Similarly, fertilizer application showed a significant effect, with the highest fresh (519.83 g) and dry weights (173.96 g) observed under the highest fertilizer level (F3: 175:218.75:187.5 NPK kg/ha), followed by F2, and the lowest values (381.23 g and 131.22 g) under F1. The interaction between spacing and fertilizer levels was also significant, with the combination of S3F3 producing the highest fresh (625.31 g) and dry weights (214.89 g), while S1F1 resulted in the lowest (284.13 g and 103.94 g, respectively). The improved growth under wider spacing and higher fertilizer doses can be attributed to increased availability of light, nutrients, and moisture, which enhanced photosynthetic efficiency and carbohydrate accumulation, ultimately leading to greater biomass. These findings are in agreement with previous studies by Dorajeerao et al. (2012) in annual chrysanthemum, Ahmad et al. (2019) in lilium, Joshi and Barad (2002) in marigold, Doddagoudar (2002) in China aster, Kashif et al. (2014) in dahlia, Joshi et al. (2013), Nehra and Munendra (2019) in chrysanthemum, and Bashir et al. (2016) in gladiolus.
Rot parameters
 The root parameters of daisy at harvest, including longest root length, root volume, root weight, and number of roots per plant, were significantly influenced by different spacing levels, fertilizer doses, and their interactions, as presented in Table 2. Among the spacing treatments, the widest spacing (S3: 40 × 30 cm) recorded the maximum values for root length (12.57 cm), root volume (191.10 cm³), root weight (105.76 g), and number of roots per plant (47.68), while the narrowest spacing (S1: 30 × 20 cm) showed the lowest values. Similarly, fertilizer application at the highest dose (F3: 175:218.75:187.5 NPK kg/ha) resulted in the greatest enhancement of root traits, with the longest root length (11.49 cm), maximum root volume (173.69 cm³), root weight (94.54 g), and number of roots (42.97), whereas the lowest values were observed under F1. This increase in root development with higher fertilizer application is attributed to improved nutrient availability, leading to enhanced photosynthetic activity, better vegetative growth, and stronger physiological development, thereby facilitating superior root formation. Furthermore, the interaction of spacing and fertilizer levels had a highly significant effect, with the S3F3 treatment combination producing the highest values for root length 
Table 2. Longest root length (cm), root volume (cm3), root weight (g) and number of roots of daisy (Aster amellus L.) cv. Purple Multipetal at harvest stage as influenced by different spacing and fertilizer levels

	Treatments
	Longest root length (cm)
	Root volume (cm3)
	Root weight (g)
	Number of roots

	Factor I – Spacing levels

	S1
	7.17
	108.50
	46.64
	19.52

	S2
	9.77
	144.60
	71.69
	33.14

	S3
	12.57
	191.10
	105.76
	47.68

	S.Em±
	0.12
	1.87
	2.01
	0.45

	C.D. @ 5%
	0.37
	5.60
	6.02
	1.36

	Factor II – Fertilizer levels

	F1
	8.17
	120.16
	56.13
	24.38

	F2
	9.84
	150.35
	73.42
	32.99

	F3
	11.49
	173.69
	94.54
	42.97

	S.Em±
	0.12
	1.87
	2.01
	0.45

	C.D. @ 5%
	0.37
	5.60
	6.02
	1.36

	Interaction (S × F) 

	S1F1
	5.84
	82.28
	35.64
	12.98

	S1F2
	7.19
	104.51
	41.28
	17.33

	S1F3
	8.47
	138.69
	63.01
	28.25

	S2F1
	7.96
	110.02
	48.31
	22.64

	S2F2
	10.02
	152.17
	70.22
	32.59

	S2F3
	11.33
	171.62
	96.54
	44.18

	S3F1
	10.72
	168.19
	84.43
	37.52

	S3F2
	12.30
	194.36
	108.77
	49.05

	S3F3
	14.68
	210.75
	124.08
	56.48

	S.Em±
	0.22
	3.24
	3.48
	0.79

	C.D. @ 5%
	0.65
	9.71
	10.44
	2.36


Spacing levels:                         Fertilizer levels:

S1- 30 × 20 cm                          F1- 105:131.25:112.5 NPK kg/ha

S2- 30 × 30 cm                          F2- 140:175:150 NPK kg/ha

S3- 40 × 30 cm                          F3- 175:218.75:187.5 NPK kg/ha

(14.68 cm), root volume (210.75 cm³), root weight (124.08 g), and number of roots per plant (56.48), while the S1F1 combination recorded the lowest across all parameters. These findings are supported by previous studies conducted by Gupta et al. (2016) in dahlia, Kumar et al. (2016) and Priyadarshini et al. (2018) in gladiolus, Narendra et al. (2019) in dahlia, Shalem and Sarvanan (2020) in Dendrobium orchid, Hebbale et al. (2021) in spider lily, and Beck et al. (2019) in gladiolus, which similarly reported that wider spacing and higher fertilizer doses improve root characteristics in floricultural crops.
Flowering parameters
The flowering and yield parameters in daisy were significantly influenced by different spacing, fertilizer levels, and their interaction effects (Table 3). Spike initiation and 50 percent flowering were both delayed with increasing spacing. The earliest spike initiation (68.59 days) and 50 percent flowering (80.19 days) were recorded in the closest spacing treatment S1 (30 × 20 cm), whereas the widest spacing S3 (40 × 30 cm) significantly delayed spike initiation (76.45 days) and flowering (89.65 days). This delay under wider spacing is attributed to plants remaining in the vegetative phase for a longer time due to less competition for light and space, leading to extended growth before entering the reproductive stage. These results are in accordance with the findings of Sunitha et al. (2007) in marigold, Dhatt and Kumar (2007) in Coreopsis lanceolata, Dorajeerao et al. (2012) in annual chrysanthemum, Sharma et al. (2018) in gomphrena, and Dali et al. (2023) in chrysanthemum. 
Fertilizer application also significantly affected the flowering time. Lower fertilizer dose F1 (105:131.25:112.5 NPK kg/ha) recorded early spike initiation (70.85 days) and 50 percent flowering (83.36 days), whereas the highest fertilizer level F3 (175:218.75:187.5 NPK kg/ha) delayed spike initiation (73.81 days) and flowering (86.74 days). This is because higher nutrient availability promotes vegetative growth, thereby extending the duration before flowering. These observations are supported by previous studies including Dorajeerao et al. (2012), Satar et al. (2012) in annual chrysanthemum, Patel and Chaudhari (2011), Mahadik et al. (2017), Sahana et al. (2019), Chandel et al. (2020) and Dali et al. (2023) in chrysanthemum.

Although the interaction between spacing and fertilizer was statistically non-significant for days to spike initiation and 50 percent flowering, the combination S1F1 (30 × 20 cm and 105:131.25:112.5 NPK kg/ha) recorded the shortest time to spike initiation (66.02 days) and flowering (78.19 days), whereas the longest durations were observed in S3F3. These findings align with those of Karuppaiah and Krishna (2005) in French marigold, Mali et al. (2016) in chrysanthemum, and Shree et al. (2021) in gaillardia.

1.1. Yield parameters

The number of spikes per plant was significantly influenced by spacing, increasing from 3.53 in S1 (30 × 20 cm) to 5.04 in S3 (40 × 30 cm) (Table 3). This can be attributed to increased space and resource availability in wider spacing, allowing better branching and spike development. These results are consistent with Kumar et al. (2016) in gladiolus, and Karthikeyan and Jawaharlal (2013) in carnation. On the other hand, the yield of spikes per hectare was highest in the closer spacing S1 (5.49 lakh/ha) and lowest in the wider spacing S3 (3.86 lakh/ha). This is due to closer spacing accommodating a greater number of plants per unit area, resulting in higher total yield despite lower individual plant productivity. Similar trends were reported by Jena et al. (2021) in chrysanthemum, Khobragade et al. (2012) in China aster, Divyashree et al. (2021) in gaillardia, and Dalvi et al. (2022) in tuberose.

Fertilizer levels had a notable effect on spike production. The highest number of spikes per plant (5.62) and maximum spike yield per hectare (5.25 lakh/ha) were recorded with F3 (175:218.75:187.5 NPK kg/ha). Enhanced spike yield with higher fertilizer application is due to improved nutrient uptake and enhanced photosynthetic efficiency, resulting in better vegetative and reproductive growth. These findings are in line with Satar et al. (2012) in annual chrysanthemum, Ganesh et al. (2016), Chaitra et al. (2018) in chrysanthemum.

The interaction between spacing and fertilizer levels significantly influenced yield attributes. The highest number of spikes per plant (6.12) was obtained in S3F3 (40 × 30 cm and 175:218.75:187.5 NPK kg/ha), which can be attributed to sufficient space and nutrient availability enhancing photosynthesis and growth, ultimately leading to greater spike production. Additionally, the maximum spike yield per hectare (6.28 lakh/ha) was recorded in S1F3 (30 × 20 cm and 175:218.75:187.5 NPK kg/ha). The increased yield at closer spacing and higher fertilizer level is due to a higher plant population per unit area, compensating for relatively lower per plant performance. These results agree with the findings of Rolaniya et al. (2017) in African marigold, Naik et al. (2019) in marigold, Patil et al. (2022) in heliconia and Duggani et al. (2023) in gomphrena.
1.2. Quality parameters
The quality parameters of daisy were significantly influenced by different spacing levels, fertilizer doses, and their interactions. Wide spacing of S3 (40 × 30 cm) increased main spike length (66.49 cm), flower diameter (2.82 cm), and weight of 10 flowers (2.81 g) as compared to the lower spacing S1 (30 × 20 cm) (Table 4 & 5). 
Spacing plays a major role in improving quality attributes by providing better aeration and light during flowering. These results are consistent with the findings of Sudhakar and Kumar (2012) and Kumar et al. (2016) in gladiolus; Kavya et al. (2022) in lupin; and Kumar et al. (2022) in statice. Maximum vase life (10.95 days) was noticed under S3 (40 × 30 cm). This may be attributed to improved air circulation, optimal light exposure, better nutrient availability, and overall improved plant health under wider planting, all of which contribute to a longer vase life of spikes. This seasonal vase life pattern is similar to that reported for leather leaf fern (Rumohra adiantiformis), where the highest vase life was recorded from cool weather harvests and the lowest from hot weather harvests observed by Ahmad et al. (2019) in lilium.

Chlorophyll content is a key indicator of photosynthetic efficiency. Wider spacing of S3 (40 × 30 cm) resulted in the highest chlorophyll content (52.98 SPAD) compared to denser planting. This may be due to increased plant spread and number of leaves per plant, which enhances the photosynthetic area, thereby leading to higher production of photosynthates. These results are supported by the findings of Karthikeyan and Jawaharlal (2013) in carnation
Table 3. Days to spike initiation, days to 50 percent flowering, number of              spikes/plant and yield of spikes/ha (lakh/ha) of daisy (Aster amellus L.) cv. Purple Multipetal as influenced by different spacing and fertilizer levels

	Treatments
	Days to spike initiation
	Days to 50% flowering
	Number of spikes/plant
	Yield of spikes (lakh/ ha)

	Factor I – Spacing levels

	S1
	68.59
	80.19
	3.53
	5.49

	S2
	72.27
	85.46
	4.39
	4.69

	S3
	76.45
	89.65
	5.04
	3.86

	S.Em±
	0.76
	0.80
	0.05
	0.058

	C.D. @ 5%
	2.28
	2.39
	0.16
	0.17

	Factor II – Fertilizer levels

	F1
	70.85
	83.36
	3.10
	4.02

	F2
	72.66
	85.21
	4.25
	4.78

	F3
	73.81
	86.74
	5.62
	5.25

	S.Em±
	0.76
	0.80
	0.05
	0.05

	C.D. @ 5%
	2.28
	2.39
	0.16
	0.17

	Interaction (S × F)

	S1F1
	66.02
	78.19
	2.54
	4.46

	S1F2
	69.10
	80.35
	2.98
	5.73

	S1F3
	70.65
	82.04
	3.77
	6.28

	S2F1
	70.91
	83.18
	3.16
	4.02

	S2F2
	72.77
	85.72
	4.35
	4.81

	S2F3
	73.13
	87.48
	5.24
	5.24

	S3F1
	75.61
	88.70
	4.90
	3.47

	S3F2
	76.09
	89.56
	5.84
	3.80

	S3F3
	77.66
	90.69
	6.12
	4.22

	S.Em±
	1.32
	1.39
	0.10
	  0.10



	C.D. @ 5%
	NS
	NS
	0.28
	0.29


Spacing levels:                         Fertilizer levels:

S1- 30 × 20 cm                          F1- 105:131.25:112.5 NPK kg/ha

S2- 30 × 30 cm                          F2- 140:175:150 NPK kg/ha

S3- 40 × 30 cm                          F3- 175:218.75:187.5 NPK kg/ha

Significant effects of fertilizer were also observed on various quality parameters. The higher level fertilizer F3 (175:218.75:187.5 NPK kg/ha) increased main spike length (62.35 cm), flower diameter (2.76 cm), and weight of 10 flowers (2.71 g), while minimum values were noted under F1 (105:131.25:112.5 NPK kg/ha). Similar observations were reported by Chaitra et al. (2018) in chrysanthemum. Vase life was also significantly influenced by fertilizer dose, with F3 showing the maximum vase life of 10.55 days. This can be attributed to the adequate availability of nutrients, which ensures sufficient stored food in the harvested stems. Moreover, potassium reduces the transpiration rate, helping the plant manage stress, thereby increasing vase life. These results are in line with those reported by Shilpa et al. (2011) in golden rod. The maximum chlorophyll content (49.53 SPAD) was observed under F3, as compared to lower fertilizer doses. This increase in chlorophyll content may be due to enhanced nitrogen uptake by the plant, which promotes chlorophyll synthesis, and due to improved plant spread and leaf number, which in turn increases the photosynthetic area and the production of photosynthates. These results are consistent with the findings of Bashir et al. (2016) in gladiolus.

The interaction effect of spacing and fertilizer also significantly influenced quality parameters. Maximum main spike length (72.19 cm), flower diameter (2.95 cm), and weight of 10 flowers (3.06 g) were recorded in the treatment combination S3F3 (40 × 30 cm and 175:218.75:187.5 NPK kg/ha). This could be due to the availability of more nutrients and reduced competition among plants for resources under wider spacing. 
Similar interaction effects on flower quality were reported by Naik et al. (2019) and Pratheeksha et al. (2024) in French marigold. Among all the treatment combinations, the maximum vase life (11.76 days) was observed under S3F3. The wide spacing, along with higher fertilizer dose, ensured adequate nutrient reserves in the harvested spikes, thereby enhancing vase life. These findings are in agreement with Lalhruaitluangi (2022) in asparagus, and Karthik et al. (2023) in statice.

Chlorophyll content was also significantly affected by the interaction between spacing and fertilizer application. The highest chlorophyll content (56.09 SPAD) was recorded in S3F3 (40 × 30 cm and 175:218.75:187.5 NPK kg/ha), while the lowest value (32.27 SPAD) was observed in S1F1 (30 × 20 cm and 105:131.25:112.5 NPK kg/ha). These results are similar to those reported by El-Sayed et al. (2016) in cycas and Lalhruaitluangi (2022) in asparagus.
Table 4. Length of main spike (cm), diameter of individual flower (cm) and weight of 10 flowers (g) of daisy (Aster amellus L.) cv. Purple Multipetal at harvest stage as influenced by different spacing and fertilizer levels

	Treatments
	Length of main spike (cm)
	Diameter of individual flower (cm)
	Weight of 10 flowers (g)

	Factor I – Spacing levels

	S1
	47.22
	2.47
	2.14

	S2
	55.66
	2.64
	2.50

	S3
	66.49
	2.82
	2.81

	S.Em±
	0.31
	0.03
	0.03

	C.D. @ 5%
	0.94
	0.09
	0.09

	Factor II – Fertilizer levels

	F1
	50.43
	2.52
	2.26

	F2
	56.59
	2.64
	2.49

	F3
	62.35
	2.76
	2.71

	S.Em±
	0.31
	0.03
	0.03

	C.D. @ 5%
	0.94
	0.09
	0.09

	Interaction (S × F) 

	S1F1
	43.70
	2.35
	1.91

	S1F2
	45.64
	2.48
	2.14

	S1F3
	52.32
	2.56
	2.37

	S2F1
	49.18
	2.52
	2.26

	S2F2
	55.27
	2.63
	2.55

	S2F3
	62.53
	2.76
	2.69

	S3F1
	58.41
	2.69
	2.60

	S3F2
	68.86
	2.82
	2.78

	S3F3
	72.19
	2.95
	3.06

	S.Em±
	0.55
	0.06
	0.06

	C.D. @ 5%
	1.63
	NS
	NS


Spacing levels:                         Fertilizer levels:

S1- 30 × 20 cm                          F1- 105:131.25:112.5 NPK kg/ha

S2- 30 × 30 cm                          F2- 140:175:150 NPK kg/ha

S3- 40 × 30 cm                          F3- 175:218.75:187.5 NPK kg/ha

Table 5. Vase life (days) and chlorophyll content (SPAD) of daisy (Aster amellus  L.) cv. Purple Multipetal at harvest stage as influenced by different spacing and fertilizer levels

	Treatments
	Vase life (days)
	Chlorophyll content (SPAD)

	Factor I – Spacing levels

	S1
	8.96
	36.74

	S2
	9.75
	44.32

	S3
	10.95
	52.98

	S.Em±
	0.152
	0.514

	C.D. @ 5%
	0.456
	1.540

	Factor II – Fertilizer levels

	F1
	9.21
	39.13

	F2
	9.90
	45.38

	F3
	10.55
	49.53

	S.Em±
	0.15
	0.51

	C.D. @ 5%
	0.45
	1.54

	Interaction (S × F)

	S1F1
	8.73
	32.27

	S1F2
	9.00
	35.56

	S1F3
	9.16
	42.40

	S2F1
	9.07
	37.11

	S2F2
	9.45
	45.75

	S2F3
	10.73
	50.10

	S3F1
	9.84
	48.00

	S3F2
	11.25
	54.84

	S3F3
	11.76
	56.09

	S.Em±
	0.26
	0.89

	C.D. @ 5%
	0.78
	2.66


Spacing levels:                         Fertilizer levels:

S1- 30 × 20 cm                          F1- 105:131.25:112.5 NPK kg/ha

S2- 30 × 30 cm                          F2- 140:175:150 NPK kg/ha

S3- 40 × 30 cm                          F3- 175:218.75:187.5 NPK kg/ha
Conclusion
The results indicated that the wider spacing of S3 (40 × 30 cm) demonstrated superior performance in terms of overall growth, flowering, quality, and yield parameters compared to other planting densities, although the closer spacing of 30 × 20 cm recorded the highest plant height and flower stem yield per hectare. Among the fertilizer treatments, the highest dose F3 (175:218.75:187.5 NPK kg/ha) significantly enhanced growth, flowering, quality, and yield traits in daisy plants. The interaction between the widest spacing (S3) and the highest fertilizer dose (F3) resulted in the most favorable outcomes for all observed parameters in daisy cv. Purple Multipetal.
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