THE PERFORMANCE OF LIMONIUM (Limonium sinuatum) VARIETIES IN SOUTHERN KARNATAKA UNDER DIFFERENT PLANTING DENSITIES



ABSTRACT
The investigation was carried out at research farm Department of Floriculture and Landscaping, College of Horticulture, Bengaluru during 2023-2024. The experiment was laid out in Factorial Randomized Complete Block Design (FRCBD) with nine treatment combination comprising of three varieties i.e, Shooting Star (V1), Silver Pink (V2), Sky Light (V3) and three levels of spacing viz., S1 (45 × 45 cm), S2 (60 × 30 cm) and S3 (60 × 45 cm) and were replicated thrice. Among interaction maximum plant height (26.41 cm), plant spread in E-W direction (44.83 cm) and cut flower yield per hectare (94814.81 panicles) was found in V3S2 (Sky Light + 60 × 30 cm). whereas, maximum plant spread in N-S direction (45.30 cm), number of leaves per plant (89.33), chlorophyll content (82.17), earliest panicle emergence (59 days), earliest 50 per cent panicle emergence (74 days) and panicle length (93.93 cm) was found inV3S1 (Sky Light + 45 × 45 cm). However maximum cumulative number of panicles per plant (12.93) was observed in V3S3 (Sky Light + 60 × 45 cm). 
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1. INTRODUCTION
Limonium (Limonium sinuatum), from the Plumbaginaceae family, originates in the Canary Islands and Mediterranean regions. The name limonium is derived from the Greek "leimon," meaning "meadow." It includes both annual and perennial herbs, growing to heights of 50-90 cm with slender stems and basal rosettes of leaves. The inflorescences form a panicle with small, funnel-shaped true flowers surrounded by vibrant trumpet-shaped calyces in colors such as purple, pink, yellow and white. With around 150 species, Limonium sinuatum and Limonium vulgare are widely cultivated for commercial purposes and used in gardens as bedding plants. As recreto-halophytes, they are well-suited for saline environments. Evaluating limonium varieties is key to selecting those best adapted to specific climates and soils, improving growth, flower quality and yield while identifying pest-resistant varieties for sustainable farming practices. Plant population also affects productivity, as competition for light, moisture and nutrients among plants is a critical factor in their overall growth and resource use efficiency.

2. MATERIAL AND METHODS
The investigation was carried out at research farm, Department of Floriculture and Landscape Architecture, College of Horticulture, Bengaluru, during 2023-2024. Three varieties i.e, Shooting Star (V1), Silver Pink (V2) and Sky Light (V3) from rise and shine biotechnology were used in this investigation and were planted at three levels of spacing of S1 (45 × 45 cm), S2 (60 × 30 cm) and S3 (60 × 45 cm). The plants were evaluated for the growth, floral and yield characters under open field conditions. Observations on vegetative, flowering, yield and vase life were recorded as per the standard procedures. Parameters such as plant height, plant spread, number of leaves, chlorophyll content, days taken for panicle emergence, days taken for 50 per cent panicle emergence, number of panicles per plant, panicle length and cut flower yield per hectare were recorded during the growth period. The experimental design followed was Factorial Randomized Complete Block Design (FRCBD)with nine treatments replicated thrice and statistically analysed. 
3. RESULT AND DISCUSSION
Vegetative parameters
a) Plant height (cm)  
[bookmark: _Hlk178326862]The interaction between the varieties and spacing illustrated that the maximum plant height at 120 DAT highest plant height (23.63 cm) was observed in V3S1 (Sky Light + 45 × 45 cm) followed by V3S3 (Sky Light + 60 × 45 cm) (22.73). While, the lowest (12.77 cm) was observed in V1S3 (Shooting Star + 60 × 45 cm). At 150 and 180 DAT maximum plant height (24.93 and 26.41 cm respectively) was noticed in V3S2 (Sky Light + 60 × 30 cm) which was on par with V3S1 (Sky Light + 45 × 45 cm) (24.67 and 25.97cm respectively) and the minimum plant height (15.47 and 16.64 cm) was noticed in V1S2 (Shooting Star + 60 × 30 cm). With wider spacing, the plants have more space to spread. Consequently, greater plant height was recorded in wider spacing. At closer spacing more plant height might be due to heavy competition between plants for light and nutrients resulted in elongation and also due to the fact that the plants tend to grow vertically when they are crowded owing to shadowing effect of the plants on one another Pavagadhi et al. (2014).
b) Plant spread in North-South direction (cm) and East-West direction (cm)
The interaction between varieties and spacing revealed that, the maximum plant spread in North-South direction at 120 DAT (43.60 cm) was observed in V3S1 (Sky Light + 45 × 45 cm) which was on par with V3S3 (Sky Light + 60 × 45 cm) (43.53 cm). At 150 and 180 DAT the highest plant spread in North-South direction (42.53 and 45.30 cm respectively) was recorded in V3S1 (Sky Light + 45 × 45 cm) followed by V3S2 (Sky Light + 60 × 30 cm) (40.53 and 43.20 cm respectively). In East-West direction at 120 and 180 DAT maximum plant spread (45.00 and 44.83 cm respectively) was observed in V3S2 (Sky Light + 60 × 30 cm) followed by V3S1 (Sky Light + 45 × 45 cm) (43.47 and 43.99cm respectively) and the maximum plant spread in East-West direction at 150 DAT (42.80 cm) was noticed in V3S1 (Sky Light + 45 × 45 cm), followed by V3S3 (Sky Light + 60 × 45 cm) (42.43). The minimum plant spread in North-South and East-West direction at 120, 150 and 180 DAT (24.70, 23.53 and 25.43 cm respectively) (25.47, 23.73 and 25.31 cm respectively) was recorded in V1S3 (Shooting Star + 60 × 45 cm). The difference in plant spread could be attributed to the genetic makeup of the varieties and environmental factors. In closer spacing, the plants often compete for resources, which can encourage them to spread out more to capture light, nutrients, and water. Additionally, the reduced space may stimulate lateral growth as the plants adapt to their environment Kumar et al. (2016).
c) Number of leaves per plant
[bookmark: _Hlk178280177]  	The interaction between varieties and spacing illustrated that, at 120, 150 and 180 DAT the maximum number of leaves per plant (61.20, 83.00 and 89.33 respectively) were found in V3S2 (Sky Light + 60 × 30 cm) followed by V3S3 (Sky Light + 60 × 45 cm) (55.13, 65.60 and 70.40 respectively) and the minimum number of leaves per plant at 120 DAT (27.47) were observed in V2S2 (Silver Pink + 60 × 30 cm). At 150 and 180 DAT minimum number of leaves per plant (34.40 and 40.93 respectively) were recorded in V2S3 (Silver Pink + 60 × 45 cm). More number of leaves were observed in spacing 60 × 30 cm (S2) as compared to lower and higher spacing. Increase in number of leaves under widest spacing as compared to closest spacing might be due to that there might be less competition for light and nutrients in wider spacing which might have resulted in more cell division and cell elongation of plants resulting in more number of leaves by utilizing proper carbohydrate and sun light Amjad and Ahmad (2012) and Chaudhary et al. (2007) in zinnia.
d) Chlorophyll content (SPAD value)
[bookmark: _Hlk177994236]The interaction between varieties and spacing revealed that, the maximum chlorophyll content at 120 and 180 DAT (81.30 and 86.97 respectively) was found in V1S2 (Shooting Star + 60 × 30 cm) which was on par with V2S2 (Silver Pink + 60 × 30 cm) (80.56 and 85.07 respectively). The maximum chlorophyll content at 150 DAT (82.17) was found in V3S1 (Sky Light + 45 × 45 cm). While, the lowest chlorophyll content at 120, 150 and 180 DAT (67.89 71.97 and 75.56 respectively) was recorded in V1S3 (Shooting Star + 60 × 45 cm). Chlorophyll content are important photosynthetic characteristics, larger leaf area increases the surface area available for photosynthesis, which is crucial for plants to convert sunlight into energy. This directly influences a plant's growth and productivity, more leaf area and chlorophyll content were obtained at wider spacing because of the reason that plants grow vigorously without much competition for nutrients and sunlight which might have promoted photosynthesis, enhancing chlorophyll synthesis and overall plant vigor. Similar results were also obtained by Conesa et al. (2019) in limonium; Khobragade et al. (2012) in china aster and Solanki et al. (2016) in golden rod.
[bookmark: _Hlk178000454]Flowering and yield parameters
a) Days taken for panicle emergence
The interaction between varieties and spacing showed that, the earliest panicle emergence (59 days) was in V3S1 (Sky Light + 45 × 45 cm) which was on par with V2S3 (Silver Pink + 60 × 45 cm), V3S2 (Sky Light + 60 × 30 cm), V3S3 (Sky Light + 60 × 45 cm) and V2S2 (Silver Pink + 60 × 30 cm) (60.67, 60.67, 64.67 and 65.33 days respectively). Whereas, maximum number of days (82.00 days) for panicle emergence was in V1S3 (Shooting Star + 60 × 45 cm). The early emergence of panicles was recorded in wider spacing than closer levels of spacing this might be due to wider spacing allows for better resource allocation, reducing competition among plants for sunlight, nutrients, and water. This could lead to earlier flowering. Conversely, competition for light in crowded conditions may lead to lower photosynthate production and hence results delayed panicle emergence Deshpande et al. (2001).
[bookmark: _Hlk178000888]b) Days taken for 50 per cent panicle emergence

There were marked difference in days taken for 50 per cent panicle emergence in limonium varieties with different levels of spacing. The interaction between varieties and spacing showed that, the earliest 50 per cent panicle emergence (74 and 74 days) was recorded in V3S1 (Sky Light + 45 × 45 cm) and V3S3 (Sky Light + 60 × 45 cm) which was on par with V3S2 (Sky Light + 60 × 30 cm) (74.67 days). Whereas, longest period (106.33 days) for panicle emergence was in V2S1 (Silver Pink + 45 × 45 cm).
Variation in days required for 50 per cent panicle emergence was due to difference in genetic composition of the cultivars that responded differently to the environment. It has been observed that early bud emergence in Dahlia by Mounika and Saravanan (2019) and by Bhat et al. (2017) in gladiolus. Due to more leaf area, chlorophyll content and photosynthates production at closer spacing it can be concluded that the plants entered reproductive stage earlier hence number of days taken to 50 per panicle emergence was found to be more in plants which are narrow spacing of 45 x 45 cm (S1).
c) Number of cut flowers (panicles) per plant
Among interaction maximum (12.93) cumulative panicles per plant over a period of six months was observed in V3S3 (Sky Light + 60 × 45 cm) which was on par with V3S1 (Sky Light + 45 × 45 cm) (12.73) and minimum (5.33) was observed in V2S2 (Silver Pink + 60 × 30 cm). Number of panicles per plant is indeed considered as important yield trait. It influences the overall productivity of the crop. Variation in panicle production among limonium varieties is primarily due to genetic differences that influence growth and flowering characteristics, as well as environmental factors like soil quality, water availability, and management practices. Each variety's specific responses to these conditions can significantly impact the number of panicles produced. Due to good performance during vegetative growth period, the variety Sky Light produced more panicles compared to other varieties.  The results were in line with findings of Nataraj et al. (2004) and Kumar et al. (1998) in limonium.
d) Panicle length (cm)
The interaction between varieties and spacing revealed that, at 150, 180, 210 and 240 DAT the longest panicle (89.07, 91.37, 93.07 and 93.93 cm respectively) was observed in V3S1 (Sky Light + 45 × 45 cm) which was on par with V3S3 (Sky Light + 60 × 45 cm) (83.87, 86.87, 89.87 and 89.47 respectively) and V3S2 (Sky Light + 60 × 30 cm) (83.53, 86.67, 89.20 and 91.00 respectively) and shorter panicle length was noticed in V1S1 (Shooting Star + 45 × 45 cm) (52.60, 56.43, 57.97, 58.57 cm) at 150, 180, 210 and 240 DAT respectively. Panicle quality is indeed often assessed through panicle length, as it directly affects crop performance. In the present study the length of panicle was not influenced by spacing at initial stages of its emergence. The enlarged panicle length due to varying of the plant density could be associated with the increased plant population per unit area which may cause poor light interception. Similar ideas were declared by Paparozzi and Hatterman (1988); Starman et al. (1995) and Christine (1996).
e) Cut flower yield per hectare
Among varieties the maximum cumulative cut flower yield per hectare (414631.18) over a period of six months was observed in Sky Light (V3) and minimum (264252.35) was observed in Silver Pink (V2). (Fig. 1) Within spacing levels, the maximum cumulative cut flower yield per hectare (341069.85) was recorded in 60 × 45 cm spacing (S3) and minimum was recorded in 60 × 30 cm spacing (S2). Among interaction maximum cumulative cut flower yield per hectare (441481.43) was observed in V3S2 (Sky Light + 60 × 30 cm) which was on par with V3S1 (Sky Light + 45 × 45 cm) (419202.32) and minimum (237037.01) cut flower yield per hectare was observed in V2S2 (Silver Pink + 60 × 30 cm). The variation in number of panicles per hectare might be directly related to increased plant height, more leaf area, plant spread, earlier emergence of panicle and accumulation of more photosynthates and also the genetic makeup or the influence of genotype and environment. The results were in accordance with the findings of Deshpande et al. (2002) stated that higher plant spacing resulted in a greater number of flower stalks per plant.
CONCLUSIONS
The present study attempted to identify the best suitable limonium varieties with different spacing levels for flowering, yield and quality parameters. The limonium variety 'Sky Light' outperformed other evaluated varieties in terms of growth and yield characteristics. Among the different plant spacings assessed, the closer spacing of 45 × 45 cm delivered the best results for most flowering and quality traits. Therefore, it is recommended to cultivate the 'Sky Light' variety at a spacing of 45 × 45 cm to achieve high-quality blooms.







Table 1. Performance of limonium varieties on plant height (cm) with different levels of spacing
	
	Plant height (cm)

	Treatment 
	30 DAT
	60 DAT
	90 DAT
	120 DAT
	150 DAT
	180 DAT

	Variety (V)

	V1 (Shooting Star)
	14.58 a
	12.80c
	13.51c
	14.40c
	16.27c
	17.55c

	V2 (Silver Pink)
	13.15b
	15.11b
	16.79b
	19.06b
	20.96b
	22.46b

	V3 (Sky Light)
	13.02b
	19.94a
	21.82a
	22.90a
	24.36a
	25.49c

	S. Em. ±
	0.08
	0.10
	0.10
	0.09
	0.11
	0.10

	CD @ 5 %
	0.24
	0.30
	0.30
	0.28
	0.32
	0.29

	Spacing (S)

	S1 (45 cm × 45 cm)
	10.42a
	16.91a
	18.47a
	19.57a
	20.63a
	22.07a

	S2 (60 cm × 30 cm)
	12.88b
	15.57b
	16.83b
	18.82b
	20.61a
	21.86b

	S3 (60 cm × 45cm)
	17.45b
	15.37b
	16.82b
	17.97c
	20.23b
	21.76b

	S. Em. ±
	0.08
	0.10
	0.10
	0.09
	0.11
	0.10

	CD @ 5%
	0.24
	0.30
	0.30
	0.28
	0.32
	0.29

	Interaction (V × S)

	V1S1 (Shooting Star + 45 cm × 45 cm)
	12.39d
	14.40d
	15.5d
	16.00f
	16.57e
	17.50g

	V1S2 (Shooting Star + 60 cm × 30 cm)
	13.37c
	12.65e
	13.53e
	14.43g
	15.47f
	16.64h

	V1S3 (Shooting Star + 60 cm × 45 cm)
	14.97c
	11.35f
	11.47f
	12.77h
	16.77e
	18.50f

	V2S1 (Silver Pink + 45 cm × 45 cm)
	10.07f
	15.47c
	17.40c
	19.07d
	20.67d
	22.20e

	V2S2 (Silver Pink + 60 cm × 30 cm)
	11.74e
	14.43d
	15.57d
	19.70c
	21.73c
	23.17d

	V2S3 (Silver Pink + 60 cm × 45 cm)
	17.63a
	15.43c
	17.40c
	18.40e
	20.47d
	22.00e

	V3S1 (Sky Light + 45 cm × 45 cm)
	8.79g
	20.87a
	22.47a
	23.63a
	24.67a
	25.57b

	V3S2 (Sky Light + 60 cm × 30 cm)
	13.52c
	19.63b
	21.40b
	22.33b
	24.93a
	26.41a

	V3S3 (Sky Light + 60 cm × 45 cm)
	16.76b
	19.33b
	21.60b
	22.73b
	23.47b
	24.49c

	S. Em. ±
	0.14
	0.18
	0.17
	0.16
	0.19
	0.17

	CD @ 5%
	0.41
	0.52
	0.52
	0.48
	0.56
	0.51


DAT – Days after transplanting

Table 2. Plant spread of Limonium varieties in North-South and East-West (cm) direction with different levels of spacing
	
	Plant spread (cm)

	Treatment 
	30 DAT
	60 DAT
	90 DAT
	120 DAT
	150 DAT
	180 DAT

	
	N-S
	E - W
	N-S
	E - W
	N-S
	E - W
	N-S
	E - W
	N-S
	E - W
	N-S
	E - W

	Variety (V)

	V1 (Shooting Star)
	19.21c
	20.93c 
	21.20c
	22.96c
	25.01c
	26.39c
	26.42c
	26.99c
	31.44c
	31.40c
	33.17c
	32.79c

	V2 (Silver Pink)
	26.28b
	27.88b
	29.46b
	30.09b
	32.68b
	33.70b
	37.49b
	37.70b
	37.18b
	36.74b
	38.89b
	38.20b

	V3 (Sky Light)
	36.00a
	36.49a
	37.76a
	38.56a
	42.80a
	42.20a
	43.02a
	43.31a
	40.73a
	40.71a
	43.06a
	42.48a

	S. Em. ±
	0.40
	0.10
	0.10
	0.09
	0.10
	0.10
	0.10
	0.10
	0.13
	0.11
	0.13
	0.09

	CD @ 5 %
	1.20
	0.29
	0.29
	0.26
	0.28
	0.29
	0.29
	0.29
	0.39
	0.31
	0.39
	0.27

	Spacing (S)

	S1 (45 cm × 45 cm)
	30.14a
	31.18a
	31.93a
	33.14a
	35.61a
	36.77a
	35.90a
	37.13a
	35.58b
	36.02b
	37.76b
	37.07b

	S2 (60 cm × 30 cm)
	25.36b
	25.86c
	27.29c
	28.08c
	32.19c
	31.80c
	35.21b
	34.19c
	40.40a
	40.19a
	42.51a
	42.04a

	S3 (60 cm × 45cm)
	25.99b
	28.27b
	29.19b
	30.38b
	32.69b
	33.72b
	35.82a
	36.68b 
	33.38c
	32.64c
	34.85c
	34.36c

	S. Em. ±
	0.40
	0.10
	0.10
	0.09
	0.10
	0.10
	0.10
	0.10
	0.13
	0.11
	0.13
	0.09

	CD @ 5%
	1.20
	0.29
	0.29
	0.26
	0.28
	0.29
	0.29
	0.29
	0.39
	0.31
	0.39
	0.27

	Interaction (V × S)

	V1S1
	18.47f
	21.53g
	20.56g
	23.60g
	26.47f
	27.53g
	26.53e
	28.67g
	28.53g
	28.93f
	30.53f
	29.59g

	V1S2
	20.80e
	20.53h
	22.53f
	22.47h
	25.77g
	26.57h
	28.03d
	26.83h
	42.27a
	41.53b
	43.53b
	43.47c

	V1S3
	18.37f
	20.73h
	20.53g
	22.80h
	22.80h
	25.07i
	24.70f
	25.47i
	23.53h
	23.73g
	25.43g
	25.31h

	V2S1
	32.63c
	31.47d
	34.27c
	33.23d
	33.07d
	37.23d
	37.63c
	39.27d
	35.67f
	36.33e
	37.43e
	37.63f

	V2S2
	22.80de
	23.63f
	24.83e
	26.43f
	30.27e
	29.30f
	37.50c
	38.20e
	38.40d
	36.60de
	40.80c
	37.82f

	V2S3
	23.40d
	28.53e
	29.27d
	30.60e
	34.70c
	34.57e
	37.33c
	35.63f
	37.47e
	37.30c
	38.43d
	39.13d

	V3S1
	39.43a
	40.53a
	41.00a
	42.60a
	47.30a
	45.53a
	43.60a
	43.47b
	42.53a
	42.80a 
	45.30a
	43.99b

	V3S2
	32.47c
	33.40c
	34.50c
	35.33c
	40.53b
	39.53c
	41.93b
	45.00a
	40.52b
	36.90cd 
	43.20b
	44.83a

	V3S3
	36.10b
	35.53b
	37.77b
	37.73b
	40.57b
	41.53b
	43.53a
	41.47c
	39.13c
	42.43a
	40.67c
	38.63e

	S. Em. ±
	0.70
	0.17
	0.17
	0.15
	0.16
	0.17
	0.17
	0.17
	0.23
	0.18
	0.23
	0.16

	CD @ 5%
	2.08
	0.50
	0.50
	0.45
	0.49
	0.50
	0.50
	0.51
	0.67
	0.54
	0.68
	0.47


DAT – Days after transplanting 
Table 3. Performance of limonium varieties on number of leaves per plant with different levels of spacing
	
	Number of leaves per plant

	Treatment
	30 DAT
	60 DAT
	90 DAT
	120 DAT
	150 DAT
	180 DAT

	Variety (V)

	V1 (Shooting Star)
	13.12b
	16.62b
	21.06b
	33.01b
	44.76b
	52.57b

	V2 (Silver Pink)
	11.72c
	16.17c
	20.96b
	31.13b
	34.98c
	41.86c

	V3 (Sky Light)
	14.08a
	21.96a
	40.78a
	54.72a
	70.34a
	75.02a

	S. Em. ±
	0.10
	0.11
	0.17
	0.65
	0.64
	0.12

	CD @ 5 %
	0.30
	0.33
	0.50
	1.94
	1.90
	0.37

	Spacing (S)

	S1 (45 cm × 45 cm)
	13.82a
	18.97a
	25.60c
	38.03b
	50.79b
	57.24b

	S2 (60 cm × 30 cm)
	12.26c
	17.12b
	29.66a
	42.07a
	54.09a
	60.31a

	S3 (60 cm × 45cm)
	12.84b
	18.66a
	27.53b
	38.77a
	45.20c
	51.89c

	S. Em. ±
	0.10
	0.11
	0.17
	0.65
	0.64
	0.12

	CD @ 5%
	0.30
	0.33
	0.50
	1.94
	1.90
	0.37

	Interaction (V × S)

	V1S1 (Shooting Star + 45 cm × 45 cm)
	14.53a
	17.93c
	18.53f
	33.07ef
	55.53c
	64.63d

	V1S2 (Shooting Star + 60 cm × 30 cm)
	12.37c
	16.37d
	27.00d
	37.53d
	43.27d
	48.73e

	V1S3 (Shooting Star + 60 cm × 45 cm)
	12.47c
	15.57e
	17.63g
	28.43g
	35.47e
	44.33f

	V2S1 (Silver Pink + 45 cm × 45 cm)
	13.53b
	16.53d
	23.00e
	35.30de
	34.53e
	41.77h

	V2S2 (Silver Pink + 60 cm × 30 cm)
	9.90e
	14.50f
	16.50h
	27.47g
	36.00e
	42.87g

	V2S3 (Silver Pink + 60 cm × 45 cm)
	11.73d
	17.47c
	23.37e
	30.63fg
	34.40e
	40.93i

	V3S1 (Sky Light + 45 cm × 45 cm)
	13.40b
	22.43a
	35.27c
	47.83c
	62.43b
	65.33c

	V3S2 (Sky Light + 60 cm × 30 cm)
	14.50a
	20.50b
	45.47a
	61.20a
	83.00a
	89.33a

	V3S3 (Sky Light + 60 cm × 45 cm)
	14.33a
	22.93a
	41.60b
	55.13b
	65.60b
	70.40b

	S. Em. ±
	0.18
	0.20
	0.29
	1.13
	1.11
	0.21

	CD @ 5%
	0.53
	0.58
	0.87
	3.36
	3.30
	0.63


DAT – Days after transplanting
Table 4. Chlorophyll content (SPAD value) in limonium varieties with different levels of spacing
	[bookmark: _Hlk178188951]
	Chlorophyll content (SPAD value)

	Treatment
	30 DAT
	60 DAT
	90 DAT
	120 DAT
	150 DAT
	180 DAT

	Variety (V)

	V1 (Shooting Star)
	68.99a
	70.88b
	78.61a
	75.30a
	75.88a
	79.06b

	V2 (Silver Pink)
	67.95b
	66.80b
	70.88b
	70.41b
	76.71a
	84.18a

	V3 (Sky Light)
	69.14a
	76.68a
	80.19a
	77.30a
	74.58b
	78.92b  

	S. Em. ±
	0.33
	1.39
	1.04
	0.59
	0.43
	0.80

	CD @ 5 %
	0.98
	4.17
	3.12
	1.77
	1.28
	2.41

	Spacing (S)

	S1 (45 cm × 45 cm)
	66.91b  
	72.15
	75.83b  
	74.81b
	75.07b
	79.06b  

	S2 (60 cm × 30 cm)
	71.50a
	72.52
	79.45a
	77.16a
	78.56a
	84.18a

	S3 (60 cm × 45cm)
	67.67b
	69.69
	74.41b
	73.04b
	73.55c 
	78.92b

	S. Em. ±
	0.33
	1.39
	1.04
	0.59
	0.43
	0.80

	CD @ 5%
	0.98
	NS
	3.12
	1.77
	1.28
	2.41

	Interaction (V × S)

	V1S1 (Shooting Star + 45 cm × 45 cm)
	69.42bc
	70.82
	83.99
	75.98b
	76.17bcd
	78.98cde

	V1S2 (Shooting Star + 60 cm × 30 cm)
	73.65a
	73.96
	78.77
	81.30a
	76.19bcd
	86.97a

	V1S3 (Shooting Star + 60 cm × 45 cm)
	63.89e
	67.87
	73.09
	67.89c  
	71.97e  
	75.56e

	V2S1 (Silver Pink + 45 cm × 45 cm)
	64.99de
	69.06
	73.57
	74.62b
	77.34bc
	76.36de

	V2S2 (Silver Pink + 60 cm × 30 cm)
	73.05a
	66.82
	70.60
	80.56a  
	74.85d
	85.07ab

	V2S3 (Silver Pink + 60 cm × 45 cm)
	65.80d
	64.53
	68.48 
	68.37c
	77.95b
	80.16cd

	V3S1 (Sky Light + 45 cm × 45 cm)
	68.60c
	76.57
	80.24 
	74.96b
	82.17a
	81.42bc

	V3S2 (Sky Light + 60 cm × 30 cm)
	67.79c
	76.79
	80.80
	75.23b
	69.60f
	80.49cd

	V3S3 (Sky Light + 60 cm × 45 cm)
	71.03b
	76.69
	79.54
	76.12b
	75.27cd
	81.48bc

	S. Em. ±
	0.57
	3.41
	1.80
	1.02
	0.74
	1.39

	CD @ 5%
	1.70
	NS
	NS
	3.07
	2.21
	4.18


DAT – Days after transplanting                                                                                                                                                NS- Non-significan
Table 5.	Days taken for panicle emergence and 50 per cent panicle emergence of limonium varieties with different levels of spacing
	Treatment
	Days taken for 
panicle emergence
	Days taken for 50% 
panicle emergence

	Varieties (V)

	V1 (Shooting Star)
	77.67a
	98.44a

	V2 (Silver Pink)
	68.78b
	100.33a

	V3 (Sky Light)
	61.44c
	74.22b

	S. Em. ±
	1.24
	1.16

	CD @ 5 %
	3.71
	3.49

	Spacing (S)

	S1 (45 cm × 45 cm)
	72.00a
	92.44a

	S2 (60 cm × 30 cm)
	66.78b
	93.11a

	S3 (60 cm × 45cm)
	69.11ab
	87.44b

	S. Em. ±
	1.24
	1.16

	CD @ 5%
	3.71
	3.49

	Interaction (V × S)

	V1S1 (Shooting Star + 45 cm × 45 cm)
	76.67ab
	97.00bc

	V1S2 (Shooting Star + 60 cm × 30 cm)
	74.33b
	104.33a

	V1S3 (Shooting Star + 60 cm × 45 cm)
	82.00a
	94.00c

	V2S1 (Silver Pink + 45 cm × 45 cm)
	80.33ab
	106.33a

	V2S2 (Silver Pink + 60 cm × 30 cm)
	65.33c
	100.33ab

	V2S3 (Silver Pink + 60 cm × 45 cm)
	60.67c
	94.33bc

	V3S1 (Sky Light + 45 cm × 45 cm)
	59.00c
	74.00d

	V3S2 (Sky Light + 60 cm × 30 cm)
	60.67c
	74.67d

	V3S3 (Sky Light + 60 cm × 45 cm)
	64.67c
	74.00d

	S. Em. ±
	2.15
	2.02

	CD @ 5%
	6.43
	6.04



Table 6. Performance of limonium varieties on number of cut flowers (panicles) per plant with different levels of spacing
	[bookmark: _Hlk178237587]
	Number of cut flower (panicles) per plant

	Treatment
	90 DAT
	120 DAT
	150 DAT
	180 DAT
	210 DAT
	240 DAT
	Cumulative 

	Varieties (V)

	V1 (Shooting Star)
	0.00
	1.31
	2.02
	1.54
	1.60
	1.78
	8.24

	V2 (Silver Pink)
	0.20
	0.87
	1.53
	1.53
	1.82
	1.80
	7.75

	V3 (Sky Light)
	0.73
	1.00
	2.53
	2.69
	2.33
	2.58
	11.86

	S. Em. ±
	0.04
	0.14
	0.10
	0.10
	0.06
	0.16
	0.19

	CD @ 5 %
	0.12
	0.42
	0.30
	0.30
	0.19
	0.47
	0.58

	Spacing (S)

	S1 (45 cm × 45 cm)
	0.24
	1.16
	2.11
	1.98
	1.89
	2.07
	9.44

	S2 (60 cm × 30 cm)
	0.22
	0.60
	1.38
	1.47
	1.56
	1.69
	6.91

	S3 (60 cm × 45cm)
	0.47
	1.42
	2.60
	2.31
	2.31
	2.40
	11.51

	S. Em. ±
	0.04
	0.14
	0.10
	0.10
	0.06
	0.16
	0.19

	CD @ 5%
	0.12
	0.42
	0.30
	0.30
	0.19
	0.47
	0.58

	Interaction (V × S)

	V1S1 (Shooting Star + 45 cm × 45 cm)
	0.00
	1.33
	1.87
	1.67
	1.67
	1.67
	8.2

	V1S2 (Shooting Star + 60 cm × 30 cm)
	0.00
	0.67
	1.13
	1.00
	1.33
	1.33
	5.46

	V1S3 (Shooting Star + 60 cm × 45 cm)
	0.00
	1.93
	3.07
	1.93
	1.80
	2.33
	11.06

	V2S1 (Silver Pink + 45 cm × 45 cm)
	0.00
	0.73
	1.53
	1.67
	1.47
	2.00
	7.4

	V2S2 (Silver Pink + 60 cm × 30 cm)
	0.00
	0.33
	1.13
	1.20
	1.20
	1.47
	5.33

	V2S3 (Silver Pink + 60 cm × 45 cm)
	0.60
	1.53
	1.93
	1.73
	2.80
	1.93
	10.53

	V3S1 (Sky Light + 45 cm × 45 cm)
	0.73
	1.40
	2.93
	2.60
	2.53
	2.53
	12.73

	V3S2 (Sky Light + 60 cm × 30 cm)
	0.67
	0.80
	1.87
	2.20
	2.13
	2.27
	9.93

	V3S3 (Sky Light + 60 cm × 45 cm)
	0.80
	0.80
	2.80
	3.27
	2.33
	2.93
	12.93

	S. Em. ±
	0.07
	0.24
	0.17
	0.17
	0.11
	0.27
	0.33

	CD @ 5%
	0.21
	0.73
	0.52
	0.51
	0.34
	0.81
	1.00


DAT – Days after transplanting

Table 7. Panicle length per plant as influenced by varieties and different levels of spacing
	
	Panicle length (cm)

	Treatment
	90 DAT
	120 DAT
	150 DAT
	180 DAT
	210 DAT
	240 DAT

	Varieties (V)

	V1 (Shooting Star)
	0.00
	48.81c
	56.61c
	60.82c
	64.73c
	65.99c

	V2 (Silver Pink)
	24.64
	73.32b
	75.91b
	80.02b
	83.06b
	84.48b

	V3 (Sky Light)
	82.46
	81.97a
	84.82a
	88.30a
	90.71a
	91.47a

	S. Em. ±
	1.49
	1.82
	1.18
	1.13
	0.98
	0.92

	CD @ 5 %
	4.46
	5.47
	3.53
	3.38
	2.95
	2.75

	Spacing (S)

	S1 (45 cm × 45 cm)
	28.31
	69.73a
	73.79a
	76.88ab
	78.73b
	80.00b

	S2 (60 cm × 30 cm)
	26.12
	63.98b
	69.74b
	73.64b
	76.22b
	78.60b

	S3 (60 cm × 45cm)
	52.67
	70.39a
	73.81a
	78.62a
	83.54a
	83.33a

	S. Em. ±
	1.49
	1.82
	1.18
	1.13
	0.98
	0.92

	CD @ 5%
	4.46
	5.47
	3.53
	3.38
	2.95
	2.75

	Interaction (V × S)

	V1S1 (Shooting Star + 45 cm × 45 cm)
	0.00
	47.10
	52.60f
	56.43e
	57.97d
	58.57f

	V1S2 (Shooting Star + 60 cm × 30 cm)
	0.00
	47.73
	55.73ef
	58.57e
	60.83d
	62.40f

	V1S3 (Shooting Star + 60 cm × 45 cm)
	0.00
	51.60
	61.50e
	67.47d
	75.40c
	77.00e

	V2S1 (Silver Pink + 45 cm × 45 cm)
	0.00
	75.43
	79.70bc
	82.83b
	85.17b
	87.50bc

	V2S2 (Silver Pink + 60 cm × 30 cm)
	0.00
	66.87
	71.97d
	75.70c
	78.63c
	82.40d

	V2S3 (Silver Pink + 60 cm × 45 cm)
	73.93
	77.67
	76.07cd
	81.53bc
	85.37b
	83.53cd

	V3S1 (Sky Light + 45 cm × 45 cm)
	84.93
	86.67
	89.07a
	91.37a
	93.07a
	93.93a

	V3S2 (Sky Light + 60 cm × 30 cm)
	78.37
	77.33
	83.53ab
	86.67ab
	89.20ab
	91.00ab

	V3S3 (Sky Light + 60 cm × 45 cm)
	84.07
	81.90
	83.87ab
	86.87ab
	89.87ab
	89.47ab

	S. Em. ±
	2.58
	3.16
	2.04
	1.95
	1.70
	1.59

	CD @ 5%
	7.73
	NS
	6.11
	5.85
	5.10
	4.76


DAT – Days after transplanting						                                                                                    NS- Non-significant

Table 8. Performance of limonium varieties on cut flower yield (panicles) per hectare with different levels of spacing
	
	Cut flower yield (panicles) per hectare

	Treatment
	90 DAT
	120 DAT
	150 DAT
	180 DAT
	210 DAT
	240 DAT
	Cumulative 

	Varieties (V)

	V1 (Shooting Star)
	0.00
	43603.10
	67562.86
	52199.35
	55820.75
	61088.24
	280274.30

	V2 (Silver Pink)
	5925.92
	28129.85
	52711.47
	53187.01
	61527.20
	62770.91
	264252.35

	V3 (Sky Light)
	25825.33
	35116.59
	87498.84  
	93388.20
	82450.84
	90351.38
	414631.18

	S. Em. ±
	1245.50
	4838.09
	3829.16
	3299.48
	2385.37
	5048.56
	7375.21

	CD @ 5 %
	3734.02
	NS
	67562.86
	52199.35
	55820.75
	61088.24
	280274.30

	Spacing (S)

	S1 (45 cm × 45 cm)
	8047.55
	26666.66
	69501.60
	65112.02
	62185.64
	68037.72
	310927.52

	S2 (60 cm × 30 cm)
	9876.54
	38042.98
	61234.56
	65185.18
	69135.80
	75061.72
	307160.46

	S3 (60 cm × 45cm)
	13827.16
	42139.90
	77037.01
	68477.36
	68477.34
	71111.09
	341069.85

	S. Em. ±
	1245.50
	4838.09
	3829.16
	3299.48
	2385.37
	5048.56
	7375.21

	CD @ 5%
	3734.02
	NS
	11479.82
	NS
	NS
	NS
	22110.87

	Interaction (V × S)

	V1S1 (Shooting Star + 45 cm × 45 cm)
	0.00
	43895.75
	61454.05
	44444.44 
	54869.68
	54869.68
	269958.84

	V1S2 (Shooting Star + 60 cm × 30 cm)
	0.00
	29629.63
	50370.37
	54869.68
	59259.25
	59259.25
	242962.93

	V1S3 (Shooting Star + 60 cm × 45 cm)
	0.00
	57283.93
	90864.17
	57283.93
	53333.32
	69135.78
	327901.12

	V2S1 (Silver Pink + 45 cm × 45 cm)
	0.00
	24142.66
	50480.11
	54869.68
	48285.32
	65843.62
	243621.39

	V2S2 (Silver Pink + 60 cm × 30 cm)
	0.00
	14814.81
	50370.37
	53333.33
	53333.33
	65185.18
	237037.01

	V2S3 (Silver Pink + 60 cm × 45 cm)
	17777.77
	45432.08
	57283.93
	51358.01
	82962.94
	57283.93
	312098.66

	V3S1 (Sky Light + 45 cm × 45 cm)
	24142.66
	46090.53
	96570.64
	85596.71
	83401.92
	83399.87
	419202.32

	V3S2 (Sky Light + 60 cm × 30 cm)
	29629.63
	35555.55
	82962.96
	97777.77
	94814.81
	100740.73
	441481.43

	V3S3 (Sky Light + 60 cm × 45 cm)
	23703.70
	23703.70
	82962.94
	96790.13
	69135.78
	86913.55
	383209.78

	S. Em. ±
	2157.28
	8379.83
	6632.30
	5714.87
	4131.57
	8744.35
	12774.24

	CD @ 5%
	6467.51
	NS
	19883.63
	NS
	12386.45
	NS
	38297.16


DAT- Days after transplanting                                                                                                                                                         NS- Non-significant
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