Impact of Micronutrients on Floral quality, Plant physiology and Shelf life of Ixora


Abstract
The emerging floriculture sector in India is increasingly focusing on loose flowers like Ixora, where effective micronutrient management plays a crucial role in improving growth, floral quality, and postharvest shelf life. A study on four Ixora varieties (Red, Pink, Orange, and Yellow) treated with foliar sprays of FeSO₄, ZnSO₄, and boric acid showed significant effects on flower characteristics. Among these varieties, the Pink variety had the largest flower bud length, width, and corolla tube length, along with the longest shelf life both at room temperature and under refrigeration. The best results came from the combination treatment of NPK + FeSO₄ (0.5%) + ZnSO₄ (0.5%) + boric acid (0.2%) applied as foliar spray, which further enhanced flower dimensions and shelf life. These benefits arise from zinc’s role in photosynthesis and carbohydrate metabolism, iron’s contribution to chlorophyll synthesis, and boron’s function in maintaining cell wall integrity, collectively boosting flower quality and marketability, especially for commercial cultivation in regions like Tamil Nadu. This optimized micronutrient management supports higher yield, flower quality and economic returns for small farmers engaged in Ixora cultivation.
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Introduction
India’s diverse agroclimatic conditions support the year-round cultivation of various flower crops, making floriculture one of the fastest-growing sectors in Indian agriculture. According to the National Horticulture Database (2019-2020), floriculture covered about 305,000 hectares, producing 2.3 million tonnes of loose flowers and 762,000 tonnes of cut flowers. States like Andhra Pradesh, Tamil Nadu, and Madhya Pradesh have been key contributors to exports, which reached 23,597 MT valued at ₹771.41 crores in 2021-2022 (APEDA). Among ornamental crops, Ixora coccinea—known as “West Indian Jasmine” or “Flame of the Woods”—is notable for its year-round flowering and aesthetic appeal.
Belonging to the Rubiaceae family, Ixora coccinea includes over 500 species and is widely cultivated across Asia. This evergreen shrub features dense branches, glossy foliage, and bright flower clusters in red, orange, yellow, pink, and white. Its adaptability and low maintenance make it popular for landscaping, hedges, borders, and container gardening, with dwarf varieties suitable for pots. The vibrant flowers attract pollinators such as birds and butterflies, enhancing urban ecological value.
In Tamil Nadu, Ixora has become a significant loose-flower crop due to its commercial value. It blooms year-round, with peak flowering in April and May, and its flowers have a long shelf life. Popular cultivars like Bandhura, Lancasteria, Magnifica, New Pink, and Pilgrimii are preferred for religious rituals, garland-making, and floral decoration, often paired with Jasmine, Agave, and Tabernaemontana flowers. Micronutrients such as boron, copper, iron, manganese, and zinc, though required in small amounts, are essential for improving plant health, flower quality, and yield in Ixora. For instance, calcium aids flower opening and delays aging, zinc supports stem elongation and pollen production, iron is critical for photosynthesis, and boron assists in cell division and hormone transport (Ganesh, 2013). Despite the growing demand for traditional flowers like Ixora, India’s floriculture industry mainly focuses on cut flowers like roses, lilies, and orchids, leading to limited government support for loose-flower cultivation. However, Ixora’s low input needs and adaptability make it promising for small and marginal farmers. Optimizing cultivation practices, especially micronutrient management, and promoting sustainable Ixora farming can offer significant economic benefits to these communities.
Materials and methods
The present study was carried out at the Department of Floriculture and Landscape Architecture, Horticultural College and Research Institute, Tamil Nadu Agricultural University, Coimbatore during 2021-2022. Four varieties of Ixora namely, Red (V1), Pink (V2), Orange (V3) and Yellow (V4) were involved in the study. Three micronutrients viz., FeSO4, ZnSO4 and Boric acid in various concentrations and combinations were applied as foliar spray at monthly intervals. The experimental location is located at 11°N latitude, 76.5°E longitude and an altitude of 430 m above MSL.
Two-year-old plants of the four Ixora varieties were planted at a spacing of 1.8 x 1.8 m. The experiment was laid out in Factorial Randomized Block Design (FRBD) with five treatments and two replications. The micronutrient treatments include (recommended dose @ 75:150:150g plant-1) + Water Spray (T1 - Control), 0.5% FeSO4 + 0.5% ZnSO4 (T2), 1.0% FeSO4 + 0.5% ZnSO4 (T3), 0.5% FeSO4+ 0.5% ZnSO4 + 0.2% Boric acid (T4), 1.0% FeSO4 @ + 0.5% ZnSO4 + 0.2% Boric acid (T5). Foliar spray was given at 30 days intervals in the morning hours. Cultural operations were carried out at regular intervals for optimum development and establishment of the crop. The data were analysed statistically as prescribed by (Panse and Sukhatme 1967).
RESULTS AND DISCUSSION:
Quality parameters
Colour of the flower
	The colour of the flower in different varieties of Ixora viz., Red, Pink, Orange, Yellow was identified using RHS colour chart and presented below.
Chart 1 : The chart represents a variety of groups and their subgroups of the colour of the flower
	Variety
	Group
	Sub-Group

	V1- Red
	Red N45
	Moderate red B

	V2- Pink
	Red-purple 58
	Strong purplish red C

	V3- Orange
	Orange- red 33
	Vivid reddish orange A

	V4- Yellow
	Orange 24
	Strong orange yellow B



Flower bud length and Flower bud width (cm)
The data presented in Table 1 highlight the flower bud length and width across different varieties and treatments. Among the four varieties, Pink (V2) exhibited the greatest average flower bud length of 5.15 cm and an average bud width of 4.03 cm. Regarding micronutrient treatments, the foliar application of 0.5 % ZnSO₄ + 0.5 % FeSO₄ + 0.2 % boric acid produced the highest average flower bud length of 4.42 cm and bud width of 0.36 cm. The combination treatment of Pink (V2) with foliar spray containing NPK along with FeSO₄ (0.5 %), ZnSO₄ (0.5 %) and boric acid (0.2 %) (V2 x T4) resulted in the maximum flower bud length of 5.44 Cm and the widest bud width of 0.44 Cm.
Corolla tube length (cm)
The data related to corolla tube length, as shown in Table 4, indicate that among the four Ixora varieties tested, Pink (V2) demonstrated the greatest average corolla tube length of 3.73 Cm. Among the five micronutrient treatments, foliar application of 0.5 % ZnSO₄ + 0.5 % FeSO₄ + 0.2 % boric acid produced the highest mean corolla tube length of 3.13 cm. The combined treatment of Pink (V2) with a foliar spray of NPK + FeSO₄ (0.5 %) + ZnSO₄ (0.5 %) + boric acid (0.2 %) (V2 x T4) resulted in the maximum corolla tube length of 3.95 Cm. It was further observed that the highest values for flower bud length, bud width, and corolla tube length all occurred under this (V2 x T4) treatment combination. 
The improvement in flowering attributes is likely due to zinc and iron’s role in enhancing the translocation of carbohydrates, minerals, water, and amino acids from the synthesis sites to various plant parts, including flowers. This process supports an increase in flower number, size, and weight. Supporting this, Neha et al. (2016) reported that application of FeSO₄ and ZnSO₄ improved vegetative growth in annual chrysanthemum, resulting in greater food material production that favors better flower development. These findings also align closely with Lahijie (2012) results in gladiolus.
Shelf life (days)
The data pertaining to shelf life of Ixora is furnished in Table 6. Among the four varieties, Pink (V2) showed the maximum mean shelf life (5.20 & 6.21) followed by Red (V1) with mean shelf life (4.89 & 5.85) under room temperature and cold storage respectively. Of the five micronutrient combinations, foliar spraying of 0.5% ZnSO4 + 0.5% FeSO4 + 0.2 % boric acid resulted in the highest mean shelf life (5.48 & 6.57). The treatment combination of (V2 x T4) i.e., Pink (V2) with foliar spray of NPK + FeSO4 (0.5%) + ZnSO4 (0.5%) + Boric acid (0.2%) resulted in maximum shelf life at room temperature (6.09) and cold storage (7.13). The shelf life of flowers is a vital factor in post-harvest management, particularly for ethylene-sensitive flowers like Ixora. Consistent availability of micronutrients helps maintain turgor pressure in leaves and flowers, which contributes to prolonging shelf life. These results align with earlier findings by Ganga et al. (2008) in jasmine.
Micronutrients enhance nutrient uptake, photosynthetic efficiency, and metabolic processes, while promoting the early breaking of apical dominance, which facilitates improved nutrient translocation to the flowers, as noted by Parekh et al. (2012). Their application stimulates metabolic activities including cell wall loosening, cell elongation, and cell enlargement, leading to increased bud length, bud diameter, flower diameter, and corolla tube length. In the current study, the use of micronutrients also had a significant positive effect on the shelf life of flower buds.
Physiological parameters
Fresh leaf weight (g) and Dry leaf weight (g)
The data pertaining to Fresh leaf weight and Dry leaf weight were furnished in Table 2. Among the four varieties, Pink (V2) showed the maximum mean fresh leaf weight (1.92g) and maximum mean dry leaf weight (0.90g). Of the five micronutrient combinations, foliar spraying of 0.5% ZnSO4 + 0.5% FeSO4 + 0.2 % boric acid resulted in the highest mean fresh leaf weight (5.94cm) and highest mean dry leaf weight (0.96g).
Leaf area (cm2) and Chlorophyll content (SPAD value)
The data presented in Table 3 show the leaf area and chlorophyll content across different Ixora varieties and treatments. Among the four varieties, Yellow (V4) recorded the largest average leaf area of 48.83 Cm², while Pink (V2) had the highest average chlorophyll content of 44.62. Regarding micronutrient treatments, foliar application of 0.5 % ZnSO₄ + 0.5 % FeSO₄ + 0.2 % boric acid produced the greatest average leaf area (49.15 Cm²) and chlorophyll content (43.93). The combined treatment of Yellow (V4) with foliar spray of NPK + FeSO₄ (0.5%) + ZnSO₄ (0.5 %) + boric acid (0.2 %) (V4 x T4) resulted in the maximum leaf area of 50.54 Cm², while the combination of Pink (V2) with the same foliar spray (V2 x T4) led to the highest chlorophyll content of 49.13.
Physiological parameters such as fresh leaf weight, dry leaf weight, leaf area, and chlorophyll content serve as direct indicators of a plant’s yield efficiency. These improvements can be attributed to enhanced carbohydrate accumulation in the leaves, stimulated by micronutrient application, which boosts photosynthetic activity and consequently increases leaf weight. Studies by Pal et al. (2016) in gerbera, Balakrishnan (2005) in marigold; Nath and Biswas (2002) in tuberose have demonstrated significant increases in fresh and dry leaf weights following Fe and Zn treatments. In addition to promoting carbohydrate synthesis, micronutrients also support the production of amino acids, proteins, chlorophyll, alkaloids, and amides, which collectively promote the development of new tissues and vital metabolic processes, leading to improved plant growth and expansion of leaf surface area.
According to Swapna (2000), the leaf area is more directly related to photosynthetic efficiency. Kumar et al. (2003) observed similar results in tuberose, Jagtap et al. (2012) in rose, Aruna et al. (2007) in Crossandra and Karuppaiah (2014) in Chrysanthemum. The photosynthetic rate is affected by leaf area and canopy structure, which are both linked to dry matter production Gomathi (1996). The findings are consistent with Senthamizhselvi (2000) findings in jasmine and Singh and Singh (2004) findings in gladiolus.
Chlorophyll is a vital pigment found in chloroplasts of all photosynthetic plant tissues, essential for the process of photosynthesis. Supplementing plants with zinc and iron has been shown to enhance chlorophyll levels, particularly in necrotic leaves, significantly increasing the amount of green pigments. Chlorophyll content is a key indicator of the photosynthetic rate and reflects the plant’s metabolic efficiency in utilizing absorbed nutrients. A higher SPAD index may result from increased protein synthesis due to nitrogen availability which indirectly boosts photosynthetic activity and improves assimilation. Iron plays a catalytic role in chlorophyll synthesis, leading to higher photosynthetic rates and enhanced plant growth by accelerating amino acid production critical to photosynthesis. 
Micronutrients support carbohydrate assimilation during photosynthesis, while iron specifically facilitates oxygen transport needed for chlorophyll production. Studies by Kumar et al. (2003) in tuberose, Balakrishnan (2005) in marigold and Karuppaiah (2014) in chrysanthemum highlight that increased chlorophyll content is attributed to the beneficial effects of micronutrients such as zinc, iron, copper, and manganese. Chlorophyll accumulation also indicates efficient use of absorbed light energy for dry matter production. Additionally, elevated chlorophyll synthesis inhibits the enzyme chlorophyllase, which is responsible for chlorophyll breakdown, as noted by Jeyakumar and Thangaraj (1998).
Micronutrients readily move throughout plant tissues, especially in young leaves, where they regulate mitosis and promote cell division, elongation, and cell wall permeability. These nutrients likely contribute to chlorophyll synthesis and accumulation within the plant system. Iron, in particular, enhances photosystem efficiency, thereby increasing leaf chlorophyll content. External application of iron has been shown to raise the leaf's redox potential (Heras, 1960), which leads to a greater number of photosynthetic units (Terry, 1980). Additionally, the boost in chlorophyll content following zinc application may result from an increased conversion of phylloxanthin to chlorophyll in the leaves, as noted by Kavitha et al. (2000).
Consumer preference analysis
The consumer preference analysis data for Ixora, presented in Table 5, revealed that the Pink variety (V2) achieved the highest preference percentage at 98.75 %, followed by the Red variety (V1). Consumer preference for loose flowers is typically based on factors such as overall appeal, color, freshness, and attractiveness. The Pink variety (V2) was favored by 98.75 % of respondents, largely due to its unique color. Additionally, other quality attributes like its long corolla tube, which makes it suitable for value addition, along with its freshness and overall appeal, contributed to its superior consumer preference rating.
CONCLUSION
In this study, applying the recommended dose of NPK combined with foliar sprays of FeSO₄ (0.5 %), ZnSO₄ (0.5 %), and boric acid (0.2 %) significantly improved the flower quality and physiological traits of Ixora varieties. The treatment combination (V2 x T4), involving the Pink variety (V2) with foliar application of NPK plus FeSO₄, ZnSO₄, and boric acid at the stated concentrations, produced the greatest flower bud length (5.44 Cm), bud width (0.44 Cm), corolla tube length (3.95 Cm), and chlorophyll content (49.13), along with the longest shelf life at room temperature (6.09 days) and under cold storage (7.13 days). These findings highlight that the Pink and Red Ixora varieties respond well to micronutrient treatments, presenting a valuable approach to enhance Ixora productivity and its economic prospects for small-scale farmers.
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Table 1. Flower bud length and flower bud width in Ixora as influenced by variety and micronutrients
	Factors
	Flower bud length (cm)
	Flower bud width (cm)

	                     Varieties                                                                   
 Treatments
	V1
(Red)
	V2
(Pink)
	V3
(Orange)
	V4
(Yellow)
	Mean
	V1
(Red)
	V2
(Pink)
	V3
(Orange)
	V4
(Yellow)
	Mean

	T1- Control (NPK* + Water spray)

	3.78
	4.93
	3.48
	3.52
	3.92
	0.29
	0.33
	0.29
	0.26
	0.29

	T2- NPK + FeSO4 (0.5%) + ZnSO4 (0.5%)
	4.14
	5.22
	3.80
	4.10
	4.31
	0.33
	0.42
	0.34
	0.30
	0.34

	T3- NPK + FeSO4 (1.0%) + ZnSO4 (0.5%)
	3.90
	5.07
	3.54
	3.82
	4.08
	0.30
	0.34
	0.30
	0.28
	0.30

	T4- NPK + FeSO4 (0.5%) + ZnSO4 (0.5%) + Boric acid (0.2%)
	4.25
	5.44
	3.79
	4.22
	4.42
	0.34
	0.44
	0.36
	0.31
	0.36

	T5- NPK + FeSO4 (1.0%) + ZnSO4 (0.5%) + Boric acid (0.2%)
	4.09
	5.08
	3.59
	3.96
	4.18
	0.32
	0.37
	0.32
	0.29
	0.32

	Mean
	4.03
	5.15
	3.64
	3.92
	
	0.31
	0.38
	0.32
	0.28
	 

	Treatments
	V
	T
	V x T
	V
	T
	V x T

	Sed
	0.022
	0.025
	0.049
	0.004
	0.004
	0.008

	CD (P=0.05)
	0.046
	0.052
	0.103
	0.008
	0.009
	0.017


*NPK at recommended dose: 75:150:150g plant-1
	Factors
	Fresh leaf weight (g)
	Dry leaf weight (g)

	                     Varieties                                                                   
 Treatments
	V1
(Red)
	V2
(Pink)
	V3
(Orange)
	V4
(Yellow)
	Mean
	V1
(Red)
	V2
(Pink)
	V3
(Orange)
	V4
(Yellow)
	Mean

	T1- Control (NPK* + Water spray)

	1.45
	1.74
	1.19
	1.65
	1.50
	0.43
	0.72
	0.41
	0.63
	0.55

	T2- NPK + FeSO4 (0.5%) + ZnSO4 (0.5%)
	1.71
	2.00
	1.32
	1.99
	1.75
	0.70
	0.98
	0.56
	0.97
	0.80

	T3- NPK + FeSO4 (1.0%) + ZnSO4 (0.5%)
	1.55
	1.81
	1.21
	1.67
	1.56
	0.54
	0.79
	0.44
	0.66
	0.61

	T4- NPK + FeSO4 (0.5%) + ZnSO4 (0.5%) + Boric acid (0.2%)
	1.91
	2.13
	1.41
	2.25
	1.92
	0.89
	1.08
	0.68
	1.21
	0.96

	T5- NPK + FeSO4 (1.0%) + ZnSO4 (0.5%) + Boric acid (0.2%)
	1.66
	1.96
	1.24
	1.77
	1.66
	0.65
	0.94
	0.49
	0.76
	0.71

	Mean
	1.65
	1.92
	1.27
	1.87
	
	0.64
	0.90
	0.51
	0.84
	

	Treatments
	V
	T
	V x T
	V
	T
	V x T

	Sed
	0.164
	0.018
	0.037
	0.021
	0.024
	0.047

	CD (P=0.05)
	0.034
	0.038
	0.077
	0.044
	0.050
	0.099


Table 2. Fresh leaf weight and Dry leaf weight in Ixora as influenced by variety and micronutrients
*NPK at recommended dose: 75:150:150g plant-1
	Factors
	Leaf area (cm2)
	Chlorophyll content (SPAD Index)

	                     Varieties                                                                   
 Treatments
	V1
(Red)
	V2
(Pink)
	V3
(Orange)
	V4
(Yellow)
	Mean
	V1
(Red)
	V2
(Pink)
	V3
(Orange)
	V4
(Yellow)
	Mean

	T1- Control (NPK* + Water spray)

	42.98
	41.96
	43.13
	47.35
	43.85
	38.04
	40.50
	29.29
	40.50
	37.08

	T2- NPK + FeSO4 (0.5%) + ZnSO4 (0.5%)
	46.43
	45.30
	47.97
	49.28
	47.24
	42.35
	48.05
	34.26
	43.22
	41.97

	T3- NPK + FeSO4 (1.0%) + ZnSO4 (0.5%)
	44.77
	42.86
	45.28
	47.97
	45.22
	39.64
	42.45
	34.03
	42.04
	39.54

	T4- NPK + FeSO4 (0.5%) + ZnSO4 (0.5%) + Boric acid (0.2%)
	48.73
	47.32
	50.03
	50.54
	49.15
	44.56
	49.13
	36.01
	46.04
	43.93

	T5- NPK + FeSO4 (1.0%) + ZnSO4 (0.5%) + Boric acid (0.2%)
	45.59
	44.38
	46.86
	49.02
	46.46
	40.20
	43.00
	34.50
	41.97
	39.91

	Mean
	45.70
	44.36
	46.65
	48.83
	 
	40.95
	44.62
	33.62
	42.75
	 

	Treatments
	V
	T
	V x T
	V
	T
	V x T

	Sed
	0.241
	0.270
	0.539
	0.183
	0.204
	0.408

	CD (P=0.05)
	0.504
	0.564
	1.128
	0.382
	0.427
	0.854


Table 3. Leaf area and Chlorophyll content (SPAD Index) in Ixora as influenced by variety and micronutrients
*NPK at recommended dose: 75:150:150g plant-1
Table 4. Shelf life in Ixora as influenced by variety and micronutrients
	Shelf life in days

	Factors
	Room temperature
	Cold storage

	                                                                               Varieties

Treatments
	V1
(Red)
	V2
(Pink)
	V3
(Orange)
	V4
(Yellow)
	Mean
	V1
(Red)
	V2
(Pink)
	V3
(Orange)
	V4
(Yellow)
	Mean

	T1- Control (NPK* + Water spray)

	3.91
	4.11
	3.86
	3.80
	3.92
	4.79
	5.29
	4.60
	4.48
	4.79

	T2- NPK + FeSO4 (0.5%) + ZnSO4 (0.5%)
	4.97
	5.21
	4.72
	4.44
	4.83
	6.01
	6.17
	5.70
	5.39
	5.82

	T3- NPK + FeSO4 (1.0%) + ZnSO4 (0.5%)
	4.59
	4.94
	4.31
	4.17
	4.50
	5.61
	5.79
	5.29
	5.28
	5.49

	T4- NPK + FeSO4 (0.5%) + ZnSO4 (0.5%) + Boric acid (0.2%)
	5.66
	6.09
	5.26
	4.93
	5.48
	6.64
	7.13
	6.43
	6.10
	6.57

	T5- NPK + FeSO4 (1.0%) + ZnSO4 (0.5%) + Boric acid (0.2%)
	5.35
	5.66
	5.08
	4.65
	5.18
	6.23
	6.68
	6.10
	5.55
	6.14

	Mean
	4.89
	5.20
	4.64
	4.40
	 
	5.85
	6.21
	5.62
	5.36
	 

	Treatments
	V

	T
	V x T 
	V
	T
	V x T 

	SEd
	0.024
	0.027
	0.054 
	0.057
	0.064
	0.129

	CD (P=0.05)
	0.05
	0.05
	0.11 
	0.12
	0.13
	0.27



*NPK at recommended dose: 75:150:150g plant-1
Table 5. Corolla tube length of Ixora as influenced by variety and micronutrients 
	Factors
	Corolla tube length (cm)

	                                            Varieties                                                             
 Treatments
	V1
(Red)
	V2
(Pink)
	V3
(Orange)
	V4
(Yellow)
	Mean

	T1- Control (NPK + Water spray)

	2.64
	3.59
	2.60
	2.61
	2.86

	T2- NPK + FeSO4 (0.5%) + ZnSO4 (0.5%)
	2.79
	3.81
	2.78
	2.73
	3.03

	T3- NPK + FeSO4 (1.0%) + ZnSO4 (0.5%)
	2.65
	3.58
	2.68
	2.63
	2.88

	T4- NPK + FeSO4 (0.5%) + ZnSO4 (0.5%) + Boric acid (0.2%)
	2.90
	3.95
	2.92
	2.78
	3.13

	T5- NPK + FeSO4 (1.0%) + ZnSO4 (0.5%) + Boric acid (0.2%)
	2.80
	3.73
	2.74
	2.65
	2.98

	Mean
	2.76
	3.73
	2.74
	2.68
	

	Treatments
	V
	T
	V x T

	SEd
	0.016
	0.018
	0.036

	CD (P=0.05)
	0.034
	0.038
	0.076



Table 6. Consumer preference analysis of Ixora flowers
	
	Criteria for scoring

	Parameters                        
                                                                                      
Varieties   
	Overall appeal
	Colour
	Freshness
	Attractiveness
	% Preference

	V1 (Red)

	80.00
	80.00
	85.00
	80.00
	81.25

	V2 (Pink)

	100
	100
	95.00
	100
	98.75

	V3 (Orange)

	80.00
	85.00
	80.00
	85.00
	81.25

	V4 (Yellow)

	75.00
	75.00
	80.00
	75.00
	76.25
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