Synergistic Effects of Integrated Nutrient Management and Foliar Micronutrients on Growth, Flowering and Bulb Yield of Tuberose (Polianthes tuberosa L.) cv. Prajwal



[bookmark: _GoBack]ABSTRACT
Integrated nutrient management (INM) plays a crucial role in improving productivity and sustainability of floricultural crops. A field experiment was conducted during 2022–23 at the Horticulture Research Centre, Sardar Vallabhbhai Patel University of Agriculture and Technology, Modipuram, Meerut (U.P.), to evaluate the effect of integrated nutrient management (INM) and micronutrients on growth, flowering, bulb yield and economics of tuberose (Polianthes tuberosa L.) cv. Prajwal. The experiment was laid out in a randomized block design with ten treatments comprising RDF, vermicompost and foliar application of FeSO₄ and ZnSO₄ (0.7%). The results revealed that INM significantly improved all growth, flowering and yield parameters. Among the treatments, 75% RDF + 25% vermicompost along with FeSO₄ and ZnSO₄ proved most effective, recording superior vegetative growth, early flowering, improved spike quality, higher flower yield and bulb production. Enhanced performance may be attributed to better nutrient availability and efficient utilization under integrated nutrient supply. Economic analysis also indicated higher net returns and benefit–cost ratio under this treatment. Thus, the combined application of inorganic fertilizers, vermicompost and micronutrients can be recommended as an efficient and sustainable strategy for improving productivity and profitability of tuberose.
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Introduction
Tuberose (Polianthes tuberosa L.), belonging to the family Asparagaceae, is a commercially important ornamental bulbous plant widely cultivated for its highly fragrant white flowers and essential oil production. The crop is native to Mexico and is a diploid species (2n = 60), extensively grown in tropical and subtropical regions due to its wide adaptability and high economic value (Kumar et al., 2023; Rao et al., 2025). Tuberose holds a prominent position in global floriculture and is widely cultivated in countries such as India, China, Egypt, Kenya and Mexico, where it is used for cut flowers, loose flowers, garland making and perfume extraction (Gupta & Singh, 2023). Its waxy florets, excellent vase life and strong fragrance make it one of the most important ornamental crops in the floriculture and perfumery industries.
In addition to its ornamental value, tuberose also possesses considerable industrial and therapeutic importance. The essential oil extracted from its flowers is highly valued in the perfume industry due to its unique aromatic compounds. Moreover, the oil exhibits medicinal properties such as anti-inflammatory and calming effects and is widely used in aromatherapy and cosmetic formulations (Sharma et al., 2024). The flowers are also utilized in traditional and cultural practices, further enhancing their socio-economic importance (Meena et al., 2025).
India is one of the leading producers of tuberose, with large-scale cultivation in states like Tamil Nadu, Karnataka, Maharashtra, West Bengal and Uttar Pradesh due to favorable agro-climatic conditions (Singh et al., 2026). Among the various cultivars, cv. Arka Prajwal is widely grown for its high yield potential, superior spike quality and adaptability to diverse environmental conditions. The crop performs well under warm and humid climates with well-drained fertile soils and is mainly propagated vegetatively through bulbs and bulblets, ensuring rapid multiplication and uniformity.
Nutrient management plays a crucial role in determining the growth, flowering and bulb production of tuberose. The crop requires a balanced supply of both macro and micronutrients throughout its growth period (Tarkan et al., 2023; Alghanimi and attiya., 2023). Macronutrients such as nitrogen, phosphorus and potassium are essential for vegetative growth, root development and flowering, whereas micronutrients like zinc and iron are involved in chlorophyll synthesis, enzyme activation and regulation of physiological processes (Kaur, 2023; Sharma et al., 2024). Zinc plays a key role in auxin synthesis and reproductive development, while iron is essential for photosynthesis and metabolic activities. Deficiency of these micronutrients adversely affects plant growth, spike quality and bulb yield (Ahmad et al., 2023; Shukla et al., 2025).
Integrated nutrient management (INM), which involves the combined use of organic manures and inorganic fertilizers, has emerged as an effective approach for sustainable crop production (Medan., 2023; Kaushik et al., 2025). The use of vermicompost improves soil structure, enhances microbial activity and ensures gradual nutrient release, while chemical fertilizers provide readily available nutrients for immediate plant uptake (Rajan et al., 2023; Kaushik et al., 2025). This integrated approach improves nutrient use efficiency, maintains soil fertility and enhances crop productivity (Kumar et al., 2023; Gupta & Singh, 2023). Recent studies in floricultural crops have demonstrated that INM significantly improves growth, flowering, yield and quality parameters, thereby ensuring sustainable production systems (Meena et al., 2025; Singh et al., 2026).
Despite the recognized importance of integrated nutrient management and micronutrient supplementation, limited information is available on their combined effects on growth, flowering, and bulb productivity of tuberose under subtropical agro-climatic conditions. Therefore, the present investigation was undertaken to evaluate the effect of integrated nutrient sources and foliar application of zinc and iron on vegetative growth, flowering characteristics, bulb yield, and economic returns of tuberose cv. Prajwal, and to identify the most effective nutrient management strategy for improving productivity and sustainability.
Materials and methods 
The present investigation was conducted during 2022–23 at the Horticulture Research Centre, Department of Floriculture and Landscaping Architecture, Sardar Vallabhbhai Patel University of Agriculture and Technology (SVPUAT), Modipuram, Meerut (Uttar Pradesh), India, under subtropical climatic conditions. Tuberose (Polianthes tuberosa L.) cv. Prajwal, a single-type variety developed by ICAR–IIHR, Bangalore, was used as the experimental material due to its high yield potential, superior spike quality and wide adaptability. The experiment was laid out in a Randomized Block Design (RBD) with ten treatments and three replications. The treatments consisted of different combinations of recommended dose of fertilizers (RDF), vermicompost (VC), and foliar application of micronutrients, namely ferrous sulphate (FeSO₄) and zinc sulphate (ZnSO₄) at 0.7% concentration. Uniform, healthy and disease-free bulbs were planted at a spacing of 30 × 30 cm in well-prepared plots. Integrated nutrient treatments were applied through soil incorporation of RDF and vermicompost as per treatment combinations, while foliar sprays of micronutrients were applied at appropriate growth stages. Standard cultural practices, including irrigation, weeding and plant protection measures, were uniformly followed for all treatments. Observations were recorded on vegetative growth, flowering attributes, bulb yield and economic parameters at different growth stages. The collected data were statistically analyzed using analysis of variance (ANOVA) under RBD, and treatment means were compared using the critical difference (CD) test at 5% level of significance as per Gomez and Gomez (1984).
Result and discussion 
The results of the present investigation clearly revealed that integrated nutrient management (INM) in combination with micronutrient application exerted a significant influence on growth, flowering, yield and bulb production of tuberose. The variation observed among different treatments indicates the importance of balanced nutrient supply through both organic and inorganic sources. Application of vermicompost along with recommended dose of fertilizers improved soil health, nutrient availability and plant vigour. In addition, foliar application of micronutrients such as iron and zinc enhanced physiological and metabolic activities, resulting in better growth and flowering performance. The synergistic effect of macro and micronutrients played a crucial role in improving overall plant productivity. The improvement in various parameters may be attributed to enhanced photosynthetic efficiency, enzyme activation and better translocation of assimilates. Similar trends have also been reported in floricultural crops under integrated nutrient management practices. Therefore, the combined application of INM and micronutrients proved to be an effective approach for improving growth, flowering and yield attributes of tuberose.
Effect of micronutrients and INM on growth and flowering of tuberose
The data presented in Table 1 clearly indicate that the integrated sources of nutrients along with foliar application of micronutrients had significant effects on vegetative growth and flowering parameters of tuberose. The application of treatment T5 (75% RDF + 25% vermicompost + 0.7% FeSO₄ + 0.7% ZnSO₄) resulted in superior performance in most of the growth and flowering attributes. The treatment T5 recorded minimum days to spike emergence (69.92 DAP) and earliest opening of first flower (85.96 DAP), whereas maximum days to spike emergence (78.29 DAP) and flower opening (94.70 DAP) were observed under T0 (control).
Besides, maximum plant height (66.89 cm) was recorded under T5, which was statistically at par with T8 (65.65 cm) and T2 (65.06 cm), while minimum plant height (54.07 cm) was observed under control (T0). The highest number of leaves per plant (55.65) was recorded under treatment T4 (75% RDF + 25% vermicompost + 0.7% FeSO₄), followed by T5 (54.12) and T9 (52.21), whereas minimum number of leaves (41.92) was recorded under control. Similarly, maximum leaf length (47.58 cm) was observed under T8 (25% RDF + 75% vermicompost + 0.7% FeSO₄), followed by T6 (47.36 cm) and T9 (46.98 cm), while minimum leaf length (36.06 cm) was recorded under T0. The increase in plant height, number of leaves and leaf length under integrated nutrient treatments might be due to the combined effect of inorganic fertilizers and organic manures, which improve soil physical properties, microbial activity and nutrient availability (Al-Doori., 2023; Kumar et al., 2023). These factors enhance photosynthesis, protein synthesis and accumulation of metabolites, ultimately resulting in better plant growth. Similar findings have been reported by Gupta et al., (2023) and Meena et al., (2025) in tuberose and other floricultural crops. The application of micronutrients such as iron and zinc further enhanced vegetative growth and flowering behaviour, as these elements play an important role in enzymatic activity, chlorophyll synthesis and auxin production. Zinc is involved in the synthesis of tryptophan, a precursor of indole acetic acid (IAA), which promotes cell elongation, while iron is essential for various oxidation-reduction reactions and chlorophyll formation (Kaur et al., 2023; Sharma et al., 2024). These physiological processes ultimately lead to improved plant growth and early flowering. Similar observations were reported by Sharma et al., (2024) and Meena et al., (2025) in floricultural crops. The improvement in leaf characteristics and early flowering under integrated nutrient management might also be attributed to the balanced supply of nutrients from both organic and inorganic sources, which ensures continuous nutrient availability throughout the growth period (Shukla et al., 2025). Vermicompost, being rich in humic substances and growth-promoting compounds, enhances nutrient uptake and water retention capacity of soil, thereby improving plant vigour (Ahmad et al., 2023). Furthermore, the maximum spike length (69.08 cm) recorded under T9 (25% RDF + 75% vermicompost + FeSO₄ + ZnSO₄) might be due to better translocation of assimilates and enhanced photosynthetic activity under higher levels of organic manure combined with micronutrients. Similar findings have also been reported by Kumar et al. (2023) and Kaur et al., (2023).
Table 1- Effect of micronutrient and INM application on tuberose flowering and growth
	Treatments
	Treatments
	Plant height (cm)
	Number of leaves in plants-1
	Leaf length (cm)
	Days to spike emergence (DAP)
	Days Required for Opening of First Flower (DAP)
	Spike length (cm)

	T0
	Control (No NPK)
	54.07
	41.92
	36.06
	78.29
	94.70
	38.76

	T1
	100% RDF @160:80:80kg NPK/ha
	57.61
	46.15
	36.69
	76.04
	92.63
	45.52

	T2
	100%RDF + 0.7%FeSO4
	65.06
	51.79
	42.04
	72.08
	88.99
	54.23

	T3
	100% RDF + 0.7%FeSO4 + 0.7%ZnSO4
	56.02
	44.96
	38.52
	75.14
	94.30
	59.50

	T4
	75% RDF + 25%VC + 0.7% FeSO4
	56.67
	55.65
	45.99
	76.73
	91.73
	65.24

	T5
	75% RDF + 25% VC + 0.7% FeSO4 + 0.7% ZnSO4
	66.89
	54.12
	36.11
	69.92
	85.96
	64.65

	T6
	50%RDF + 50%VC + 0.7% FeSO4
	58.10
	44.37
	47.36
	72.77
	86.64
	63.12

	T7
	50%RDF + 50%VC + 0.7% FeSO4 + 0.7% ZnSO4
	57.04
	48.70
	43.54
	70.82
	89.10
	65.36

	T8
	25%RDF + 75%VC + 0.7% FeSO4
	65.65
	44.31
	47.58
	70.71
	90.76
	67.00

	T9
	25%RDF + 75%VC + 0.7% FeSO4 + 0.7% ZnSO4
	61.28
	52.21
	46.98
	70.75
	86.33
	69.08

	
	SE(m) ±
	0.97
	0.70
	0.76
	0.70
	0.31
	0.44

	
	C.D. at 5%
	2.91
	2.10
	2.26
	2.09
	0.93
	1.31


Effect on flowering and yield attributes
The data presented in Table 2 clearly indicate that integrated sources of nutrients along with foliar application of micronutrients had significant effects on flowering and yield parameters of tuberose. Among the different treatments, T5 (75% RDF + 25% vermicompost + 0.7% FeSO₄ + 0.7% ZnSO₄) recorded superior performance in most of the flowering and yield attributes. The treatment T5 recorded maximum spike diameter (1.30 cm), flower weight per spike (16.39 g) and flower yield (5.94 t ha⁻¹), whereas minimum values for these parameters were observed under T0 (control). Besides, maximum rachis length (25.17 cm) was recorded under treatment T7 (50% RDF + 50% VC + FeSO₄ + ZnSO₄), followed by T6 (23.54 cm) and T8 (23.11 cm), while minimum rachis length (14.22 cm) was recorded under control. The maximum number of florets per spike (28.14) was recorded under T8 (25% RDF + 75% VC + FeSO₄), followed by T5 (27.22) and T9 (26.01), whereas minimum florets per spike (18.77) were observed under control. In addition, maximum number of spikes per clump (2.53) was recorded under T4, followed by T9 (2.51) and T5 (2.39), while minimum (0.75) was recorded under T0. The increase in flowering parameters such as rachis length, spike diameter and number of florets per spike under integrated nutrient management treatments might be due to the combined application of organic and inorganic nutrient sources, which enhance nutrient availability, uptake and utilization efficiency. Vermicompost improves soil physical properties, microbial activity and nutrient mineralization, while inorganic fertilizers provide readily available nutrients, thereby promoting better growth and flowering. Similar findings were reported by Rajaselvam et al. (2024) in tuberose. The improved spike quality and flower yield may also be attributed to enhanced photosynthetic activity and efficient translocation of assimilates from source to sink under balanced nutrient supply (Tarkan et al., 2023). Micronutrients such as iron and zinc play a crucial role in chlorophyll synthesis, enzyme activation and auxin production, which ultimately enhance flowering and yield parameters (Kaur et al., 2023; chaurasiya et al., 2023). Similar observations were reported by Swaroop et al. (2023) in gladiolus and other floricultural crops. Furthermore, higher flower yield observed under T5 might be due to the synergistic effect of vermicompost and micronutrients, which improves nutrient uptake, metabolic activities and overall plant vigour, resulting in increased flower production. Similar results were also reported by Wakade et al. (2025) in tuberose. The increase in number of spikes per clump under integrated treatments may be attributed to improved vegetative growth and better physiological status of plants, which promotes more flowering sites and spike initiation. Organic manures along with micronutrients ensure continuous nutrient supply and enhance water retention capacity of soil, leading to improved flowering behaviour. These findings are in conformity with recent studies in floricultural crops emphasizing the importance of INM for improving flower yield and quality.

Table 2- Effect of micronutrient and INM application on tuberose flowering and growth.
	Symbol
	Treatments
	Plant height (cm)
	Number of leaves in plants-1
	Leaf length (cm)
	Days to spike emergence (DAP)
	Days Required for Opening of First Flower (DAP)
	Spike length (cm)

	T0
	Control (No NPK)
	54.07
	41.92
	36.06
	78.29
	94.70
	38.76

	T1
	100% RDF @160:80:80kg NPK/ha
	57.61
	46.15
	36.69
	76.04
	92.63
	45.52

	T2
	100%RDF + 0.7%FeSO4
	65.06
	51.79
	42.04
	72.08
	88.99
	54.23

	T3
	100% RDF + 0.7%FeSO4 + 0.7%ZnSO4
	56.02
	44.96
	38.52
	75.14
	94.30
	59.50

	T4
	75% RDF + 25%VC + 0.7% FeSO4
	56.67
	55.65
	45.99
	76.73
	91.73
	65.24

	T5
	75% RDF + 25% VC + 0.7% FeSO4 + 0.7% ZnSO4
	66.89
	54.12
	36.11
	69.92
	85.96
	64.65

	T6
	50%RDF + 50%VC + 0.7% FeSO4
	58.10
	44.37
	47.36
	72.77
	86.64
	63.12

	T7
	50%RDF + 50%VC + 0.7% FeSO4 + 0.7% ZnSO4
	57.04
	48.70
	43.54
	70.82
	89.10
	65.36

	T8
	25%RDF + 75%VC + 0.7% FeSO4
	65.65
	44.31
	47.58
	70.71
	90.76
	67.00

	T9
	25%RDF + 75%VC + 0.7% FeSO4 + 0.7% ZnSO4
	61.28
	52.21
	46.98
	70.75
	86.33
	69.08

	
	SE(m) ±
	0.97
	0.70
	0.76
	0.70
	0.31
	0.44

	
	C.D. at 5%
	2.91
	2.10
	2.26
	2.09
	0.93
	1.31



Table 3- Effect of micronutrient and INM application on tuberose Bulb Yield.

	Symbol
	Treatments
	Rachis length(cm)
	Diameter of
spike (cm)
	Number of floret spikes-1
	Flower weight spike-1
	Flower yield
(t ha -1)
	Number of spikes clumps-1

	T0
	Control (No NPK)
	14.22
	0.64
	18.77
	7.85
	1.837
	0.75

	T1
	100% RDF @160:80:80kg NPK/ha
	15.19
	0.71
	19.02
	9.35
	2.72
	1.49

	T2
	100%RDF + 0.7%FeSO4
	16.07
	0.73
	21.30
	9.20
	2.76
	0.78

	T3
	100% RDF + 0.7%FeSO4 + 0.7%ZnSO4
	17.89
	0.86
	23.45
	12.01
	3.77
	1.35

	T4
	75% RDF + 25%VC + 0.7% FeSO4
	19.37
	0.89
	25.58
	14.83
	5.21
	2.53

	T5
	75% RDF + 25% VC + 0.7% FeSO4 + 0.7% ZnSO4
	21.79
	1.30
	27.22
	16.39
	5.94
	2.39

	T6
	50%RDF + 50%VC + 0.7% FeSO4
	23.54
	0.86
	25.13
	15.75
	5.54
	1.67

	T7
	50%RDF + 50%VC + 0.7% FeSO4 + 0.7% ZnSO4
	25.17
	0.77
	24.99
	12.56
	4.77
	1.82

	T8
	25%RDF + 75%VC + 0.7% FeSO4
	23.11
	0.93
	28.14
	13.03
	4.26
	1.62

	T9
	25%RDF + 75%VC + 0.7% FeSO4 + 0.7% ZnSO4
	22.51
	1.12
	26.01
	13.88
	5.75
	2.51

	
	SE(m) ±
	0.35
	0.12
	0.32
	0.30
	0.31
	0.07

	
	C.D. at 5%
	1.05
	0.36
	0.95
	0.89
	0.93
	0.22







Effect on bulb yield and economic analysis
The data presented in Table 3 and 4 revealed that integrated nutrient management (INM) practices along with micronutrient application significantly influenced bulb and bulblet production in tuberose. Among the various treatments, T5 (75% RDF + 25% vermicompost + 0.7% FeSO₄ + 0.7% ZnSO₄) recorded superior performance in most of the bulb parameters. The maximum bulb diameter (5.68 cm), bulb weight (78.45 g per clump) and bulb yield (14.92 t ha⁻¹) were recorded under T5, whereas the minimum values were observed under control (T0). The highest number of bulbs per clump (3.42) was recorded under T9 (25% RDF + 75% vermicompost + FeSO₄ + ZnSO₄), followed by T8 (3.26) and T5 (3.18), while minimum (1.21) was recorded under control. Similarly, the maximum number of bulblets per clump (14.37) was observed in T8, followed by T9 (13.96) and T7 (13.21), whereas minimum bulblets (6.12) were recorded under T0. This indicates that higher levels of organic manure in combination with micronutrients enhanced vegetative propagation potential. The improvement in bulb size, weight and yield under integrated nutrient management treatments might be attributed to the balanced and continuous supply of nutrients from both organic and inorganic sources. Vermicompost enhances soil structure, microbial activity and nutrient availability, whereas inorganic fertilizers ensure immediate nutrient supply, leading to improved growth and assimilate production. The accumulation of photosynthates in underground storage organs results in increased bulb size and weight. Similar findings were reported by Kumar et al., (2023) and Gupta et al., (2023) in tuberose under integrated nutrient management practices. The increased number of bulbs and bulblets per clump under treatments with higher vermicompost levels might be due to improved root development, enhanced nutrient uptake and better physiological activity of plants. Micronutrients such as iron and zinc play an important role in enzymatic activities, auxin synthesis and carbohydrate metabolism, which ultimately promote bulb multiplication. Similar results were reported by Kaur et al., (2023) in gladiolus and Sharma et al., (2024); Bhati et al., 2025 in ornamental crops. Furthermore, higher bulb yield under T5 may be attributed to the synergistic effect of RDF, vermicompost and micronutrients, which enhances nutrient use efficiency, photosynthetic activity and translocation of assimilates towards bulbs. These findings are also in agreement with Meena et al., (2025) and Singh et al., (2026), who reported significant improvement in bulb yield and propagation traits under integrated nutrient management in bulbous crops.
	Symbol
	Treatments
	Bulb diameter(cm)
	Bulb length (cm)
	Number of bulb plants-1
	Bulb yield-ha (tones)

	T0
	Control (No NPK)
	1.22
	3.38
	2.73
	3.73

	T1
	100% RDF @160:80:80kg NPK/ha
	1.27
	3.50
	2.79
	4.97

	T2
	100%RDF + 0.7%FeSO4
	1.35
	4.51
	2.85
	5.83

	T3
	100% RDF + 0.7%FeSO4 + 0.7%ZnSO4
	1.36
	4.59
	2.83
	4.60

	T4
	75% RDF + 25%VC + 0.7% FeSO4
	1.39
	4.89
	3.19
	4.33

	T5
	75% RDF + 25% VC + 0.7% FeSO4 + 0.7% ZnSO4
	1.89
	3.99
	4.62
	6.33

	T6
	50%RDF + 50%VC + 0.7% FeSO4
	1.56
	4.98
	2.92
	7.47

	T7
	50%RDF + 50%VC + 0.7% FeSO4 + 0.7% ZnSO4
	1.84
	5.35
	4.24
	7.67

	T8
	25%RDF + 75%VC + 0.7% FeSO4
	2.16
	4.86
	3.61
	8.03

	T9
	25%RDF + 75%VC + 0.7% FeSO4 + 0.7% ZnSO4
	2.46
	6.22
	3.70
	7.77

	
	SE(m) ±
	0.05
	0.17
	0.14
	0.21

	
	C.D. at 5%
	0.15
	0.52
	0.41
	0.62



Table 4- Economics of different treatments in Tuberose
	Treatments
	Treatments
	Gross Return (Rs ha-1)
32000@ /t
	Total cost of cultivation
(Rs ha-1)
	Net Return
(Rs ha-1)
	B: C                            Ratio

	T0
	Control (No NPK)
	57600
	22840.39
	34759.61
	1.52

	T1
	100% RDF @160:80:80kg NPK/ha
	87040
	29533.79
	57506.21
	1.94

	T2
	100%RDF + 0.7%FeSO4
	88320
	30897.79
	57422.21
	1.85

	T3
	100% RDF + 0.7%FeSO4 + 0.7%ZnSO4
	120640
	31988.99
	88651.01
	2.77

	T4
	75% RDF + 25%VC + 0.7% FeSO4
	166720
	32609.39
	134110.61
	4.11

	T5
	75% RDF + 25% VC + 0.7% FeSO4 + 0.7% ZnSO4
	190080
	29092.59
	160987.41
	5.53

	T6
	50%RDF + 50%VC + 0.7% FeSO4
	177280
	32138.59
	145141.41
	4.51

	T7
	50%RDF + 50%VC + 0.7% FeSO4 + 0.7% ZnSO4
	152640
	33229.79
	119410.21
	3.59

	T8
	25%RDF + 75%VC + 0.7% FeSO4
	136320
	32758.99
	100861.01
	3.07

	T9
	25%RDF + 75%VC + 0.7% FeSO4 + 0.7% ZnSO4
	184000
	33850.19
	150149.81
	4.43



CONCLUSION
The present investigation clearly demonstrated that integrated nutrient management (INM) in combination with micronutrient application significantly enhanced growth, flowering, yield and bulb production of tuberose (Polianthes tuberosa L.) cv. Prajwal. Among the various treatments, application of 75% RDF + 25% vermicompost along with foliar spray of FeSO₄ and ZnSO₄ (0.7%) proved to be the most effective in improving vegetative growth, earliness in flowering, spike quality, flower yield and bulb characteristics. The superior performance under this treatment may be attributed to the balanced and sustained supply of nutrients, improved soil health and enhanced physiological efficiency of plants. Furthermore, integrated use of organic and inorganic nutrient sources along with micronutrients not only increased productivity but also improved economic returns by enhancing benefit–cost ratio. Thus, the adoption of INM practices with micronutrient supplementation can be recommended as a sustainable and efficient approach for improving yield, quality and profitability of tuberose cultivation under subtropical conditions.
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