



EFFECTS OF INTEGRATED DOSES OF NUTRIENTS ON GROWTH, FLOWERING AND YIELD OF TUBEROSE (Agave amica L.) cv. Prajwal

ABSTRACT
The present investigation was carried out at Floriculture Research Centre (FRC), at Sardar Vallabhbhai Patel University of Agriculture & Technology, Meerut U.P India during 2024-2025 to assess the of integrated doses of nutrients on growth flowering and yield of tuberose (Agave amica L.) cv. Prajwal. A total 11 treatments viz., T1 = 100% RDF; T2 = 100% RDF + 25% VC + 5kg Azotobacter; T3 = 75% RDF + 25% VC + 5kg PSB.; T4 = 75% RDF + 25% VC + 5kg Azotobacter + 5kg PSB; T5 = 50% RDF + 50% VC + 5kg Azotobacter; T6 = 50% RDF + 50% VC + 5kg PSB; T7 = 50% RDF + 50% VC + 5kg Azotobacter + 5kg PSB; T8 = 25% RDF + 75% VC + 10kg Azotobacter; T9 = 25% RDF + 75% VC + 10kg PSB; T10 = 25% RDF + 75%VC + 10kg Azotobacter + 10kg PSB; T11 = Control were taken for study. Maximum plant height (66.82 cm), flower weight spikes-1 (16.41 gm), diameter of the spike (1.35 cm), bulb weight per plant (24.34 g), size of bulb (6.21 cm), number of bulb plants-1 (4.66) and minimum days required for first spike opening (85.97 days) were recorded in T10, while maximum leaf length (47.59 cm), number of leaves per plant (55.62) were recorded in T2 and T9 respectively. However, plants treated with T4 showed maximum spike length (69.10 cm), number of spikes clumps-1 (2.44), bulb diameter (2.28 cm), bulb yield (7.99 t/ha), whereas, minimum days to spike emergence (69.93) were recorded in T5. Moreover, maximum rachis length (25.19 cm), number of floret spikes-1 (28.15) were recorded in T10. Therefore, the combination of T10 (25% RDF + 75% VC + 10kg Azotobacter +10 kg PSB), followed by the treatment T4 (75% RDF + 25% VC + 5kg Azotobacter + 5kg PSB) was best suited for the present study. Hence, the above treatment can be suggested as a combination for getting higher yield with greater quantity on sustainable basis. This approach holds promising future potential for reducing chemical fertilizer dependency, improving soil health, and promoting eco-friendly floriculture practices.
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1. INTRODUCTION 
Tuberose is often referred to as Nishigandha or Rajanigandha. Members of the Agavaceae/Amaryllidaceae family, including the Mexican plant Polianthes, are known for their fragrant blossoms, which include geraniol, nerol, benzyl alcohol, eugenol, and methyl anthranilate. Although there are fifteen species in the genus, only Polianthes tuberosa is grown for commercial purposes. It is a bulbous ornamental plant that blooms in the summer. According to Lin and Shen (2004), the chromosome number of a single-stemmed tuberose is 2n=60, while the chromosomal number of a double-flowered species ranges from 2n=50 to 2n=54, 60, and 120 (Karihaloo, 2019). Tuberoses are propagated commercially using their bulbs. In India, four types of tuberose cultivars are grown: single, double, semi-double, and variegated, with the single cultivar being the most prevalent (Mukhopadhyay and Banker, 1986). Tuberose is primarily cultivated for its use as a cut flower and is also extensively utilized for extracting essential oils, which are prized in the fragrance and cosmetic industries. As per National Horticulture database published by National Horticulture Board (NHB), during 2023-24, major producing states: Floriculture is now commercially cultivated in several states with Tamil Nadu (21%), Karnataka (16%), Madhya Pradesh (14%) and West Bengal (12%), having gone ahead of other producing states like Mizoram, Gujarat, Andhra Pradesh, Orissa, Jharkhand, Haryana, Assam and Chhattisgarh (Malhotra, 2024). One notable hybrid is "Prajwal," developed by the Indian Institute of Horticultural Research (IIHR) in Bangalore (2014). This hybrid is a cross between "Shringar" and "Mexican Single," producing elegant, single-type blooms on tall, sturdy spikes. This hybrid bears single type white flowers on long stiff spikes (95 cm, 50 florets per spike). The individual flowers are larger in size compared to local single. Arka Prajwal yields 15.5 – 18 t/ha/year which is 20 per cent more loose flowers than “Shringar”. In different way, several studies have focused on cut flower crops such as gladiolus and tuberose, offering valuable insights into factors influencing their vase life (Kumar et al., 2022, 2023, 2024, 2024a; 2025 and Sharma et al., 2024).

Nutrients play an important role in growth, flowering and bulb formation of tuberose. Indeed, nutrient management is crucial for enhancing both the yield and quality of flowers. According to Amarjeet and Godara (1998), tuberose is a gross feeder that needs a lot of NPK from both organic and inorganic fertilizers. While inorganic fertilizers provide immediate nutrient availability, organic manures contribute to soil health and long-term fertility. It has been well reported that a balanced approach, incorporating both types of fertilizers, can improve tuberose production across various agro-climatic zones in India. Hence, an attempt was made to reduce the amount of nitrogenous, phosphatic, and potassic fertilizers by substituting them with organic manures and biofertilizers (Azotobacter and PSB). Moreover, bio-fertilizers are substances that contain living micro-organisms that, when applied to seed, plant surfaces, or soil, colonize the rhizosphere, or the interior of the plant, and promote growth by increasing the supply or availability of primary nutrients to the host plant (Singh et al. 2000).
2. MATERIALS AND METHODS
The field experiment was conducted at Floriculture Research Center (FRC) of Sardar Vallabhbhai Patel University of Agriculture and Technology, Modipuram Meerut (India) during 2023-24. Geographically, the university is located at 29° 5' 13" latitude in the North and 77° 41' 44" longitudes in the Eastern elevation of about 230 m above from the mean sea level. The region experiences summer temperatures between 40 and 45˚C at their highest and winter temperatures between 5-8˚C at their lowest. The last week of August saw the greatest recorded rainfall of 165.4 mm and the highest recorded RH of 94%. The soil in the experimental field was sandy clay loam in texture, neutral in reaction, low in N, and medium in P and K.
The experiment was laid out in a Randomized Block Design (RBD), with eleven treatments and three replications. These are described as; T1 - 100% RDF, T2 - 75% RDF + 25% VC + 5kg Azotobacter, T3 - 75% RDF + 25% VC + 5kg PSB, T4 - 75% RDF + 25% VC + 5kg Azotobacter + 5kg PSB, T5 - 50% RDF + 50% VC + 5kg Azotobacter, T6 - 50% RDF + 50% VC + 5kg PSB, T7 - 50% RDF + 50% VC + 5kg Azotobacter + 5kg PSB, T8 - 25% RDF + 75% VC + 10kg Azotobacter, T9 - 25% RDF + 75% VC + 10kg PSB, T10 - 25% RDF + 75% VC + 10kg Azotobacter +10 kg PSB, T11 - Control. The experimental field was deep ploughed by harrowing to make soil fine tilth, and after the weeds and plant residues were removed, the land was leveled using planking. Then, in accordance with the layout plan, beds of the necessary dimensions were constructed. Just prior to bulbs transplantation, the entire dosage of well-rotted FYM, VC, phosphorus by SSP, and potash by MOP were administered in accordance with the treatment combination. Two separate doses of nitrogen were administered by urea; the first ½ dose of total nitrogen urea was administered when the patient initially appeared, and the second dose was administered 30 days later. Moreover, Azotobacter and PSB were applied at the time of planting of bulbs according to treatments. After application of manures and fertilizers uniform sized bulb were planted on raised bed with spacing 30 x 30 cm at 4-5 cm depth. Thus, total experimental area was 17.45 m x 6.1 m. The observations were recorded namely, growth parameters includes plant height (cm), number of leaves per plants, leaf length (cm); flowering parameters involves days to first spike emergence (DAP), days required for opening of first flower, spike length (cm), diameter of spike (cm), rachis length (cm), number of floret per spikes, number of spike per clump, flower weight per spike (g); yield parameter includes number of bulbs per plants, bulb diameters (cm), bulb weight per plant (g), bulb yield (t/ha), size of bulb (cm).
3. RESULT AND DISCUSSION 
3.1 Effect of integrated sources of nutrients on vegetative parameters of tuberose 

The data shown in table 1 make it abundantly evident the integrated nutrient doses had a variable impact on tuberose plant height, number of leaves per plant, leaf length (cm). the highest plant height (66.82 cm) was recorded in T4 (75% RDF + 25% VC + 5kg Azotobacter + 5kg PSB), while plot (T11) recorded the lowest plant height (54.01 cm). This suggests that organic amendments combined with biofertilizers can partially substitute chemical fertilizers without significantly compromising growth, likely due to improved soil health and microbial activity. In contrast, the lowest plant height was recorded in T11, likely due to an imbalanced or suboptimal nutrient supply. Similar findings have been reported regarding plant height by (Sudhagar et al. 2020). INM-fertilized plants with treatment T2 (75% RDF + 25% VC + 5kg Azotobacter) produced maximum number of leaves per plant (55.62), while without fertilizing plants treatment (T11) had a minimum number of leaves per plant (41.98). Due to this enhanced leaf production in T2 can be attributed to the balanced nutrient supply through the combined application of chemical fertilizers (RDF), organic manure (VC), and Azotobacter (Tomar et al. 2024). Maximum leaf length (47.59 cm) was achieved with T9 application (25% RDF + 75% VC + 10kg PSB), while control plot (T11) had a minimum leaf length of 36.07 cm. Which included combinations of VC and biofertilizers. PSB increases the solubility of fixed phosphorus in the soil, a critical nutrient for cell elongation and expansion, while azotobacter enhances nitrogen availability, promoting vigorous vegetative growth. These results have conformity with the result findings by Basant, D. K. (2017). In contrast, the shortest leaves were recorded in the control plot (T11), where no external fertilization was applied.
Table 1. Effect of integrated doses of nutrients on vegetative growth parameters of tuberose

	SN
	Treatments
	Symbols
	Plant height(cm)
	Number of leaves/plant
	Leaf length (cm)

	1.
	100% RDF
	T1
	57.63
	46.21
	36.83

	2.
	75% RDF + 25% VC + 5kg Azotobacter
	T2
	65.71
	55.62
	45.98

	3.
	75% RDF + 25% VC + 5kg PSB
	T3
	64.50
	55.59
	46.02

	4.
	75% RDF + 25% VC + 5kg Azotobacter + 5kg PSB
	T4
	66.82
	54.18
	47.35

	5.
	50% RDF + 50% VC + 5kg Azotobacter 
	T5
	58.16
	42.11
	47.42

	6.
	50% RDF + 50% VC + 5kg PSB
	T6
	58.23
	44.39
	36.61

	7.
	50% RDF + 50% VC + 5kg Azotobacter + 5kg PSB
	T7
	57.11
	48.68
	43.61

	8.
	25% RDF + 75% VC + 10kg Azotobacter 
	T8
	56.75
	44.36
	47.55

	9.
	25% RDF + 75% VC + 10kg PSB
	T9
	56.67
	44.35
	47.59

	10.
	25% RDF + 75% VC + 10kg Azotobacter + 10kg PSB
	T10
	61.32
	52.25
	46.96

	11.
	Control
	T11
	54.01
	41.98
	36.07

	
	SE(m) ±
	
	1.17
	0.67
	0.73

	
	C.D. at 5%
	
	3.48
	2.00
	2.16


3.2. Effect of integrated sources of nutrients on flowering parameters of tuberose
Significant variations was observed between the treatments which are shown in Table 2 in regards the days to first spike emergence. Plants fertilized with T5 (50% RDF + 50% VC + 5kg Azotobacter) showed minimum days to first spike emergence (69.93), However, maximum days to first spike emergence (78.33) was recorded under the control plot (T11). This suggests that nutrient management and biofertilizer combinations have a strong influence on the flowering behavior of tuberose plants. Control Plot T11 (No RDF, VC, or biofertilizers) had the longest delay in spike emergence, due to nutrient deficiency, poor soil microbial health, lack of plant growth-promoting substances, and overall reduced physiological activity. Similar results were also reported by (Srivastava et al. 2023) in tuberose plants. Plants treated with T10 (25% RDF + 75% VC + 10kg Azotobacter + 10kg PSB) had the minimum number of days needed for first spike opening (85.97 days), maximum spike diameter of (1.35 cm), flower weight spike-1 (16.41 gm). Conversely, the control plot (T11) had the longest time for opening of first flower (94.86 days), minimum spike diameter of 0.65 cm, flower weight spike-1 (7.85 g). The earlier spike emergence observed in T4, can be attributed to the synergistic effects of combining organic and inorganic nutrient sources (Yadav et al. 2023). VC enriches the soil with macro and micronutrients and improves soil structure and microbial activity. These biofertilizers also contribute to improved root development and better nutrient absorption, which likely accelerated spike development resulting in the heaviest flower spikes. Choudhury and Sarangi (2020) reported that flower weight and spike quality in tuberose increased significantly when RDF was combined with VC and biofertilizers. However, the result is a synergistic effect that maximizes flower formation, size, and spike count translating into the highest flower yield (Jamja et al. 2023). Plants fertilized treated with T10 (25% RDF + 75% VC + 10kg Azotobacter + 10kg PSB) had the longest spike length (69.10 cm), highest number of spikes clumps-1 (2.44), while the minimum spike length (38.80 cm), number of spikes per clump (1.02) was recorded under control (T11). The superior spike length under T10 can be attributed to the synergistic effect of integrated nutrient management. The high proportion of VC (75%) provided sustained release of essential macro and micronutrients, improved soil aeration, and enhanced microbial activity (Rajaselvam et al. 2024). PSB 10kg increase the bioavailability of phosphorus crucial for spike initiation and promoting the formation of more spikes per clump. Patel et al. (2017) found that integrated application of VC, Azotobacter, and PSB significantly improved the number of spikes per clump in tuberose by enhancing both nutrient availability and microbial activity. Maximum rachis length (25.19 cm) was achieved with treatment T10 (25% RDF + 75% VC + 10kg Azotobacter + 10kg PSB), while minimum rachis length (14.25 cm) was recorded under control (T11). The superior rachis length under T10 can be attributed to the balanced and integrated nutrient supply from both organic (75%VC) and biofertilizer sources (10kg Azotobacter and 10kg PSB), alongside a reduced but sufficient amount of chemical fertilizer (25% RDF). Meanwhile, azotobacter enhances nitrogen fixation, which boosts cell division and vegetative growth, and PSB increases phosphorus availability, which is crucial for energy metabolism and flower spike development, including rachis elongation (Patil et al. 2018). The plants fertilizer with treatment T10 (25% RDF + 75% VC + 10kg Azotobacter + 10kg PSB) produced the most floret per spikes (28.15). Moreover, control (T11) produced the least number of floret spikes-1 (18.76). In this study, the treatments with slightly lower fertilizer levels combined with high organic content produced the highest number of florets per spike, a finding also supported by (Kabir et al. 2011) in tuberose. Nitrogen is vital for cell division and growth, leading to improved floret development. This explains why T10, enriched with high levels of VC and azotobacter, produced the maximum florets per spike.
Table 2. Effect of integrated doses of nutrients on flowering parameters of tuberose

	SN
	Treatments
	Symbols
	Days to first spike emergence (DAP)
	Days required for opening of first flower (DAP)
	Spike length (cm)
	Rachis length(cm)
	Diameter of spike (cm)
	Number of florets /spike
	Number of spikes/clump
	Flower weight/spike

	1.
	100% RDF
	T1
	76.36
	93.06
	45.54
	15.20
	0.72
	19.02
	1.31
	9.40

	2.
	75% RDF + 25% VC + 5kg Azotobacter
	T2
	76.81
	91.82
	65.25
	19.38
	0.94
	25.60
	1.37
	14.87

	3.
	75% RDF + 25% VC + 5kg PSB
	T3
	76.75
	91.96
	64.66
	19.37
	0.95
	25.59
	1.35
	14.85

	4.
	75% RDF + 25% VC + 5kg Azotobacter + 5kg PSB
	T4
	72.79
	86.18
	65.27
	21.80
	1.16
	27.23
	1.73
	13.90

	5.
	50% RDF + 50% VC + 5kg Azotobacter 
	T5
	69.93
	86.42
	63.12
	23.55
	0.88
	25.14
	1.51
	15.73

	6.
	50% RDF + 50% VC + 5kg PSB
	T6
	72.77
	86.60
	63.13
	23.56
	0.87
	25.13
	1.55
	12.58

	7.
	50% RDF + 50% VC + 5kg Azotobacter + 5kg PSB
	T7
	70.82
	88.91
	65.37
	22.52
	0.78
	25.00
	2.24
	15.75

	8.
	25% RDF + 75% VC + 10kg Azotobacter 
	T8
	70.74
	91.13
	67.00
	23.15
	0.89
	26.02
	2.23
	12.80

	9.
	25% RDF + 75% VC + 10kg PSB
	T9
	70.76
	91.13
	67.02
	23.12
	0.88
	27.81
	2.27
	12.99

	10.
	25% RDF + 75% VC + 10kg Azotobacter + 10kg PSB
	T10
	70.71
	85.97
	69.10
	25.19
	1.35
	28.15
	2.44
	16.41

	11.
	Control
	T11
	78.33
	94.86
	38.80
	14.25
	0.65
	18.76
	1.02
	7.85

	
	SE(m) ±
	
	0.64
	0.49
	0.43
	0.35
	0.013
	0.38
	0.05
	0.42

	
	C.D. at 5%
	
	1.91
	1.45
	1.27
	1.02
	0.040
	1.14
	0.14
	1.25


3.3. Effect of integrated sources of nutrients on bulb yield parameters of tuberose 

It is evident from the data in Table 3 clearly showed that integrated doses of nutrients significantly affected the number of bulb plants-1, bulb weight per plant (g), bulb yield (t/ha), diameter of bulb (cm), size of bulb (cm) in tuberose. The plants receiving integrated doses of nutrients with T4 (75% RDF + 25% VC + 5kg Azotobacter + 5kg PSB) produces maximum number of bulbs plant-1 (4.66), bulb weight per plant (24.34 gm) and bulb length (6.21 cm), while the minimum number of bulbs plant-1 (2.73), bulb length (3.39 cm) and bulb weight per plant (16.51 g) was recorded under the control (T11). Thus, T4 the combination of synthetic fertilizers (75% RDF) with organic matter (25% VC) creates an ideal nutrient balance. Azotobacter and PSB contributes to biological nitrogen fixation, increase phosphorus availability, promoting vegetative growth and increased production of side bulb with larger bulb size and increase bulb production (Aghera et al. 2019). Plants fertilized with treatment T4 (75% RDF + 25% VC + 5kg Azotobacter + 5kg PSB) produced a maximum bulb yield of (7.99 t ha-1), and largest bulb diameter (2.28 cm), while control plot (T11) produced a minimum bulb yield (3.73 t ha-1) and bulb diameter (1.25 cm). Similar, study was reported by Yadav et al. (2022) demonstrated that a 25% RDF combined with 75% organic sources and biofertilizers not only improved tuberose yield but also enhanced bulb quality, bulb yield and soil health, supporting long-term sustainability.

Table 3. Effect of integrated doses of nutrients on yield parameters of tuberose

	SN
	Treatments
	Symbols
	Number of bulb/plant
	Bulb weight /plant(gram)
	Bulb yield/ha(tonnes)
	Diameter of bulb (cm)
	Size of bulb (cm)

	1.
	100% RDF
	T1
	2.92
	18.39
	7.20
	1.27
	3.49

	2.
	75% RDF + 25% VC + 5kg Azotobacter
	T2
	3.52
	18.70
	6.35
	2.14
	4.93

	3.
	75% RDF + 25% VC + 5kg PSB
	T3
	3.50
	18.61
	6.37
	1.49
	4.92

	4.
	75% RDF + 25% VC + 5kg Azotobacter + 5kg PSB
	T4
	4.66
	24.34
	7.99
	2.28
	6.21

	5.
	50% RDF + 50% VC + 5kg Azotobacter 
	T5
	2.91
	17.71
	7.53
	1.54
	4.99

	6.
	50% RDF + 50% VC + 5kg PSB
	T6
	2.76
	20.40
	7.48
	1.56
	4.97

	7.
	50% RDF + 50% VC + 5kg Azotobacter + 5kg PSB
	T7
	4.26
	21.38
	7.83
	1.85
	4.02

	8.
	25% RDF + 75% VC + 10kg Azotobacter 
	T8
	3.62
	22.60
	7.81
	1.48
	4.71

	9.
	25% RDF + 75% VC + 10kg PSB
	T9
	3.63
	22.62
	5.00
	2.15
	4.72

	10.
	25% RDF + 75% VC + 10kg Azotobacter + 10kg PSB
	T10
	3.71
	23.24
	7.84
	1.96
	5.35

	11.
	Control
	T11
	2.83
	16.51
	3.73
	1.25
	3.39

	
	SE(m) ±
	
	0.16
	0.33
	0.12
	0.021
	0.14

	
	C.D. at 5%
	
	0.47
	0.97
	0.35
	0.062
	0.42


4. CONCLUSION

Based on the results of the present study, it may be concluded that treatment T10 (25% RDF + 75% VC + 10kg Azotobacter + 10kg PSB) was found to be the most effective in enhancing the majority of vegetative and flowering parameters. However, plants treated with T4 (75% RDF + 25% VC + 5kg Azotobacter + 5kg PSB) showed superior performance in terms of bulb development under western Uttar Pradesh condition. My research investigates the influence of RDF, VC, PSB, and Azotobacter on the growth, flowering and bulb yield of tuberose. This approach holds promising future potential for reducing chemical fertilizer dependency, improving soil health, and promoting eco-friendly floriculture practices.
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