


Integrated Application of Bio-fertilizers and Bio-stimulants Enhances Bulb Growth and Yield in Tuberose (Polianthes tuberosa L.) cv. Arka Suvasini

Abstract 	Comment by Author: Include short description of the methodology	Comment by Author: Recast the abstract. see comment below
The present investigation aimed to study the individual and combined effects of bio-fertilizers and bio-stimulants on bulb growth and yield of Tuberose (Polianthes tuberosa L.) cv. Arka Suvasini. The experiment was conducted at the College of Horticulture, Mojerla, during the Rabi season of 2019–2020 under a factorial randomized block design with 25 treatment combinations and one control. Three bio-fertilizers—Phosphate Solubilizing Bacteria (PSB), Azospirillum, and Potassium Solubilizing Bacteria (KSB)—were used as bulb treatments, while bio-stimulants including Gibberellic acid (GA₃), Salicylic acid (SA), Cycocel (CCC), and Humic acid (HA) were applied as foliar sprays at two concentrations each. Results revealed that both bio-fertilizers and bio-stimulants significantly influenced all bulb parameters. Among bio-fertilizers, PSB recorded the highest mean bulb yield (11.23 t/ha), bulb diameter (1.44 cm), and bulb weight (167.46 g). Among bio-stimulants, GA₃ @ 400 ppm produced superior performance with the highest bulb yield (12.20 t/ha) and diameter (1.59 cm). The interaction effect (P × S) was also significant, with PSB + GA₃ 400 ppm (P₁S₂) recording the maximum bulb yield (12.99 t/ha). The improvement in bulb productivity may be attributed to enhanced nutrient solubilization, improved root proliferation, and stimulation of physiological processes such as cell elongation and assimilate translocation. The results clearly establish that integrated application of PSB and GA₃ (400 ppm) is a viable and sustainable strategy for enhancing bulb yield and quality in tuberose cultivation.	Comment by Author: Avoid starting abstracts with “The present investigation aimed…” , instead use a direct and active phrasing combined such as “This study evaluated the individual and effects …..”	Comment by Author: 	Comment by Author: The objective statement is clear but could be made more precise. Specify what variables were measured (“bulb growth and yield components” or “yield and associated traits”	Comment by Author: Italicize scientific names	Comment by Author: Clarify the factorial structure explicitly such as “3 × 8 + control”,  instead of “25 treatment combinations and one control”	Comment by Author: Add how biofertilizers were applied and at what growth stage the foliar sprays were made.	Comment by Author: Indicate statistical significance	Comment by Author: Replace with “at”
Keywords: Tuberose, bio-fertilizers, gibberellic acid, PSB, bulb yield
Introduction 	Comment by Author: Several of your citations (Bankar & Mukhopadhyay, 1980; Singh, 2000; Kumar, 2003) are outdated. You should include more recent literature (2018–2024) related to sustainable nutrient management, bio-fertilizer application in ornamentals, and bio-stimulant effects on bulbous crops. This will make your introduction scientifically current.
Tuberose (Polianthes tuberosa L.), a member of the family Amaryllidaceae, is an economically important bulbous ornamental crop valued for its fragrant, waxy white flowers that are extensively used as cut flowers, loose flowers, and for essential oil extraction. Believed to have originated in Mexico, tuberose has become one of the most commercially significant flowers in tropical and subtropical regions (Tiwari & Singh, 2002). In India, popularly known as Rajanigandha or Nelasampengi, it is cultivated across wide agro-climatic zones for its long spikes, pleasant fragrance, and long vase life (Singh & Kumar, 1999). Tuberose holds a prominent place in the floriculture industry not only for its ornamental value but also for its industrial relevance. Its natural flower oil, containing compounds such as methyl benzoate, benzyl alcohol, geraniol, and eugenol, serves as a premium raw material in the perfume and cosmetic industries (Bankar & Mukhopadhyay, 1980). Among the existing cultivars, ‘Arka Suvasini’, a hybrid between Mexican Single × Pearl Double developed by ICAR–IIHR, Bengaluru, is characterized by multi-whorled bold spikes, pure white florets, and high yield potential, making it ideal for cut flower production and commercial cultivation.	Comment by Author: Replace with reference	Comment by Author: See the above comment	Comment by Author: Replace with recent references
Despite its potential, the productivity of tuberose often remains suboptimal due to imbalanced and excessive use of inorganic fertilizers, which adversely affect soil health, microbial diversity, and environmental quality (Singh, 2000). Sustainable production of tuberose therefore necessitates the integration of eco-friendly biological inputs such as bio-fertilizers and bio-stimulants, which can enhance nutrient efficiency, improve soil fertility, and promote overall plant growth. Bio-fertilizers are living microbial inoculants that enhance nutrient availability through biological nitrogen fixation, phosphorus solubilization, and stimulation of root growth. Commonly used strains such as Azospirillum, Azotobacter, and Phosphate Solubilizing Bacteria (PSB) are known to improve nutrient uptake and increase yield by 10–50% in various horticultural crops (Kumar, 2003; Aasfar et al., 2021; Vanshika et al., 2022). For example, combined inoculation of Azospirillum and PSB along with recommended NPK fertilization has been reported to significantly improve growth and floral yield in gladiolus (Srivastava & Govil, 2005). Complementing bio-fertilizers, bio-stimulants including Gibberellic acid (GA₃), Salicylic acid (SA), Cycocel (CCC), and Humic acid (HA) act as physiological enhancers that influence cell elongation, nutrient metabolism, enzyme activation, and stress tolerance. These compounds promote vegetative vigor, spike elongation, and bulb development, thereby improving overall yield and quality (Rodrigues et al., 2012; Mosa et al., 2022; Rathor et al., 2024). Their combined use with bio-fertilizers can create a synergistic effect, enhancing root proliferation, photosynthetic activity, and nutrient translocation to developing bulbs. However, despite the recognized benefits of these biological inputs in various crops, systematic studies on their interaction effects in tuberose, particularly in the cultivar Arka Suvasini, are scarce. Understanding the combined influence of bio-fertilizers and bio-stimulants on bulb development and yield performance is crucial for developing sustainable and economically viable nutrient management strategies for floriculture.	Comment by Author: See above comment	Comment by Author: The explanation of how bio-fertilizers and bio-stimulants function is largely descriptive. You need to provide a short mechanistic justification—for instance, mention that phosphate-solubilizing bacteria release organic acids that mobilize phosphorus, and that GA₃ promotes cell elongation and assimilate transport.	Comment by Author: You claim that combined application of biofertilizers and biostimulants may have synergistic effects, but no supporting reference is cited. Please provide at least one published study that reports similar interaction effects
Hence, the present investigation entitled “To study the effect of bio-fertilizers and bio-stimulants on bulb yield in tuberose (Polianthes tuberosa L.) cv. Arka Suvasini”
was undertaken to evaluate the individual and combined effects of selected bio-fertilizers and bio-stimulants on bulb yield and its contributing traits. The study aims to establish a biological approach for enhancing productivity, reducing chemical fertilizer dependency, and promoting eco-friendly tuberose cultivation under field conditions.
Materials and Methods	Comment by Author: Experimental details are missing 
Exact planting dates of each foliar spray, harvest date(s). The Methods only says “October 2019” and “Rabi season 2019–2020”. 

How many plants per plot and how the measured plants were selected (all plants, random sample)? The plot size (2.0 × 1.5 m²) and spacing are given, but the number of plants sampled per plot for each measurement must be stated (n).

How were the bio-fertilizer/foliar applications made (dipping bulbs, dusting, drenching)? If bulbs were treated before planting, how long before planting?

Source and preparation method for humic acid, CCC, SA and GA₃ (purity, supplier). 

An experiment entitled “To study the effect of bio-fertilizers and bio-stimulants on bulb yield in tuberose (Polianthes tuberosa L.) cv. Arka Suvasini” was conducted at the PG Research Block, College of Horticulture, Mojerla, Wanaparthy, during the Rabi season of 2019–2020.
Experimental site and climate
Mojerla is situated in the semi-arid tropical climate zone with an average annual rainfall of approximately 800 mm. The experimental site is located at an altitude of 543.3 m above mean sea level, with geographical coordinates of 17°19′ N latitude and 78°29′ E longitude. Meteorological observations, including rainfall, mean minimum and maximum temperature, relative humidity, and sunshine hours, were recorded weekly from October 2019 to February 2020 at the Meteorological Research Station, Krishi Vigyan Kendra (KVK), Madanapuram, Kothakota Mandal, Wanaparthy.
Soil characteristics
The experimental soil was sandy loam, well-drained, and had low water-holding capacity. Prior to the layout of the experiment, soil samples were collected randomly from a depth of 0–20 cm and analyzed for physico-chemical properties. 
List 1: The results of soil analysis are presented below

	Soil Property
	Value

	pH (1:2.5 soil-water suspension)
	7.89

	Electrical Conductivity (dS m⁻¹)
	0.21

	Available Nitrogen (kg ha⁻¹)
	236

	Available Phosphorus (kg ha⁻¹)
	76.5

	Available Potassium (kg ha⁻¹)
	221.6


Experimental material
The cultivar used in the study was ‘Arka Suvasini’, a double-flowered, multi-whorled hybrid variety released by ICAR–Indian Institute of Horticultural Research (IIHR), Bengaluru. It is a cross between Mexican Single × Pearl Double and is known for producing bold, pure white flowers on long spikes, suitable for cut flower production.
Experimental design and layout
The experiment was laid out in a Factorial Randomized Block Design (FRBD) with a control, comprising two factors (bio-fertilizers and bio-stimulants), twenty-five treatments, and three replications. Treatments were randomly allocated to individual plots.
List 2 : Experimental particulars are summarized below
	Particulars
	Details

	Name of the crop
	Tuberose

	Botanical name
	Polianthes tuberosa L.

	Family
	Amaryllidaceae

	Variety
	Arka Suvasini

	Experimental design
	Factorial Randomized Block Design (FRBD) with control

	Number of factors
	2

	Number of treatments
	25

	Number of replications
	3

	Total number of plots
	75

	Plot size
	2.0 × 1.5 m²

	Spacing
	30 × 20 cm

	Season
	Rabi

	Date of planting
	October 2019

	Layout
	Ridge and furrow method



Treatment details
Factor 1 – Bio-fertilizers (Bulb treatment)
· P₁: Phosphate Solubilizing Bacteria (PSB) – 200 g/l
· P₂: Azospirillum – 200 g/l
· P₃: Potassium Solubilizing Bacteria (KSB) – 200 g/l
Factor 2 – Bio-stimulants (Foliar spray)
· S₁: Gibberellic Acid (GA₃) – 200 ppm
· S₂: Gibberellic Acid (GA₃) – 400 ppm
· S₃: Salicylic Acid (SA) – 200 ppm
· S₄: Salicylic Acid (SA) – 400 ppm
· S₅: Cycocel (CCC) – 200 ppm
· S₆: Cycocel (CCC) – 400 ppm
· S₇: Humic Acid (HA) – 200 ppm
· S₈: Humic Acid (HA) – 400 ppm
List 3 : Treatment Combinations
	Treatments
	Treatment Combination

	T₁
	PSB 200 g/l + GA₃ 200 ppm

	T₂
	PSB 200 g/l + GA₃ 400 ppm

	T₃
	Azospirillum 200 g/l + GA₃ 200 ppm

	T₄
	Azospirillum 200 g/l + GA₃ 400 ppm

	T₅
	KSB 200 g/l + GA₃ 200 ppm

	T₆
	KSB 200 g/l + GA₃ 400 ppm

	T₇
	PSB 200 g/l + SA 200 ppm

	T₈
	PSB 200 g/l + SA 400 ppm

	T₉
	Azospirillum 200 g/l + SA 200 ppm

	T₁₀
	Azospirillum 200 g/l + SA 400 ppm

	T₁₁
	KSB 200 g/l + SA 200 ppm

	T₁₂
	KSB 200 g/l + SA 400 ppm

	T₁₃
	PSB 200 g/l + CCC 200 ppm

	T₁₄
	PSB 200 g/l + CCC 400 ppm

	T₁₅
	Azospirillum 200 g/l + CCC 200 ppm

	T₁₆
	Azospirillum 200 g/l + CCC 400 ppm

	T₁₇
	KSB 200 g/l + CCC 200 ppm

	T₁₈
	KSB 200 g/l + CCC 400 ppm

	T₁₉
	PSB 200 g/l + HA 200 ppm

	T₂₀
	PSB 200 g/l + HA 400 ppm

	T₂₁
	Azospirillum 200 g/l + HA 200 ppm

	T₂₂
	Azospirillum 200 g/l + HA 400 ppm

	T₂₃
	KSB 200 g/l + HA 200 ppm

	T₂₄
	KSB 200 g/l + HA 400 ppm

	T₂₅
	Control (no bio-fertilizer or bio-stimulant)



Observations recorded: Data were recorded on various bulb parameters during the course of the investigation. 
Statistical analysis: The recorded data were subjected to statistical analysis as per the procedure described by Panse and Sukhatme (1985) for Factorial Randomized Block Design (FRBD). The standard error of mean [SE(m)±] and critical difference (CD) were calculated at 5% level of significance to determine the statistical validity of treatment differences. The results were presented in tabular and graphical formats for better interpretation and comparison.	Comment by Author: The Methods state Panse & Sukhatme (1985) for FRBD and present LSD & SE values, but the manuscript does not show: (a) full ANOVA table(s) with degrees of freedom, MS, F and P values for main effects and interactions, (b) the number of observations (n) used for each calculation, (c) assumptions checking (normality, homoscedasticity).

Describe post-hoc comparisons: authors use LSD at 5% — specify whether LSD was calculated after a significant F test (it should be). If data were not normal, indicate any transformation used.
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Results and Discussion 
i. Number of Bulbs per Plant
A perusal of data on the number of bulbs per plant in Tuberose (Polianthes tuberosa L.) cv. Arka Suvasini as influenced by bulb treatment with bio-fertilizers and foliar spray of bio-stimulants is presented in Table 1. Bulb treatment with bio-fertilizers significantly influenced the number of bulbs produced per plant. Among the treatments, P₁ (PSB – Phosphate Solubilizing Bacteria) recorded the maximum number of bulbs per plant (7.47), followed by P₃ (KSB – Potassium Solubilizing Bacteria) with 7.01 bulbs. The minimum number of bulbs (6.44) was obtained from P₂ (Azospirillum), while the control recorded the lowest number of bulbs (3.56) compared to all other treatments. Similarly, the foliar spray of bio-stimulants exerted a significant influence on the number of bulbs per plant. The highest number of bulbs (9.33) was observed with S₂ (GA₃ 400 ppm), followed by S₁ (GA₃ 200 ppm) (8.84). The minimum number of bulbs per plant (4.63) was recorded with S₆ (CCC 400 ppm), which was followed by S₅ (CCC 200 ppm) (6.30). The control again showed the least number of bulbs per plant (3.56), indicating the positive impact of bio-stimulant application over the untreated control. The interaction between bulb treatment with bio-fertilizers and foliar spray of bio-stimulants was also found to be significant. The treatment combination P₁S₂ (PSB + GA₃ 400 ppm) recorded the maximum number of bulbs per plant (11.56), closely followed by P₁S₁ (PSB + GA₃ 200 ppm) (11.33). The lowest number of bulbs (3.33) was obtained from P₃S₆ (KSB + CCC 400 ppm), which was even lower than the control (3.56). The remaining treatment combinations recorded intermediate values.
The superior performance of GA₃ (400 ppm) and PSB, individually and in combination, can be attributed to their synergistic effect on enhancing plant metabolism and growth. GA₃ is known to promote cell division and elongation, increase assimilate translocation, and enhance overall vegetative growth. PSB, on the other hand, solubilizes unavailable forms of phosphorus and promotes better root development through the production of growth-promoting substances and increased nutrient absorption. The combined application likely resulted in enhanced nitrogen fixation, higher endogenous IAA levels, improved mineral and water uptake, and better root hair proliferation, leading to vigorous plant growth and higher bulb production. These findings are in line with the observations of Kathiresan and Venkatesha (2002) and Dubey and Mishra (2005) in gladiolus, where the use of GA₃ and phosphate-solubilizing microorganisms significantly improved the number of corms and bulbils per plant.

Table 1: Influence of Bulb Treatment with Bio-fertilizers and Foliar Spray of Bio-stimulants on Number of Bulbs per Plant in Tuberose cv. Arka Suvasini
	Bio-stimulants (Factor–2)
	(Factor-1) Bio fertilizers

	
	P₁ – PSB (200 g/l)
	P₂ – AZO (200 g/l)
	P₃ – KSB (200 g/l)
	Mean

	S₁ – GA₃ 200 ppm
	11.30
	5.44
	9.78
	8.84

	S₂ – GA₃ 400 ppm
	11.56
	5.44
	11.00
	9.33

	S₃ – SA 200 ppm
	7.78
	4.22
	9.89
	7.30

	S₄ – SA 400 ppm
	7.22
	7.11
	4.89
	6.41

	S₅ – CCC 200 ppm
	4.78
	5.78
	8.33
	6.30

	S₆ – CCC 400 ppm
	3.89
	6.67
	3.33
	4.63

	S₇ – HA 200 ppm
	6.56
	8.67
	3.89
	6.37

	S₈ – HA 400 ppm
	6.67
	8.22
	5.00
	6.63

	Mean
	7.47
	6.44
	7.01
	

	Control
	3.56

	S.E.(m) ±
	P: 0.02
	S: 0.05
	P×S: 0.16
	Control: 0.28

	LSD (5%)
	P: 0.06*
	S: 0.15*
	P×S: 0.44*
	Control: 0.56*

	C.V. (%)
	6.86


GA3 = Gibberellic acid, SA = Salicylic acid, CCC = Cycocel, HA = Humic acid, PSB = Phosphate solubilizing bacteria, KSB = Potassium solubilizing Bacteria, AZO = Azospirillum
ii. Diameter of Bulb (cm)
A perusal of the data on bulb diameter in Tuberose (Polianthes tuberosa L.) cv. Arka Suvasini as influenced by bulb treatment with bio-fertilizers and foliar spray of bio-stimulants is presented in Table 2. Statistically significant variations were observed in bulb diameter due to bulb treatment with bio-fertilizers. Among the treatments, P₁ (PSB – Phosphate Solubilizing Bacteria) recorded the maximum bulb diameter (1.44 cm), followed by P₃ (KSB – Potassium Solubilizing Bacteria) with 1.26 cm. The minimum bulb diameter (1.20 cm) was noted with P₂ (Azospirillum), whereas the control registered the lowest diameter (0.93 cm), clearly indicating the positive role of bio-fertilizer inoculation in enhancing bulb growth. Foliar application of bio-stimulants also exerted a significant effect on bulb diameter. The maximum bulb diameter (1.59 cm) was obtained with S₂ (GA₃ 400 ppm), closely followed by S₁ (GA₃ 200 ppm) (1.48 cm). In contrast, the minimum bulb diameter (1.08 cm) was recorded with S₅ (CCC 200 ppm), followed by S₆ (CCC 400 ppm) (1.10 cm). The control treatment once again recorded the smallest bulb diameter (0.93 cm), emphasizing the growth-promoting influence of gibberellic acid and other bio-stimulants. The interaction between bulb treatment with bio-fertilizers and foliar spray of bio-stimulants was statistically significant. The treatment combination P₁S₂ (PSB + GA₃ 400 ppm) exhibited the maximum bulb diameter (2.03 cm), followed by P₁S₁ (PSB + GA₃ 200 ppm) (1.80 cm). The minimum bulb diameter (0.85 cm) was recorded with P₃S₅ (KSB + CCC 200 ppm), which was even lower than that of the control (0.93 cm). All other treatment combinations exhibited intermediate values, reflecting the synergistic impact of PSB and GA₃ on bulb development. The enhancement in bulb diameter under the combined treatment of PSB and GA₃ 400 ppm may be attributed to improved nutrient solubilization, enhanced cell division and elongation, and increased metabolic and photosynthetic efficiency. The present study demonstrated that both bio-fertilizers and bio-stimulants significantly influenced bulb diameter in Tuberose cv. Arka Suvasini. Among bio-fertilizers, the application of Phosphate Solubilizing Bacteria (PSB) resulted in the maximum bulb diameter, which may be attributed to its role in enhancing phosphorus solubilization, improving root proliferation, and increasing nutrient uptake efficiency. Phosphorus is a key element for energy transfer and cell division, which directly contributes to enhanced bulb development. Similar findings were reported by Kumar et al. (2012), who observed that bio-fertilizer inoculation significantly improved growth and flowering attributes in tuberose due to improved nutrient availability and physiological activity. The positive effect of PSB on bulb crops has also been documented in onion, where its application enhanced nutrient uptake, root growth, and bulb yield (Kumar et al., 2024). With respect to bio-stimulants, foliar application of GA₃, particularly at 400 ppm, produced the largest bulb diameter. Gibberellic acid is known to promote cell elongation, division, and assimilate translocation, thereby enhancing sink strength and organ size. This growth-promoting influence of GA₃ aligns with the observations of Marma et al. (2020) and Verma and Fatmi (2024), who reported that GA₃ significantly increased bulb growth, flowering, and yield in tuberose under different agro-climatic conditions. The synergistic interaction between PSB and GA₃ (400 ppm) observed in the present study may be explained by the complementary roles of enhanced phosphorus mobilization by PSB and stimulated metabolic activity by GA₃, resulting in improved accumulation of assimilates in the bulb. Similar stimulatory effects of GA₃ on floral organ development and yield attributes were noted by Ladhi et al. (2020), who found that GA₃ sprays markedly improved vegetative and reproductive growth in tuberose. Overall, the integration of PSB with GA₃ (400 ppm) proved to be the most effective combination for increasing bulb diameter, likely due to the combined enhancement of nutrient availability, photosynthetic efficiency, and cell expansion. These findings reaffirm the potential of integrating bio-fertilizers and bio-stimulants as a sustainable strategy for maximizing growth and productivity in bulbous ornamental crops.
Table 2: Influence of Bulb Treatment with Bio-fertilizers and Foliar Spray of Bio-stimulants on Diameter of Bulb (cm) in Tuberose cv. Arka Suvasini
	Bio-stimulants (Factor–2)
	(Factor-1) Bio fertilizers

	
	P₁ – PSB (200 g/l)
	P₂ – AZO (200 g/l)
	P₃ – KSB (200 g/l)
	Mean

	S₁ – GA₃ 200 ppm
	1.80
	0.87
	1.77
	1.48

	S₂ – GA₃ 400 ppm
	2.03
	1.63
	1.10
	1.59

	S₃ – SA 200 ppm
	1.37
	1.20
	0.87
	1.15

	S₄ – SA 400 ppm
	1.57
	1.10
	1.40
	1.36

	S₅ – CCC 200 ppm
	1.37
	1.03
	0.85
	1.08

	S₆ – CCC 400 ppm
	0.93
	1.07
	1.30
	1.10

	S₇ – HA 200 ppm
	1.30
	0.95
	1.07
	1.11

	S₈ – HA 400 ppm
	1.13
	1.73
	1.70
	1.52

	Mean
	1.44
	1.20
	1.26
	

	Control
	0.93
	

	S.E.(m) ±
	P: 0.007
	S: 0.018
	P×S: 0.054
	Control: 0.10

	LSD (5%)
	P: 0.019*
	S: 0.051*
	P×S: 0.154*
	Control: 0.19*

	C.V. (%)
	12.66
	


GA₃ – Gibberellic acid; SA – Salicylic acid; CCC – Cycocel; HA – Humic acid; PSB – Phosphate Solubilizing Bacteria; KSB – Potassium Solubilizing Bacteria; AZO – Azospirillum
iii. Bulb weight (g)
The data pertaining to bulb weight in Tuberose (Polianthes tuberosa L.) cv. Arka Suvasini as influenced by bulb treatment with bio-fertilizers and foliar spray of bio-stimulants are presented in Table 3. A statistically significant variation was observed in bulb weight per plant due to different bio-fertilizer treatments. Among the bio-fertilizers, P₁ (Phosphate Solubilizing Bacteria-PSB) registered the highest bulb weight (167.46 g), followed closely by P₃ (Potassium Solubilizing Bacteria - KSB) (166.34 g), while the lowest bulb weight (153.21 g) was recorded with P₂ (Azospirillum). The control treatment exhibited a significantly lower bulb weight (133.20 g) than all other treatments, highlighting the beneficial role of bio-fertilizers in improving bulb development through enhanced nutrient solubilization and uptake. The foliar application of bio-stimulants also exerted a marked influence on bulb weight. The maximum bulb weight (180.42 g) was recorded with S₂ (GA₃ 400 ppm), followed by S₁ (GA₃ 200 ppm) (175.79 g). The minimum bulb weight (149.75 g) was observed with S₅ (CCC 200 ppm), which was closely followed by S₆ (CCC 400 ppm) (155.11 g). The control once again produced the lowest bulb weight (133.20 g), reaffirming the stimulatory role of gibberellic acid in promoting assimilate translocation and dry matter accumulation in sink organs. The interaction effect between bio-fertilizers and bio-stimulants was found to be statistically significant. The treatment combination P₁S₂ (PSB + GA₃ 400 ppm) exhibited the highest bulb weight (200.50 g), followed by P₁S₁ (PSB + GA₃ 200 ppm) (198.07 g). The lowest bulb weight (134.04 g) was recorded with P₂S₅ (Azospirillum + CCC 200 ppm), which was comparable to the control (133.20 g). The remaining combinations produced intermediate values, signifying a clear synergistic response between PSB and GA₃ in enhancing bulb weight.
The superior performance of PSB and GA₃, individually and in combination, can be attributed to their complementary physiological roles. PSB enhances phosphorus solubilization and availability, improving energy transfer and metabolic activity, while GA₃ promotes cell division, elongation, and photosynthate mobilization from source to sink tissues. The continuous maintenance of vegetative vigor and expanded photosynthetic surface under these treatments likely enhanced carbohydrate accumulation and partitioning toward bulb development, leading to higher bulb weight. These findings are in close agreement with Kathiresan and Venkatesha (2002), who reported that application of PSB along with other bio-fertilizers significantly increased bulb weight in gladiolus. The present results reaffirm that the integration of bio-fertilizer inoculation with bio-stimulant sprays is an effective strategy for enhancing yield attributes in tuberose. 



Table 3: Influence of Bulb Treatment with Bio-fertilizers and Foliar Spray of Bio-stimulants on Bulb Weight (g) of Tuberose cv. Arka Suvasini
	Bio-stimulants (Factor–2)
	(Factor-1) Bio fertilizers

	
	P₁ – PSB (200 g/l)
	P₂ – AZO (200 g/l)
	P₃ – KSB (200 g/l)
	Mean

	S₁ – GA₃ 200 ppm
	198.07
	136.50
	192.80
	175.79

	S₂ – GA₃ 400 ppm
	200.50
	187.97
	152.80
	180.42

	S₃ – SA 200 ppm
	157.73
	142.47
	179.23
	159.81

	S₄ – SA 400 ppm
	155.73
	135.33
	191.17
	160.74

	S₅ – CCC 200 ppm
	164.97
	134.04
	150.23
	149.75

	S₆ – CCC 400 ppm
	140.37
	176.23
	148.73
	155.11

	S₇ – HA 200 ppm
	144.97
	166.70
	160.07
	157.25

	S₈ – HA 400 ppm
	177.33
	146.47
	155.67
	159.82

	Mean
	167.46
	153.21
	166.34
	

	Control
	133.20

	S.E.(m) ±
	P: 0.34
	S: 0.91
	P×S: 2.73
	Control: 4.82

	LSD (5%)
	P: 0.97*
	S: 2.59*
	P×S: 7.76*
	Control: 9.69*

	C.V. (%)
	5.08


GA₃ – Gibberellic acid; SA – Salicylic acid; CCC – Cycocel; HA – Humic acid; PSB – Phosphate Solubilizing Bacteria; KSB – Potassium Solubilizing Bacteria; AZO – Azospirillum
iv. Bulb yield per hectare (t/ha)
The data in Table 4 reveal that both bulb treatment with bio-fertilizers and foliar spray of bio-stimulants exerted a significant influence on bulb yield per hectare in Tuberose cv. Arka Suvasini. Among the bio-fertilizer treatments, P₁ (PSB @ 200 g/l) recorded the highest mean bulb yield of 11.23 t/ha, followed by P₃ (KSB @ 200 g/l) with 10.97 t/ha, while the lowest yield was noted in P₂ (AZO @ 200 g/l) with 10.42 t/ha. The control plot showed the minimum yield of 9.57 t/ha, indicating a considerable increase in productivity with bio-fertilizer application. Regarding foliar bio-stimulant treatments, the maximum bulb yield (12.20 t/ha) was obtained with S₂ (GA₃ 400 ppm), closely followed by S₁ (GA₃ 200 ppm) (11.30 t/ha). In contrast, the minimum yield (9.93 t/ha) was observed under S₅ (CCC 200 ppm), followed by S₆ (CCC 400 ppm) (10.33 t/ha). This demonstrates the superior efficacy of gibberellic acid (GA₃) sprays in enhancing bulb productivity compared to other bio-stimulants. The interaction effect (P × S) was also found to be statistically significant. The treatment combination P₁S₂ (PSB + GA₃ 400 ppm) recorded the highest bulb yield of 12.99 t/ha, followed by P₁S₁ (PSB + GA₃ 200 ppm) (12.60 t/ha). The lowest yield (9.01 t/ha) was obtained with P₂S₅ (AZO + CCC 200 ppm), which was even lower than the control (9.57 t/ha). The results clearly indicate that combined application of PSB and GA₃ (400 ppm) was most effective in maximizing bulb yield per hectare. The increase in yield may be attributed to enhanced root growth, improved nutrient absorption, and stimulation of physiological processes such as cell elongation, division, and translocation of assimilates from source to sink under the influence of PSB and GA₃. Overall, these findings suggest that the synergistic effect of bio-fertilizer (PSB) and bio-stimulant (GA₃ 400 ppm) substantially improved bulb yield in tuberose compared to individual applications and the untreated control. The superior performance of PSB and GA₃, both individually and in combination, can be ascribed to their complementary physiological and biochemical effects. PSB improves phosphorus mobilization and microbial activity in the rhizosphere, while GA₃ enhances vegetative vigor, cell division, and elongation, leading to efficient source–sink translocation of assimilates. The increased root proliferation and enhanced uptake of nutrients under these treatments contribute to higher bulb productivity. These results align with Singh (2015), who reported that PSB inoculation combined with GA₃ enhanced bulb production in tuberose. Similarly, Aghera et al. (2019) found that the integrated use of bio-fertilizers and bio-stimulators significantly increased bulb and bulblet yield in tuberose. Earlier work by Amin et al. (2017) further confirms that GA₃ alone significantly influences yield attributes in tuberose. The positive effect of combined nutrient and hormone treatments, as observed in this study, is consistent with findings from Sudhagar et al. (2018).
Table 4: Influence of Bulb Treatment with Bio-fertilizers and Foliar Spray of Bio-stimulants on Bulb Yield per ha (t) of Tuberose cv. Arka Suvasini
	Bio-stimulants (Factor–2)
	(Factor-1) Bio fertilizers

	
	P₁ – PSB (200 g/l)
	P₂ – AZO (200 g/l)
	P₃ – KSB (200 g/l)
	Mean

	S₁ – GA₃ 200 ppm
	12.60
	9.51
	11.78
	11.30

	S₂ – GA₃ 400 ppm
	12.99
	11.57
	12.03
	12.20

	S₃ – SA 200 ppm
	10.45
	10.46
	11.09
	10.67

	S₄ – SA 400 ppm
	9.39
	10.47
	12.22
	10.69

	S₅ – CCC 200 ppm
	11.40
	9.01
	9.39
	9.93

	S₆ – CCC 400 ppm
	9.90
	11.09
	10.00
	10.33

	S₇ – HA 200 ppm
	12.45
	10.92
	9.99
	11.12

	S₈ – HA 400 ppm
	10.66
	10.30
	11.25
	10.74

	Mean
	11.23
	10.42
	10.97
	

	Control
	9.57
	
	
	

	S.E.(m) ±
	P: 0.04
	S: 0.12
	P×S: 0.35
	Control: 0.62

	LSD (5%)
	P: 0.12*
	S: 0.33*
	P×S: 0.99*
	Control: 1.24*

	C.V. (%)
	9.68
	
	
	


GA₃ – Gibberellic acid; SA – Salicylic acid; CCC – Cycocel; HA – Humic acid; PSB – Phosphate Solubilizing Bacteria; KSB – Potassium Solubilizing Bacteria; AZO – Azospirillum
Conclusion 
The study demonstrated that the integration of bio-fertilizers and bio-stimulants plays a vital role in enhancing bulb growth and yield of Tuberose cv. Arka Suvasini. Among the treatments, PSB @ 200 g/l as bulb inoculation and GA₃ @ 400 ppm as foliar spray recorded the best performance for all yield parameters, including bulb number, diameter, weight, and yield per hectare. The superior performance of PSB + GA₃ (400 ppm) can be attributed to synergistic physiological and biochemical effects—PSB improves phosphorus availability and microbial activity in the rhizosphere, while GA₃ enhances vegetative vigor, cell elongation, and assimilate translocation. The combined effect led to improved root proliferation, nutrient uptake, and carbohydrate accumulation, resulting in higher productivity. Therefore, integrating bio-fertilizers and bio-stimulants provides an eco-friendly, cost-effective, and sustainable approach for maximizing tuberose yield while maintaining soil health and minimizing chemical input dependency.
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