


Original Research Article
Influence of Pre- and Post-Planting Application of Plant Growth Regulators on Sprouting and Vegetative Growth of Tuberose (Polianthes tuberosa L.) cv. Prajwal 	Comment by HP: The MS describes the effect of growth hormones with three different methods of application of on growth and yield of tuberose. The MS is well written and provided with sufficient data; while require major revision.
Materials ad method section in incomplete;
Discussion need to be strengthened based on observation and not just siting the role of growth hormones from text for which no any observations/ data is recorded. 
Conclusion should be re-written based on the comments given. 

Abstract	Comment by HP: Reduce the result written in abstract to needful only thereby reduce abstract to 250 words.  
The present investigation was carried out during 2024–25 and 2025–26 at the Research Farm, Department of Horticulture, CCS Haryana Agricultural University, Hisar, Haryana, India, to evaluate the influence of pre- and post-planting application of plant growth regulators on sprouting behaviour and plant height of tuberose (Polianthes tuberosa L.) cv. Prajwal. The experiment was laid out in a Randomized randomized Block block Design design (Factorial) comprising ten treatments of plant growth regulators and three application methods. The treatments consisted of gibberellic acid (GA₃), salicylic acid (SA) and benzyl adenine (BA) at different concentrations, while the application methods included bulb dipping for 1 hour, foliar spray of plant growth regulaors after 60 days of planting and bulb dipping for 1 hour + foliar spray of plant growth regulaors after 60 days of planting. Significant differences among treatments and application methods were observed for all the parameters during both fresh and ratoon crops. Among the treatments, GA₃ at 350 ppm significantly recorded earliest days to initiation of sprouting (10.56 and 5.78 days) and days to complete sprouting (33.11 and 21.56 days) in fresh and ratoon crops, respectively. However, SA at 350 ppm recorded the highest bulb sprouting percentage (85.78 and 92.44%) and maximum plant height (79.51 and 74.64 cm) during fresh and ratoon crops, respectively. Among the application methods, significantly enhanced all bulb dipping for 1 hour + foliar spray of plant growth regulators after 60 days of planting; the parameters, resulting in earliest sprouting initiation (12.47 and 6.93 days), earliest completion of sprouting (35.27 and 22.90 days), maximum bulb sprouting percentage (80.67 and 87.23%) and highest plant height (76.18 and 71.02 cm) during fresh and ratoon crops, respectively. The study concluded that combined application of plant growth regulators through bulb dipping and foliar spray improved sprouting behaviour and vegetative growth of tuberose under semi-arid conditions.	Comment by HP: This can be deleted as significant result is written abstract. 
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Introduction 	Comment by HP: Optimum. 
Tuberose (Polianthes tuberosa L.), commonly known as Rajanigandha, is one of the most important commercial bulbous ornamental crops grown extensively throughout tropical and subtropical regions of the world. The crop is highly valued for its attractive, fragrant flowers, long vase life and wide adaptability. Tuberose flowers are extensively utilized as cut flowers, loose flowers, floral decorations, garlands and for extraction of essential oil in perfumery industries. Owing to its high economic returns and increasing market demand, the crop has emerged as a promising commercial flower crop in India. 
Uniform and rapid sprouting coupled with vigorous vegetative growth is essential for successful cultivation of tuberose. Delayed sprouting and poor vegetative growth adversely affect plant establishment, flowering behaviour and ultimately flower yield. Plant height is an important growth attribute, as it directly influences photosynthetic efficiency, spike production and flower yield. Therefore, appropriate manipulation of physiological processes governing bulb sprouting and vegetative growth assumes considerable importance in tuberose cultivation.
Plant growth regulators (PGRs) play a pivotal role in regulating growth and developmental processes in ornamental bulbous crops. Gibberellic acid (GA₃) is known to promote dormancy breaking, stimulate cell division and elongation, enhance mobilization of stored reserves and improve vegetative growth (Hutchinson et al., 2003). Salicylic acid acts as an endogenous signalling molecule involved in physiological regulation, stress tolerance and enhancement of metabolic activities (War et al., 2011). Benzyl adenine, a synthetic cytokinin, promotes cell division, chlorophyll synthesis and sink strength, thereby influencing bulb sprouting and subsequent plant growth (Emongor, 2004). 	Comment by HP: Write the name of crops in which these effected were recorded. 
Ram et al. (2001) observed enhanced sprouting and vegetative growth in tuberose with GA₃ application. Similar findings were reported by Devadanam et al. (2007), Havale et al. (2008), Wagh et al. (2012), Kapri et al. (2018) and Hadiya et al. (2020). Salicylic acid has also been reported to improve physiological efficiency and growth in ornamental crops (Bayat and Aminifard, 2017; Jabbari et al., 2017). Benzyl adenine has been also found effective in enhancing growth and flowering in several bulbous ornamentals (Kim et al., 2009; Eid et al., 2010).
Although there is an abundance of information available on individual effects of plant growth regulators, information on their combined pre and post-planting application through different methods under semi-arid conditions is limited. Therefore, the present investigation was undertaken to evaluate the influence of pre- and post-planting treatments of plant growth regulators and their application methods on sprouting behaviour and plant height of tuberose cv. Prajwal.
Materials and Methods 	Comment by HP: Incomplete;
Information on climate/ weather and soil properties need to given;
Information of cultivation practices are missing;
Information on measurement of growth and yield attributes are missing.  
The experiment was conducted during 2024–25 (fresh crop) and 2025–26 (ratoon crop) at the Research Farm, Department of Horticulture, CCS Haryana Agricultural University, Hisar, and Haryana, India. The experimental site is situated at 29°10′ N latitude and 75°46′ E longitude with an altitude of 215.2 m above mean sea level.
Healthy and uniform bulbs of tuberose cv. Prajwal were used as experimental material. The experiment was laid out in a Randomized randomized Block block Design design (Factorial) with three replications. The treatments comprised ten levels of plant growth regulators, viz., T₁-Control (water), T₂-GA₃ 150 ppm, T₃-GA₃ 250 ppm, T₄-GA₃ 350 ppm, T₅-SA 150 ppm, T₆-SA 250 ppm, T₇-SA 350 ppm, T₈-BA 50 ppm, T₉-BA 100 ppm and T₁₀-BA 150 ppm. The second factor consisted of three methods of application, bulb dipping for 1 hour in plant growth regulators (M₁), foliar spray foliar spray of plant growth regulators after 60 days of planting (M₂) and bulb dipping for 1 hour + foliar spray of plant growth regulators after 60 days of planting (M₃).
The experiment consisted of 30 treatment combinations replicated thrice. Bulbs were planted at a spacing of 30 × 30 cm in plots measuring 1.5 m × 1.5 m. Recommended cultural practices were uniformly adopted throughout the crop period. Observations on days to initiation of sprouting, days to complete sprouting, bulb sprouting percentage and plant height were recorded and statistically analysedanalyzed using analysis of variance appropriate for Factorial factorial Randomized randomized Block block Design design as suggested by Panse and Sukhatme (1985).
Results and Discussion	Comment by HP: Avoid citing too many references; 
Days to initiation of sprouting
The data presented in Table 1 revealed significant differences among plant growth regulator treatments and application methods with respect to days to initiation of sprouting during both fresh and ratoon crops. Among the treatments, GA₃ at 350 ppm (T₄) recorded the earliest sprouting (10.56 and 5.78 days) in fresh and ratoon crops, respectively, whereas the control treatment required the maximum period (18.45 and 11.56 days, respectively). The GA₃ was found most effective in minimizing the days taken for sprouting (Sharma et al., 2016; Sendhilnathan et al., 2019). The reduction in sprouting duration under GA₃ treatment may be attributed to accelerated dormancy breaking, enhanced synthesis of hydrolytic enzymes and increased mobilisationmobilization of stored carbohydrates, resulting in rapid cell elongation and bud emergence. Similar findings were reported by Ram et al. (2001), Devadanam et al. (2007), Wagh et al. (2012), Kapri et al. (2018), Hadiya et al. (2020) and Singh and Painkra (2023).	Comment by HP: 
Among the application methods, the combined application of bulb dipping + foliar spray (M₃) significantly reduced the time taken for sprouting initiation (12.47 and 6.93 days) in fresh and ratoon crops, respectively. This superiority might be due to efficient absorption and prolonged availability of growth regulators through both bulbs and foliage.
Among the treatment combinations, application of GA₃ at 350 ppm through bulb dipping + foliar spray (T₄M₃) significantly hastened sprouting and recorded the earliest initiation of sprouting (9.67 and 5.00 days) during the fresh and ratoon crops, respectively. The promotive effect of GA₃ might be attributed to enhanced synthesis of hydrolytic enzymes, increased mobilisationmobilization of stored food reserves and accelerated cell elongation, which collectively facilitated rapid dormancy breaking and uniform sprouting.
Days to complete sprouting
Significant variations were observed among treatments and methods with respect to days taken for complete sprouting (Table 2). Treatment T₄ (350 ppm GA₃) recorded the earliest complete sprouting (33.11 and 21.56 days) during fresh and ratoon crops, respectively, while control treatment exhibited delayed sprouting (45.11 and 31.45 days).
The stimulatory effect of GA₃ on complete sprouting could be due to enhanced respiratory activity, increased enzyme production and rapid utilisation of reserve food materials, thereby promoting synchronised and uniform sprouting. Similar observations were recorded by Kumar et al. (2002), Havale et al. (2008), Ramzan et al. (2014), Hadiya et al. (2020) and Dalvi et al. (2021).	Comment by HP: 
Among the methods, bulb dipping + foliar spray significantly improved complete sprouting, recording minimum values (35.27 and 22.90 days) in fresh and ratoon crops, respectively. The interaction effect between plant growth regulator treatments and application methods was found to be significant for all the parameters studied during both fresh and ratoon crops. Among the treatment combinations, application of GA₃ at 350 ppm through bulb dipping + foliar spray (T₄M₃) significantly enhanced sprouting and recorded the earliest completion of sprouting (29.67 and 20.33 days) during the fresh and ratoon crops, respectively.
Bulb sprouting percentage
The results indicated significant differences among treatments and methods for bulb sprouting percentage (Table 3). The highest sprouting percentage was recorded under SA 350 ppm (T₇) with 85.78 and 92.44 per cent during fresh and ratoon crops, respectively, whereas the minimum sprouting percentage was recorded under control treatment (59.11 and 65.33 %).
The beneficial influence of salicylic acid on bulb sprouting may be attributed to its role in improving physiological efficiency, membrane stability, antioxidant defencedefense mechanisms and enhanced mobilisationmobilization of stored metabolites. Similar findings have also been reported by Bayat and Aminifard (2017), Jabbari et al. (2017), Jayashree et al. (2020), Haq et al. (2021) and Yadav et al. (2024).	Comment by HP: 
Among the methods, bulb dipping and foliar spray (M₃) recorded significantly higher bulb sprouting percentages (80.67 and 87.23%) during both crop seasons. The interaction treatment comprising salicylic acid at 350 ppm applied through bulb dipping + foliar spray (T₇M₃) proved superior in improving bulb sprouting percentage. The treatment combination T₇M₃ recorded the maximum bulb sprouting percentage of 89.33 and 96.00 per cent during fresh and ratoon crops, respectively.
Plant height (cm)
The data presented in Table 4 clearly indicated that plant height was significantly influenced by various plant growth regulators and application methods during both fresh and ratoon crops.
Among the treatments, 350 ppm SA (T₇) recorded significantly maximum plant height (79.51 and 74.64 cm), which is at par with the treatment (T₄) 350 ppm GA₃ (79.39 and 74.47 cm) in fresh and ratoon crops, respectively, whereas the minimum plant height was recorded under the control (T₁) (73.83 and 68.78 cm). It is due to the regulation of cell enlargement and division in synergy with other substances such as auxin, IAA and phenolics, which are recognised to regulate cell enlargement and division during root and shoot growth (Padmapriya and Chezhiyan, 2002; ) (Anwar et al., 2014). The results of the present study are similar to those represented by Yildirim et al. (2008), who found SA increased plant height. Shoot and root growths were accelerated by SA treatment (Drazic et al., 2006). The SA is a phenolic compound that enables plants to survive under challenging soil and environmental situations. SA plays key roles in the regulation of various physiological and developmental processes of plants (Iqbal et al., 2012) (Basil et al., 2018).
With regard to application methods, bulb dipping and foliar spray (M₃) recorded significantly higher plant height (76.18 and 71.03 cm) during fresh and ratoon crops, respectively, compared to bulb dipping and foliar spray alone. The enhanced growth observed under combined application might be due to better uptake, translocation and sustained availability of growth regulators throughout the crop growth period.
The interaction combination of salicylic acid at 350 ppm applied through bulb dipping + foliar spray (T₇M₃) resulted in the highest plant height of 89.33 cm in the fresh crop and 74.64 cm in the ratoon crop. The enhanced performance under salicylic acid treatment might be due to improved physiological efficiency, enhanced photosynthetic activity, better nutrient uptake and increased endogenous hormonal balance, thereby promoting vigorous vegetative growth.
Conclusion	Comment by HP: Conclusion should be concise, addressing objective and free from any repetition of information from other section of MS;
Re-write it in 2-3 sentences at max. to indicates most significant findings. 
The study showed that plant growth regulators and their application methods significantly influenced sprouting behaviour and plant height of tuberose cv. Prajwal during both fresh and ratoon crops. Among the tested plant growth regulators, GA₃ at 350 ppm was most effective in reducing the number of days required for initiation and completion of sprouting. Salicylic acid at 350 ppm was more effective in improving bulb sprouting percentage and plant height. The combined method of bulb dipping for 1 hour followed by foliar spray 60 days after planting performed better than bulb dipping or foliar spray alone for most recorded parameters. The results suggest that GA₃ at 350 ppm may be useful where early and uniform sprouting is desired, while salicylic acid at 350 ppm may be preferred for improving sprouting percentage and plant height. These findings are applicable to the experimental conditions under which the study was conducted and require further validation before wider recommendation.
Limitation
The study was conducted at one location under semi-arid conditions and evaluated only sprouting parameters and plant height. Other important tuberose traits, such as number of leaves, leaf area, spike emergence, flowering duration, spike yield, floret quality, bulb multiplication and economic return, were not presented. Details on bulb size, planting date, spray volume, soil fertility, irrigation and percentage data transformation were limited. Therefore, the findings should be interpreted as preliminary evidence on sprouting and plant height rather than a complete production recommendation.
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Table 1: Effect of pre and post planting treatments of plant growth regulators on days to initiation of sprouting of tuberose
	TREATMENTS
	METHODS

	
	FRESH CROP (2024-25)
	RATOON CROP (2025-26)

	
	M₁
	M₂
	M₃
	Mean
	M₁
	M₂
	M₃
	Mean

	
	Bulb Dipping
	Foliar Spray
	Bulb Dipping + Foliar Spray
	
	Bulb Dipping
	Foliar Spray
	Bulb Dipping + Foliar Spray
	

	T₁
	Control (water)
	18.00
	19.67
	17.67
	18.45
	11.67
	13.00
	10.00
	11.56

	T₂
	150 ppm GA₃
	12.00
	13.00
	11.67
	12.22
	7.00
	7.33
	6.00
	6.78

	T₃
	250 ppm GA₃
	11.00
	12.67
	10.00
	11.22
	6.33
	6.67
	5.67
	6.22

	T₄
	350 ppm GA₃
	10.00
	12.00
	9.67
	10.56
	6.00
	6.33
	5.00
	5.78

	T₅
	150 ppm SA
	14.00
	15.33
	12.67
	14.00
	7.33
	9.33
	6.67
	7.78

	T₆
	250 ppm SA
	12.33
	13.67
	10.67
	12.22
	6.33
	8.00
	5.33
	6.55

	T₇
	350 ppm SA
	12.00
	13.33
	10.33
	11.89
	6.00
	7.00
	5.33
	6.11

	T₈
	50 ppm BA
	17.67
	21.00
	16.33
	18.33
	11.00
	12.00
	10.67
	11.22

	T₉
	100 ppm BA
	15.33
	16.67
	13.67
	15.22
	9.67
	11.00
	8.00
	9.56

	T₁₀
	150 ppm BA
	13.67
	14.33
	12.00
	13.33
	8.00
	8.33
	6.67
	7.67

	MEAN
	13.60
	15.17
	12.47
	
	7.93
	8.90
	6.93
	

	CD at 5%
	Fresh Crop (2024-25)
	Ratoon Crop (2025-26)

	TREATMENT
	0.67
	0.27

	METHODS
	0.36
	0.14

	TREATMENTS × METHODS
	1.16
	0.46

	CV%
	2.78
	1.85



Table 2: Effect of pre and post planting treatments of plant growth regulators on days to complete sprouting of tuberose
	TREATMENTS
	METHODS

	
	FRESH CROP (2024-25)
	RATOON CROP (2025-26)

	
	M₁
	M₂
	M₃
	Mean
	M₁
	M₂
	M₃
	Mean

	
	Bulb Dipping
	Foliar Spray
	Bulb Dipping + Foliar Spray
	
	Bulb Dipping
	Foliar Spray
	Bulb Dipping + Foliar Spray
	

	T₁
	Control (water)
	45.00
	47.67
	42.67
	45.11
	31.67
	33.00
	29.67
	31.45

	T₂
	150 ppm GA₃
	35.33
	39.67
	37.00
	37.33
	22.33
	23.33
	21.67
	22.45

	T₃
	250 ppm GA₃
	35.00
	37.33
	33.00
	35.11
	22.00
	23.00
	20.66
	21.89

	T₄
	350 ppm GA₃
	34.33
	35.33
	29.67
	33.11
	21.67
	22.67
	20.33
	21.56

	T₅
	150 ppm SA
	38.00
	39.00
	36.33
	37.78
	23.67
	25.33
	22.34
	23.78

	T₆
	250 ppm SA
	37.00
	38.33
	33.00
	36.11
	22.00
	23.67
	21.66
	22.44

	T₇
	350 ppm SA
	36.00
	38.00
	30.33
	34.78
	21.34
	23.00
	20.66
	21.67

	T₈
	50 ppm BA
	42.33
	45.33
	39.67
	42.44
	27.34
	28.00
	26.34
	27.23

	T₉
	100 ppm BA
	38.33
	41.00
	37.00
	38.78
	25.67
	27.00
	23.67
	25.45

	T₁₀
	150 ppm BA
	36.67
	37.33
	34.00
	36.00
	23.67
	24.33
	22.00
	23.33

	MEAN
	37.80
	39.90
	35.27
	
	24.14
	25.33
	22.90
	

	CD at 5%
	Fresh Crop (2024-25)
	Ratoon Crop (2025-26)

	TREATMENT
	1.61
	0.83

	METHODS
	0.88
	0.45

	TREATMENTS × METHODS
	2.59
	1.43

	CV%
	5.30
	3.23



Table 3: Effect of pre and post planting treatments of plant growth regulators on bulb sprouting (%) of tuberose
	Ttreatments
	methodsMethods

	
	fresh Fresh crop (2024-25)
	ratoon Ratoon crop (2025-26)

	
	M₁
	M₂
	M₃
	Mean
	M₁
	M₂
	M₃
	Mean

	
	Bulb Dipping
	Foliar Spray
	Bulb Dipping + Foliar Spray
	
	Bulb Dipping
	Foliar Spray
	Bulb Dipping + Foliar Spray
	

	T₁
	Control (water)
	59.33
	55.33
	62.67
	59.11
	64.67
	62.00
	69.33
	65.33

	T₂
	150 ppm GA₃
	73.00
	71.00
	74.67
	72.89
	79.33
	80.67
	85.33
	81.78

	T₃
	250 ppm GA₃
	78.67
	77.67
	81.00
	79.11
	85.00
	83.00
	86.67
	84.89

	T₄
	350 ppm GA₃
	83.33
	82.33
	87.67
	84.44
	90.00
	88.00
	94.00
	90.67

	T₅
	150 ppm SA
	74.67
	72.00
	80.00
	75.56
	82.33
	76.33
	85.33
	81.33

	T₆
	250 ppm SA
	82.67
	77.33
	84.00
	81.33
	88.33
	85.00
	90.67
	88.00

	T₇
	350 ppm SA
	85.33
	82.67
	89.33
	85.78
	92.00
	89.33
	96.00
	92.44

	T₈
	50 ppm BA
	70.67
	69.33
	76.00
	72.00
	77.33
	76.00
	82.67
	78.67

	T₉
	100 ppm BA
	80.00
	74.67
	84.00
	79.56
	85.33
	82.33
	88.33
	85.33

	T₁₀
	150 ppm BA
	82.00
	80.00
	87.33
	83.11
	87.67
	86.33
	94.00
	89.33

	MEAN
	76.97
	74.23
	80.67
	
	83.20
	80.90
	87.23
	

	CD at 5%
	Fresh Crop (2024-25)
	Ratoon Crop (2025-26)

	TREATMENT
	1.05
	1.25

	METHODS
	0.57
	0.68

	TREATMENTS × METHODS
	1.83
	2.16

	CV%
	3.95
	4.74



Table 4: Effect of pre and post planting treatments of plant growth regulators on plant height (cm) of tuberose
	Treatments
	METHODS

	
	FRESH CROP (2024-25)
	RATOON CROP (2025-26)

	
	M₁
	M₂
	M₃
	Mean
	M₁
	M₂
	M₃
	Mean

	
	Bulb Dipping
	Foliar Spray
	Bulb Dipping + Foliar Spray
	
	Bulb Dipping
	Foliar Spray
	Bulb Dipping + Foliar Spray
	

	T₁
	Control (water)
	73.30
	72.87
	75.32
	73.83
	69.08
	66.93
	70.32
	68.78

	T₂
	150 ppm GA₃
	75.29
	73.21
	76.20
	74.90
	70.40
	67.95
	71.14
	69.83

	T₃
	250 ppm GA₃
	79.25
	76.29
	80.82
	78.79
	74.00
	71.17
	75.76
	73.64

	T₄
	350 ppm GA₃
	79.80
	77.01
	81.35
	79.39
	74.90
	72.08
	76.44
	74.47

	T₅
	150 ppm SA
	75.49
	74.34
	78.44
	76.09
	71.28
	69.19
	72.53
	71.00

	T₆
	250 ppm SA
	78.47
	77.32
	81.71
	79.17
	73.29
	72.12
	76.31
	73.91

	T₇
	350 ppm SA
	78.40
	77.92
	82.20
	79.51
	74.28
	72.39
	77.24
	74.64

	T₈
	50 ppm BA
	64.25
	63.55
	65.52
	64.44
	59.23
	58.11
	60.47
	59.27

	T₉
	100 ppm BA
	67.29
	66.90
	68.95
	67.71
	62.10
	61.32
	63.98
	62.47

	T₁₀
	150 ppm BA
	68.95
	67.57
	71.29
	69.27
	63.75
	62.28
	66.00
	64.01

	MEAN
	74.05
	72.70
	76.18
	
	69.23
	67.35
	71.02
	

	CD at 5%
	Fresh Crop (2024-25)
	Ratoon Crop (2025-26)

	TREATMENT
	0.22
	0.27

	METHODS
	0.12
	0.15

	TREATMENTS × METHODS
	0.38
	0.47

	CV%
	0.31
	0.41
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