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Revised title: Effects of Organic Bulb Priming and Natural Lemon Juice on Growth and Post-Harvest Quality of Asiatic Lily cv. Indian Summerset
Abstract

Sustainable alternatives to chemical inputs are increasingly important in ornamental floriculture, yet studies on organic bulb priming and natural post-harvest treatments in Asiatic Lily cv. Indian Summerset remain limited. This study evaluated bulb priming treatments—T₁: 1% Bijamrit (BJ), T₂: 3% BJ, T₃: 5% BJ, T₄: 1% BJ + 1% Jeevamrit (JM), T₅: 3% BJ + 3% JM, T₆: 5% BJ + 5% JM, T₇: 1% JM, T₈: 3% JM, T₉: 5% JM, and T₁₀: Control (distilled water)—for growth and morphological traits. Post-harvest lemon juice treatments—T₁: 20 mL L⁻¹, T₂: 40 mL L⁻¹, T₃: 60 mL L⁻¹, T₄: 80 mL L⁻¹, T₅: 100 mL L⁻¹, and T₆: Control (distilled water)—were assessed for vase life and water absorption. Among bulb priming treatments, T₆ (5% BJ + 5% JM) maximized vegetative growth and morphology, while T₃ (60 mL L⁻¹ lemon juice) most effectively enhanced water absorption and extended vase life. These findings demonstrate that combined organic priming and lemon juice application provide an eco-friendly strategy to improve growth and post-harvest quality of lily.
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1. INTRODUCTION 
Lily (Lilium asiaticum) are used as wonderful cut flowers, and due to a wide range of flower shapes and colors, these attain a remarkable place in landscape designing. Oriental hybrids, Asiatic hybrids, and Longiflorum hybrids are the major groups of lilies mainly used as cut flowers (Grassotti and Gimclli, 2011). The Liliaceae family, belonging to the flowering plant order Liliales, includes 16 genera and 635 species native to subtropical and temperate zones (Britannica, 2014). Many Liliaceae genera are important in the floriculture and horticulture industries, particularly Tulipa spp. and Lilium spp. The Lilium genus exhibits a wide array of characteristics, including various flower colors, shapes, and sizes. The herbaceous leaves typically have parallel veins, which alternate along the stem or are arranged in whorls. Additionally, lily plants have an underground storage structure (which varies in size) known as a bulb (Britannica, 2014). Numerous lily cultivars are commercially grown under controlled microclimates (greenhouses) with temperature requirements between 16 and 21 ◦C in the daytime and 10 to 17 ◦C during the night (Dole et al. 2005; Hani et al. 2022). Worldwide, the lily is one of the top five cut flower species auctioned in flower stock markets, in addition to roses, tulips, and gerbera (Hani et al. 2022). In 2022, the Royal Flora Holland (RFH), the largest marketplace for the floriculture industry in the world, disclosed a revenue of $5.6 billion (RFH, 2022). During that period, the RFH sold about 300 million lily flowers, contributing to a total value of around $150 million. The economic value of a lily depends on several quality components, such as flower shape, size, petal color, and longevity (Al-Ajlouni et al. 2023). Cultural practices, including applying external hormones, managing nutrients, selecting growing substrates, and planting depth, have a potential influence on the anatomy, physiology, yield, and quality of lily flowers (Othman et al. 2021; Hani et al. 2022; Al-Ajlouni et al. 2023). For example, 6-Benzylaminopurine (BA, cytokinins) and gibberellic acid (GA3, Gibberellins) at 50 mgL−1 significantly increase the leaf thickness, total number of vascular bundles, leaf area, flower number per stem, and vase life in lilies (Al-Ajlouni et al. 2023). Pre-harvest applications of salicylic acid (SA) and calcium chloride have been suggested as eco-friendly alternatives to chemical products for extending the post-harvest life of cut rose flowers (Abdolmaleki et al. 2015; Kumar et al. 2023). The cut flower industry is a promising investment, and any study associated with improving the quantity and quality of these commercially important cut flower species is of great interest to cut flower producers. Several studies have been conducted to assess the effect of pre- and post-harvest application of chemical compounds on flower yield and quality (Othman et al. 2023). In different way, several studies have focused on cut flower crops such as gladiolus, tuberose and Dahlia variabilis L. offering valuable insights into factors influencing their vase life (Kumar et al. 2022; Kumar et al. 2024; Rao et al. 2025; Kaushik et al. 2025; Kumar et al. 2025a, b). After harvesting, the quality of cut lily flowers depends on many factors, like the cultivar, conditions of preharvest, harvest stage, handling, and environment postharvest. The longevity of inflorescence and foliage are important parameters of the quality of cut lilies, whereas postharvest physiological disorders that limit the vase life in lily cut stems include vascular blockage and tissue browning followed by petal wilting, flower bud blasting, and leaf chlorosis (Younis et al. 2014). The development of browning or yellowing of leaves is the most significant disorder postharvest and starts from the lower leaves and gradually moves upwards (Han, 2001). There are two reasons for vascular blockage: one is related to air embolism, and the other is microorganisms whose growth in the vase solution causes a physical blockage of xylem, reduces the uptake of water, and causes senescence (Younis et al. 2018). Lily cultivation faces challenges such as nutrient imbalances, temperature fluctuations, and soil-borne diseases, while overuse of synthetic fertilizers and PGRs deteriorates soil health and poses environmental risks (Baghdadi et al., 2018). While synthetic bio- stimulants bulb priming agents effectively regulate growth and flowering and their excessive use can interrupt soil microbes and leave persistent residues with downstream ecological effects. Hence, eco-friendly alternatives are needed for balance eco-friendly and soil microbe’s friendly bio-stimulants which are positively impact on soil as well as plant ecology. The bio-stimulants such as Jeevamrit, Bijamrit, and Panchgavya induce a multi-fold increase in microbial population and earthworm activity which enhances nutrient availability in soil, strengthens the resistance mechanism, and increases crop productivity (Ray et al.  2020; Maduka et al. 2019; Patel et al. 2021). By integrating sustainable pre-planting and post-harvest strategies, this study aims to provide a scientifically validated, environmentally responsible approach for improving the commercial performance of lilies and advancing sustainable floriculture practices.
2. MATERIALS AND METHODS
The present study was undertaken to evaluate the effects of organic bulb priming with Bijamrit and Jeevamrit on growth and morphological parameters of Asiatic Lily cv. Indian Summerset, and to assess the impact of natural lemon juice application on post-harvest quality and vase life attributes. The study aimed to quantify the response of lily to these treatments in comparison with untreated controls. It was hypothesized that organic bulb priming would enhance vegetative growth and morphological development, while lemon juice treatment would improve post-harvest performance and extend vase life. The experiment was conducted during 2025 at the Horticulture Research Centre (HRC), SVPUA&T, Modipuram, Meerut (U.P.). Uniform, unsprouted bulbs of the selected lily cultivar, procured from the international market, were used as planting material.
2.1 BULB PRIMING AND TREATMENTS
The field experiment on bulb priming was laid out in a randomized complete block design (RCBD) with three replications, evaluating a total of ten treatments (T₁–T₁₀). The bulbs were pre-treated (primed) by soaking in different organic formulations—Bijamrit, Jeevamrit, and their combinations—at specified concentrations (1%, 3%, and 5%) for 24 hours prior to planting. The post-harvest experiment was conducted separately under a completely randomized design (CRD) with six lemon juice treatments (T₁–T₆) to evaluate flower vase life and related post-harvest parameters. Table 1 Treatment details for bulb priming and post-harvest lemon juice application.
Table 1. Treatment details for bulb priming and post-harvest lemon juice applications used in the experiment.
	Treatment
	Description

	Bulb Priming Treatments

	T₁
	1% Bijamrit (BJ)

	T₂
	3% Bijamrit (BJ)

	T₃
	5% Bijamrit (BJ)

	T₄
	1% BJ + 1% Jeevamrit (JM)

	T₅
	3% BJ + 3% Jeevamrit (JM)

	T₆
	5% BJ + 5% Jeevamrit (JM)

	T₇
	1% Jeevamrit (JM)

	T₈
	3% Jeevamrit (JM)

	T₉
	5% Jeevamrit (JM)

	T₁₀
	Control (Distilled Water)

	Post-Harvest Lemon Juice Treatments

	T₁
	20 mL L⁻¹ lemon juice

	T₂
	40 mL L⁻¹ lemon juice

	T₃
	60 mL L⁻¹ lemon juice

	T₄
	80 mL L⁻¹ lemon juice

	T₅
	100 mL L⁻¹ lemon juice

	T₆
	Control (Distilled Water)


2.2 ORGANIC PRIMING MATERIALS
Bijamrit and Jeevamrit were prepared using indigenous cow-based inputs following standard organic formulations. Bijamrit was prepared by thoroughly mixing fresh cow dung, cow urine, lime, and water in appropriate proportions, while Jeevamrit was prepared using cow dung, cow urine, jaggery, pulse flour, and water. All ingredients were obtained from the departmental research centre. The mixtures were allowed to ferment under ambient conditions for the required duration, stirred intermittently, and filtered through a fine muslin cloth to obtain clear solutions suitable for bulb priming treatments.
2.3 FIELD PREPARATION AND PLANTING
The bulbs were planted in the field in November during the 2024–25 growing seasons. During both seasons, day temperatures ranged from 18 to 22 °C, while night temperatures varied between 15 and 17 °C, providing optimal conditions for bulb sprouting and floral initiation. Prior to planting, the field was prepared with vermicompost and a basal dose of fertilizers to improve soil fertility. Bulbs were planted at a uniform spacing of 20 × 20 cm (row-to-row and plant-to-plant) to ensure adequate growth space and uniform plant development across all treatments.

2.4 FERTILIZER AND IRRIGATION MANAGEMENT
The Recommended Dose of Fertilizer (RDF) of 120:100:80 kg NPK/ha was applied, with half of the nitrogen and the full dose of phosphorus and potassium incorporated at field preparation, while the remaining nitrogen was applied at the reproductive stage. This split application ensured adequate nutrient availability throughout the growth period. Irrigation was applied immediately after planting using a rose cane to prevent waterlogging, followed by two additional irrigations at 3–4 days intervals depending on soil moisture requirements. After the initial three irrigations, subsequent waterings were applied as light flood irrigation at 10–15 days intervals during the winter season to prevent bulb blast and ensure optimal bulb and flower development. This irrigation strategy maintained uniform soil moisture across all treatments while reducing the risk of pathogen-related bulb damage.
2.5 VASE LIFE PARAMETER EVALUATION
Vase life parameters were assessed by recording days taken to bud opening in solution (DTBOS), number of buds opened in solution (NBOS), solution uptake (SU, ml), length of vase life (days), and days taken to wilted flower (DTWF) (Chaudhary et al. 2016; Kombo and Sahare, 2021; Brahma et al. 2023; Song et al. 2025). All observations were recorded daily under controlled laboratory conditions, and the end of vase life was determined based on visible wilting and loss of ornamental quality.
2.6 STATISTICAL ANALYSIS
The data recorded from experimental field were subjected to statistical analysis using the software OPSTAT, analysis of variance was carried out following the appropriate experimental design, treatments were compared using test at 5% level of significance to obtain grouping of data. 

3. RESULT AND DISCUSSION
3.1 EFFECT OF TREATMENTS ON VEGETATIVE GROWTH PARAMETERS 
The effects of different treatments on vegetative growth parameters are presented in Table 2. The days to bud sprouting (DTBS) varied significantly among treatments at the 5% level of significance. The earliest bud sprouting was observed in T5 (4.07 ± 0.37 days), followed by T6 (4.80 ± 0.58 days) and T4 (4.87 ± 0.29 days), which were statistically comparable. Intermediate values were recorded for T3 (5.67 ± 0.29), T1 (6.47 ± 0.52), T2 (6.60 ± 0.31), T7 (7.67 ± 0.47), T8 (8.80 ± 0.31), and T9 (9.27 ± 0.37 days). The control (T10) showed the longest DTBS (11.53 ± 0.47 days), indicating delayed bud emergence in untreated plants. Early bud emergence is commonly associated with enhanced enzymatic activity and rapid mobilization of stored reserves, which are stimulated by bioactive compounds and growth-promoting substances present in effective treatments (Rashed et al., 2025; Shukla et al. 2023). Plant height (PH) was significantly affected by the treatments. The maximum height was recorded in T6 (53.17 ± 1.02 cm), followed by T5 (52.45 ± 1.17 cm) and T4 (51.11 ± 0.95 cm). Moderate heights were observed for T1 (47.09 ± 0.94), T3 (47.04 ± 2.41), T2 (46.32 ± 1.03), T8 (46.82 ± 1.75), T7 (46.48 ± 2.54), and T9 (45.27 ± 0.98 cm). The control (T10) recorded the minimum plant height (38.57 ± 2.66 cm), indicating poor vegetative growth in untreated plants. Such enhancement in plant stature may be attributed to improved nutrient uptake efficiency, increased cell elongation, and balanced hormonal regulation, particularly gibberellin-mediated stem elongation. Similar improvements in plant height following biostimulant and plant growth regulator applications have been reported in ornamental crops including lily, gladiolus, and gerbera (Parinitha et al., 2023; Shukla et al. 2023; Prasad et al., 2023). A similar trend was observed for the number of leaves per plant (NLPP). T6 (52.00 ± 0.83), T5 (50.93 ± 0.47), and T4 (50.40 ± 0.72) had the highest leaf numbers, followed by T7 (47.67 ± 0.52), T9 (43.53 ± 0.47), T3 (42.93 ± 0.52), T1 (41.87 ± 0.33), T2 (41.53 ± 0.52), and T8 (41.80 ± 0.42). The control (T10) again showed the lowest NLPP (25.47 ± 0.88), highlighting the effect of treatments in promoting leaf proliferation. Increased leaf production is indicative of enhanced meristematic activity and improved nitrogen assimilation, leading to greater photosynthetic surface area. Enhanced leaf proliferation under bio-stimulant-based treatments has also been documented in pepper, tomato, and ornamental bulb crops (Parinitha et al., 2023; Rashed et al., 2025). Leaf length (LL) was maximum in T5 (12.93 ± 1.04 cm), followed by T4 (12.34 ± 0.18 cm) and T6 (12.33 ± 0.29 cm). Moderate leaf lengths were recorded for T7 (11.43 ± 0.03), T8 (11.47 ± 0.06), T3 (11.05 ± 0.07), T2 (10.67 ± 0.33), and T1 (9.80 ± 0.40 cm). The control (T10) exhibited the shortest leaves (9.03 ± 0.12 cm). Increased leaf size enhances light interception and photosynthetic efficiency, contributing to improved vegetative vigor. Comparable increases in leaf dimensions have been reported in studies evaluating organic priming agents and bio-stimulants in horticultural crops (Shukla et al. 2023; Prasad et al., 2023). Leaf width (LW) followed a similar pattern, with T6 (3.42 ± 0.10 cm) showing the maximum width, followed by T3 (3.31 ± 0.10), T5 (3.07 ± 0.15), T4 (3.01 ± 0.12), T8 (2.87 ± 0.10), T7 (2.57 ± 0.27), T1 (2.35 ± 0.10), T9 (2.42 ± 0.14), and the control (T10) recording the minimum width (2.01 ± 0.15 cm). Increased leaf width under treatments T4, T5, and T6 suggests enhanced lateral cell expansion and improved water and nutrient availability, which are essential for proper leaf development. Wider leaves contribute to increased photosynthetically active surface area, thereby improving light interception efficiency and overall photosynthetic performance. Similar improvements in leaf width following bio-stimulant and organic treatment applications have been reported in ornamental and horticultural crops, where enhanced leaf expansion was linked to improved physiological efficiency and nutrient utilization (Dhorajiwala, 2022; Kisvarga et al. 2022). The significant differences observed among treatments at the 5% level, as indicated by the critical difference (CD) values, further validate the effectiveness of the applied treatments in improving leaf morphological traits.
Table 2. Effect of treatments on vegetative growth parameters 

	Treatment
	DTBS
	PH
	NLPP
	LL
	LW

	T1
	6.47 ± 0.52 de
	47.09 ± 0.94 c
	41.87 ± 0.33 ef
	9.80 ± 0.40 de
	2.35 ± 0.10 ab

	T2
	6.60 ± 0.31 de
	46.32 ± 1.03 cd
	41.53 ± 0.52 f
	10.67 ± 0.33 cd
	3.14 ± 0.11 ab

	T3
	5.67 ± 0.29 ef
	47.04 ± 2.41 c
	42.93 ± 0.52 de
	11.05 ± 0.07 bcd
	3.31 ± 0.10 ab

	T4
	4.87 ± 0.29 fg
	51.11 ± 0.95 b
	50.40 ± 0.72 b
	12.34 ± 0.18 ab
	3.01 ± 0.12 ab

	T5
	4.07 ± 0.37 g
	52.45 ± 1.17 a
	50.93 ± 0.47 ab
	12.93 ± 1.04 a
	3.07 ± 0.15 ab

	T6
	4.80 ± 0.58 g
	53.17 ± 1.02 a
	52.00 ± 0.83 a
	12.33 ± 0.29 ab
	3.42 ± 0.10 a

	T7
	7.67 ± 0.47 cd
	46.48 ± 2.54 cd
	47.67 ± 0.52 c
	11.43 ± 0.03 bc
	2.57 ± 0.27 ab

	T8
	8.80 ± 0.31 bc
	46.82 ± 1.75 c
	41.80 ± 0.42 ef
	11.47 ± 0.06 bc
	2.87 ± 0.10 ab

	T9
	9.27 ± 0.37 b
	45.27 ± 0.98 d
	43.53 ± 0.47 d
	11.27 ± 0.60 bc
	2.42 ± 0.14 ab

	T10
	11.53 ± 0.47 a
	38.57 ± 2.66 e
	25.47 ± 0.88 g
	9.03 ± 0.12 e
	2.01 ± 0.15 b

	C.D. (P=0.05)
	0.79
	4.97
	1.32
	1.21
	0.22

	SE(m)
	0.26
	1.66
	0.44
	0.40
	0.08


3.2 EFFECT OF TREATMENTS ON FLOWER PARAMETERS 
The effects of different treatments on the morphological and post-harvest characteristics of flowers are presented in Table 3. The days to bud opening in solution (DTBOS) varied significantly among treatments at 5% level of significance. Treatment T3 showed the longest time for bud opening (10.66 ± 0.88 days), followed by T4 (10.33 ± 0.88 days) and T5 (10.00 ± 1.00 days), which were statistically at par, while T6 (control) recorded the shortest bud opening period (5.33 ± 0.88 days), indicating a significant delay in bud opening under treated conditions. Delayed bud opening is often associated with reduced ethylene sensitivity, moderated metabolic activity, and improved membrane stability, which collectively help in prolonging the decorative life of cut flowers. Similar delays in bud opening following preservative or bio-stimulant treatments have been reported in cut flower crops, where controlled bud opening is considered desirable for extending vase life (van Doorn & Woltering, 2008; Kumar et al. 2008; Nguyen and Lim, 2021). The number of buds opened in solution (NBOS) was highest in T3 (3.33 ± 0.33), followed by T1 (3.00 ± 0.00), while T5 and T6 had the lowest values (2.00 ± 0.00–0.58). These differences were statistically significant at the 5% level, suggesting that certain treatments enhanced bud opening efficiency. In contrast, the lower number of buds opened in T5 and the control indicates suboptimal physiological conditions for sustained bud development. Previous studies have shown that appropriate post-harvest treatments can enhance bud opening efficiency by maintaining energy supply and reducing physiological stress in cut flowers (Jafarpour et al., 2015). Regarding solution uptake, the control (T6) recorded the highest uptake (93.66 ± 11.05 mL), significantly higher than all other treatments, whereas treated flowers (T1–T5) absorbed moderate amounts (53.66 ± 8.95 mL to 63.00 ± 16.26 mL), indicating that treatment application reduced water uptake compared to the untreated control at the 5% level of significance. Although higher solution uptake is generally considered beneficial, excessive uptake may also be associated with rapid transpiration, increased vascular blockage, and faster depletion of stored carbohydrates, leading to reduced vase life. The moderate solution uptake observed in treated flowers (T1–T5) suggests improved water use efficiency and better xylem functionality, which are critical for maintaining turgidity without accelerating senescence. Reduced but efficient water uptake under preservative treatments has been reported to positively influence vase life in cut flowers (Xia et al., 2024; Zulfiqar et al. 2024). The vase life was significantly extended in treated flowers at 5% significance. The longest vase life was observed in T3 (16.33 ± 1.45 days) and T4 (15.00 ± 1.16 days), followed by T2 (15.00 ± 1.00 days) and T5 (14.66 ± 0.88 days), all significantly higher than the control (T6, 8.33 ± 0.88 days), indicating a positive effect of treatments on flower longevity. Prolonged vase life under these treatments may be attributed to delayed senescence, reduced microbial growth in the vase solution, improved antioxidant activity, and maintenance of cellular integrity. Treatments that slow ethylene production or action and enhance antioxidant defense systems are known to significantly improve flower longevity. Similar extensions in vase life following post-harvest treatments have been widely reported in ornamental crops (van Doorn & Woltering, 2008; Dehestani-Ardakani et al. 2022). Similarly, the days to wilting of flowers (DTWF) were significantly extended under treatments at 5% level. T3 and T4 exhibited the highest durability (21.00 ± 0.58 and 21.00 ± 1.00 days), while T6 (control) showed the shortest period before wilting (15.00 ± 1.53 days). Treatments T1, T2, and T5 recorded intermediate values (18.00–19.66 days). Delayed wilting reflects improved water balance, reduced oxidative stress, and prolonged cellular functionality in treated flowers. The intermediate values observed in T1, T2, and T5 indicate partial effectiveness of these treatments in delaying senescence (Manzoor et al. 2024). Overall, the significant differences among treatments at the 5% level, as indicated by CD values, confirm the effectiveness of specific treatments in improving post-harvest quality and longevity of flowers. 
Table 3. Flower vase life morphological parameters evaluation of Lily

	Treatments
	DTBOS (days)
	NBOS (no.)
	SU (ml)
	VL (days)
	DTWF (days)

	T1
	8.66 ± 0.33 b
	3.00 ± 0.00 ab
	59.33 ± 9.39 b
	12.66 ± 0.67 b
	18.00 ± 1.00 b

	T2
	9.66 ± 1.45 ab
	2.66 ± 0.33 abc
	56.33 ± 13.04 b
	15.00 ± 1.00 a
	19.00 ± 0.00 b

	T3
	10.66 ± 0.88 a
	3.33 ± 0.33 a
	53.66 ± 8.95 b
	16.33 ± 1.45 a
	21.00 ± 0.58 a

	T4
	10.33 ± 0.88 ab
	2.33 ± 0.33 bc
	54.66 ± 6.74 b
	15.00 ± 1.16 a
	21.00 ± 1.00 a

	T5
	10.00 ± 1.00 ab
	2.00 ± 0.00 c
	63.00 ± 16.26 b
	14.66 ± 0.88 ab
	19.66 ± 0.88 ab

	T6 (Control) 
	5.33 ± 0.88 c
	2.00 ± 0.58 c
	93.66 ± 11.05 a
	8.33 ± 0.88 c
	15.00 ± 1.53 c

	CD
	1.63
	0.80
	18.78
	2.04
	1.80

	SE (m)
	0.51
	0.25
	5.88
	0.64
	0.56


Collectively, treatments T3 (16.33 ± 1.45) and T4 (15.00 ± 1.16) demonstrated superior performance across most post-harvest parameters, including delayed bud opening, higher bud opening efficiency, extended vase life, and prolonged wilting period in figure 1. 
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Figure 1. The effects of different eco-friendly treatments on the post-harvest characteristics of flowers Asiatic Lily cv. Indian Summerset
These improvements are agronomically and commercially important, as enhanced post-harvest performance directly increases marketability, consumer satisfaction, and economic returns in the floriculture industry.

4. CONCLUSION
The present study demonstrates that the application of different treatments significantly influenced both vegetative growth and post-harvest quality of Asiatic Lily cv. Indian Summerset. Among the bulb priming treatments, T₄, T₅, and T₆ consistently enhanced vegetative growth, as indicated by early bud sprouting, increased plant height, higher leaf number per plant, and larger leaf size compared to the untreated control (T₁₀). In terms of post-harvest performance, lemon juice treatments T₃ (60 mL L⁻¹; 16.33 ± 1.45 days) and T₄ (80 mL L⁻¹; 15.00 ± 1.16 days) exhibited the longest vase life, delayed flower wilting, and moderate water absorption, reflecting superior post-harvest quality. The control consistently showed delayed vegetative development, lower leaf proliferation, and the shortest vase life. Overall, T₆ (5% Bijamrit + 5% Jeevamrit) was most effective for vegetative growth, and T₃ (60 mL L⁻¹) was most effective for post-harvest flower longevity, providing a scientific basis for their adoption in horticultural management practices aimed at maximizing plant performance and vase life.
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