


Original Research Article
Impact of different drip fertigation levels on the quality of Asiatic lily cultivated under open field conditions of the Himalayan Tarai region in India


ABSTRACT
The floriculture sector in India is growing rapidly, especially for export-oriented and high-value crops, i.e. lily. Drip fertigation will support commercial lily cultivation in non-traditional regions like the Himalayan Tarai region. With increasing water scarcity and the need for sustainable floriculture, efficient fertigation practices are essential to improve flower yield and quality with minimal input use. This study, “Impact of different drip fertigation levels on the quality of Asiatic lilies cultivated under open field conditions of the Himalayan Tarai region in India”, compared four treatments were compared: fertigation levels 120, 100 and 80 per cent RDF, and one control (conventional method of manuring and fertilisation). The results showed that the fertigation level 120 per cent RDF treatment significantly increased plant height, leaf area, and biomass, whereas the fertigation level 100 per cent RDF treatment had early bud initiation, maximum floret diameter, and shelf life of the spike.  The fertigation level 120 per cent RDF through drip fertigation system had taller plant height (104.00 cm) and maximum leaf area (1291.54 cm²), whereas the fertigation level 100 per cent RDF was found superior in bud number per spike (5.50 per plant) and the shelf life of spike (27.70 days). The conventional method of manuring and fertilization consistently underperformed across all the plant growth and spike quality parameters. These findings underscore the importance of fertigation in improving both growth and floral quality, providing practical guidelines for growers aiming to increase economic viability and sustainability in lily cultivation.
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1. INTRODUCTION	
Lilies belonging to the Liliaceae family are captivating flowering plants with a long history and cultural significance. With more than 100 species and thousands of cultivars, these plants have been cultivated for millennia and hold diverse symbolic meanings across cultures. In ancient Greece, lilies were associated with the goddess Hera, whereas in Christianity, they symbolized purity and divinity. In Japan, they represent good fortune and happiness. Their genetic diversity contributes to a wide array of cultivars, with origins spanning the Balkans, the Middle East, parts of Asia, Mexico, Europe, North Africa, and the Canary Islands. In India, lilies grow well in temperate Himalayan regions (Uttarakhand, Himachal Pradesh, Jammu and Kashmir) and the Nilgiri Hills under natural open field condition whereas lily cultivated under protected conditions in various states, including Uttarakhand, Uttar Pradesh, Punjab, Haryana, Karnataka, Maharashtra, West Bengal, and North Eastern states [1& 2].
Lilies rank second in area and production among bulbous cut flowers, following tulips, with the Netherlands being the leading producer [3]. The demand for lily flowers has been increasing annually, driven by both local and international markets. However, fertilizer requirements pose a significant challenge for lily cultivation in the temperate and Tarai regions of India. To increase fruit and flower quality, it is essential to supply optimal amounts of fertilizer through drip irrigation systems, which efficiently deliver nutrients directly to the plant's active root zone, thus conserving both fertilizers and water [4-7]. Flower crops, including lilies, are highly responsive to fertilizers, necessitating increased and balanced fertilizer applications to maximize flower production [8].  Fertilizer requirements significantly influence plant growth, spike quality, and bulb production [9-10]. Recent studies have indicated that different drip fertigation levels can significantly affect plant vegetative and spike quality traits such as plant height, leaf number, leaf area, and spike quality characters etc. For example, research shows that optimal nutrient levels can increase these parameters, thereby improving overall quality and marketability [11-12]
This study aimed to investigate the effects of different drip fertigation levels on the quality of Asiatic lilies produced under open field conditions in the Himalayan Tarai region in India. The primary objectives include determining the optimal fertigation levels that maximize flower quality without compromising plant vegetative growth, evaluating the effects on spike quality and aesthetic appeal, and contributing to sustainable agricultural practices. Ultimately, this research seeks to provide practical guidelines for growers, fostering an integrated approach to horticulture that promotes both economic viability and environmental sustainability.
2. MATERIALS AND METHODS
This experiment was conducted during the rabi season of 2017 at the Modern Floriculture Centre, Department of Horticulture, College of Agriculture, Govind Ballabh Pant University of Agriculture and Technology, Pantnagar, Uttarakhand, India. Pantnagar is located at the foothills of the Himalayas (Shivalik range) and falls within the humid subtropical climate zone, situated at 29° North latitude and 79.3° East longitude, with an altitude of 243.84 m above sea level. The agro-meteorological conditions in Pantnagar over the past decade indicate a dynamic climate characterized by a wide temperature range. In the summer season, temperatures reach 42-45°C, whereas in the winter season temperatures are 2-4°C. The average annual rainfall is approximately 145 cm, occurring primarily during the monsoon season from June to September, as recorded by the weather station at Govind Ballabh Pant University of Agriculture and Technology. The average soil pH in the region ranges from 6.5 to 7.0. The experiment was laid out as a randomized block design with four treatments and five replications. The treatments are three fertigation levels: 120, 100, 80 per cent of the recommended dose of fertilizer (RDF), and a control (conventional method).  For Asiatic lily cv. Indian Diamond is 135:120:80 NPK kg/ha. Nitrogen, phosphorus, and potassium were applied through water-soluble fertilizers via a drip irrigation system in three splits. The first split (20 per cent of the fertigation level) was applied three weeks after bulb sprouting, the second split (40 per cent of the fertigation level) was applied following the first fertigation, and the third split (40 per cent of the fertigation level) was applied three weeks after the second fertigation. The meteorological data collected during the experimental period (November 2016 - March 2017) are presented in Figs. 1 and 2. The data for vegetative growth and spike quality parameters are plant height (cm), number of leaves per plant, leaf area per plant (cm²), stem diameter (mm), number of buds per plant, and length and diameter of both the basal and upper buds (cm) were recorded at the spike harvesting stage. However, the fresh weight of the plant was recorded when all florets were fully opened in the field. The same samples were subsequently dried at 60°C in an oven until a constant weight was achieved, after which the dry weight of the plants was measured via a digital balance. The plant height and bud length were measured with a standard ruler, whereas the stem and bud diameters were recorded via a vernier calliper. The data were analyzed via ANOVA with Tukey’s test via SPSS version 20.0 software.
3. RESULTS AND DISCUSSION
3.2.  IMPACT OF FERTIGATION LEVELS ON PLANT VEGETATIVE GROWTH: Our study provides a comprehensive view of the impacts of different drip fertigation levels on various plant growth parameters, i.e. plant height, number of leaves per plant, leaf area per plant, and stem diameter. Compared among treatments, fertigation level 120 per cent RDF consistently resulted in greater plant height, with plants averaging 104.00 cm, which was significantly greater as compared other treatments and the conventional method of fertilization (Fig. 3A). In terms of leaf area, fertigation level 120 per cent RDF had a larger average leaf area per plant, measuring 1291.54 cm². This value was notably greater than the leaf area recorded for plants receiving fertigation level 100 per cent RDF, which was 1304.54 cm², indicating a slightly better performance in terms of leaf area (Fig. 3B). The number of leaves per plant was highest in the fertigation level 100 per cent RDF treatment, with an average of 88.80 leaves, which was greater than the 86.20 leaves per plant observed in the fertigation level 120 per cent RDF treatment (Fig. 3C). However, the stem diameter was slightly greater in the fertigation level 80 per cent RDF (10.70 mm) than in the 120 per cent RDF treatment (10.68 mm), but the difference between treatments was statistically nonsignificant (Fig. 3D). The conventional method, on the other hand, produced the shortest plants (84.90 cm), smallest leaf area (1098.86 cm²), and fewest leaves per plant (77.90), with a stem diameter of 10.34 mm. The statistical significance of these results indicates that fertigation level 120 per cent RDF consistently produced the taller plants and larger leaf areas, whereas the conventional method yielded the least favorable growth outcomes across these measured parameters. 
Our results indicated that fertigation level 120 per cent RDF resulted in taller plants and the maximum leaf areas (Fig. 3). This observation aligns with findings of [13], who reported that enhanced nutrient availability through fertigation can substantially increase plant growth and photosynthetic efficiency and noted improved grape yields with increased fertilization levels, whereas [14] demonstrated that optimal nutrient management through drip fertigation significantly increased plant growth and water productivity. The larger leaf area observed with fertigation level 120 per cent RDF suggests that higher nutrient availability supports increased photosynthesis and overall plant vigour.
Conversely, the conventional method resulted in shorter plants with smaller leaf areas, indicating insufficient nutrient supply. These findings corroborate those of [15-16], reporting that conventional fertilization methods often fail to meet the nutrient demands for optimal plant growth and can lead to suboptimal development. Fertigation at 80 per cent RDF treatment, while slightly improving stem diameter, did not match the growth levels achieved with fertigation levels 120 or 100 per cent RDF. This result suggests that while reduced nutrient levels can benefit certain traits, such as stem thickness, they are inadequate for overall growth and leaf production, a conclusion that is consistent with studies by [17-18], which highlights the importance of balanced nutrient applications for optimal plant development. [19] reported that Z. elliottiana produced higher biomass with greater nutritional requirements than Z. rehmannii.
The results provide a comprehensive overview of how different fertilizer treatments affect plant growth, flowering characteristics, and postharvest quality. Fertigation level 120 per cent RDF treatment was the most effective for improving overall plant height, leaf area, and biomass, indicating its significant impact on plant growth. This treatment also promoted larger bud sizes, although the floret diameter was not as pronounced as it was with fertigation level 100 per cent RDF. On the other hand, fertigation level 100 per cent RDF resulted in notable advantages in terms of bud formation, flowering quality, and vase life, making it particularly beneficial for flower longevity and quality. The conventional method consistently underperformed for all measured parameters, including plant growth, bud size, and vase life. These findings suggest that while fertigation level 120 per cent RDF provides the best growth metrics, fertigation level 100 per cent RDF create a more balanced approach for achieving high-quality flowering and extended vase life. Therefore, selecting the appropriate fertilizer treatment should be based on the plant growth and flowering performance, with fertigation level 120 per cent RDF being preferable for overall growth and fertigation level 100 per cent RDF being preferable for superior floral attributes and longevity. Our results revealed that fertigation level 100 per cent RDF produced the greatest number of buds per plant, reflecting its effectiveness in promoting bud formation (Figure 4). 
3.3. IMPACT OF FERTIGATION LEVEL ON BUD NUMBER AND SPIKE HARVESTING TIME: Our results provide insights into how various drip fertigation treatments and conventional methods influence spike quality. Compared among the fertigation levels and control, fertigation level 100 per cent RDF resulted in the highest average number of buds per plant, with 5.50 buds, where the bud count ranged from 4.30 to 4.80. These findings suggest that fertigation level 100 per cent RDF treatment is particularly effective at promoting bud formation (Fig. 4A). There was minimal variation in the duration of bud initiation across the treatments, with the number of days ranging from 41.86 to 46.70, indicating that bud initiation was relatively consistent regardless of the fertilizer treatment (Fig. 4B). However, the time required for spike harvest varied, with fertigation level 100 per cent RDF achieving the fastest harvest time of 62.42 days. In contrast, the conventional method resulted in a longer harvesting time of 65.76 days (Fig. 4C). In terms of plant biomass, fertigation level 120 per cent RDF led to the highest fresh weight of 183.68 grams and dry weight of 128.73 grams, highlighting its effectiveness in enhancing overall plant growth. Conversely, the conventional method produced the lowest fresh weight (171.07 grams) and dry weight (26.11 grams), suggesting less efficient growth under these conditions. The significant differences in fresh and dry weights further highlight the superior performance of fertigation level 120 per cent RDF in promoting plant growth and biomass (Fig. 5A & 5B).
3.4.  IMPACT OF FERTIGATION LEVELS ON BUD SIZE AND SPIKE QUALITY:  The results of the study, as presented in Table 1, show that fertilizer treatments significantly influenced the growth characteristics and vase life of flowers. Key parameters measured included bud length, bud diameter, floret diameter, and vase life. The length of the bud and diameter of the bud were significantly greater under the fertigation level 120 per cent RDF compared to all other treatments. The fertigation level 120 per cent RDF resulted in the longer buds (116.56 mm for basal and 53.60 mm for upper buds), followed by the fertigation level 100 per cent RDF (114.64 mm and 52.40 mm for basal and upper buds, respectively). In contrast, the fertigation level 80 per cent RDF and conventional method treatments showed significantly smaller bud lengths and diameters. Fertigation level 80 per cent RDF produced buds of 111.24 mm (basal) and 50.09 mm (upper), while the conventional method resulted in the smallest buds (108.79 mm and 45.77 mm for basal and upper buds, respectively). This finding indicates that higher fertilizer doses promote better bud growth, which is consistent with previous studies that have shown a positive correlation between fertilization and flower bud development, flower quality [20-21]. This finding is consistent with the work [11], which reported that balanced nutrient regimes enhance reproductive development by providing adequate resources for bud and flower formation. However, the times to bud initiation and spike harvest were significantly affected by treatments. This observation aligns with findings of [22], who noted that while nutrient levels impact growth and flowering, the timing of these processes may be less sensitive to variations within a certain range. Interestingly, fertigation level 120 per cent RDF resulted in the highest fresh and dry weights of the plants, indicating greater biomass accumulation (Figure 5). This result is in line with the findings of [23-25], who suggested that relatively high nutrient levels contribute to increased biomass and improved floral attributes. However, despite superior biomass production, fertigation level 120 per cent RDF did not result in the shortest time to spike harvest, likely because of resource allocation toward growth rather than accelerated flowering.
The diameters of florets were significantly affected by the fertilizer treatments. The largest florets were observed under fertigation level 120 per cent RDF treatment, with basal and upper florets measuring 44.66 mm and 18.32 mm, respectively. Fertigation level 100 per cent RDF treatment was followed by slightly smaller floret sizes (43.95 mm and 16.41 mm for basal and upper florets, respectively). Fertigation level 80 per cent RDF and conventional method treatments produced even smaller florets, with basal florets measuring 41.36 mm and 39.20 mm, respectively. The observed increase in floret size with higher fertilizer doses suggests that adequate nutrient supply supports optimal floret expansion, aligning with findings from other studies that indicate higher fertilizer applications can enhance flower quality [26].   
Vase life, an important post-harvest quality attribute, was significantly affected by fertilizer treatments. Fertigation level 100 per cent RDF treatment resulted in the longest vase life of 27.70 days, which was significantly higher than that of fertigation level 120 per cent RDF (25.50 days). Fertigation level 80 per cent RDF and conventional method resulted in minimum vase lives, with fertigation level 80 per cent RDF having a vase life of 25.90 days, while the conventional method only lasted 22.80 days. Interestingly, although fertigation level 120 per cent RDF produced the maximum length buds and florets, it did not result in the maximum vase life, suggesting that while high fertilization enhances initial growth and size, but less vase life. Our results demonstrated that fertigation level 120 per cent RDF treatment resulted in the largest bud sizes, indicating that higher nutrient levels facilitate better floral development (Table 1). These findings are supported by findings from [27] who reported that increased nutrient levels improve flower size and quality, and also reported [28], that application of poultry manure with fertigation of ½ N and total K of RDF at deficit irrigation proved to be highly beneficial for growth and yield improvement in tuberose flower. [29-30] reported that application of excessively high fertilizer levels can sometimes lead to faster senescence and reduced vase life due to nutrient imbalances. In contrast, fertigation level 100 per cent RDF resulted in greater floret diameter and longer vase life, suggesting that it provides a balanced nutrient supply that supports both floral quality and longevity. This balance is crucial for commercial purposes, as extended vase life and visually appealing flowers are important for market value, a conclusion supported by [22, 29]. The conventional method, which results in the smallest bud sizes and shortest vase life, is inadequate for supporting optimal floral attributes and longevity. This observation reinforces the need for improved fertilization practices to increase flower quality and market appeal, which is consistent with the findings of [15, 25].

4. CONCLUSION: The findings from this study highlight the importance of selecting appropriate fertilizer treatments because of specific growth and flowering objectives. Fertigation level 120 per cent RDF treatment is advantageous for achieving superior plant height, leaf area, and overall biomass, making it suitable for scenarios where vigorous plant growth is desired. On the other hand, fertigation level 100 per cent RDF treatment offers a balanced approach, promoting a high bud count, larger florets, and extended vase life, which is beneficial for increasing floral quality and longevity. The conventional method, while potentially cost-effective, was less effective in achieving the desired growth and flowering outcomes. This suggests that for optimal plant and floral performance, investing in enhanced fertilizer regimes such as fertigation level 120 per cent RDF or fertigation level 100 per cent RDF could yield better results, aligning with both growth and aesthetic goals. Therefore, growers should carefully consider their specific needs and objectives when selecting fertilizer treatments to achieve the best possible outcomes for plant development and flower quality.
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 Fig. 1. Monthly rainfall and evaporation trends from November 2016 to March 2017 (The maximum rainfall occurred in January 2017, and the maximum evaporation trend occurred in March 2017).
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Fig. 2. Monthly variations in temperature and relative humidity from November 2016 to March 2017 (The blue bars represent the maximum relative humidity (RH %) on the left Y-axis. The red line shows the minimum relative humidity (RH%) on the right Y-axis. The dashed blue lines represent the maximum temperature (°C) on the left Y-axis. The red dots and lines represent the minimum temperature (°C) on the right Y-axis. This figure shows that the maximum RH decreases during winter, whereas the minimum RH varies. Both the maximum and minimum temperatures peaked in January 2017 before declining.).
[image: ]
Fig. 3: Effects of different fertilizer treatments, namely, 120% RDF (recommended dose of fertilizer), 100% RDF, 80% RDF, and the conventional method, on the plant height, leaf area, number of leaves, and stem diameter. (A) Plant height was greatest under 120% and 100% RDF, with no significant difference. It decreases under 80% RDF and further decreases with the conventional method. (B) Leaf area is similar under 120% and 100% RDF. It significantly decreases for 80% RDF and the conventional method. (C) The number of leaves is highest with 100% RDF, followed by 120% RDF and 80% RDF, and lowest with the conventional method. (D) Stem diameter is highest for 100% and 80% RDFs. It is lower for 120% RDF and lowest for the conventional method. The mean difference is significant at the 0.05 level. The means followed by the same letter do not differ significantly at p<0.05.

[image: ]
Fig. 4: Effects of Different Fertilizer Treatments on Bud/Spike (Number), Days to Bud Initiation, and Days to Spike Harvesting. (A) Bud/spike (number) was highest under 100% RDF treatment. It is lower under both 120% and 80% RDF and lowest with the conventional method. (B) Days to bud initiation are similar for 120%, 100%, and 80% RDFs. The conventional method results in the longest time to bud initiation. (C) Days to spike harvesting are shortest under 80% RDF. It increases by less than 120% and 100% RDF, and is the longest with the conventional method.
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Fig. 5: Effects of different fertilizer treatments on the fresh and dry weights of plant. (A) The fresh weight of the plant is highest under 120% RDF. It decreases with 100% RDF and 80% RDF treatments and is lowest with the conventional method. (B) The dry weights of the plants were similar and were highest under 120% and 100% RDF. It decreases significantly with 80% RDF and is lowest with the conventional method.
Table 1: Effect of different drip fertigation levels on spike quality of Asiatic lily
	Treatments
	Length of bud, mm
	Diameter of bud,
mm
	Diameter of florets,
cm
	Vase life, days

	
	Basal
	Upper
	Basal
	Upper
	Basal
	Upper
	

	120 % RDF
	116.56a
	53.60a
	44.66a
	18.32a
	20.18a
	15.63a
	25.50b

	100 % RDF
	114.64a
	52.40a
	43.95a
	16.41b
	19.52a
	15.58a
	27.70a

	80 % RDF
	111.24b
	50.09b
	41.36b
	14.17c
	19.43a
	15.14b
	25.90b

	Conventional method
	108.79b
	45.77c
	39.20c
	13.58d
	18.43b
	15.05b
	22.80c

	The mean difference is significant at the 0.05 level.
Means followed by the same letter do not differ significantly at p<0.05.
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