



Effect of CaSO4 and Salicylic Acid on flowering and post-harvest life attributes of Rose cv. Pleasure grown under protected condition
Abstract

An experiment was conducted at the Horticulture Research Farm, Institute of Agricultural Sciences, Banaras Hindu University, Varanasi, during the 2018-19 under the protected conditions. The experimental design employed was a Randomized Block Design (RBD), featuring four replications and seven treatments. These treatments included three concentrations of CaSO4 (5, 10 and 15 ppm) and three concentrations of salicylic acid (SA) (50, 100 and 150 ppm) in addition to a control using distilled water. Among the various treatments, the application of salicylic acid @ 150 ppm proved most effective regarding for water uptake by flower stalk, fresh weight of flower stalk, malondialdehyde (MDA) content, anthocyanin content, vase life, number of flowers per plant, flower stalk diameter and flower diameter as compared to other treatments and control (Water). From an economic perspective, the use of SA at 150 ppm was found to be advantageous compared to the other treatments.
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Introduction 

The Rose, referred to in scientific terms as Rosa indica, is often celebrated as the "Queen of Flowers" owing to its distinctive morphology, diverse dimensions, captivating hues, and pleasing aroma, alongside its numerous practical uses. In the realms of global agriculture and horticulture, flowering plants play a crucial role as they contribute to food production, enhance visual landscapes, and bolster ecosystem health. Successful cultivation of these crops necessitates the integration of various factors, particularly the accessibility and balanced consumption of essential nutrients. The floriculture industry is recognized as one of the most financially rewarding sectors within agriculture on a global scale. The Rose Flower (Rosa hybrida L.) belongs to the Rosaceae family is indigenous to numerous regions throughout the northern hemisphere. The growth characteristics of roses display significant diversity, encompassing small miniature varieties as well as larger shrubs that may attain heights exceeding 15 meters (Dole and Wilkins, 2005).
The rose flower stands as the predominant cut flower producer in the world, commanding the highest trade volume among cut flower varieties. The visual appeal, overall quality, and longevity of flowers are significantly influenced by their cultivation conditions, the timing of harvest, and the care provided post-harvest. A significant issue faced in the sectors of rose production, marketing, and trade is the inferior quality and diminished vase-life of roses. Although considerable research has been undertaken in this domain, there remains a lack of comprehensive studies focusing on various cultivars that exhibit inferior quality and yield. This experiment utilizes the “Pleasure” cultivar to explore the most effective combinations of substances, specifically CaSO4 and salicylic acid, aimed at enhancing both the qualitative and quantitative attributes as well as the vase-life of rose flowers. Application of ethylene action inhibitors before transit could reduce or prevent the vibration effects on the post-harvest quality of sensitive cut rose cultivars. Application of ethylene action inhibitors before transit could reduce or prevent the vibration effects on the post-harvest quality of sensitive cut rose cultivars Pouri et al., (2017).
The inclusion of calcium has been demonstrated to improve the postharvest longevity of fresh cut flowers (Geraspolus & Chebli, 1999), (De Capdeville et al., 2005) and (Sosa Nan, 2007). This increase in lifespan may be linked to a delay in physiological processes related to aging, such as decreased water uptake, increased water loss via transpiration, reduced fresh weight, and stem bending (Sosa Nan, 2007).Calcium ions appear to modulate the action of ethylene on cellular membranes by preventing ion leakage and mitigating ethylene's influence on the senescence process (De Capdeville et al., 2005). Salicylic acid is acknowledged as an important regulator of plant growth, significantly influencing numerous physiological processes in plants.This hormone is involved in essential functions such as photosynthesis, respiration, evaporation, and transpiration, as well as contributing to the enhancement of garlic size, potato yield, and the synthesis of metabolites and enzymes (Klessig and Malamy, 1994; Shakirova et al., 2003). Salicylic acid is acknowledged as an important regulator of plant growth, serving as a key hormone that significantly impacts the regulation of plant metabolism. This emphasizes its effects on growth as well as the plant's ability to respond to environmental stresses. The influence of salicylic acid is also evident in numerous physiological processes, including ion uptake and transport, photosynthetic efficiency, stomatal conductance, and transpiration (Tehranifar et al., 2013). Salicylic acid has been demonstrated to improve water uptake, extend the longevity of cut flowers, and boost the activity of oxidative enzymes (Alaey et al., 2011). Its application before harvesting has been linked to achieving the maximum vase life (Hashemabadi and Zarchini, 2010). Moreover, employing salicylic acid prior to the harvest of roses have been showed enhance both the quality and quantity of the flowers produced (Tabibzadeh et al., 2015).
Materials and methods

The current study was conducted at the Horticulture Research Farm, Institute of Agricultural Sciences at Banaras Hindu University, located in Varanasi, India. The study involved three-year-old rose plants of the Pleasure cultivar, which were grown in a controlled polyhouse environment. A Randomized Block Design was utilized, featuring seven treatments: three levels of calcium sulfate at (5, 10, and 15 ppm), three levels of salicylic acid at (50, 100, and 150 ppm), in addition to distilled water as the control, with each treatment replicated four times. Both calcium sulfate (CaSO4) and salicylic acid (SA) were administered as foliar sprays to the standing crop, alongside their use in vase solutions in a laboratory context. Observational data were systematically gathered to determine the effects of CaSO4 and SA on multiple flowering and post-harvest traits. Fresh weight of flower (g) was determined as two petals open flowers were selected from the tagged plants. Then these flowers were weighed separately with the help of an electrical balance and afterwards their means were calculated. To assess the MDA content, 2 grams of flower petals were ground using 5% trichloroacetic acid. The resulting extract was subsequently centrifuged at 10,000 rpm for duration of 10 minutes, after which 2 milliliters of the supernatant were combined with 0.6% thiobarbituric acid. The mixture was then heated, and following cooling, the absorbance was measured at wavelengths of 600 nm, 532 nm, and 450 nm using a spectrophotometer. The findings were reported as nmol/g FW. The extraction of anthocyanin pigments from the flower petals was conducted using an ethanolic hydrochloric acid solution in a ratio of 85:15. Following the extraction, the solution was allowed to rest overnight before being centrifuged at 10,000 rpm for duration of 10 minutes. The absorbance of the resulting solution was measured at a wavelength of 535 nm using a spectrophotometer. The final results were reported as milligrams per 100 grams of fresh weight (FW). Statistical analysis of flowering and post-harvest characteristics was conducted at a significance level of 0.05%.
Result and discussion
The findings illustrated in Table 1 demonstrate that the application of foliar treatments with CaSO4 and salicylic acid (SA) significantly affects the flowering potential of the plants. Notably, the highest average flower per plant, stalk diameter and vase life of cut flower counts of (2.50, 0.39 cm & 13.06 days respectively) was recorded with SA 150 ppm. In comparison with the control (distilled water) showed a lower average flower per plant, stalk diameter and vase life of cut flower (1.50, 0.28 cm & 11.17 days respectively). In the current investigation, the application of salicylic acid (SA) did not result in a notable alteration in the total number of flowers per plant or the diameter of the flower stalks. But previous research has demonstrated that the foliar application of SA promotes flower production in chrysanthemum (Padmapriya and Chezhiyan, 2002). The utilization of salicylic acid (SA) has been shown to diminish ethylene synthesis, thereby enabling the plant to inhibit auxin production (Gaur and Chenulu, 1982; Shekari et al., 2003). As previously noted, the application of SA has been associated with an enhancement in the vase life of floral specimens (Chan et al., 2008). Furthermore, Kazemi et al. (2011) indicated that SA treatment not only prolonged vase life but also preserved chlorophyll levels. When combined with vase solutions, both SA and Acetyl-SA were found to reduce ethylene production by approximately 90% (Romani et al., 1989). The administration of SA has been linked to an increased vase life in cut roses and a delay in the onset of senescence (Li et al., 2021; Mackay et al., 2000). This finding is corroborated by Dumitras et al. (2002), who reported that SA also enhanced the vase life of Gerbera and Gladiolus.
The effect of CaSO4 and SA on flower diameter at various intervals was found to be non-significant in manner. At initial/day 0, after placing flower stalk into its respective treatment solution for postharvest study, maximum flower diameter (2.72 cm) was seen in flower placed in treatment SA 150 ppm while least diameter (2.55 cm) was found with application of distilled water as control. Similar trend were observed at day 2, 4, 6, 8, 10 and day 12, respectively where maximum flower diameter was registered with application of SA 150 ppm. While, least flower diameter were registered with application of distilled water as control under the consideration. The substantial diameter of rose flowers treated with salicylic acid (SA) may be attributed to the observed enhancement in flower size of cut gerbera flowers (Jamshidi et al., 2012). The diameter of flowers is influenced by the uptake of solutions, and SA has been shown to significantly enhance water absorption. Pre-harvest applications of SA, which impact various aspects of plant growth and development, have contributed to the improvement of flower size. Furthermore, the effectiveness of a plant growth regulator (PGR) combined with sucrose has been compared to their individual effects in reducing petal shrinkage and minimizing the reduction in flower diameter in Calendula officinalis, as noted by Khokhar et al., (2018). Anwar et al., (2014) also indicated that salicylic acid positively influences photosynthesis and carbohydrate accumulation in leaves and stems, which in turn leads to an increase in flower size.
Significantly maximum water uptake was observed with the application of SA 150 ppm at resulted in total maximum water uptake i.e. 14.25 ml upto 2nd day, 23.25 ml upto 4th day, 29.33 ml upto 6th day, 39.80 ml upto 8th day, 43.08 ml upto 10th day and at end of 12th day net water uptake was 45.75 ml and lowest water uptake recorded with treatment control. These findings are in conformity with the results of (Bleeksma and Doorn, 2003). The petals of a cut flower serve as the primary ornamental components, and their turgidity is crucial for achieving an aesthetically pleasing product. The turgidity of the petals is primarily influenced by the absorption and retention of water during various treatments. The findings of this experiment indicated a notable increase in water absorption and retention in cut flowers, which in turn enhances their fresh weight. This increase in water uptake and the corresponding rise in fresh weight can be attributed to the acidifying and stress-relieving effects of salicylic acid (Zhang et al., 2003). The current findings indicate that the majority of water absorption occurs in the petals, which significantly enhances the visual quality of cut flower samples treated with salicylic acid. Typically, flowers draw water and nutrients from the parent plant; however, once severed, they quickly enter a state of senescence and decline, characterized by water loss and a decrease in weight. This weight reduction is notably exacerbated under stress conditions. Salicylic acid has been shown to influence plant responses to various oxidative stresses and to inhibit the degradation of cell walls, as noted by Zencirkiran (2005, 2010). A key observation from this experiment is that the salicylic acid treatment does not lead to a reduction in water uptake; in fact, a slight increase in water absorption is noted.

SA 150 ppm contributed for maximum fresh weight (10.27 g) after cutting the stem from plant and in postharvest study stem weight on 12th day after keeping in holding solutions maximum stem weight was observed in stems under treatment SA 150 ppm (8.18 g). Numerous researchers observed a rise in flower stalk weight on the 8th day of the experiment, followed by a decline from that point until the conclusion of the study. Comparable trends in alterations have also been documented for cut rose flowers (Lu et al., 2010; Alaey et al., 2011). Kazemi and Ameri (2012) demonstrated that cut gerbera flowers treated with salicylic acid exhibited the highest stalk weight throughout the vase period. The results indicate that the simultaneous application of salicylic acid both before and after harvest significantly improves the flower stalk weight of cut alstroemeria flowers during the vase life, in contrast to the application solely after harvest. The decrease in stalk weight observed in cut flowers post-harvest may be linked to a reduction in water uptake (Bieleski and Reid, 1992; Serek et al., 1995). Moreover, Alaey et al. (2011) reported that the highest flower stalk weight in cut roses was achieved with salicylic acid solutions in the vase, which also exhibited the highest levels of water absorption.
The relationship between SA and the data for Malondialdehyde (MDA) content is detailed in Table 2. SA 150 ppm was found effective in malondialdehyde content was observed on 12th day (5.95 nmol/ g FW) while lowest malondialdehyde content was observed on 12th day under treatment control (5.02 nmol/ g FW). The findings indicated that the addition of salicylic acid (SA) was positively associated with the lipid peroxidation in cut carnation flowers. This suggests that an increase in SA concentration correlates with heightened lipid peroxidation levels. During the senescence of cut flowers, there is a significant relationship with elevated lipid peroxidation, which aligns with the increased malondialdehyde (MDA) content observed during this process (Shakirova, 2007). The results of the current study are consistent with those reported by Fan et al. (2008) in Gerbera, which demonstrated that the application of SA reduced the permeability of the plasma membranes in petal cells and lowered MDA levels. It can be inferred that SA enhances the stability of lipids within the cell membranes of Gerbera when the cut flowers are placed in a vase solution containing SA. This evidence supports the notion that SA diminishes plasma membrane permeability and lipid peroxidation, thereby preserving membrane integrity.

SA 150 ppm was found to be effective in anthocyanin content and maximum content was observed on 12th day (45.56 mg/100 g FW). Anthocyanin content increased with increase dose of SA. Application of SA 150 ppm was recorded maximum anthocyanin content in rose. Salicylic acid significantly contributes to the enhancement of anthocyanin pigments in the flower petals of Ranunculus. This is attributed to its function as a preservative solution, which stimulates the production of antioxidants and elevates the levels of phenolic compounds. These compounds serve as fundamental components in the synthesis of plant pigments, particularly anthocyanins. Furthermore, salicylic acid helps to increase the concentration of these pigments while preventing their degradation by enhancing the activity of antioxidants, notably Proxidase and Catalase superoxide dismutase, which protect the pigments from destruction. Additionally, the sugars derived from the preservative solution support respiration rates, leading to increased CO2 production, which further enhances anthocyanin levels (Kazemi et al., 2011; Gerailoo and Ghasemnezhad, 2011).
Conclusion

Salicylic acid is acknowledged as an important regulator of plant growth, serving as a key hormone that significantly impacts the regulation of plant metabolism. This emphasizes its effects on growth as well as the plant's ability to respond to environmental stresses. The influence of salicylic acid is also evident in numerous physiological processes, including ion uptake and transport, photosynthetic efficiency, stomatal conductance, and transpiration
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Fig. 1. Effect of CaSO4 and SA on water uptake by flower stalk (ml) of rose cv. pleasure at different stages of vase life
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Fig. 2. Effect of CaSO4 and SA on fresh weight of flower stalk (gm) of rose cv. Pleasure at different stages of vase life
Table 1. Effect of CaSO4 and SA on flowering parameter of rose cv. pleasure
	Treatments
	Number of flower per plant
	Flower stalk diameter (cm)
	Vase life of cut flower (days)
	Flower Diameter (cm)

	
	
	
	
	Initial/Day0
	2nd Day
	4th Day
	6th
Day
	8th
Day
	10th

Day


	12th
Day

	CaSO4 5 ppm
	1.75
	0.30
	11.17
	2.55
	4.23
	6.31
	7.71
	7.77
	6.74
	5.68

	CaSO4 10 ppm
	1.75
	0.30
	11.50
	2.62
	4.25
	6.64
	7.76
	7.85
	6.78
	5.70

	CaSO4 15 ppm
	2.08
	0.32
	12
	2.64
	4.28
	6.56
	7.88
	7.87
	6.80
	5.75

	SA 50 ppm
	2.23
	0.32
	12.10
	2.65
	4.53
	6.64
	7.97
	8.11
	6.81
	5.93

	SA 100 ppm
	2.37
	0.35
	12.18
	2.68
	5.05
	6.96
	8.09
	8.59
	7.24
	6.19

	SA 150 ppm
	2.50
	0.39
	13.06
	2.72
	5.16
	7.36
	8.78
	8.64
	7.41
	6.34

	Control
	1.50
	0.28
	11.17
	2.55
	4.20
	5.97
	7.71
	7.76
	6.71
	5.29

	C.D at 5 %
	NS
	NS
	0.90
	NS
	NS
	NS
	NS
	NS
	NS
	NS


Table 2. Effect of CaSO4 and SA on Malondialdehyde content and Anthocyanin content of rose cv. pleasure
	Treatments
	Malondialdehyde content (nmol/g FW)
	Anthocyanin content(mg/100 g FW)

	
	Initial/Day0
	2nd Day
	4th Day
	6th Day
	8th Day
	10th Day
	12th Day
	Initial/Day0
	2nd Day
	4th Day
	6th

Day 
	8th

Day 
	10th

Day


	12th
Day

	CaSO4 5 ppm
	3.47
	3.65
	4.08
	4.44
	4.72
	4.87
	5.11
	40.87
	41.87
	42.54
	43.14
	43.61
	44.23
	44.43

	CaSO4 10 ppm
	3.91
	3.97
	4.28
	4.54
	4.77
	4.90
	5.14
	41.50
	42.59
	42.65
	43.50
	43.75
	44.36
	44.63

	CaSO4 15 ppm
	4.23
	4.52
	4.48
	4.56
	4.93
	5.16
	5.20
	41.62
	42.60
	43.30
	43.67
	43.96
	44.39
	44.78

	SA 50 ppm
	4.25
	4.53
	4.61
	4.76
	4.97
	5.22
	5.28
	42.93
	43.63
	44.39
	44.55
	44.83
	44.82
	45.18

	SA 100 ppm
	4.38
	4.55
	4.98
	5.13
	5.49
	5.78
	5.94
	43.33
	43.83
	44.57
	44.66
	44.86
	44.94
	45.25

	SA 150 ppm
	4.49
	4.85
	5.15
	5.53
	5.58
	5.91
	5.95
	43.59
	44.59
	44.65
	44.85
	44.92
	45.21
	45.56

	Control
	3.44
	3.58
	3.76
	4.11
	4.69
	4.86
	5.02
	40.57
	41.32
	42.51
	42.83
	43.20
	43.87
	44.15

	C.D at 5 %
	0.54
	0.47
	0.51
	0.55
	0.39
	0.34
	0.51
	1.96
	1.84
	1.32
	0.99
	0.73
	0.62
	0.76



