Role of Salicylic Acid and Gibberellic Acid in Regulating Floral Characteristics and Post-Harvest Longevity of Rose (cv. Taj Mahal) Under Protected Cultivation

Abstract
An experiment was conducted during the 2018–19 growing season at the Horticulture Research Farm, Institute of Agricultural Sciences, Banaras Hindu University, Varanasi, to evaluate the influence of salicylic acid (SA) and gibberellic acid (GA₃) on floral characteristics and post-harvest longevity of rose (cv. Taj Mahal) under protected cultivation. The study was laid out in a Randomized Block Design (RBD) with four replications and seven treatments, including three concentrations each of GA₃ (200, 250, and 300 ppm) and SA (100, 150, and 200 ppm), along with a control treatment using distilled water. The results revealed that GA₃ at 300 ppm significantly enhanced several floral and post-harvest parameters such as water uptake by flower stalk, fresh weight of flower stalk, reduced malondialdehyde (MDA) content, increased anthocyanin content, extended vase life, higher number of flowers per plant, as well as greater flower stalk and flower diameters. While GA₃ at 300 ppm was most effective in terms of physiological and morphological traits, GA₃ at 250 ppm emerged as the most economically viable treatment. These findings highlight the potential of growth regulators, particularly GA₃, in improving the quality and shelf life of rose flowers under protected cultivation.	Comment by Microsoft account: Remove ,	Comment by Microsoft account: Remove ,	Comment by Microsoft account: Remove ,
Introduction
India has a rich history of cultivating flowers for various purposes. In recent years, the adoption of greenhouse technology has brought a significant transformation in the country's floriculture sector (Ramalingam, 2008). Growers have invested heavily in this field, particularly in the cultivation of cut flowers intended exclusively for export. Among these, roses occupy the largest area under protected cultivation and are a major export commodity (Arun, 1999). Despite their global popularity, Indian roses face intense competition in international markets, where high quality is a key determinant of success. One of the main reasons Indian roses receive lower prices is the inadequate handling before and after harvest (Patel et al., 2007). This quality gap is largely due to the limited use of scientific cultivation practices, such as the use of inferior planting materials, poor nutrient and pest management, and insufficient knowledge of crop management and post-harvest techniques (Sharma et al., 2001). Ensuring premium quality for export markets requires the implementation of appropriate pre- and post-harvest practices (Chakradhar and Khiratkar, 2003; Hashemabadi and Zarchini, 2010).	Comment by Microsoft account: Delete s	Comment by Microsoft account: Delete word and instead add ,
Salicylic acid (SA) is a naturally occurring phytohormone that plays a significant role in regulating plant responses to both biotic and abiotic stresses (Mayak and Halevy, 1980). It also functions as a crucial signaling molecule in the activation of plant defense mechanisms under stress conditions (Petridou et al., 2001). In the context of postharvest physiology, SA has been found to enhance water quality by reducing solution pH, thereby limiting bacterial growth (Bleeksma and van Doorn, 2003; Popova et al., 1997). The addition of SA in combination with sucrose to vase solutions has been reported to lower respiration rates in cut roses, reduce moisture stress, and improve overall vase life (Senaratna et al., 2000). Further research supports the role of SA in prolonging the postharvest life of various cut flower species (Bleeksma and van Doorn, 2003; Hayat et al., 2010).	Comment by Microsoft account: Remove ,
Similarly, gibberellins - particularly gibberellic acid (GA₃) are a group of plant growth regulators known for their role in promoting stem elongation, flowering, and other developmental processes. GA₃ application has been associated with enhanced plant height and accelerated flowering (Gul et al., 2006). It is also known to delay the onset of floral senescence, likely due to the suppression of proteolytic activity involved in senescence (Eason, 2002). The senescence process in cut flowers is hormonally regulated and influenced by changes in petal carbohydrate metabolism (Halvey and Mayak, 1981). GA₃ has been shown to effectively prolong the vase life of cut roses (Sabehat and Zieslin, 1995).	Comment by Microsoft account: Remove ,
Although the individual roles of SA and GA₃ in enhancing plant growth and postharvest performance have been well documented, studies investigating their combined effects on rose production remain limited, particularly under controlled environment conditions. Considering the economic importance of rose cultivation in India and the potential of plant growth regulators (PGRs) to improve crop performance, the present study was conducted during the 2018–2019 growing season. The objective was to assess the impact of foliar applications of SA and GA₃ on the flowering attributes and postharvest longevity of the rose cultivar 'Taj Mahal' grown under polyhouse conditions.
Materials and methods
The experiment was conducted at the Horticulture Research Farm, Institute of Agricultural Sciences, Banaras Hindu University, Varanasi, India, during the 2018-2019 growing season. The study used three-year-old rose plants of the Taj Mahal cultivar, grown under a controlled polyhouse environment. A Randomized Block Design (RBD) was employed with seven treatments: three levels of Salicylic Acid (SA) at 100, 150, and 200 ppm, three levels of Gibberellic Acid (GA₃) at 200, 250, and 300 ppm, and a control (distilled water), each replicated four times. Both SA and GA₃ were applied as foliar sprays to the standing crop and in vase solutions for post-harvest assessments. The fresh weight of flowers was measured using an electrical balance after selecting two fully open flowers per plant. Malondialdehyde (MDA) content, an indicator of oxidative stress, was quantified by grinding 2 grams of petals in 5% trichloroacetic acid, followed by centrifugation and spectrophotometric analysis at 532 nm, 450 nm, and 600 nm. Anthocyanin content was extracted using an ethanolic hydrochloric acid solution (85:15 ratio) and measured at 535 nm. Statistical analysis was performed using Analysis of Variance (ANOVA) at a 0.05 significance level, with mean separation by Duncan’s Multiple Range Test (DMRT).	Comment by Microsoft account: Remove ,	Comment by Microsoft account: remove	Comment by Microsoft account: remove ,
Result and discussion
Table 1 shows that foliar application of salicylic acid (SA) and gibberellic acid (GA₃) significantly enhanced flowering traits, including flower count per plant, stalk diameter, and vase life of cut roses under field conditions. The application of GA₃ at 300 ppm resulted in the highest values for all observed parameters, with an average of 3.50 flowers per plant, a stalk diameter of 0.42 cm, and a vase life of 13.11 days. In contrast, the control treatment (distilled water) recorded significantly lower values, with 2.25 flowers per plant, a stalk diameter of 0.32 cm, and a vase life of 11.17 days. The present study revealed that the application of plant growth regulators, particularly GA₃ at 300 ppm, significantly increased the number of flowers per plant and petals per flower. This response may be attributed to enhanced alpha-amylase activity, auxin stimulation, and increased cell elongation and enlargement. GA₃ treatment also resulted in the longest vase life of cut flowers, likely due to higher carbohydrate accumulation delaying petal senescence. These findings are consistent with earlier reports in rose and other ornamental species (Banker & Mukhopadhyay, 1982; Gowda, 1985; Bhattacharjee, 1993; Patil, 2001; Choudhary, 1987; Reddy & Sulladmath, 1983; Dehale et al., 1993; Dutta et al., 1993; Goyal & Gupta, 1994).	Comment by Microsoft account: remove ,	Comment by Microsoft account: remove ,	Comment by Microsoft account: remove ,
Figure 1 illustrates that foliar application of GA₃ significantly enhanced flower stalk fresh weight from day 2 to day 12. On day 0, the highest fresh weight (19.16 g) was recorded in flower stalks harvested from plants treated with GA₃ at 300 ppm, which was significantly superior to all other treatments and statistically at par with GA₃ at 250 ppm (17.40 g). In contrast, the lowest stalk weight was observed in the control group (distilled water), with a fresh weight of 13.86 g. This trend persisted through day 2, 4, 6, and 8. By day 10, GA₃ at 300 ppm continued to show the highest fresh weight (17.34 g), which was statistically at par with GA₃ at 250 ppm (17.40 g), GA₃ at 200 ppm (16.08 g), SA at 200 ppm (15.36 g), and SA at 150 ppm (15.26 g). A similar pattern was observed on day 12 as well. These results indicate that GA₃ at 300 ppm not only enhanced stalk fresh weight but also contributed to longer flower stalks across all observation points.​ The increase in flower stalk length and weight due to GA₃ application is consistent with earlier findings reported by Uma & Gowda (1987), Venkatesh Reddy & Nagarajaiah (1986) and Arun et al. (2000) in roses. The enhanced stalk characteristics may be attributed to gibberellic acid's role in promoting mitotic activity, cell division, and cell elongation, leading to improved stem extension. These findings are further supported by studies conducted on various ornamental species, including rose (Hashemabadi & Zarchini, 2010).​	Comment by Microsoft account: remove ,	Comment by Microsoft account: remove ,	Comment by Microsoft account: write and 	Comment by Microsoft account: remove	Comment by Microsoft account: write and 
Figure 2 shows that the application of GA₃ significantly influenced water uptake by flower stalks from day 2 to day 12. On day 2, the highest water uptake (36.50 ml) was recorded in stalks treated with GA₃ at 300 ppm, followed by GA₃ at 250 ppm (36.25 ml) and GA₃ at 200 ppm (35.00 ml), all significantly higher than the control (22.00 ml). Similar trends were observed on subsequent days (4, 6, 8, 10, and 12). GA₃-treated flowers exhibited maximum water uptake, which reduced water loss during storage, likely due to its antimicrobial effects that inhibit microbial growth and prevent vascular occlusion. The germicidal action of GA₃ reduces the growth of bacteria at the stem's xylem, thus improving water transport and delaying senescence. In contrast, salicylic acid (SA) treatment was ineffective, as it increased weight loss and accelerated flower senescence. These findings align with earlier studies showing that GA₃ enhances water uptake and vase life in cut flowers Reddy & Sulladmath (1983).	Comment by Microsoft account: write and 
The statistical data presented in Figure 3 that GA₃ and SA treatments did not significantly affect flower diameter at various intervals. On day 0, the largest flower diameter (3.30 cm) was observed in flowers treated with GA₃ at 300 ppm, while the smallest diameter (2.45 cm) was recorded in the control (distilled water). This trend continued on subsequent days (2, 4, 6, 8, 10, and 12), with GA₃ at 300 ppm consistently yielding the largest flower diameter. The increased flower size with GA₃ treatment can be attributed to its role in promoting flower development and enhancing cell enlargement, likely through improved carbohydrate production. Similar results were reported by Biswas & Rogers (1963) in geraniums, and Sadanand et al. (2000) in roses.	Comment by Microsoft account: write and	Comment by Microsoft account: remove ,
Table.2 shows that GA₃ treatment significantly increased malondialdehyde (MDA) content in rose flowers, with the highest MDA recorded on day 0 in flowers treated with GA₃ at 300 ppm (4.28 nmol/g FW), followed by GA₃ at 250 ppm (4.25 nmol/g FW) and GA₃ at 200 ppm (4.23 nmol/g FW). The lowest MDA content was observed in the control (2.85 nmol/g FW). This trend continued at later stages, with GA₃-treated flowers consistently showing higher MDA levels. At day 4, the highest MDA content was recorded at 5.49 nmol/g FW in flowers treated with GA₃ at 300 ppm, significantly higher than all other treatments. MDA is a product of lipid peroxidation, indicating cell membrane damage and senescence (Kazemi et al., 2011). The increased MDA content in GA₃-treated flowers is likely due to accelerated senescence and membrane degradation. In contrast, salicylic acid (SA) treatment resulted in lower MDA levels, possibly due to its ability to delay senescence by reducing lipid peroxidation and maintaining membrane integrity through scavenging reactive oxygen species (ROS) and modulating antioxidant enzymes (Fan et al., 2008; Mansouri, 2012).
Table 2 shows that GA₃ treatment significantly increased anthocyanin content in rose flowers, with the highest levels recorded on day 0 in flowers treated with GA₃ at 300 ppm (43.49 mg/100 g FW), followed by GA₃ at 250 ppm (43.10 mg/100 g FW) and GA₃ at 200 ppm (42.96 mg/100 g FW). The lowest anthocyanin content was observed in the control (41.59 mg/100 g FW). Similar trends were observed on subsequent days (2, 4, 6, 8, 10, and 12), with GA₃ at 300 ppm consistently yielding the highest anthocyanin levels. The increase in anthocyanin content with higher GA₃ doses is consistent with previous studies, as GA₃ is known to stimulate the synthesis of anthocyanins in various plants. Shulman and Levee (1973) reported that GA₃ increased anthocyanin levels in detached green olives. Zieslin et al. (1974) observed enhanced petal pigmentation in Baccara rose with GA₃ treatment. Similarly, studies by Shibata et al. (1988) and Shibuya et al. (1993) also found that GA₃ enhanced anthocyanin synthesis in other flowers like carnation and lily.
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	Treatments
	Number of flower per plant
	Flower stalk diameter (cm)
	Vase life of cut flower (days)

	
	
	
	

	GA3 200 ppm
	3.00
	0.30
	11.98

	GA3 250 ppm
	3.50
	0.40
	12.72

	GA3 300 ppm
	3.50
	0.42
	13.11

	SA 100 ppm
	2.75
	0.35
	11.55

	SA 150 ppm
	2.75
	0.36
	11.66

	SA 200 ppm
	3.00
	0.37
	11.83

	Control
	2.25
	0.32
	11.47

	C.D at 5 %
	0.48
	NS
	1.06


Table 1. Effect of GA3 and SA on number of flower per plant, flower stalk diameter and vase life of cut flower of rose cv. Taj Mahal








	Treatments
	Anthocyanin (mg/100 g FW)
	Malondialdehyde (nmol/ 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

	GA3 200 ppm
	42.96
	43.54
	44.02
	44.38
	44.87
	45.26
	45.69
	4.23
	4.79
	5.14
	5.20
	5.39
	5.80
	5.82

	GA3 250 ppm
	43.10
	43.57
	44.26
	44.54
	44.90
	46.01
	46.21
	4.25
	4.85
	5.25
	5.28
	5.53
	5.94
	6.02

	GA3 300 ppm
	43.49
	43.66
	44.29
	44.55
	44.97
	46.72
	46.89
	4.28
	5.12
	5.49
	5.62
	5.83
	6.12
	6.13

	SA 100 ppm
	41.94
	42.48
	43.03
	43.23
	43.97
	44.35
	44.73
	3.44
	4.20
	4.46
	4.75
	4.62
	4.77
	4.93

	SA 150 ppm
	42.39
	42.53
	43.28
	43.69
	44.13
	45.08
	45.22
	3.88
	4.33
	4.50
	5.10
	4.92
	4.98
	5.03

	SA 200 ppm
	42.57
	43.18
	43.88
	44.34
	44.60
	45.17
	45.57
	4.17
	4.38
	4.58
	5.22
	5.34
	5.69
	5.71

	Control
	41.59
	42.04
	42.69
	43.02
	43.87
	44.96
	45.01
	2.85
	3.28
	3.44
	4.34
	4.56
	4.65
	4.71

	C.D at 5 %
	1.09
	0.99
	0.86
	0.80
	0.82
	0.76
	0.83
	0.26
	0.46
	0.28
	0.39
	0.41
	0.30
	0.31



Table 2. Effect of GA3 and SA on anthocyanin content (mg/100 g FW) and malondialdehyde content (nmol/ g FW) of cut flower of rose cv. Taj Mahal

Figure 1: Effect of GA3 and SA on fresh weight of flower stalk
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Figure 2: Effect of GA and SA on water uptake by stalk (ml)
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Figure 3: Effect of GA3 and SA on flower diameter (cm)
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