



Influence of Sucrose and Antioxidant Preservatives on Postharvest Vase Life, Water Relations, and Quality of Gypsophila (Gypsophila paniculata L.) cv. Star World Under Ambient Conditions
Abstract

A study was conducted to evaluate the effect of sucrose and antioxidant-based vase solutions on postharvest longevity and water relations of Gypsophila (Gypsophila paniculata L.) cv. Star World under ambient conditions (25 ± 2°C; 40-50% RH). Fourteen postharvest treatments, including sucrose (2%), ascorbic acid (100 and 200 ppm), potassium metabisulphite (100 and 200 ppm), calcium chloride (25 and 50 ppm), and their combinations, were evaluated in a Completely Randomized Design with three replications. Significant differences were observed among treatments for water uptake (WU), transpirational loss of water (TLW), optical density of vase solution (ODVS) and relative water content (RWC), and vase life. The combination T11 (Sucrose 2% + KMS 200 ppm) recorded the highest mean water uptake (31.42 g flower⁻¹), maximum TLW (35.02 g flower⁻¹), lowest ODVS (0.044), highest RWC (103.14%), and maximum vase life (16.83 days), followed by T10 (Sucrose 2% + KMS 100 ppm) and T9 (Sucrose 2% + AA 200 ppm). The control treatment exhibited the lowest values for all measured parameters and the shortest vase life (8.83 days). Results indicate that sucrose combined with potassium metabisulphite or ascorbic acid is highly effective in maintaining solution clarity, enhancing water relations, reducing senescence, and extending longevity. The study demonstrates that carbohydrate antioxidant synergy is vital for improving postharvest quality of Gypsophila under ambient storage conditions.
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Introduction

Gypsophila (Gypsophila paniculata L.) is a perennial flowering plant belonging to the family Caryophyllaceae, native to Central and Eastern Europe(S. Akshitha et al., 2022). It is widely cultivated in Eurasia, Africa, Australia, Turkey, and the Pacific Islands. Turkey, in particular, is rich in Gypsophila diversity, with approximately 35 endemic species (Korkmaz et al., 2012). The species is generally diploid with a chromosome number of 2n = 34, although occasional reports of 2n = 26 and 2n = 68 exist (St. Louis and Missouri, 2014). Gypsophila is an important ornamental and cut flower crop in floriculture, commonly used as a filler in bouquets due to its delicate and long-lasting blooms. In addition to its aesthetic value, it has ethnobotanical applications; saponins extracted from G. paniculata are used in cleaning products, emulsions, fire extinguishers, and certain food preparations (Rehman, 2002; Korkmaz & Ozcelik, 2011). Crude extracts from Gypsophila species have also demonstrated cytotoxic activity against tumor-inducing macrophage cell lines, suggesting potential pharmacological applications (Gevrenova et al., 2014). Postharvest longevity is a critical determinant of the commercial value of cut flowers. Once separated from the mother plant, flowers lose their direct water supply, leading to disruption in water relations, accelerated senescence, and reduced vase life. Effective postharvest management, including preservative solutions, can reduce postharvest losses by 20–40% (Chandrashekhar & Gopinath, 2004).

Preservative solutions extend vase life by addressing three key physiological needs: supplying energy, controlling microbial growth, and maintaining water uptake. Sucrose, as a carbohydrate source, supports respiration and osmotic balance, delaying protein degradation and maintaining cellular turgidity. Biocides, such as 8-HQS, potassium metabisulphite, or NaOCl, prevent microbial proliferation, which otherwise causes xylem blockage and reduces water uptake. Acidifiers in floral preservatives further enhance water absorption by lowering solution pH and maintaining membrane stability.
Antioxidants are also integral to maintaining postharvest quality. Defined as substances that delay or prevent oxidation of susceptible substrates, antioxidants like ascorbic acid, tocopherols, and polyphenols stabilize free radicals and protect membrane integrity (Marcio et al., 2018). In addition, ascorbic acid has been reported to inhibit bacterial growth in cut flower stems, reducing xylem blockage and improving water uptake (Hatami et al., 2010). Calcium chloride, another commonly used additive, strengthens cell walls, stabilizes membranes, reduces microbial populations, and prolongs vase life (Ali, 2014). Several studies have highlighted the synergistic effects of sugars and antioxidants in improving water relations, reducing transpiration loss, and extending vase life in cut flowers (Manzoor et al., 2024; Seyed et al., 2024; Zeng et al., 2023). Despite the commercial importance of Gypsophila, limited research is available on the combined effects of sucrose and antioxidants on its postharvest physiology. Therefore, this study aims to evaluate the impact of sucrose and different antioxidants on the postharvest vase life, water relations, and quality maintenance of Gypsophila cv. Star World under ambient conditions.

Materials and Methods

Experimental Location and Conditions

The experiment was conducted at Rajendranagar, situated at an altitude of 542.3 m above mean sea level, located at 78°29′E longitude and 17°19′N latitude. Cut flowers were held under ambient room conditions of 25 ± 2°C and 40–50% relative humidity (RH), with a 12-hour photoperiod maintained using 40 W cool white fluorescent lamps.

Plant Material

Flowers of Gypsophila (Gypsophila paniculata L.) cultivar ‘Star World’ were procured from the Floricultural Research Station, Rajendranagar, located approximately 5 km from the College of Horticulture, Rajendranagar, Hyderabad. Cut spikes were harvested at the commercial stage, with approximately 50% of the florets opened. Immediately after harvest, the basal portion of each spike was trimmed by 5 cm and immersed in the respective vase solutions.

Experimental Design

· Crop: Gypsophila (Gypsophila paniculata L.)

· Cultivar: Star World

· Design: Completely Randomized Design (CRD)

· Number of Treatments: 14

· Number of Replications: 3

· Number of Flower Spikes per Treatment: 5

· Evaluation Interval: Every two days

Chart 1: Treatment Details

	Treatment
	Description

	T1
	Sucrose 2%

	T2
	Ascorbic acid 100 ppm (AA 100 ppm)

	T3
	Ascorbic acid 200 ppm (AA 200 ppm)

	T4
	Potassium metabisulphite 100 ppm (KMS 100 ppm)

	T5
	Potassium metabisulphite 200 ppm (KMS 200 ppm)

	T6
	Calcium chloride 25 ppm (CaCl₂ 25 ppm)

	T7
	Calcium chloride 50 ppm (CaCl₂ 50 ppm)

	T8
	Sucrose 2% + AA 100 ppm

	T9
	Sucrose 2% + AA 200 ppm

	T10
	Sucrose 2% + KMS 100 ppm

	T11
	Sucrose 2% + KMS 200 ppm

	T12
	Sucrose 2% + CaCl₂ 25 ppm

	T13
	Sucrose 2% + CaCl₂ 50 ppm

	T14
	Control (Distilled water)


Preparation of Vase Solutions

· Sucrose 2%: 2 g dissolved in 100 mL of distilled water.

· Ascorbic Acid (100 and 200 ppm) and KMS (100 and 200 ppm): Prepared by dissolving the respective quantity of chemical in 1 L of distilled water.

· Calcium Chloride (25 and 50 ppm): Dissolved in a small quantity of ethyl alcohol, and the volume was made up to 1 L with distilled water.

1. Observations

2. Water Uptake (WU, g flower⁻¹): Water uptake was calculated as the difference in weight of the vase solution (without flowers) between consecutive measurements at two-day intervals, expressed per flower (Venkatarayappa et al., 1980).
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2. Transpirational Loss of Water (TLW, g flower⁻¹): TLW was measured as the difference in weight of the container plus solution plus flowers over consecutive intervals, expressed per flower (Venkatarayappa et al., 1980).
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3. Optical Density of Vase Solution (ODVS, 480 nm): ODVS was measured at 480 nm using a spectrophotometer to assess microbial proliferation and solution quality.

4. Vase Life (days): Vase life was recorded as the number of days until more than 50% of florets per spike showed senescence.

5. Relative Water Content (RWC, %): RWC was estimated following Barr and Weatherley (1962). One gram of fresh flowers was soaked in distilled water for 4 h to determine turgid weight. Flowers were then dried in a hot air oven at 80°C to constant weight for dry weight determination.
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Results and Discussion 

Water Uptake (WU) (g flower⁻¹)

The analysis of water uptake (WU) indicated significant variation among the treatments during the vase life of Gypsophila cv. Star World. The highest mean WU was recorded in T11 (Sucrose 2% + KMS 200 ppm) at 31.42 g flower⁻¹, followed by T10 (Sucrose 2% + KMS 100 ppm, 30.16 g flower⁻¹) and T9 (Sucrose 2% + AA 200 ppm, 24.88 g flower⁻¹), which were statistically comparable (Table 1). In contrast, the lowest WU was observed in the control (T14, 10.90 g flower⁻¹), reflecting limited water absorption and early senescence due to the absence of preservatives or carbohydrate supplementation. The elevated WU in sucrose-treated flowers can be attributed to the provision of exogenous carbohydrates, which reduce the water potential in floral tissues and facilitate osmotic-driven water absorption. Additionally, the presence of potassium metabisulphite (KMS) appears to enhance water uptake by maintaining xylem conductivity, likely through its antimicrobial properties that prevent vascular blockage, although the exact physiological mechanism requires further investigation. The synergistic effect of sucrose with antioxidants such as ascorbic acid (T8 and T9) or KMS (T10 and T11) demonstrates that combined treatments are more effective in sustaining water absorption compared to individual treatments. These findings are consistent with previous studies, where sucrose alone or in combination with preservatives improved water uptake and maintained turgor in cut flowers, delaying senescence (Kiamohammadi et al., 2012; Seyed et al., 2024). 
Table 1. Effect of sucrose and antioxidants on water uptake (g flower⁻¹) of gypsophila cv. Star World

	Treatments (T)
	Days of evaluation

	
	1
	3
	5
	7
	9
	Mean

	T1 Sucrose 2%
	16.3
	15.3
	13.6
	11.3
	10.3
	13.36 cd

	T2 AA 100 ppm
	16.6
	15.4
	13.3
	12.3
	10.3
	13.58 cd

	T3 AA 200 ppm
	15.3
	14.6
	14.0
	13.3
	12.6
	13.96 cd

	T4 KMS 100 ppm
	19.3
	16.3
	13.6
	11.0
	10.6
	14.16 cd

	T5 KMS 200 ppm
	23.0
	22.6
	20.6
	19.3
	17.6
	20.62 c

	T6 CaCl₂ 25 ppm
	14.0
	13.3
	12.0
	11.6
	10.6
	12.30 cd

	T7 CaCl₂ 50 ppm
	14.3
	14.0
	13.0
	12.6
	11.6
	13.10 cd

	T8 Sucrose 2% + AA 100 ppm
	27.6
	26.3
	24.6
	20.0
	18.3
	23.36 bc

	T9 Sucrose 2% + AA 200 ppm
	28.6
	26.6
	24.0
	23.6
	21.6
	24.88 ab

	T10 Sucrose 2% + KMS 100 ppm
	35.0
	33.6
	30.3
	27.6
	24.3
	30.16 a

	T11 Sucrose 2% + KMS 200 ppm
	35.6
	34.3
	31.6
	29.0
	26.6
	31.42 a

	T12 Sucrose 2% + CaCl₂ 25 ppm
	26.0
	24.6
	22.3
	20.0
	18.6
	22.30 bc

	T13 Sucrose 2% + CaCl₂ 50 ppm
	26.6
	24.3
	22.6
	20.3
	18.6
	22.48 bc

	T14 Control (Distilled water)
	13.6
	11.6
	10.6
	9.4
	9.3
	10.90 d

	S.Em±
	2.07

	CD (p = 0.05)
	5.81


2. Transportational Loss of Water (TLW) (g flower⁻¹)

The analysis of transportational loss of water (TLW) indicated a significant influence of sucrose and antioxidant treatments on water movement in Gypsophila cv. Star World (Table 2). The highest TLW was recorded in T11 (Sucrose 2% + KMS 200 ppm) with a mean of 35.02 g flower⁻¹, followed by T10 (Sucrose 2% + KMS 100 ppm) and T9 (Sucrose 2% + AA 200 ppm), reflecting superior water uptake and vascular activity. In contrast, the lowest TLW was observed in the control (T14; 10.52 g flower⁻¹), which lacked any preservative, highlighting restricted water absorption and minimal physiological activity in untreated stems.

Higher TLW values generally correlate with enhanced water uptake and translocation, which are crucial for maintaining turgor, delaying senescence, and sustaining vase life in cut flowers. The superior TLW in T11 can be attributed to the synergistic action of sucrose and KMS: sucrose serves as an energy source supporting osmotic balance and metabolic activity, while KMS acts as an antimicrobial agent, reducing microbial blockage in the xylem and maintaining vascular conductivity. Treatments combining sucrose with ascorbic acid (T8, T9) or calcium chloride (T12, T13) also improved TLW, indicating that antioxidant support or cell wall stabilization can further facilitate water movement. Similarly, Seyed et al. (2024) demonstrated that sucrose-containing vase solutions enhanced water uptake and maintained hydration in Alstroemeria flowers. Classical studies by Sakalis (1975) also confirmed that sucrose improves water relations by maintaining turgor and delaying senescence in cut flowers. Moreover, the recent work of Zeng et al. (2023) highlighted that sucrose combined with antimicrobial agents like 8-HQC improved postharvest water relations by regulating ROS-scavenging and preventing xylem blockage, reinforcing the importance of carbohydrate–antimicrobial combinations in sustaining TLW. Overall, the findings suggest that sucrose combined with KMS or ascorbic acid, particularly at higher concentrations, effectively enhances transpirational water loss, indicating better hydration and improved vase performance in Gypsophila stems.

Table 2. Effect of sucrose and antioxidants on transpirational loss of water (g flower⁻¹) of Gypsophila cv. Star World

	Treatments (T)
	1 Day
	3 Days
	5 Days
	7 Days
	9 Days
	Mean

	T1 Sucrose 2%
	14.0
	13.6
	12.6
	12.3
	11.0
	12.70 de

	T2 AA 100 ppm
	27.0
	23.6
	20.3
	18.0
	16.3
	21.04 bc

	T3 AA 200 ppm
	27.0
	26.0
	23.6
	20.3
	17.0
	22.78 bc

	T4 KMS 100 ppm
	30.6
	27.3
	24.0
	21.6
	19.4
	24.58 bc

	T5 KMS 200 ppm
	33.0
	28.3
	24.3
	20.6
	17.0
	24.64 bc

	T6 CaCl₂ 25 ppm
	25.6
	20.3
	16.3
	15.3
	14.0
	18.30 cd

	T7 CaCl₂ 50 ppm
	27.0
	24.3
	20.0
	18.6
	13.3
	20.64 cd

	T8 Sucrose 2% + AA 100 ppm
	31.0
	29.3
	27.0
	24.6
	22.3
	26.84 ab

	T9 Sucrose 2% + AA 200 ppm
	34.0
	31.4
	28.3
	24.6
	20.3
	27.72 a

	T10 Sucrose 2% + KMS 100 ppm
	40.0
	37.3
	33.3
	28.6
	25.6
	32.96 a

	T11 Sucrose 2% + KMS 200 ppm
	40.6
	38.6
	36.3
	32.3
	27.3
	35.02 a

	T12 Sucrose 2% + CaCl₂ 25 ppm
	30.3
	28.6
	25.3
	21.6
	18.6
	24.88 bc

	T13 Sucrose 2% + CaCl₂ 50 ppm
	32.3
	28.6
	26.0
	22.4
	19.3
	25.72 b

	T14 Control (Distilled water)
	12.6
	11.3
	10.4
	9.3
	9.0
	10.52 e

	S.Em±
	2.85

	CD (p = 0.05)
	7.99


3. Optical density of vase solution (ODVS)

The optical density of vase solution (ODVS) varied significantly among treatments throughout the vase life period (Table 3). The lowest mean ODVS (0.044) was recorded in T11 (Sucrose 2% + KMS 200 ppm), followed by T10 (Sucrose 2% + KMS 100 ppm, 0.062) and T9 (Sucrose 2% + AA 200 ppm, 0.074). In contrast, the highest ODVS (0.166) was observed in the control treatment (T14), indicating higher microbial proliferation in untreated vase solutions. Treatments combining sucrose with antioxidants or KMS consistently maintained lower ODVS values compared to treatments with individual chemicals or the control, reflecting superior solution clarity. These findings are supported by the observations of Van Doorn et al. (1991), who reported a positive correlation between bacterial population and water flow resistance in cut flower stems. Thus, the combination of sucrose and higher concentration of KMS proved effective in suppressing microbial growth and maintaining solution clarity, ultimately contributing to improved postharvest performance of Gypsophila. High ODVS in the control treatment reflects rapid microbial multiplication, which contributes to stem blockage, reduced water uptake, early wilting, and shortened vase life. These findings are consistent with earlier studies showing that sucrose combined with antimicrobial or antioxidant agents lowers microbial load, maintains xylem conductivity, and enhances vase solution clarity, resulting in prolonged water relations and postharvest longevity (Manzoor et al., 2024; Zeng et al., 2023). Overall, the study highlights that combining sucrose with KMS or ascorbic acid is highly effective in reducing microbial load, sustaining water uptake, and improving postharvest quality of Gypsophila cut flowers, as reflected by lower ODVS values.
Table 3. Effect of sucrose and antioxidants on optical density of vase solution (480 nm) of Gypsophila cv. Star World

	Treatments (T)
	1 Day
	3 Days
	5 Days
	7 Days
	9 Days
	Mean

	T1 Sucrose 2%
	0.088
	0.127
	0.169
	0.195
	0.236
	0.163 d

	T2 AA 100 ppm
	0.074
	0.113
	0.128
	0.152
	0.164
	0.126 b

	T3 AA 200 ppm
	0.082
	0.111
	0.115
	0.119
	0.148
	0.115ab

	T4 KMS 100 ppm
	0.086
	0.094
	0.102
	0.114
	0.123
	0.104 a

	T5 KMS 200 ppm
	0.032
	0.075
	0.115
	0.123
	0.135
	0.096a

	T6 CaCl₂ 25 ppm
	0.108
	0.121
	0.182
	0.191
	0.205
	0.161 c

	T7 CaCl₂ 50 ppm
	0.112
	0.123
	0.156
	0.161
	0.185
	0.147 bc

	T8 Sucrose 2% + AA 100 ppm
	0.049
	0.053
	0.078
	0.096
	0.109
	0.077 a

	T9 Sucrose 2% + AA 200 ppm
	0.039
	0.063
	0.068
	0.091
	0.108
	0.074 a

	T10 Sucrose 2% + KMS 100 ppm
	0.034
	0.043
	0.054
	0.083
	0.097
	0.062 a

	T11 Sucrose 2% + KMS 200 ppm
	0.018
	0.027
	0.043
	0.058
	0.074
	0.044 a

	T12 Sucrose 2% + CaCl₂ 25 ppm
	0.047
	0.071
	0.094
	0.113
	0.142
	0.093 a

	T13 Sucrose 2% + CaCl₂ 50 ppm
	0.049
	0.068
	0.074
	0.099
	0.107
	0.079 a

	T14 Control (Distilled water)
	0.113
	0.149
	0.172
	0.194
	0.202
	0.166 e

	S.Em±
	0.024

	CD (p = 0.05)
	0.068


4. Vase Life

Vase life of Gypsophila cv. Star World was significantly influenced by the application of sucrose and antioxidant-based vase solutions (Table 4). The longest vase life was observed in T11 (Sucrose 2% + KMS 200 ppm, 16.83 days), followed by T10 (Sucrose 2% + KMS 100 ppm, 16.2 days) and T9 (Sucrose 2% + AA 200 ppm, 16 days). Treatments involving sucrose combined with CaCl₂ (T12 and T13) and higher doses of KMS alone (T5) recorded intermediate vase life values. Treatments with individual chemicals (T1–T7) showed moderate increases in vase life compared to the control (T14), which had the shortest vase life of 8.83 days. The role of sucrose in maintaining postharvest quality has been widely documented, especially in improving water relations and preventing early wilting (Seyed et al., 2024). Potassium metabisulphite (KMS), a strong antimicrobial agent, likely suppressed bacterial proliferation in the vase solution, reducing vascular occlusion at stem ends and promoting continuous water uptake. This mechanism aligns with recent findings that reducing microbial-induced vascular blockage significantly improves vase life and solution uptake in cut flowers (Manzoor et al., 2024). Similarly, ascorbic acid (AA), a powerful antioxidant, may have reduced oxidative stress within floral tissues and delayed senescence by minimizing reactive oxygen species (ROS) accumulation. Intermediate improvements in vase life were observed in treatments involving sucrose combined with CaCl₂ (T12, T13) and higher doses of KMS alone (T5). Calcium ions are known to strengthen cell walls and membrane integrity, thereby improving tissue firmness and delaying senescence, though their effect is generally less pronounced than antimicrobial–carbohydrate combinations. Treatments with sucrose, AA, or CaCl₂ alone produced moderate but significant increases in vase life compared with control, indicating that each preservative offers partial physiological benefits. The shortest vase life was recorded in the control (T14), where flowers held in distilled water were more vulnerable to rapid microbial growth, reduced hydraulic conductance, early tissue degradation, and premature senescence. This confirms the necessity of preservative solutions for extending the postharvest life of Gypsophila.

Overall, the study highlights that combining sucrose with antimicrobial agents such as KMS or antioxidants like AA particularly at optimum concentrations is most effective in enhancing vase life. These findings are consistent with recent advances in postharvest floral physiology, demonstrating that improved water relations, reduced oxidative stress, and suppression of microbial proliferation collectively contribute to prolonged vase longevity.
Table 4. Effect of sucrose and antioxidants on vase life (days) of Gypsophila cv. Star World

	Treatments (T)
	Vase life (days)

	T1 Sucrose 2%
	12 de

	T2 AA 100 ppm
	12.3 c

	T3 AA 200 ppm
	12.5 b

	T4 KMS 100 ppm
	12.7 b

	T5 KMS 200 ppm
	13.5 ab

	T6 CaCl₂ 25 ppm
	12.17 d

	T7 CaCl₂ 50 ppm
	12.2 cd

	T8 Sucrose 2% + AA 100 ppm
	14.2 ab

	T9 Sucrose 2% + AA 200 ppm
	16 a

	T10 Sucrose 2% + KMS 100 ppm
	16.2 a

	T11 Sucrose 2% + KMS 200 ppm
	16.83 a

	T12 Sucrose 2% + CaCl₂ 25 ppm
	13.7 ab

	T13 Sucrose 2% + CaCl₂ 50 ppm
	14 ab

	T14 Control (Distilled water)
	8.83 f

	S.Em±
	0.57

	CD (p = 0.05)
	1.67


5. Relative Water Content (RWC)
The analysis of relative water content (RWC) in Gypsophila cv. Star World revealed significant variation among the sucrose and antioxidant treatments. The highest RWC was observed in T11 (Sucrose 2% + KMS 200 ppm), with a mean of 103.14%, demonstrating superior water retention capacity throughout the vase life period. This high RWC can be attributed to enhanced water uptake and reduced vascular blockage due to the antimicrobial activity of potassium metabisulphite (KMS), while sucrose supplementation likely maintained osmotic balance and provided energy to support metabolic activity (Manzoor et al., 2024). Treatments combining sucrose with antioxidants such as ascorbic acid (T8, T9) or calcium chloride (T12, T13) also maintained elevated RWC values, indicating that ROS scavenging and membrane stabilization contributed to improved hydration and delayed senescence. Ascorbic acid acts as a strong antioxidant protecting membrane integrity, whereas calcium reinforces cell walls and stabilizes membranes, thereby reducing water loss. Treatments with sucrose or antioxidants alone (T1–T7) showed moderate RWC, highlighting that individual agents improve hydration relative to the control but are less effective than synergistic combinations. In contrast, the control (T14) recorded the lowest RWC (72.76%), reflecting rapid senescence, increased transpiration-related dehydration, and early xylem blockage due to microbial proliferation. These results are consistent with previous studies reporting that antimicrobial and antioxidant treatments preserve water relations and delay postharvest senescence by maintaining cellular turgor and reducing vascular obstruction (Manzoor et al., 2024; Mazrou et al., 2022; Ha & In, 2022).

Table 5. Effect of sucrose and antioxidants on relative water content (%) of Gypsophila Cv. Star World

	Treatments (T)
	Days of evaluation

	
	Day 1
	Day 3
	Day 5
	Day 7
	Day 9
	Mean

	T1 Sucrose 2%
	79.6
	77.3
	79.6
	80.9
	82.4
	79.96 a

	T2 AA 100 ppm
	78.9
	80.9
	82.4
	85.3
	88.0
	83.10 a

	T3 AA 200 ppm
	81.24
	83.7
	85.2
	87.6
	84.3
	84.41 a

	T4 KMS 100 ppm
	80.5
	82.7
	84.8
	86.2
	87.9
	84.42 a

	T5 KMS 200 ppm
	80.3
	83.2
	85.4
	89.7
	90.1
	85.74 a

	T6 CaCl₂ 25 ppm
	75.6
	79.4
	80.6
	81.8
	82.7
	80.02 a

	T7 CaCl₂ 50 ppm
	75.4
	78.9
	80.5
	82.7
	85.3
	80.56 a

	T8 Sucrose 2% + AA 100 ppm
	83.4
	84.6
	88.5
	93.2
	95.6
	89.06 a

	T9 Sucrose 2% + AA 200 ppm
	85.6
	89.4
	94.3
	96.7
	100.2
	93.24 a

	T10 Sucrose 2% + KMS 100 ppm
	89.0
	91.3
	94.7
	98.3
	102.0
	95.06 a

	T11 Sucrose 2% + KMS 200 ppm
	96.2
	98.5
	101.3
	107.6
	112.1
	103.14 a

	T12 Sucrose 2% + CaCl₂ 25 ppm
	82.7
	84.7
	86.6
	89.3
	93.7
	87.40 a

	T13 Sucrose 2% + CaCl₂ 50 ppm
	81.6
	83.7
	86.8
	92.3
	96.1
	88.01 a

	T14 Control (Distilled water)
	70.2
	73.6
	80.4
	71.3
	68.3
	72.76 b

	S.Em±
	8.69

	CD (p = 0.05)
	24.41


Conclusion

The findings clearly demonstrate that combining sucrose with antioxidants significantly improves postharvest water relations, delays senescence, and extends the vase life of Gypsophila cut flowers compared to individual chemical treatments or control. The treatment T11 (Sucrose 2% + KMS 200 ppm) proved most effective, achieving superior physiological performance with the highest water uptake, RWC, transportational activity, and minimum microbial proliferation, resulting in a vase life of 16.83 days. The synergistic action of sucrose as an energy source and KMS as a strong antimicrobial agent effectively maintained vascular conductance and hydration. Treatments involving sucrose with ascorbic acid or calcium chloride also enhanced postharvest performance. Overall, sucrose combined with potassium metabisulphite can be recommended as an efficient vase solution for commercial handling and retail display of Gypsophila cv. Star World under ambient conditions.
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