



Effect of sucrose and antioxidant treatments on postharvest water relations and physiological changes in cut Gypsophila (Gypsophila paniculata L.) cv. Star World
Abstract 

The postharvest longevity and market value of cut Gypsophila paniculata L. largely depend on the maintenance of water relations and physiological integrity after harvest. The present investigation evaluated the effects of sucrose and selected antioxidant treatments, applied individually and in combination, on postharvest water balance, physiological weight changes, fresh and dry weight, and water uptake efficiency of cut Gypsophila cv. Star World. Fourteen treatments, including sucrose, ascorbic acid, potassium metabisulphite (KMS), calcium chloride, their combinations, and a control, were assessed under controlled laboratory conditions. The results clearly demonstrated that preservative solutions containing sucrose, particularly when combined with potassium metabisulphite, significantly improved postharvest performance. The treatment comprising sucrose (2%) + KMS (200 ppm) recorded the lowest physiological change in weight, highest fresh and dry weight retention, and superior water uptake to water loss ratio, indicating efficient hydration and delayed senescence. Sucrose alone enhanced water balance by improving osmotic regulation, while antioxidants and antimicrobial agents contributed to reduced microbial blockage and oxidative stress. In contrast, untreated flowers exhibited rapid moisture loss, poor water relations, and early senescence. Overall, the study highlights the synergistic role of sucrose and antimicrobial antioxidants in maintaining postharvest water relations and physiological stability, offering a scientifically validated preservative strategy for extending vase life and improving the commercial quality of cut Gypsophila.
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Introduction

Gypsophila paniculata L. is an important ornamental species widely cultivated in the floriculture industry as a filler flower due to its delicate inflorescences, high aesthetic value, and compatibility with a wide range of cut flowers. The commercial value of cut Gypsophila is largely determined by its postharvest performance, particularly its ability to maintain freshness, turgidity, and visual quality during vase life. Cut flowers are generally harvested during early morning hours to ensure high tissue hydration and reduced field heat. However, once detached from the mother plant, the supply of water and carbohydrates is abruptly interrupted, making postharvest water relations a key factor governing vase life. Poor water uptake, excessive transpiration, and vascular blockage often lead to rapid wilting and early senescence.
 Postharvest losses of cut flowers may reach 20-40% due to improper handling and inadequate preservative solutions, resulting in substantial economic losses (Chandrashekhar and Gopinath, 2004). Therefore, improving postharvest longevity through scientifically optimized vase solutions is of considerable commercial importance.

An effective floral preservative solution typically contains three essential components: a carbohydrate source, a biocide, and an acidifier. Among these, sucrose is the most widely used carbohydrate in floral preservatives, as it serves as a respiratory substrate, delays protein degradation, and improves water balance in cut flowers. Sucrose supplementation has been shown to enhance water uptake by lowering osmotic potential in floral tissues, thereby maintaining turgidity and delaying senescence. Postharvest metabolic activities such as respiration and transpiration strongly influence water balance and vase life in cut flowers (Randhawa & Mukhopadhyay, 1986
). One of the major causes of postharvest deterioration in cut flowers is microbial proliferation in vase solutions, which leads to blockage of xylem vessels and restricts water uptake. Microorganisms accumulating at the cut stem ends or within xylem vessels significantly reduce hydraulic conductivity, resulting in water stress and early wilting (Danaee et al., 2011). To address this issue, various biocides and antimicrobial agents have been incorporated into preservative solutions to suppress microbial growth and prevent vascular occlusion (Nowak & Rudnicki, 1990
). Germicides such as 8-hydroxyquinoline sulphate and sodium hypochlorite have been reported to improve water uptake and maintain turgidity by reducing microbial contamination. In addition to antimicrobial agents, antioxidants play an important role in delaying senescence by reducing oxidative stress in postharvest tissues. Antioxidants are defined as substances that, at low concentrations, delay or prevent oxidation of biological substrates (Halliwell, 1990
). Compounds such as ascorbic acid act by scavenging reactive oxygen species, thereby protecting cellular membranes and physiological processes associated with senescence. Ascorbic acid has also been reported to inhibit bacterial growth and reduce physical plugging of xylem vessels, resulting in improved water uptake and extended vase life in several cut flower species (Jin et al., 2006; Hatami et al., 2010). Similarly, calcium chloride treatments have been shown to enhance postharvest performance by strengthening cell walls, maintaining membrane stability, and reducing microbial populations in vase solutions (Ali, 2014). Although the individual roles of sucrose, antioxidants, and calcium salts in extending vase life have been reported, limited information is available on their combined effects on postharvest water relations and physiological changes in cut Gypsophila. Understanding how these treatments influence parameters such as water balance, water uptake efficiency, fresh weight, and dry weight is essential for developing effective preservative solutions. Therefore, the present investigation was undertaken to evaluate the effect of sucrose and selected antioxidant treatments on postharvest water relations and physiological changes in cut Gypsophila (Gypsophila paniculata L.) cv. Star World during the vase life period.
Materials and Methods

Experimental Location and Conditions

The present investigation was conducted during 2019–2020 in the laboratory of the Department of Floriculture and Landscape Architecture, College of Horticulture, Rajendranagar, Hyderabad, Sri Konda Laxman Telangana State Horticultural University, Telangana, India. The experimental site is located at an altitude of 542.3 m above mean sea level, at 17°19′ N latitude and 78°29′ E longitude.

The cut flowers were maintained under ambient laboratory conditions at a temperature of 25 ± 2 °C, 40–50% relative humidity, and exposed to a 12 h photoperiod using 40 W cool white fluorescent lamps throughout the vase life evaluation period.

Plant Material

Freshly harvested flower spikes of Gypsophila (Gypsophila paniculata L.) cv. Star World were procured from the Floricultural Research Station, Rajendranagar, located approximately 5 km from the experimental laboratory. Uniform, healthy, and disease-free flower spikes were selected for the experiment.

Experimental Design and Treatments

The experiment was laid out in a Completely Randomized Design (CRD) with 14 treatments and three replications. Each treatment consisted of five flower spikes per replication. Observations were recorded at two-day intervals during the vase life period.

Treatment Details

· T1: Sucrose at 2%

· T2: Ascorbic acid @ 100 ppm

· T3: Ascorbic acid @ 200 ppm

· T4: Potassium metabisulphite @ 100 ppm

· T5: Potassium metabisulphite @ 200 ppm

· T6: Calcium chloride @ 25 ppm

· T7: Calcium chloride @ 50 ppm

· T8: Sucrose @ 2% + Ascorbic acid @ 100 ppm

· T9: Sucrose @ 2% + Ascorbic acid @ 200 ppm

· T10: Sucrose @ 2% + Potassium metabisulphite @ 100 ppm

· T11: Sucrose @ 2% + Potassium metabisulphite @ 200 ppm

· T12: Sucrose @ 2% + Calcium chloride @ 25 ppm

· T13: Sucrose @ 2% + Calcium chloride @ 50 ppm

· T14: Control (Distilled water)

Preparation of Vase Solutions

A 2% sucrose solution was prepared by dissolving 2 g of sucrose in 100 mL of distilled water. Ascorbic acid and potassium metabisulphite solutions of 100 and 200 ppm were prepared by dissolving the required quantity of chemicals in one litre of distilled water. Calcium chloride solutions of 25 and 50 ppm were prepared by initially dissolving the respective quantities in a small amount of ethyl alcohol and then making up the volume to one litre with distilled water.

Observations Recorded

Physiological Change in Weight (PCW) (%)

Physiological change in weight was calculated using the following formula and expressed as percentage:
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Water Balance (WB) (g flower⁻¹)

Water balance was calculated as the difference between water uptake (WU) and transpirational loss of water (TLW) and expressed in grams (Venkatarayappa et al., 1980):

WB=WU−TLW

Fresh Weight (g flower⁻¹)

Fresh weight of flower spikes was recorded using an electronic balance and expressed in grams.

Dry Weight (g flower⁻¹)

Dry weight was recorded at 50% wilting stage under ambient laboratory conditions and expressed in grams.

Water Uptake to Water Loss Ratio

The ratio was calculated using the formula:
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Statistical Analysis

The experimental data were subjected to analysis of variance (ANOVA) as outlined by Panse and Sukhatme (1978
). The significance of treatment effects was tested using the F-test at 5% probability level. Wherever treatment effects were significant, critical difference (CD) values were calculated at the 5% level for comparison of treatment means. Non-significant differences were excluded from result interpretation.

Results and Discussion 
Physiological Change in Weight (%)

Physiological change in weight (PCW) of cut gypsophila (Gypsophila paniculata L.) cv. Star World increased progressively with vase life in all treatments; however, the magnitude of increase differed significantly among treatments (Table 1). The combined application of sucrose (2%) + potassium metabisulphite (200 ppm) (T11) recorded the lowest mean PCW (0.82%), indicating superior retention of fresh weight and effective maintenance of postharvest water balance. This treatment was statistically superior to the control and comparable with most sucrose–antioxidant combinations. In contrast, the control (distilled water) exhibited the highest mean PCW (4.23%), reflecting rapid moisture loss and accelerated senescence due to poor water uptake. Treatments combining sucrose with antioxidants generally resulted in lower PCW than their individual application, highlighting the synergistic effect of these compounds. Calcium chloride applied alone, particularly at 25 ppm, showed comparatively higher PCW, indicating limited effectiveness. The significantly lower physiological change in weight (PCW) with sucrose-based preservative treatments, especially sucrose (2%) + potassium metabisulphite (200 ppm), is consistent with recent findings that sucrose combined with chemical additives enhances water uptake and maintains fresh weight in cut flowers under postharvest conditions (Seyed Hajizadeh et al., 2024). Recent work on Alstroemeria reported that sucrose in vase solutions reduced fresh weight loss and improved water relations compared to control, highlighting the role of sucrose in mitigating physiological weight changes (Seyed Hajizadeh et al., 2024). The incorporation of antimicrobial or antioxidant components in preservative solutions further supports improved water balance and reduced senescence, as evidenced in other cut flower studies where sucrose combined with bioactive compounds maintained higher fresh weight and delayed deterioration (Thapa et al., 2024). In contrast, untreated controls exhibited higher PCW, reflecting rapid moisture loss and accelerated senescence due to poor water uptake.

Table 1. Effect of sucrose and antioxidants on physiological change in weight (%) of gypsophila Cv. Star World

	Treatments (T)
	Physiological change in weight (%)

	
	Days

	
	1
	3
	5
	7
	9
	Mean

	T1 Sucrose 2 %
	0.54
	0.88
	1.05
	2.3
	2.95
	1.54 bc

	T2 Ascorbic acid 100 ppm (AA 100 ppm)
	0.74
	1.34
	1.78
	2.51
	2.76
	1.83 bc

	T3 Ascorbic acid 200 ppm (AA 200 ppm)
	0.62
	0.98
	1.67
	2.05
	2.71
	1.61 bc

	T4 Potassium meta bisulphate 100 ppm (KMS 100 ppm)
	0.37
	0.76
	1.09
	1.36
	3.61
	1.50 bc

	T5 Potassium meta bisulphate 200 ppm (KMS 200 ppm)
	0.57
	0.74
	1.09
	2.23
	2.87
	1.50 bc

	T6 Calcium chloride 25 ppm (CaCl2 25 ppm)
	0.85
	1.04
	2.37
	4.51
	6.73
	3.10 c

	T7 Calcium chloride 50 ppm (CaCl2 50 ppm)
	0.77
	0.95
	1.47
	2.63
	5.01
	2.17 bc

	T8 Sucrose 2 % + AA 100 ppm
	0.59
	0.86
	1.23
	1.66
	2.57
	1.38 bc

	T9 Sucrose 2 % + AA 200 ppm
	0.43
	0.79
	0.99
	1.76
	2.78
	1.35 bc

	T10 Sucrose 2 % + KMS 100 ppm
	0.34
	0.54
	0.98
	1.44
	2.05
	1.07 b

	T11 Sucrose 2 % + KMS 200 ppm
	0.11
	0.43
	0.74
	1.8
	1.03
	0.82 a

	T12 Sucrose 2 % + CaCl2 25 ppm
	0.64
	0.76
	1.29
	1.98
	2.61
	1.46 bc

	T13 Sucrose 2 % + CaCl2 50 ppm
	0.51
	0.64
	0.98
	1.53
	3.6
	1.45 bc

	T14 Control (Distilled water)
	1.43
	2.65
	3.76
	5.8
	7.51
	4.23 c

	S.Em±
	0.39

	CD (p = 0.05)
	1.10


Water balance (WB) (g. flower-1)

Water balance of cut Gypsophila cv. Star World was significantly influenced by sucrose and antioxidant treatments during the vase life period (Table 2).  The highest mean water balance was recorded in T1 (Sucrose @ 2%) (0.66 g flower⁻¹), indicating superior hydration status throughout vase life. This treatment was statistically on par with T14 (control; 0.30 g flower⁻¹) and sucrose-based combination treatments T12 (−2.38 g flower⁻¹), T9 (−2.84 g flower⁻¹), T10 (−2.86 g flower⁻¹), T8 (−3.08 g flower⁻¹), T13 (−3.24 g flower⁻¹), and T11 (−3.60 g flower⁻¹). In contrast, antioxidant treatments applied alone caused a marked reduction in water balance. The lowest water balance was observed in T4 (KMS @ 100 ppm; −10.42 g flower⁻¹), followed by T3 (Ascorbic acid @ 200 ppm; −8.88 g flower⁻¹) and T2 (Ascorbic acid @ 100 ppm; −7.46 g flower⁻¹), indicating severe water deficit under these treatments.

Water balance is a key determinant of postharvest quality in cut flowers, as it governs tissue turgidity, delays wilting, and ultimately extends vase life. It represents the net outcome of water uptake relative to transpirational water loss (Halevy & Mayak, 1978; Fanourakis et al., 2022). The superior water balance in T1 (Sucrose 2%) can be attributed to enhanced water uptake and reduced physiological water stress. Sucrose lowers cellular osmotic potential, thereby promoting continuous water absorption through xylem tissues (Halevy & Mayak, 1978). Additionally, sucrose serves as a respiratory substrate that sustains membrane stability and vascular functionality, reducing xylem blockage and facilitating efficient water transport (Carlson and Dole, 2013). The moderately positive water balance in the control treatment suggests that distilled water allowed unobstructed xylem flow, particularly during early vase life. Similar findings have been reported where simple hydration solutions maintained acceptable water relations in cut flowers under controlled conditions (Fanourakis et al., 2022). In contrast, antioxidant treatments applied alone (ascorbic acid, KMS, CaCl₂) resulted in significantly negative water balance. While antioxidants may mitigate oxidative stress and delay senescence, they do not directly support osmotic regulation or carbohydrate supply. Consequently, water uptake was insufficient to offset transpirational losses, leading to progressive dehydration (Carlson and Dole, 2013). Sucrose combined with antioxidants exhibited intermediate water balance, indicating partial alleviation of water stress due to sucrose supplementation. However, these combinations were inferior to sucrose alone, reinforcing the dominant role of carbohydrate availability in regulating water relations during vase life. Comparable responses have been documented in several cut flower species, where sucrose alone was more effective than combined preservative solutions (Fanourakis et al., 2022).

Table 2. Effect of sucrose and antioxidants on water balance (g flower-1) of gypsophila cv. Star World

	Treatments (T)
	Water balance (g flower-1)

	
	Days

	
	1
	3
	5
	7
	9
	Mean

	T1 Sucrose 2 %
	2.3
	1.7
	1
	-1
	-0.7
	0.66a

	T2 Ascorbic acid 100 ppm (AA 100 ppm)
	-10.4
	-8.2
	-7
	-5.7
	-6
	-7.46 cd

	T3 Ascorbic acid 200 ppm (AA 200 ppm)
	-12
	-11.4
	-9.6
	-7
	-4.4
	-8.88 d

	T4 Potassium meta bisulphate 100 ppm (KMS 100 ppm)
	-11.3
	-11
	-10.4
	-10.6
	-8.8
	-10.42 e

	T5 Potassium meta bisulphate 200 ppm (KMS 200 ppm)
	-10
	-6
	-3.7
	-1.3
	0.6
	-4.08 b

	T6 Calcium chloride 25 ppm (CaCl2 25 ppm)
	-11.6
	-7
	-4.3
	-3.7
	-3.4
	-6 c

	T7 Calcium chloride 50 ppm (CaCl2 50 ppm)
	-12.7
	-10.3
	-7
	-6
	-1.7
	-7.54cd

	T8 Sucrose 2 % + AA 100 ppm
	-3.4
	-3
	-2.4
	-4.6
	-2
	-3.08 ab

	T9 Sucrose 2 % + AA 200 ppm
	-5.4
	-4.8
	-4.3
	-1
	1.3
	-2.84 a

	T10 Sucrose 2 % + KMS 100 ppm
	-5
	-4
	-3
	-1
	-1.3
	-2.86 a

	T11 Sucrose 2 % + KMS 200 ppm
	-5
	-4.3
	-4.7
	-3.3
	-0.7
	-3.60 ab

	T12 Sucrose 2 % + CaCl2 25 ppm
	-4.3
	-4
	-3
	-1.6
	1
	-2.38 a

	T13 Sucrose 2 % + CaCl2 50 ppm
	-5.7
	-4.3
	-3.4
	-2.1
	-0.7
	-3.24 ab

	T14 Control (Distilled water)
	1
	0.3
	0.2
	0.1
	0.3
	0.30 a

	S.Em±
	1.09

	CD (p = 0.05)
	3.08


Fresh Weight (g flower⁻¹)

The data pertaining to changes in fresh weight of cut Gypsophila cv. Star World as influenced by sucrose and antioxidant treatments during the vase life period are presented in Table 3.  The highest fresh weight was recorded in T11 (Sucrose @ 2% + KMS @ 200 ppm) (16.8 g flower⁻¹). This treatment was statistically on par with T10 (16.6 g flower⁻¹), T9 (16.53 g flower⁻¹), and T8 (16.4 g flower⁻¹), indicating superior maintenance of tissue hydration under these treatments. Sucrose combined with other antioxidants or calcium salts (T12, T13) also recorded higher fresh weight values compared to sucrose or antioxidants applied alone. In contrast, the lowest fresh weight was observed in T14 (control; 11.07 g flower⁻¹), which was significantly inferior to all treated flowers.

Fresh weight retention in cut flowers is a key indicator of postharvest quality, reflecting effective water uptake, reduced transpiration losses, and maintenance of cellular turgidity. A higher fresh weight is generally associated with improved water balance and delayed senescence (Fanourakis et al., 2022). The maximum fresh weight observed in T11 (Sucrose 2% + KMS 200 ppm) may be attributed to the synergistic effect of sucrose and potassium metabisulphite. Sucrose enhances osmotic potential and serves as an energy source, thereby promoting water absorption and sustaining metabolic activity in cut stems. Meanwhile, KMS acts as an antimicrobial agent, reducing microbial proliferation at the cut stem ends and preventing xylem blockage, which facilitates uninterrupted water uptake (Carlson and Dole, 2013). The higher fresh weight in sucrose-based combination treatments (T8–T13) suggests that the presence of sucrose effectively counteracts fresh weight loss by maintaining favorable water relations. Similar observations have been reported in cut flower species where sucrose-containing preservative solutions enhanced fresh weight retention by improving stem hydraulic conductivity and cellular hydration (Fanourakis et al., 2022). In contrast, the significantly lower fresh weight in the control treatment may be due to insufficient carbohydrate availability and progressive xylem blockage, resulting in reduced water uptake and increased transpiration losses. Lack of preservatives in distilled water often leads to early decline in fresh mass due to microbial growth and physiological senescence (Carlson and Dole, 2013). Antioxidant treatments applied alone recorded moderate fresh weight values but were inferior to sucrose-based combinations. Although antioxidants can delay oxidative damage, their limited role in osmotic regulation and carbohydrate supply may restrict their ability to sustain fresh weight during extended vase life (Fanourakis et al., 2022).
Table 3. Effect of sucrose and antioxidants on fresh weight (g flower-1) of gypsophila Cv. Star World

	Treatments (T)
	Fresh weight (g)

	T1 Sucrose 2 %
	14.2 ab

	T2 Ascorbic acid 100 ppm (AA 100 ppm)
	12.3 ab

	T3 Ascorbic acid 200 ppm (AA 200 ppm)
	15.73 a

	T4 Potassium meta bisulphate 100 ppm (KMS 100 ppm)
	15.8 a

	T5 Potassium meta bisulphate 200 ppm (KMS 200 ppm)
	15.93 a

	T6 Calcium chloride 25 ppm (CaCl2 25 ppm)
	16.03 a

	T7 Calcium chloride 50 ppm (CaCl2 50 ppm)
	15.4 a

	T8 Sucrose 2 % + AA 100 ppm
	16.4 a

	T9 Sucrose 2 % + AA 200 ppm
	16.53 a

	T10 Sucrose 2 % + KMS 100 ppm
	16.6 a

	T11 Sucrose 2 % + KMS 200 ppm
	16.8 a

	T12 Sucrose 2 % + CaCl2 25 ppm
	16.13 a

	T13 Sucrose 2 % + CaCl2 50 ppm
	16.3 a

	T14 Control (Distilled water)
	11.07 b

	S.Em
	0.52

	CD (p = 0.05)
	1.51


Dry Weight (g flower⁻¹)

The data on dry weight of cut Gypsophila cv. Star World as influenced by sucrose and antioxidant treatments during the vase life period are presented in Table 4. The maximum dry weight was recorded in T11 (Sucrose @ 2% + KMS @ 200 ppm) (8.70 g flower⁻¹). This treatment was statistically on par with T10 (8.60 g flower⁻¹), T9 (8.40 g flower⁻¹), T8 (7.73 g flower⁻¹), T13 (7.67 g flower⁻¹), and T12 (7.53 g flower⁻¹). The lowest dry weight was observed in T14 (control; 6.93 g flower⁻¹), which was statistically comparable with T1 (7.00 g flower⁻¹), T2 (7.20 g flower⁻¹), T6 (7.07 g flower⁻¹), and T7 (7.13 g flower⁻¹). Dry weight reflects the accumulation and retention of structural carbohydrates, proteins, and other non-aqueous constituents in cut flowers. Maintenance of higher dry weight during vase life indicates reduced respiratory losses and better preservation of cellular constituents, which is closely linked to carbohydrate availability and metabolic stability (Halevy & Mayak, 1979).

The highest dry weight recorded in T11 (Sucrose 2% + KMS 200 ppm) can be attributed to the combined effects of sucrose supplementation and antimicrobial action of potassium metabisulphite. Sucrose serves as an exogenous carbohydrate source, compensating for the cessation of photosynthesis after harvest and thereby reducing the depletion of stored reserves through respiration (Halevy & Mayak, 1979). This results in greater dry matter retention in floral tissues. The antimicrobial role of KMS likely minimized microbial proliferation at the cut stem ends, maintaining xylem conductivity and facilitating continuous uptake of sucrose-containing solution. This would support sustained metabolic activity and dry matter accumulation, explaining the close association between higher fresh weight and dry weight observed in T11 (Carlson and Dole
, 2013). Sucrose-based combinations (T8–T13) consistently recorded higher dry weight values compared to antioxidant treatments alone, indicating that carbohydrate availability plays a dominant role in dry matter preservation during vase life. Similar findings have been reported in cut flowers, where sucrose treatments reduced respiratory carbon loss and enhanced dry matter retention (Fanourakis et al., 2022). In contrast, the lowest dry weight in the control treatment may be attributed to rapid depletion of endogenous carbohydrate reserves due to continued respiration, coupled with reduced water uptake and accelerated senescence. Antioxidant treatments alone showed only marginal improvement, as they do not directly supply carbon skeletons required for dry matter maintenance (Fanourakis et al., 2022).

Table 4. Effect of sucrose and antioxidants on dry weight (g flower-1) of gypsophila Cv. Star World

	Treatments (T)
	Dry weight (g)

	T1 Sucrose 2 %
	7.00 cd

	T2 Ascorbic acid 100 ppm (AA 100 ppm)
	7.20cd

	T3 Ascorbic acid 200 ppm (AA 200 ppm)
	7.30 c

	T4 Potassium meta bisulphate 100 ppm (KMS 100 ppm)
	7.40 bc

	T5 Potassium meta bisulphate 200 ppm (KMS 200 ppm)
	7.47 b

	T6 Calcium chloride 25 ppm (CaCl2 25 ppm)
	7.07 cd

	T7 Calcium chloride 50 ppm (CaCl2 50 ppm)
	7.13 cd

	T8 Sucrose 2 % + AA 100 ppm
	7.73 a

	T9 Sucrose 2 % + AA 200 ppm
	8.40 a

	T10 Sucrose 2 % + KMS 100 ppm
	8.60 a

	T11 Sucrose 2 % + KMS 200 ppm
	8.70 a

	T12 Sucrose 2 % + CaCl2 25 ppm
	7.53 ab

	T13 Sucrose 2 % + CaCl2 50 ppm
	7.67 a

	T14 Control (Distilled water)
	6.93 d

	S.Em
	0.39

	CD (p = 0.05)
	1.14


Water Uptake to Water Loss Ratio

Significant differences were observed among the antioxidant and sucrose treatments on the water uptake to water loss ratio of cut Gypsophila cv. Star World during the vase life period (Table 5). The mean values ranged from 0.570 (control, distilled water) to 1.045 (T11: Sucrose 2% + KMS 200 ppm). The highest ratio was observed in T11, followed by T10 (Sucrose 2% + KMS 100 ppm; 1.034) and other sucrose-based solutions. Treatments combining sucrose with potassium metabisulphite (KMS) exhibited superior water balance compared with control and single treatments. The lowest water uptake to water loss ratio occurred in T14 (control), indicating a poor water balance in untreated flowers. This suggests that preservative formulations combining sugar and antioxidants can sustain better water relations during the vase period. The balance between water uptake and water loss is a central determinant of vase life in cut flowers (Fanourakis et al., 2024; Sutrisno, 2025). A positive water balance (higher uptake relative to loss) maintains cellular turgor, delays wilting, and preserves ornamental quality throughout vase life, whereas a negative water balance accelerates senescence (Fanourakis et al., 2024). Sucrose enhances water relations by acting as an osmotic agent and carbon source, which supports metabolic maintenance after harvest. Although validated across many cut flower species, particularly when combined with antimicrobial agents, the addition of sucrose alone (as in T1) produced intermediate improvements in water uptake to water loss ratio compared to combinations with antioxidants (Sutrisno, 2025). Studies on other cut flowers have similarly found added sucrose benefits for vase life and solution uptake, especially when microbial activity is controlled (Yang et al., 2021; Sutrisno, 2025). Potassium metabisulphite (KMS) likely contributed to improved water uptake by inhibiting microbial growth in the vase solution, which would otherwise block xylem vessels and restrict water transport (Yang et al., 2021). The enhanced ratios in sucrose + KMS treatments (T10 and T11) reflect this combined effect of increased osmotic potential and reduced bacterial occlusion, a mechanism reported in hydrangeas and other cut flowers where combined sugar + antimicrobial solutions extend vase life and maintain water balance (Yang et al., 2021; Sutrisno, 2025). The control (distilled water) had the lowest water uptake to water loss ratio, a pattern consistent with findings that preservative-free water generally cannot sustain water balance in cut flowers due to rapid microbial growth and associated vascular blockage (Fanourakis et al., 2024; Yang et al., 2021). Distilled water lacks both carbohydrate supply and antimicrobial action, leading to accelerated water deficit and premature senescence.

Table 5. Effect of sucrose and antioxidants on water uptake to water loss ratio of gypsophila cv. Star World

	Treatments (T)
	Water uptake to water loss ratio

	
	Days

	
	1
	3
	5
	7
	9
	Mean

	T1 Sucrose 2 %
	0.877
	0.889
	0.871
	0.898
	0.974
	0.902 a

	T2 Ascorbic acid 100 ppm (AA 100 ppm)
	0.615
	0.653
	0.655
	0.683
	0.632
	0.648 ab

	T3 Ascorbic acid 200 ppm (AA 200 ppm)
	0.567
	0.562
	0.593
	0.655
	0.741
	0.624 c

	T4 Potassium meta bisulphate 100 ppm (KMS 100 ppm)
	0.875
	0.901
	0.909
	0.965
	0.949
	0.919 a

	T5 Potassium meta bisulphate 200 ppm (KMS 200 ppm)
	0.697
	0.790
	0.848
	0.937
	1.035
	0.983 a

	T6 Calcium chloride 25 ppm (CaCl2 25 ppm)
	0.547
	0.655
	0.736
	0.758
	0.757
	0.861 a

	T7 Calcium chloride 50 ppm (CaCl2 50 ppm)
	0.529
	0.576
	0.65
	0.677
	0.872
	0.661 ab

	T8 Sucrose 2 % + AA 100 ppm
	0.890
	0.898
	0.911
	0.813
	0.649
	0.832 a

	T9 Sucrose 2 % + AA 200 ppm
	0.841
	0.847
	0.848
	0.959
	1.064
	0.912 a

	T10 Sucrose 2 % + KMS 100 ppm
	1.079
	1.027
	1.019
	1.011
	1.033
	1.034 a

	T11 Sucrose 2 % + KMS 200 ppm
	1.164
	1.125
	1.079
	0.919
	0.936
	1.045a

	T12 Sucrose 2 % + CaCl2 25 ppm
	0.858
	0.860
	0.881
	0.926
	1
	0.905 a

	T13 Sucrose 2 % + CaCl2 50 ppm
	0.824
	0.849
	0.869
	0.906
	0.964
	0.882 a

	T14 Control (Distilled water)
	0.631
	0.597
	0.567
	0.509
	0.546
	0.570 d

	S.Em±
	0.100

	CD (p = 0.05)
	0.281


Conclusion

The present study conclusively demonstrates that postharvest water relations and physiological quality of cut Gypsophila paniculata cv. Star World can be significantly improved through appropriate preservative solutions. Among the evaluated treatments, the combined application of sucrose (2%) and potassium metabisulphite (200 ppm) proved to be the most effective in minimizing physiological weight loss, enhancing fresh and dry weight retention, and maintaining a favorable water uptake to water loss ratio throughout the vase life period. Sucrose played a pivotal role in sustaining osmotic balance and carbohydrate availability, while potassium metabisulphite effectively suppressed microbial proliferation, thereby preventing xylem blockage and ensuring uninterrupted water transport. Antioxidant treatments applied alone were comparatively less effective, highlighting the necessity of carbohydrate supplementation for sustained postharvest performance. The poor response of untreated control flowers further emphasized the importance of preservative solutions in mitigating postharvest deterioration. Overall, the findings provide a strong physiological basis for recommending sucrose-based preservative formulations, particularly in combination with antimicrobial antioxidants, as an effective, practical, and economically viable approach for extending vase life and improving the ornamental quality of cut Gypsophila under commercial handling conditions.
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