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Abstract- Rose is a top-cut flower in production, but due to 

improper flower opening, it faces heavy losses in postharvest 

handling. This study explores postharvest pulsing effects on the 

physiological changes that lead to flower opening and vase 

quality characteristics. Cut roses were treated with Sucrose 

(SUC), α-aminoisobutyric acid (AIB), and 8-hydro-quinoline 

citrate (8- HQC) under different combinations: CON; control, 

SUC; Sucrose, SUCA; SUC plus AIB, SUCH; SUC plus 8-HQC, 

AH; AIB plus 8-HQC, and SUCAH; SUCA Plus 8-HQC.  We 

examined the respiratory rate, stomatal conductance, and 

hydraulic conductance of flower stems, SUCAH, SUCA, SUCH, 

and AH showed positive feedback, while ethylene production 

was lowest compared to CON.   The flower opening percentages 

and speed were highest with more water uptake and flower 

diameter, and less microbial growth in SUCAH, followed by 

SUCA, SUCH, and AH than CON. Compared to CON, ethylene 

biosynthesis genes (RhACS2, RhACO1), and senescence-

associated gene (RhSAG12) transcription were lowest, and the 

vase characteristics significantly improved in SUCAH, followed 

by AH, SUCH, and SUCA. Our results indicated that postharvest 

pulsing by SUCAH substantially affected the water and ethylene 

status, which led to flower opening and improved vase quality 

characteristics. 

 

Index Terms- cut rose, ethylene, flower opening, vase life, 

sucrose, α-aminoisobutyric acid, 8-hydroquinoline citrate 

 

I. INTRODUCTION 

lower opening is a complex physiological process that 

determines the market value of cut flowers. Rose (Rosa 

hybrida L.), is one of the leading cut flowers supplied by long-

distance transportation. After harvest, robust ethylene production 

and water cut disturb proper flower opening and diminish the 

ornamental period (Hussain et al., 2024). Flower opening is 

mainly attributable to cell expansion via the actions of 

phytohormones, water status, and carbohydrates (Horibe and 

Yamada, 2017; Sun et al., 2021). Ethylene production was 

measured in roses, and found that short-lived varieties reached 

the ethylene peak earlier than long-lived varieties (Xue et al., 

2008). Applying ethylene to roses results in repressed petal cell 

expansion by directly inhibiting the aquaporin proteins, while 

ethylene inhibitor 1-methylcyclopropene (1-MCP) application 

resulted in more curved petals with larger cell size (Ma et al., 

2008). The α-aminoisobutyric acid (AIB) is an analog of 1-

aminocyclopropane-1-carboxylic acid (ACC), a precursor of 

ethylene. Exogenous application of AIB repressed ethylene 

biosynthesis from ACC by repressing ACC oxidase activity 

(Satoh and Esashi, 1980). Some studies report that AIB 

application extends the vase life in cut carnation and Lilium 

(Onozaki et al., 1998; Shimamura et al., 1997). However, the role 

of AIB in ethylene-regulated flower opening largely remains 

unknown. 

The water status is also very important in flower opening and the 

vase of cut flowers. For flower opening, elongation is an 

essential movement that is driven by water uptake or osmotic 

adjustment by the petals. During postharvest, cut flowers 

generally undergo water deficit stress, which disturbs flower 

opening quality and restricts their vase life extension. Air 

embolism is a disorder produced due to dehydration, which leads 

to abnormal opening of flowers and early senescence and 

subsequently disturbs the economic value of cut flowers (Luo et 

al., 2013). Aquaporins are transmembrane functional proteins 

that ease water transmission transversely in membranes and 

perform vital roles in cell expansion (Chaumont and Tyerman, 

2014). The PIPs are inhibited by exogenous ethylene treatment in 

rose ‘Samantha’. The expression profile of RhPIP2;1 and 

RhTIP1 were lower, which correlates with reduced petal size and 

results in an abnormal flower opening process (Ma et al., 2008; 

Xue et al., 2009). 

In flowering plants, carbohydrates play an important role during 

the flower opening process. Carbohydrates are commonly 

supplemented for an improvement of water status and as a source 

of energy for respiration by petals; hence, they are used to 

lengthen the ornamental value of cut roses. Sucrose usage 

changes the hormonal equilibrium of several floral tissues, 

speed’s petal elongation, and delays senescence in cut lilies 

(Arrom and Munné-Bosch, 2012). During petal growth, 

carbohydrate concentrations increase promptly in the vacuole, 

which promotes osmotic pressure, enables water transportation 

inward to cells and leads to cell expansion (Yamada et al., 2009). 

In rose, during flower opening at stage 3, sucrose relative 

contents were higher than stage 1 and stage 5 contents. The 

RhSUC2-silenced plants had smaller flower diameter and petal 

F 
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area, which advocates sucrose may help in proper cell expansion 

by maintaining turgor pressure. Whereas, reduced sucrose 

contents at stages 5 and 6 let the ethylene production, promote 

petal shedding and reduce the flower vase life (Horibe and 

Yamada, 2017; Liang et al., 2020). However, there is no such 

study available that comprehensively covers ethylene, water, and 

carbohydrate functionality together in cut roses for proper flower 

opening and vase life. 

This study explored the postharvest pulsing effects of ethylene 

inhibitor, carbohydrate, and water absorbent germicide on the 

physiological changes that led to flower opening and improved 

vase quality. We found that the respiratory rate, stomatal 

conductance, and hydraulic conductance of flower stems showed 

positive feedback while ethylene production was lower on the 

application of SUCAH followed by AH, SUCH, and SUCA. Our 

results indicated that pulsing by SUCAH significantly affects the 

ethylene biosynthesis genes and senescence associated gene 

transcription, leading to flower opening and improving vase 

quality. 

II. MATERIALS AND METHODS 

2.1. Plant materials and treatments 

Rosa hybrida ‘Samantha’ plantlets were grown in the greenhouse 

under a 16 h light/8 h dark photoperiod at (22 ±1) °C with a 

relative humidity of 60%. The flower opening stages for 

expression pattern analysis were defined as previously described 

(Chen et al., 2023). Flowers were taken at stage 2 and after 

harvesting instantly placed in deionized water (DW) and re-

cutted under treatment solution. Cut roses were treated with 

Sucrose (SUC), α-aminoisobutyric acid (AIB), and 8-

hydroquinoline citrate (8- HQC) under different combinations, as 

mentioned in Table 1. Freshly cut flowers were put in those as 

mentioned above postharvest pulsing solutions for 4 hours. Then, 

they were shifted to the cold room at 5 °C overnight and 

transferred to room temperature for 48 hours (as shipping to the 

end customer). Then, the flowers were moved to a vase solution 

(Long Life SL 1ml. L-1) in a uniformly controlled room 

environment at 25 °C and 50 ± 5% relative humidity under 12 h 

light/dark conditions. 

2.2. Respiration rate  

The respiration rate (mg CO2 kg−1FW h−1) of the flowers was 

detected by recording the carbon dioxide concentration on a 

flame-ionized detector using a gas chromatograph (GC2014, 

Shimadzu, Japan). The chromatograph was fitted with a 

stainless-steel column (1.8 m) packed with WG100 KA1144. 

Helium was used as a carrier gas, and the temperature of the 

column, injector, and detector was 50 °C.  

2.3. Stomatal conductance  

The stomatal conductance of flower petals was measured in the 

above-mentioned uniformly controlled room environment using 

an AP4 porometer (SC-1; Decagon Devices, USA). Before the 

measurements were taken, the porometer was stabilized in the 

room environment. The analysis was executed under the light 

condition during day time after vase holding. One decorative 

petal was randomly chosen and put in a small cuvette of sensor 

head. The stomatal conductance or humidification was noted at 

1.5 min after the sensor head was clipped. The data were taken 

from five randomly harvested cut flower petals for each 

treatment, and the average of five readings was taken as the 

stomatal conductance expressed as mmol H2O m-2 s-1. 

2.4. Ethylene production rate   

The ethylene production rate (µL C2H4 kg−1FW h−1) of cut 

flowers was measured by enclosing three flowers in an airtight 

chamber of polyethylene. As carrier gas nitrogen was used. After 

2 h of ethylene collection, samples were collected by syringe, 

and a flame-ionized detector was used to analyse ethylene on a 

chromatograph for gas (GC8A, Shimadzu, Japan). The 

temperatures of the column were 220 °C, while for injector and 

detector were 100 °C. 

2.5. Hydraulic Conductance  

The hydraulic conductance (Kh) was determined according to 

Gilman and Steponkus's method (1972). A stem of 20 cm in 

length comprising the peduncle and leaf bud. Cutting and fitting 

the stems into silicone tubes were done underwater to prevent air 

entrance into the vessels. Further, the stem was flushed and  

degassed with 0.1 mol KCl in micro-filtrated water at a pressure 

of 0.01 MPa. The same solution was forced through the stems at 

0.01 MPa, for 10 min and water was collected in glass tubes. 

Hydraulic conductance (kg m s–1 MPa–1) was determined by 

measuring the amount of water passed through the stem 

segments (water flux) divided by the pressure gradient 

(Darlington and Dixon, 1991).  

 

Table 1. Postharvest Pulse treatment and their detail. 

Treatment Detail 

CON Distill water 

SUC Sucrose (SUC) 50 gm L-1 

SUCA SUC 50 gm L-1, α-aminoisobutyric acid (AIB) 100 µM  

SUCH SUC 50 gm L-1, 8-hydro-quinoline citrate (8- HQC) 200 mg L−1 

AH AIB 100 µM, 8- HQC 200 mg L−1 

SUCAH SUC 50 gm L-1, AIB 100 µM, 8- HQC 200 mg L−1 

 

2.6. Flower opening (%) and Days to flower bud opening 

Flower opening percentage is the ratio of fully opened normal 

flowers to unopened (or abnormal opened) flowers. Whereas, 

days to flower bud opening were determined as the number of 

days from vase holding to the day when the flower fully opened. 
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2.7. RNA extraction and quantitative RT-PCR analysis 

Total RNA was extracted from rose petals (stage 5) using the hot 

borate method as previously described (Hussain et al., 2024). 

According to the manufacturer's instructions, cDNA was 

synthesized from 1 μg total RNA using M-MLV reverse 

transcriptase (Promega). Quantitative RT-PCR (qRT-PCR) was 

performed in an Applied Biosystems StepOnePlus TM Real-

Time PCR system using a KAPA SYBR FAST Universal qRT-

PCR kit (Kapa Biosystems). The RhACT1 was used as an 

internal control. The primers used for qRT-PCR are listed in 

Table 2. 

Table 2. List of primers used for qRT-PCR analysis. 

Gene Forward primer Reverse primer 

RhACS2 GCGAACAGGGGTACAACTTC GGGTTTGAGGGGTTGGTAAT 

RhACO1 CGTTCTACAACCCAGGCAAT TTGAGGCCTGCATAGAGCTT 

RhSAG12 AGCGGAGAAGCCTTTCAGTC CAGCATGGTTCAGGCTGGTA 

RhAPX1 TTGTGCTCTACTCGTGCCAG TGACGGTTGGGTAGCACTTC 

RhACT1 GTTCCCAGGAATCGCTGATA ATCCTCCGATCCAAACACTG 

 

2.8. Solution uptake  

Solution uptake was recorded on the 5th day from the volume 

losses of the vase solutions. Another vessel with distilled water 

was used as a control to check water evaporation. The volume of 

solution uptake (mL stem−1 day−1) was calculated as the 

average volume loss of three vessels by subtracting the volume 

of evaporated water and dividing by the total number of cut 

flower stems in respective pulsing treatment.  

2.9. Anti-Bacterial Activity 

The antibacterial activity of the treatments was assessed at the 

base of the cut stems. On the fourth day of vase holding, total 

microbial contamination was assessed by employing the swab 

method. The samples were taken from the stem base (2 cm), and 

diluted with 10 mL sterile normal saline (0.9% NaCl). Then, 1 

mL of the aliquots (diluted sample) was dispensed for colony 

growth on the agar plate, and incubated at 37°C for 48 h.  After 

incubation, the bacterial count was determined by counting the 

number of colonies forming units per liter (CFU.L-1) on the plate. 

2.10. Measurement of Fresh Weight and Flower diameter 

At the time of harvesting, we chose uniform-sized flowers 

concerning length, stem girth, and flower size and randomly 

divided them for treatment application, so considered the initial 

FW uniform. The final fresh weight was measured on the 6th day  

when all flowers were opened and some started senescence 

symptoms. The flower diameter was determined by measuring 

the perpendicular and widest diameter of the flower by using a 

digital vernier caliper. 

2.11 Senescence incidence % and vase life 

Flowers were assessed daily for visual symptoms such as petal 

abscission (PA); petal wilting (PW); bluing (BL); and petal 

desiccation (DP), during the vase life evaluation period. Vase 

Life (VL) was determined as the number of days from vase 

holding day to the day when petals showed at least one of the 

following senescence symptoms; wilting of petals (50% petal 

turgor loss), petal abscission (3 petal drop), bluing (50% blue 

petals), bent peduncle (50% necks bent), leaf yellowing (more 

than 50% of leaf area affected) or flower stem lost 10% of its 

fresh weight.  

2.12. Statistical analysis 

The data were mean ±SD from at least five biological replicates 

for statistical analysis. Statistical analyses were performed using 

Student’s t-test with GraphPad Prism 8 (GraphPad Software Inc. 

San Diego, CA. USA). Statistically significant differences are 

indicated with P < 0.05 (∗) and P < 0.01 (∗∗).   

III. RESULTS 

Exogenous pulsing alters the physiological behaviours of 

energy, water, and ethylene 

In ornamental, the flower’s opening speed is closely associated 

with their opening quality and ornamental period. After harvest, 

flower water and food supply disconnected causing robust 

ethylene production and higher respiration rate which disturbs 

proper flower opening and diminishes the ornamental period. 

This study explores the postharvest pulsing effects of sucrose 

(SUC), α-aminoisobutyric acid (AIB), and 8-hydroquinoline 

citrate (8-HQC) under different combinations as mentioned in 

Table 1. We examined the respiration rate and stomatal 

conductance compared to CON in all pulsing treatments. The 

application of SUCAH significantly lowers respiration rate and 

stomatal conductance, followed by AH, SUCH, and SUCA (Fig. 

1A, 1B). The AIB application represses ethylene production, as 

lowest in SUCAH, followed by AH, SUCA, and SUCH (Fig. 

1C). In the case of hydraulic conductance of flower stems, we 

found SUCAH, SUCH, SUCA, and AH showed positive 

feedback. The postharvest pulsing results showed positive effects 

of ethylene repressor, carbohydrate, and water absorbent 

germicide on the physiological changes, which are helpful for 

potential vase value. 
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Figure 1. Exogenous pulsing alters the physiological behavior of energy, water, and ethylene in cut rose (A) Respiration rate (B) 

Stomatal conductance (C) Ethylene production (D) Hydraulic conductance. Results are the means of five biological replicates from 

different plants with SE. Asterisks indicate statistically significant differences, as determined by Student’s t-test (*P < 0.1, **P < 

0.01). 

Exogenous pulsing controls flower opening 

Then, we determined the functional role of postharvest pulsing in 

the flower opening process and found that flower opening 

percentages were better in SUCAH, followed by SUCH, AH, and 

SUCA (Fig. 2A). Further we examined the days to flower 

opening, and saw that all postharvest pulsing improved flower 

opening, whereas all three elements SUCAH comprehensively 

led flower opening promptly and in almost all flowers (Fig. 2B). 

These results indicated that postharvest pulsing plays an 

important role in flower opening. 

 

Figure 2. Exogenous pulsing controls flower opening of cut rose (A) Flower opening (%) (B) Days to flower bud opening (day). 

Results are the means of five biological replicates from different plants with SE. Asterisks indicate statistically significant differences, 

as determined by Student’s t-test (*P < 0.1, **P < 0.01). 

 

Exogenous pulsing regulates ethylene and senescence-

associated genes 

We saw that pulsing affects ethylene production, to see pulsing 

effects on ethylene's change at the molecular level we determined 

the transcription level of ethylene biosynthesis genes, 

senescence-associated genes SAG12, and ascorbate peroxidase 

(APX1) at stage 5 (Figure 3). We saw that compared to the 

control pulsing treatments, significantly lowered the transcription 

of the ethylene biosynthesis genes RhACS2 and RhACO1 and 

the senescence-associated genes RhSAG12. The AIB-containing 

treatments strongly repressed ethylene genes as compared to 

CON or SUCH. Further, we determined the transcription of an 
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antioxidant enzyme ascorbate peroxidase transcription, that saves 

flowers from internal damage. We saw that pusling with SUCAH 

strongly promoted RhAPX1 transcription/activity followed by 

AH, SUCA, and SUCH (Figure 3).  

 
Figure 3. Exogenous pulsing regulates ethylene and senescence-associated genes in cut rose. qRT-PCR analysis of Rosa hybrida 1-

aminocyclopropane-1-carboxylic acid synthase 2 (RhACS2), 1-aminocyclopropane-1-carboxylic acid oxidase 1 (RhACO1), 

senescence-associated genes 12 (RhSAG12), and ascorbate peroxidase 1 (RhAPX1) from outermost petals. Results are the means of 

five biological replicates from different plants with SE. Asterisks indicate statistically significant differences, as determined by 

Student’s t-test (*P < 0.1, **P < 0.01). 

Exogenous pulsing promotes water uptake and flower size by 

inhibiting microbial growth 

Then, we measured the solution uptake, microbial growth, fresh 

weight, and flower diameter (Figure 4). We found that treatments 

having 8-HQC had more solution uptake (Fig. 4A) and strongly 

inhibited microbial growth (Fig. 4B). whereas, SUC and AIB 

applications also promoted solution uptake (Fig. 4A), but could 

not control microbial growth (Fig. 4B).   Furthermore, we 

examined the flower's fresh weight and diameter. We found that 

flowers having pulsing treatment showed more fresh weight and 

longer flower diameter (Fig. 4C, 4D).  

 

Figure 4. Exogenous pulsing promotes water uptake and flower size by inhibiting microbial growth in cut rose (A) solution uptake 

(B) microbial growth (C) fresh weight and (D) flower diameter. Results are the means of five biological replicates from different 

plants with SE. Asterisks indicate statistically significant differences, as determined by Student’s t-test (*P < 0.1, **P < 0.01). 
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Exogenous pulsing alters senescence symptoms and vase life  

Finally, we study the response of pulsing on senescence 

symptoms and vase life. We noticed that the control had 

maximum senescence-associated incidence, higher petal 

abscission, desiccation of petals, bluing, and wilting (Fig. 5A), 

and resulted in short vase life (Fig. 5B). whereas the pulsing 

treatments showed less senescence-associated incidence (Fig. 

5A), SUCAH had significant performance and resulted in longer 

vase life, followed by AH, SUCH, and SUCA (Fig. 5A, 5B). 

 

 

 
Figure 5. Exogenous pulsing alters senescence symptoms and vase life in cut rose (A) petal abscission (PA), desiccation of petals 

(DP), bluing (BL), and wilting (WT) (B) vase life (day). Results are the means of five biological replicates from different plants with 

SE. Asterisks indicate statistically significant differences, as determined by Student’s t-test (*P < 0.1, **P < 0.01).  

 

IV. DISCUSSION 

Rose is one of the leading cut flowers whose ornamental value 

mainly depends on the petals. After harvest, water 

is disconnected, robust ethylene production and being supplied 

by long-distance transportation disturb proper flower opening 

and diminish the ornamental period (Chen et al., 2020). Flower 

opening is mainly attributable to cell expansion via the actions of 

phytohormones, water status, and carbohydrates (Horibe and 

Yamada, 2017; Sun et al., 2021). We examined the respiration 

rate and stomatal conductance compared to CON in all pulsing 

treatments. The application of SUCAH significantly lowers 

respiration rate and stomatal conductance, followed by AH, 

SUCH, and SUCA (Fig. 1A, 1B). The ethylene production 

promotes respiration rates (Wills et al., 1998). The AIB 

application represses ethylene production, as highest in SUCAH, 

followed by AH, SUCA, and SUCH (Fig. 1C). The α-

aminoisobutyric acid (AIB) is an analog of 1-

aminocyclopropane-1-carboxylic acid (ACC), a precursor of 

ethylene. Exogenous application of AIB repressed ethylene 

biosynthesis from ACC by repressing ACC oxidase activity 

(Satoh and Esashi, 1980). orna 

In the case of hydraulic conductance of flower stems, we found 

SUCA, SUCH, AH, and SUCAH showed positive feedback. In 

rose, ethylene repressed petal cell expansion by directly 

inhibiting the aquaporin proteins (Ma et al., 2008; Hussain et al., 

2024). Carbohydrates are commonly supplemented for an 

improvement of water status and as a source of energy for 

respiration by petals (Arrom and Munné-Bosch, 2012). During 

the petal growth, carbohydrate concentrations increase promptly 

in the vacuole, which promotes osmotic pressure, which enables 

water transportation inward to cells and leads to cell expansion 

(Yamada et al., 2009). The postharvest treatment of 

carbohydrate, STS with 8- HQC resulted in high hydraulic 

conductance in cut roses ‘Red Calypso’ (Bushen and Bekele 

2014). 

During postharvest, cut flowers generally undergo water deficit 

stress, resulted in air embolism is a disorder which leads to 

abnormal opening of flowers (Luo et al., 2013). we determined 

the functional role of postharvest pulsing in the flower opening 

process and found that flower opening percentages were better in 

SUCAH, followed by SUCH, AH, and SUCA (Fig. 2A). These 

results correlate with Ma et al., 2008 and Xue et al., 2009 that 

aquaporins PIPs are inhibited by ethylene in rose, which 

correlates with reduced petal size and results in an abnormal 

flower opening process (Chen et al., 2023). Further, we 

examined the time to flower opening, and saw that all 

postharvest pulsings improve flower opening time, whereas all 

three elements (SUCAH) comprehensively lead to flower 

opening promptly and in almost all flowers (Fig. 2B). 

Carbohydrate enables cell expansion and lead to flower opening 

(Yamada et al., 2009). The RhSUC2-silenced plants have a 

smaller flower diameter and reduced petal area, which suggests 

sucrose helped in proper cell expansion by maintaining turgor 

pressure (Liang et al., 2020).  

In cut roses, mRNA transcripts of RhACS2 and RhACO1 were 

up-regulated by ethylene and correlated with flowers vase (In et 

al., 2017). We saw that pulsing affects ethylene production, to 

see pulsing effects on ethylene's change at the molecular level we 

determined the transcription level of ethylene biosynthesis genes, 

RhSAG12 (Figure 3). We saw that compared to the control 

pulsing treatment significantly lowered the transcription of the 

ethylene biosynthesis genes RhACS2, RhACO1, and RhSAG12. 

The AIB-containing treatments strongly repressed ethylene genes 

as compared to CON or SUCH. The study aligned with Ha et al., 

2018 that AIB exogenous application reduced the expression of 

RhACS2 and RhACO1 and delayed the ethylene-induced process 

of flower senescence.  When cut flowers are exposed to 

temperature or water stress it causes the production of reactive 
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oxygen species.  The APX is involved in the ascorbate-

glutathione cycle and uses ascorbate as the electron donor that 

scavenges ROS and saves flowers from internal damage. 

Postharvest treatment of ascorbate can thus be imperative for the 

quality retention of horticultural crops (Imahori 2014; Bashir et 

al., 2015). We determined the transcription of RhAPX1 and saw 

that pulsing with SUCAH strongly promoted RhAPX1 

transcription/activity followed by AH, SUCA, and SUCH 

(Figure 3). The exogenous application of ascorbate saves from 

water deficiency, protects cell membrane lipids bilayers from 

damage, and delays senescence (Chen et al., 2021). Another 

study found that the ascorbate application promotes APX activity 

and reduces SOD activity. Further, it increased flower diameter 

and preserved high water potential resulting in longer vase life 

(Jin et al., 2006). 

Then, we measured the solution uptake, microbial growth, fresh 

weight, and flower diameter (Figure 4). We found that treatments 

having 8- HQC had more solution uptake (Fig. 4A) and strongly 

inhibited microbial growth (Fig. 4B). whereas, SUC and AIB 

applications also promoted solution uptake (Fig. 4A), but could 

not control microbial growth (Fig. 4B).   Furthermore, we 

examined the flower's fresh weight and diameter. We found that 

flowers having pulsing treatment showed more fresh weight and 

longer flower diameter (Fig. 4C, 4D). The postharvest treatment 

of carbohydrate, STS with 8- HQC resulted in larger flower 

diameters with high relative contents in cut roses (Bushen and 

Bekele 2014). In Hydrangea, 8-HQS improved water uptake by 

inhibiting microbes and delayed relative fresh weight loss (Kazaz 

et al., 2020). 

The vase of cut flowers is governed by ethylene production and 

water status with carbohydrates supply. Ethylene induces 

abnormal flower opening, wilting, bluing, leaf yellowing, petal 

abscission, and senescence (Macnish et al., 2010). We observed 

that the CON had maximum senescence-associated incidence, 

higher petal abscission, desiccation of petals, bluing, and wilting 

(Fig. 5A), and resulted in short vase life (Fig. 5B). Whereas, the 

pulsing treatments showed less senescence-associated incidence 

(Fig. 5A), SUCAH had significant performance and resulted in 

longer vase life, followed by AH, SUCH, and SUCA (Fig. 5A, 

5B). In miniature roses, ethylene-induced laccase expressions 

involved in abscission cause early flower senescence (Ahmadi et 

al., 2009). Another study demonstrates that ethylene inhibits the 

aquaporin proteins that cause water shortage and lead to early 

wilting of leaves and petals, whereas variety with long vase life 

had higher water status (Nergi and Ahmadi, 2014). 

It was found in the cut orchid that ethylene-induced color fading 

while recovered by 1-MCP. The rapid ethylene production 

promotes peroxidase activity, which causes anthocyanin 

degradation and results in color bluing (Khunmuang et al., 2019). 

In rose, during flower opening at stage 3, sucrose relative 

contents were high compared with stage 1 and stage 5 contents. 

The reduced sucrose contents at stages 5 and 6 let the ethylene 

production, promote petal shedding and reduce the flower vase 

life (Horibe and Yamada, 2017; Liang et al., 2020), whereas 

pulsing with sucrose and ethylene inhibitors prolong vase life in 

Lilium (Krause et al., 2021). Some studies report that AIB 

application extends the vase life in cut carnation and Lilium 

(Onozaki et al., 1998; Shimamura et al., 1997). These results are 

consistent with previous studies that exogenous treatment of 

ethylene inhibitors combined with sucrose interrupted the 

senescence process in cut flowers (Nergi and Ahmadi, 2014; Ha 

et al., 2018). Ethylene production was measured in rose, and 

found that short-lived varieties reached the ethylene peak earlier 

than long-lived varieties (Xue et al., 2008). Since AIB inhibited 

ethylene biosynthesis, it prolonged vase life by delaying flower 

senescence.  

Overall, the results and discussion support and signify the role of 

carbohydrate, water-absorbent germicide, and ethylene inhibitors 

each one important in his physiological perspective. Compared to 

CON, the physiological and vase characteristics significantly 

improved in SUCAH followed by AH, SUCH, and SUCA 

maximum. 

V. CONCLUSION 

In summary, our results advocate that postharvest pulsing 

induces a positive effect on the respiratory rate, stomatal 

conductance, and hydraulic conductance of flowers.  The water 

uptake, fresh weight, and flower diameter were higher, and 

microbial growth was lowest in SUCAH followed by SUCH and 

AH which led to higher flower opening percentages, and early 

flower opening compared to CON. Further, ethylene production 

and biosynthesis genes, and senescence associated gene 

transcription were lowest in SUCAH followed by AH, SUCA, 

and SUCH related to CON.  Compared to CON, the vase 

characteristics significantly improved in SUCAH followed by 

AH, SUCH, and SUCA. Our results signified postharvest pulsing 

by SUCAH (Sucrose+AIB+8-HQC) affects hydration and 

ethylene status, leading to proper flower opening and improving 

vase quality characteristics. This study laid an important 

foundation for understanding the physiological process of flower 

opening and postharvest handling of cut flowers. It would help 

maximize cut flowers' ornamental and economic value. 
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