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Purpose: Rose cut flowers have a short postharvest life, which can 
be increased using different treatments. Thus, an experiment was 
designed to determine the effect of hot water (one min) and 
chemical solutions (pulse treatment for 20 h) on the postharvest 
quality of cut rose flowers cv. Baraka. Research Method: Hot water 
treatments contain 50, 55, and 60 °C, chemical treatments consist of 
catechol (5 and 10 mM), sodium azide (0.05 and 0.1 mM) and 
sodium metabisulfite (5 and 10 mM). Afterward, for the evaluation 
of associated traits with longevity, the flowers were kept in a vase 
solution containing sucrose (3%) and hydroxyquinoline (8-HQ at 200 
mg. L-1). Findings: The results showed that the vase life of cut 
flowers extended about four days by the application of chemical 
treatments as compared with control. The maximum vase life (9.9 
days) observed in 0.05 mM sodium azide and 10 mM catechol (9.7 
days). Also, the vase life of cut flowers increased 3.7 days by hot 
water treatments (at 50 and 55 °C) in comparison to the control. 
Moreover, the results revealed that the catechol, sodium azide and 
sodium metabisulphite treatments delayed flower senescence and 
maintained leaf chlorophyll and petal anthocyanin content. The 
lowest content of lignin was obtained in 10 mM catechol, and 0.1 
mM sodium azide. Research limitations: There was no significant 
limitation to the report. Originality/Value: Overall, the results 
showed that catechol and sodium azide were the most effective 
treatments to increase the vase life of rose cut flowers. 

 
 



36

 
Chitranshi et al. 

 

JOURNAL OF HORTICULTURE AND POSTHARVEST RESEARCH VOL. 3(1) MARCH 2020      

Castro, C. D. P. C., Faria, J. & Dantas, T. B. H. (2014). Evaluating the performance of coconut fiber 
and wood straw as cushioning materials to reduce injuries of papaya and mango during 
transportation. International Journal of Advanced Packaging Technology,  2(1), 84-95. 

      https://doi.org/10.23953/cloud.ijapt.10 
Chandra, D., & Kumar, R. (2012). Qualitative effect of wrapping and cushioning materials on guava 

fruits during storage. HortFlora Research Spectrum, 1(4), 318-322.  
Chauhan, S. K., & Babu, D. R. (2011). Use of botanicals: A new prospective for enhancing fruit 

quality over chemicals in an era of global climate change. Asian Journal of Environmental 
Science, 6(1), 17-28.   

Creelman, R. A., & Mullet, J. E. (1995). Jasmonic acid distribution in plants: regulation during 
development and responses to biotic and abiotic stress. Proceedings of the National Academy of 
Sciences USA, 92, 4114-4119. https://doi.org/10.1073/pnas.92.10.4114 

Davidson, P. M., & Taylor, M. T. (2007). Chemical preservatives and natural antimicrobial 
compounds. Food Microbiology: Fundamentals and Frontiers, Washington, DC: American 
Society for Microbiology Press, 713-734. https://doi.org/10.1128/9781555815912 

DebMandal, M., & Mandal, S. (2011). Coconut (Cocos nucifera L.: Arecaceae): in health promotion 
and disease prevention. Asian Pacific Journal of Tropical Medicine, 4(3), 241-247. https://doi.org/ 
10.1016/S1995-7645(11)60078-3. 

Donsì, F., Annunziata, M., Vincensi, M., & Ferrari, G. (2012). Design of nanoemulsion-based delivery 
systems of natural antimicrobials: effect of the emulsifier. Journal of Biotechnology, 159(4), 342-
350. https://doi.org/10.1016/j.jbiotec.2011.07.001. 

Droby, S., Porat, R., Cohen, L.,Weiss, B., Shapiro, B., Philosoph-Hadas, S., & Meir, S. 
(1999). Suppressing green mold decay in grapefruit with postharvest jasmonates application.  
Journal of the American Society for Horticultural Science , 124(2), 184-188. 
https://doi.org/10.21273/JASHS.124.2.184 

Dubey, N., Mishra, V., & Thakur, D. (2018). Plant based antimicrobial formulations. Postharvest 
Disinfection of Fruits and Vegetables, 1, Elsevier Academic Press, 322-331. 
https://doi.org/10.1016/B978-0-12-812698-1.00011-X 

Fallik, E., Arhbold, D. D., Hamil ton-Kemp, T. R., Clements, A. M. , Collins, R. W., & Barth, M. E. 
(1998). (E)-2-Hexenal can stimulate Botrytis cinerea growth in vitro and on strawberry fruit in 
vivo during storage. Journal of the American Society for Horticultural Science, 123, 875-888. 
https://doi.org/10.21273/JASHS.123.5.875 

Fenwick, G. R., Heaney, R. K., & Mullin, W. J. (1983). Glucosinolates and their break-down products 
in food and food plants. Critical Reviews in Food Science and Nutrition 18, 123-201. 
https://doi.org/10.1080/10408398209527361 

Food and Agriculture Organization of the United Nations (FAO), (2011). Global food losses and food 
waste. United Nations Food and Agriculture Organization. Rome, Italy. http://faostat.fao.org.  

Garcia, J. L. (1982). Storage of tomatoes (Lycopersicon esculentum Mill) in rice hull ash of different 
particle sizes and moisture content [Philippines]. Thesis. In Agricultural Information Bank for 
Asia, South-East Asian Regional Center for Graduate Study and Research in Agriculture 
(AGRIS) since 1985. 

Gyawali, R., & Ibrahim, S. A. (2014). Natural products as antimicrobial agents. Food Control, 46, 
412-429. https://doi.org/10.1016/j.foodcont.2014.05.047 

Hanušová, K., Dobiáš, J., & Klaudisová, K. (2009). Effect of packaging films releasing antimicrobial 
agents on stability of food products. Czech Jounal of Food Science, 27, 347-349. 

        https://doi.org/10.17221/958-CJFS 
ICAR, (2009). Indian Council of Agricultural Research. Annual Report.  
Janjarasskul, T., & Krochta, M. (2010). Edible packaging materials. Food Science and Technology- 

Annual Reviews, 1, 415- 448. https://doi.org/10.1146/annurev.food.080708.100836 
Kamble, P. B., & Chavan, J. K. (2005). Effects of post-harvest treatments and storage temperature on 

shelf-life of custard apple fruits. Jounal Food Science Technology, 42 (3), 253-255.  
Kim, S. A., & Rhee, M. S. (2016). Highly enhanced bactericidal effects of medium chain fatty acids 

(caprylic, capric, and lauric acid) combined with edible plant essential oils (carvacrol, eugenol, β-

 
Hamidi et al. 

 

                                                                                                                                                                                                                                                                                                          
JOURNAL OF HORTICULTURE AND POSTHARVEST RESEARCH VOL. 3(1) MARCH 2020      

 
 

INTRODUCTION 
 

In recent decades, many advances have been made in the management and post-harvest 
processes of horticultural products, especially cut flowers. The necessity of proper and timely 
marketing, as well as the supply of products in global markets, is influential factors with great 
contribution to the development of new and appropriate methods of packaging, storage and 
post-harvest physiology of cut flowers (Reid & Jiang, 2012). 

One of the most important goals after harvesting of cut flowers is to provide solutions for 
increasing the postharvest quality, through which the floriculture industry can deliver more 
attractive flowers with more longevity to consumers (Scariot et al., 2014). Roses are the most 
high-demand cut flower in the world (Fanourakis et al., 2013). The vase life rose cut flower is 
relatively short due to water loss (Ichimura et al., 2006; Hassan et al., 2014). For short vase 
life of this flower, various causes have been noted, such as stem end occlusion by microbes, 
physiological occlusion caused by wound and the presence of air in the xylem vessels 
(Fanourakis et al., 2013). The occlusion of the vessels causes the synthesis of wound healing 
compounds and insufficient water uptake by the stem which can destroys the vascular tissue 
(Damunupola et al., 2010). Water stress is the main reason for senescence of rose, which 
causes early petal wilt, disturbance in bud opening, shoots and leaves wilt, as well as bending 
of the stem (Ahmad et al., 2011). Bolla et al. (2010) reported that water stress in cut roses 
reduced the content of leaf chlorophyll. Recently, many efforts have been made to increase 
the vase life and maintain the quality of cut flowers using various techniques. Today, the 
application of thermal treatments is used in a wide range of products to enhance postharvest 
quality. Thermal treatment is carried out in the form of hot steam, hot air and hot water (Lurie 
& Pedreschi, 2014). Woolf et al. (2012) reported that hot water treatment at 50 °C for 5 min 
or 52.5 °C for 2.5 min effectively reduced leaf yellowing and increased the vase life of Lilium 
cut flower. 

On the other hand, the use of chemicals is one of the strategies developed along with 
other methods. Wounding in the plant tissue activates the mechanisms for healing wounds. 
The deposition of substances such as suberin, lignin, and tannin in the xylem is a 
physiological response to the wound healing (Van Doorn & Vaslier, 2002). In this regard, the 
peroxidase enzymes by binding hydroxyl groups to phenolic compounds, play a vital role in 
the biosynthesis of lignin and suberin. The enzymes of the peroxidase group are present in all 
plant organs and are involved in many growth processes, including cell wall development, 
lignin synthesis, and auxin catabolism (Vanholme et al., 2010). Chemical compounds, 
including catechol, sodium metabisulphite, and sodium azide act as inhibitors of peroxidase, 
phenoloxidase and laccase enzymes, respectively (Celikel et al., 2011; Patel et al., 2014). In 
recent studies, the use of these inhibitors in the vase solution of various cut flowers such as 
lisianthus (Sharifzadeh et al., 2014), gerbera (Gerabeygi, 2018; Ghafouriyan et al., 2019) and 
acacia (Celikel et al., 2011) has had reported promising results to increase the vase life. 
Application of catechol as a vase solution for lisianthus showed that it significantly improved 
water uptake and relative fresh weight, also increased the vase life of the cut flower. Among 
these concentrations, catechol 10mM was more effective than other treatments and increased 
its vase life by about 5 days compared to control (Sharifzadeh et al., 2014). In evaluating the 
effect of catechol and 8-HQC on the maintenance of the quality of gerbera flower, it was 
determined that the application of 1 mM catechol reduces blockage of stems and bacterial 
growth in the vase solution and increases the vase life (Wang et al., 2014). The treatment of 
Acacia holosericea with peroxidase inhibitors such as catechol, p-phenylenediamine and 
copper sulfate had a positive effect on solution uptake and fresh weight of cut stem (Celikel et 
al., 2011). According to what was stated, the present study was conducted to evaluate the role 
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of anti-wound healing treatments in control of physiological vascular occlusion and 
postharvest quality of the rose cut flower. 

 
MATERIALS AND METHODS 

 
Plant materials and inhibitor treatments 
Rose cut flowers were harvested in the bud stage when the sepals were separated from each 
other and completely turned back (Yamada et al., 2009). The harvest of cut flowers was carried 
out in the early morning hours from a commercial greenhouse in Pakdasht, Tehran, Iran. The 
cut flowers, with suitable packaging, were transported dry to the laboratory of the 
Horticultural Sciences in the shortest possible time. In the laboratory, the cut flowers were re-
cut to 40 cm long under distilled water and then subjected to different treatments. In this 
experiment, 12 treatments including control, sucrose (3%), 8-Hydroxyquinoline (8-HQ, 200 
mg. L-1), catechol (5 and 10 mM), sodium azide (0.05 and 0.1 mM), sodium metabisulfite (5 
and 10 mM) and hot water (50, 55, and 60 °C) were used. Pulse treatment with chemicals was 
applied for 20 h. For hot water treatments, the base of the cut stem was exposed to hot water 
for one minute. After applying the treatments, the flowers were transferred to flasks contain 
distilled water, sucrose and 8-HQ and kept at the room with a temperature of 20±2 °C, 60% 
humidity and 12 hours light period. The vase solution was replaced with a fresh solution 
every two days. 
 
Vase life and flower diameter 
To evaluate the vase life, the placement time of flowers in preservative solutions was 
considered until the onset of their aging symptoms. Observation of symptoms such as wilting, 
withering, color change of petals, petal abscission, bent neck and similar symptoms that lead 
to poor marketability of flowers were used to evaluate the end of the longevity of cut flowers. 
On this basis, once these symptoms were observed in each flower, that day was considered as 
the vase life end (Jiang et al., 2015). 
       Flower diameter was measured daily using a caliper (Guanglu Digital Caliper, 300 mm, 
resolution 0.01 mm). The change in the flower diameter during vase life was defined as the 
percentage of a difference to the initial flower diameter (Jowkar et al., 2013). 

  
Relative fresh weight and solution uptake 
The relative fresh weight and solution uptake were measured daily and up to the ninth day. 
Relative fresh weight (RFW) of cut stems was calculated using the formula RFW 
(%) = (Wt/W0) × 100, where, Wt is the weight of cut stem (g) at t = day 0, 1, 2…, and W0 is 
the weight of the same cut stem (g) at t = day 0.  Solution uptake (ml/g FW) was calculated 
using the formula (St − 1 - St), where, St is the volume of vase solution (ml) at t = day 1, 2, 3, 
…, and St-1 is the solution volume of the previous day. FW is the fresh weight of cut stem (g) 
at t = day 1, 2, 3, … (He et al., 2006). 

 
Chlorophyll and anthocyanin content 
Pigments measurement was performed every three days for each treatment. To measure the 
leaf chlorophyll, 5 ml acetone 80% was used as a solvent (Lichtenthaler & Buschmann, 
2001). To measure the anthocyanin content in petals by the pH difference method, 3 ml of 
acidic methanol (1% HCl in methanol) was used as a solvent (Giusti & Wrolstad, 2001).  
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Plant materials and inhibitor treatments 
Rose cut flowers were harvested in the bud stage when the sepals were separated from each 
other and completely turned back (Yamada et al., 2009). The harvest of cut flowers was carried 
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and 10 mM) and hot water (50, 55, and 60 °C) were used. Pulse treatment with chemicals was 
applied for 20 h. For hot water treatments, the base of the cut stem was exposed to hot water 
for one minute. After applying the treatments, the flowers were transferred to flasks contain 
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To evaluate the vase life, the placement time of flowers in preservative solutions was 
considered until the onset of their aging symptoms. Observation of symptoms such as wilting, 
withering, color change of petals, petal abscission, bent neck and similar symptoms that lead 
to poor marketability of flowers were used to evaluate the end of the longevity of cut flowers. 
On this basis, once these symptoms were observed in each flower, that day was considered as 
the vase life end (Jiang et al., 2015). 
       Flower diameter was measured daily using a caliper (Guanglu Digital Caliper, 300 mm, 
resolution 0.01 mm). The change in the flower diameter during vase life was defined as the 
percentage of a difference to the initial flower diameter (Jowkar et al., 2013). 

  
Relative fresh weight and solution uptake 
The relative fresh weight and solution uptake were measured daily and up to the ninth day. 
Relative fresh weight (RFW) of cut stems was calculated using the formula RFW 
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Lignin content 
Measurement of lignin content at the base of cut stems (0.2 g) was performed using Schenk 
and Schikora (2015) method during three consecutive days. The standard curve of lignin was 
prepared by dissolving various concentrations of lignin in 0.5 M sodium hydroxide and the 
soluble lignin content was calculated in mg g-1 FW. 

 
Statistical analysis 
The experiment was conducted in a completely randomized design with five replications. 
Statistical analysis of data was performed using SAS program (version 9.1) and the mean 
comparison was done using Duncan's multiple range test at a probability level of 0.05. 
  

RESULTS AND DISCUSSION 
 
Vase life 
The results showed that all treatments had a significant effect on increasing the vase life of 
rose cut flowers. The highest vase life was observed in 0.05 mM sodium azide, which 
increased the vase life by 4.6 days compared to the control and did not have a significant 
difference with 0.1 mM sodium azide, 10 mM catechol and 5 mM sodium metabisulfite. The 
use of hot water treatment was effective in increasing the vase life of the cut flowers, and it 
was able to extend the vase life by 9 days, but the increase in temperature of water to 60 °C 
was not associated with an increase in the longevity of cut flowers (Fig. 1). 

The longevity of cut rose increases with the use of treatments that preserve the water 
balance. The primary stress of water is one of the main reasons for decreasing the vase life of 
rose (Jiang et al., 2015; Fanourakis et al., 2013; Fanourakis et al., 2016). Furthermore, one of 
the reasons for the decrease of the vase life is vascular occlusion due to the biosynthesis of 
suberin, lignin and other wound healing compounds (Ahmad et al., 2011). According to the 
results, catechol, sodium azide and sodium metabisulfite, had a positive effect on vase life. It 
seems that the use of these compounds prevents vascular occlusion by reducing lignin 
formation so that the cut cross-section of the stem is not occluded and the stems can still 
absorb water solution, which has a significant effect on the vase life of cut flowers. On the 
other hand, there are several reasons for the positive impact of hot water treatment on the vase 
life of cut flowers. Among these reasons are the maintenance of chlorophyll by reducing the 
activity of chlorophyll degrading enzymes (Woolf et al., 2012), reducing the physical 
occlusion of the stem (Ahmad et al., 2011), reducing the activity of the ACC oxidase enzyme, 
and thus reducing ethylene production (Fallik, 2004). Our results are consistent with previous 
studies on the effect of sucrose, catechol and metabisulfite on the vase life of cut flowers 
(Celikel et al., 2011; Sharifzadeh et al., 2014). 

 
Lignin of the cut stem 
The lignin content of the cut stems was significantly affected by different treatments. All 
chemical treatments prevented the increase of lignin content of stem end as compared with 
control. Regarding the amount of lignin formation, 0.1 mM sodium azide and 10 mM catechol 
treatments had the lowest content at the end of the stem, followed by 5 mM catechol and 0.05 
mM sodium azide (Fig. 2). The results also showed that the use of the chemical compounds of 
metabisulfite and sucrose had less effect on the control of lignin. In the study of the effects of 
temperature treatments on the lignin content in roses, it was found that hot water at 50 °C and 
55 °C reduced the lignin content of the stem end and prevented its increase compared to the 
control treatment. By increasing the water temperature to 60 °C, the ability to control the 
synthesis of lignin was lost and did not differ with the control treatment (Fig. 2). However, 
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the effect of temperature treatments on this trait was less than that of chemical treatments. The 
enzymes involved in the lignification process include peroxidase, polyphenol oxidase, 
catechol oxidase, and phenylalanine ammonia-lyase (Celikel et al., 2011). Peroxidase 
inhibitors delay the wilting of chrysanthemum and increase solution uptake, which may be 
due to the reduction of vascular occlusion (Van Doorn & Vaslier, 2002). Other studies also 
reported a positive role for peroxidase inhibitors in reducing stem occlusion (Van Doorn & 
Vaslier, 2002; Celikel et al., 2011).  

 

 
 
Fig. 1. Effect of different treatments on the vase life of rose cut flowers cv. Bakara. The same letters indicate no 
significant difference with Duncan's multiple range test at P≤0.05. 
 

 
Fig. 2. Effect of different treatments on the lignin content of rose cut flowers cv. Bakara. The same letters 
indicate no significant difference with Duncan's multiple range test at P≤0.05.  
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the effect of temperature treatments on this trait was less than that of chemical treatments. The 
enzymes involved in the lignification process include peroxidase, polyphenol oxidase, 
catechol oxidase, and phenylalanine ammonia-lyase (Celikel et al., 2011). Peroxidase 
inhibitors delay the wilting of chrysanthemum and increase solution uptake, which may be 
due to the reduction of vascular occlusion (Van Doorn & Vaslier, 2002). Other studies also 
reported a positive role for peroxidase inhibitors in reducing stem occlusion (Van Doorn & 
Vaslier, 2002; Celikel et al., 2011).  

 

 
 
Fig. 1. Effect of different treatments on the vase life of rose cut flowers cv. Bakara. The same letters indicate no 
significant difference with Duncan's multiple range test at P≤0.05. 
 

 
Fig. 2. Effect of different treatments on the lignin content of rose cut flowers cv. Bakara. The same letters 
indicate no significant difference with Duncan's multiple range test at P≤0.05.  
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Our results showed that catechol and sodium azide treatments had a significant effect on 
reducing the lignin content of rose stem end, which reduces vascular occlusion and preserves 
the process of water uptake and preservative solution. Laccase enzyme activity has been 
reported to stop at high temperatures (Palonen et al., 2003). High temperatures may have 
similar effects on other enzymes involved in the lignin biosynthesis pathway. Because these 
enzymes have a protein structure and high temperatures can destroy their structure. Therefore, 
the reduction of lignin observed in the present study due to temperature treatment is probably 
due to decreased activity of enzymes of the lignin biosynthesis pathway. 

 
Flower diameter 
The results showed that in most treatments, until the 6th day, flower diameter increased and 
then decreased. Among treatments, the 0.1 mM sodium azide and 50 °C hot water treatments 
had a greater effect (more than % 45) on the increase of flower diameter, on the sixth day 
(Fig. 3). In control treatment, flower diameter increased until the fourth day and then 
decreased. 

Flower diameter in cut flowers is a measure for the opening rate of flower buds so that the 
flower diameter also increases until the anthesis stage. At the time of roses' opening, the 
accumulation of soluble carbohydrates such as fructose and glucose in the vacuole of petal 
cells reduces the osmotic potential in the symplast, which ultimately facilitate water 
absorption, cell development and full opening of the flower (Yamada et al., 2009). It seems 
that the treatments used in this study have a positive role in the process of cell development 
and bud opening. But this opportunity is not available for the flower bud in the control 
treatment. In et al. (2010) and Abri et al. (2014) reported the increase in the diameter of the 
rose in the middle days of the experiment, which is consistent with our results. Ghafouriyan et 
al. (2019) also showed that the highest diameter of flower in the gerbera cut flower was 
observed on the ninth day of vase life and in sodium azide treatment, which was consistent 
with the results of this research. Sodium azide may provide the energy necessary to expand 
the flower buds by facilitating absorption of the preservative solution. In this study, the vase 
solution contained 3% sucrose and 8-HQ during the experiment. Therefore, the 8-HQ 
continues to increase the cellular expansion of the petals by preventing the microbial 
occlusion of the stem and sucrose by providing the required energy (Norikoshi et al., 2016). 
In the present study, short-term temperature treatment increased the absorption of the solution 
by a cut flower, which may be effective in increasing the diameter of the flower. 

 
Relative fresh weight of cut flowers and solution uptake 
A comparison of mean of data showed that in most treatments, relative fresh weight decreased 
significantly over time. In the control treatment, the relative fresh weight of the flower was 
almost constant until the third day, but then significantly decreased (Fig. 4). On the 4th, 5th 
and 6th days, all treatments had a significant effect on the increase of this trait compared to 
the control. In the final days of the experiment (eighth and ninth), treatments of 0.05 mM 
sodium azide and 5 mM metabisulfite showed higher relative fresh weight than other 
treatments (Fig. 4).  

Solution uptake of the flower until the 4th day had an increasing trend in most treatments 
and then there was a decrease in absorption. 0.1 mM sodium azide and 10 mM metabisulfite 
treatments had the greatest effect on increasing solution absorption, especially in the final 
days of the experiment (Fig. 5). The results of this study showed that hot water treatment, 
especially on seventh and eighth days, causes the maintenance of water absorption in rose cut 
flowers. 
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Flower fresh weight reduction is proportional to the increase in the number of days after 
the harvest due to water loss by various flower organs (In et al., 2010). Therefore, maintaining 
water in cut flowers is a fundamental issue for increasing the longevity of these products 
(Urban et al., 2002). Reducing the physiological occlusion of the stem by reducing the 
activity of the enzymes of laccase, phenoloxidase and peroxidase facilitates access to water 
(Sharifzadeh et al., 2014; Wang et al., 2014). Ghafouriyan et al. (2019) showed that the 
highest fresh weight in gerbera cut flowers in the final day of the experiment was related to 
0.2 mM sodium azide treatment. On the other hand, the results showed that short-term 
temperature treatment increased the relative fresh weight in rose cut flowers. Short term 
temperature treatment can provide conditions for increasing the absorption of the vase 
solution due to the positive role in controlling the growth of microorganisms (Hara, 2012). 

Moreover, the results indicated that the temperature treatment was effective in preventing 
an increase in lignin content (Fig. 2). This treatment may have an effect on the synthesis of 
lignin in the stem end to provide the conditions for water absorption and, consequently, a 
relative increase in fresh weight in flower. Reducing water absorption is an indication of the 
senescence of the flower. The water absorption rate in cut flowers depends on the 
conductivity of the stem water and the potential difference between the water content of the 
tissue and the preservative solution (Van Meeteren & Van Gelder, 1999). Therefore, factors 
that can prevent stem vascular occlusion can maintain the potential for absorbing the solution 
by cut flowers. 
 
Leaf chlorophyll content 
Over time, the chlorophyll content of the leaves in most treatments decreased, indicating the 
degradation of this pigment in the leaves. According to results, the treatments used preserve 
chlorophyll content compared to the control and reduced its degradation during the 
experiment. On day 6, the highest chlorophyll content (10.24 mg g-1 FW) was observed in 0.1 
mM sodium azide and the lowest (4.15 mg g-1 FW) in control treatment. The results also 
showed that the lowest chlorophyll contents were obtained in treatments of 60 °C on the final 
day of the experiment (Fig. 6). 

 

 
Fig. 3. Changes in relative flower diameter of rose cut flowers cv. Bakara treated with different inhibitors of 
vascular occlusion. The values are the mean ± SE of five replicates. 
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Flower fresh weight reduction is proportional to the increase in the number of days after 
the harvest due to water loss by various flower organs (In et al., 2010). Therefore, maintaining 
water in cut flowers is a fundamental issue for increasing the longevity of these products 
(Urban et al., 2002). Reducing the physiological occlusion of the stem by reducing the 
activity of the enzymes of laccase, phenoloxidase and peroxidase facilitates access to water 
(Sharifzadeh et al., 2014; Wang et al., 2014). Ghafouriyan et al. (2019) showed that the 
highest fresh weight in gerbera cut flowers in the final day of the experiment was related to 
0.2 mM sodium azide treatment. On the other hand, the results showed that short-term 
temperature treatment increased the relative fresh weight in rose cut flowers. Short term 
temperature treatment can provide conditions for increasing the absorption of the vase 
solution due to the positive role in controlling the growth of microorganisms (Hara, 2012). 

Moreover, the results indicated that the temperature treatment was effective in preventing 
an increase in lignin content (Fig. 2). This treatment may have an effect on the synthesis of 
lignin in the stem end to provide the conditions for water absorption and, consequently, a 
relative increase in fresh weight in flower. Reducing water absorption is an indication of the 
senescence of the flower. The water absorption rate in cut flowers depends on the 
conductivity of the stem water and the potential difference between the water content of the 
tissue and the preservative solution (Van Meeteren & Van Gelder, 1999). Therefore, factors 
that can prevent stem vascular occlusion can maintain the potential for absorbing the solution 
by cut flowers. 
 
Leaf chlorophyll content 
Over time, the chlorophyll content of the leaves in most treatments decreased, indicating the 
degradation of this pigment in the leaves. According to results, the treatments used preserve 
chlorophyll content compared to the control and reduced its degradation during the 
experiment. On day 6, the highest chlorophyll content (10.24 mg g-1 FW) was observed in 0.1 
mM sodium azide and the lowest (4.15 mg g-1 FW) in control treatment. The results also 
showed that the lowest chlorophyll contents were obtained in treatments of 60 °C on the final 
day of the experiment (Fig. 6). 

 

 
Fig. 3. Changes in relative flower diameter of rose cut flowers cv. Bakara treated with different inhibitors of 
vascular occlusion. The values are the mean ± SE of five replicates. 
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Fig. 4. Changes in relative fresh weight of rose cut flowers cv. Bakara treated with different inhibitors of 
vascular occlusion. The values are the means ± SE of five replicates. 
 
 
 
 

 
Fig. 5. Changes in solution uptake of rose cut flowers cv. Bakara treated with different inhibitors of vascular 
occlusion. The values are the mean ± SE of five replicates. 
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Fig. 6. Effect of different inhibitors treatments on the leaf chlorophyll content of rose cut flowers cv. Bakara. 
The values are the mean ± SE of five replicates. 
  
 

 
Fig. 7. Effect of different inhibitors treatments on the petal anthocyanin content of rose cut flowers cv. Bakara. 
The values are the mean ± SE of five replicates. 
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Fig. 6. Effect of different inhibitors treatments on the leaf chlorophyll content of rose cut flowers cv. Bakara. 
The values are the mean ± SE of five replicates. 
  
 

 
Fig. 7. Effect of different inhibitors treatments on the petal anthocyanin content of rose cut flowers cv. Bakara. 
The values are the mean ± SE of five replicates. 
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and the reduction of chlorophyll content and the death of tissues (Iqbal et al., 2017). 
Maintaining the content of chlorophyll is a critical factor in increasing the vase life and 
market quality of the cut roses. The results of other researchers showed that treatments such 
as silver nanoparticles, by improving the water absorption preserve the chlorophyll content of 
the rose (Jowkar et al., 2013; Hassan et al., 2014). Delay of chlorophyll degradation in the 
present study may be due to better absorption of vase solution by used treatments and to 
prevent water stress. 

 
Petal anthocyanin content 
Based on the results, treatments had a different effect on petal anthocyanin content at different 
times. By increasing the preservation time of cut flowers and reaching the ninth day, the 
anthocyanin content of petals decreased gradually in most treatments (Fig. 7). On the sixth 
day, anthocyanin was the lowest in the control treatment. The treatments significantly 
preserved the anthocyanin and prevented its decrease over time. Also, the results showed that 
the highest anthocyanin content on day 9 was observed in 10 mM metabisulfite treatment, and 
unlike other treatments, petal anthocyanin content increased. It should be noted that hot water 
treatments did not have a positive effect on the maintenance of anthocyanin content in the last 
day of the experiment compared to the mentioned treatments (Fig. 7). 

Anthocyanins as water-soluble pigments accumulate in vacuoles of epidermal cells of 
plants. The destruction of anthocyanins during the aging process in cut flowers may be due to 
oxidative processes (Iqbal et al., 2017). The anthocyanin content in rose petals significantly 
decreases during the senescence (Schmitzer et al., 2010). The use of chemicals had a positive 
effect on the maintenance of petal anthocyanin. Enzymes such as β-glucosidase, polyphenol 
oxidase, and peroxidase are responsible for anthocyanin degradation (Oren-Shamir, 2009). It 
has been suggested that anthocyanins are first hydrolyzed by β-glucosidase, then 
anthocyanidins are formed which are oxidized by polyphenol oxidase or peroxidase. 
Polyphenol oxidase can accelerate the anthocyanin degradation process in the presence of 
oxygen (Oren-Shamir, 2009; Marszalek et al., 2017). The results of this study showed that the 
use of peroxidase and polyphenol oxidase inhibitors enzymes maintains the anthocyanin 
content of roses at the end of the experiment period, which might be due to inhibitors of the 
activity of the enzymes involved in the anthocyanin degradation. Similarly, Ghafouriyan et al. 
(2019) showed that inhibitors of lignin synthesis in Gerbera cut flowers preserved water 
absorption and prevented the reduction of anthocyanin over time, which is consistent with the 
results of this study. Holzwarth et al. (2013) reported that the anthocyanin stability in 
strawberry fruit may increase with the use of polyphenol oxidase inhibitors. They showed that 
the use of inhibitors such as cysteine and citric acid at appropriate concentrations reduced the 
activity of polyphenol oxidase and improved the anthocyanin and the color stability of the 
fruit. In the present study, the use of metabisulfite and sodium azide treatments, especially on 
the final day, was more effective in preserving anthocyanin in rose petals. By increasing the 
activity of oxidative enzymes such as peroxidase, the anthocyanin degradation in Brunfelsia 
calycina significantly increased (Vaknin et al., 2005), which may explain the effect of 
catechol, sodium azide and metabisulfite treatments on the preservation of anthocyanin in 
rose flowers. 

 
CONCLUSION 

 
In general, the results of our research showed that chemical treatments such as sodium azide, 
metabisulfite, and catechol, which have inhibiting effect on the physiological occlusion of 
vessels and also, treatments at temperatures of 50 and 55 °C increased the vase life of roses. 
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The highest vase life with an average of 9.9 and 9.7 days was observed in the sodium azide 
0.5 mM and catechol 10 mM. The positive effects of catechol, sodium azide, and 
metabisulfite were more than thermal treatments. These chemical compounds preserved petal 
anthocyanins and leaf chlorophyll contents and prevented the increase of lignin at the stem 
end, which had a significant effect on increasing the uptake of the solution, relative fresh 
weight, and the relative diameter of the flower at the end of the experiment. Given the 
importance of roses and the need to improve its vase life, the use of inhibitors of enzymes 
involved in the biosynthesis of lignin in combination with sugars and antimicrobial agents is 
recommended to increase the longevity of roses. 

 
CONFLICT OF INTEREST 

 
The authors have no conflict of interest to report. 

 
REFERENCES 

 
Abri, F., Ghasemnezhad, M., Sajedi, R. H. & Shiri, M. A. (2014). The effect of ascorbic acid in 

delaying biochemical changes during senescence and extension flowers vase life in rose. Journal 
of Horticulture Science, 28 (1), 25-33. (in Farsi). 

Ahmad, I., Joyce, D. C. & Faragher, J. D. (2011). Physical stem-end treatment effects on cut rose and 
acacia vase life and water relations. Postharvest Biology and Technology, 59(3), 258-264. 

       https://doi.org/10.1016/j.postharvbio.2010.11.001 
Bolla, A., Voyiatzis, D., Koukourikou-Petridou, M., & Chimonidou, D. (2010). Photosynthetic 

parameters and cut-flower yield of rose ‘Eurored’ (HT) are adversely affected by mild water stress 
irrespective of substrate composition. Scientia Horticulturae, 126(3), 390-394.  

      https://doi.org/10.1016/j.scienta.2010.07.034 
Celikel, F. G., Joyce, D. C., & Faragher, J. D. (2011). Inhibitors of oxidative enzymes affect water 

uptake and vase life of cut Acacia holosericea and Chamelaucium uncinatum stems. Postharvest 
Biology and Technology, 60(2): 149-157. https://doi.org/10.1016/j.postharvbio.2010.12.009 

Damunupola, J. W., Qian, T., Muusers, R., Joyce, D. C., Irving, D. E., & Van Meeteren, U. (2010). 
Effect of S-carvone on vase life parameters of selected cut flower and foliage species. Postharvest 
Biology and Technology, 55, 66-69. https://doi.org/10.1016/j.postharvbio.2009.07.009 

Fallik, E. (2004). Prestorage hot water treatments (immersion, rinsing and brushing). Postharvest 
Biology and Technology, 32(2), 125-134. https://doi.org/10.1016/j.postharvbio.2003.10.005 

Fanourakis, D., Giday, H., Li, T., Kambourakis, E., Ligoxigakis, E. K., Papadimitriou, M., 
Strataridaki, A., Bouranis, D., Fiorani, F., Heuvelink, E.  & Ottosen, C. O. (2016). Antitranspirant 
compounds alleviate the mild-desiccation-induced reduction of vase life in cut roses. Postharvest 
Biology and Technology, 117, 110-117. https://doi.org/10.1016/j.postharvbio.2016.02.007 

Fanourakis, D., Pieruschka, R., Savvides, A., Macnish, A. J., Sarlikioti, V., & Woltering, E. J. (2013). 
Sources of vase life variation in cut roses: a review. Postharvest Biology and Technology, 78, 1-
15. https://doi.org/10.1016/j.postharvbio.2012.12.001 

Gerabeygi, Kh. (2018). Effect of laccase enzyme inhibitor compounds on bent neck gerbera cut 
flower.  MSc thesis, Ilam University, Ilam, Iran (in Farsi). 

Ghafouriyan, M., Roein, Z., & Shiri, M. A. (2019). Effect of inhibitors of lignin biosynthesis on vase 
life of gerbera cut flowers. Iranian Journal of Horticultural Science, 49(4), 903-914. (in Farsi). 
https://doi.org/10.22059/ijhs.2017.233156.1254 

Giusti, M. M., & Wrolstad, R. E. (2001). Characterization and measurement of anthocyanins by UV‐
visible spectroscopy. Current protocols in food analytical chemistry. John Wiley and Sons, Inc., 
Hoboken. https://doi.org/10.1002/0471142913.faf0102s00 



45

 
 
Botanical products for post-harvest management of perishable produce 

 

 
JOURNAL OF HORTICULTURE AND POSTHARVEST RESEARCH VOL. 3(1) MARCH 2020      

resorcylic acid, trans-cinnamaldehyde, thymol, and vanillin) against Escherichia coli O157: H7. 
Food Control, 60, 447-454. https://doi.org/10.1016/j.foodcont.2015.08.022. 

Kupwade, S. R., Manglani, N. S., Wadkar, S. S., Inamdar, F. R., Shete, C. C., & Ghosh, J. S. (2017) 
Antimicrobial activity of Lemon peel extract against the bacteria belonging to the 
Genus Xanthomonas. International Journal of Pharmaceutical Sciences Review and Research, 
45(2), 251-254. https://doi.org/10.22159/ijcpr.2017v9i4.20962 

Lucera, A., Costa, C., Conte, A., & Del Nobile, M. A. (2012). Food applications of natural 
antimicrobial compounds. Frontiers in Microbiology, 3, 287. 

        https://doi.org/10.3389/fmicb.2012.00287. eCollection 2012 
Malasri, S., Tiapradit, P., Russell, S., Poonpurmsiri, P., Tarkarnviroj, C., Pourhashemi, A., Moats, R., 

& Hudson, B. (2015) Insulation effectiveness of rice hull. International Journal of Advance 
Packaging Technology, 3(1), 158-168. https://doi.org/10.23953/cloud.ijapt.20 

Mari, M., Leoni, O., Lori, R., & Cembali, T. (2002) Antifungal vapour-phase activity of allyl 
isothyocyanates against Penicillium expansum on pears. Plant Pathology, 51, 231-236. 

        https://doi.org/10.1046/j.1365-3059.2002.00667.x  
McClements, D. J., & Rao, J. (2011). Food-grade nanoemulsions: formulation, fabrication, properties, 

performance, biological fate, and potential toxicity. Critical Review Food Science and Nutrition,  
51(4), 285-330. https://doi.org/10.1080/10408398.2011.559558 

Mishra, B., & Khatkar, B. S. (2009). Studies on post-harvest quality and physiology of coated ber 
(Zizyphus mauritiana Lamk) fruit. Journal of Food Science and Technology (Mysore), 46(5), 
455-458.  

Mohanty, S., Ramesh, S., & Muralidharan, N. P. (2017). Antimicrobial efficacy of apple cider vinegar 
against Enterococcus faecalis and Candida albicans: An in vitro study. Journal of Advanced 
Pharmacy Education and Research, 7(2), 137-141.  

Mustafa, E. , Noah, A. , Beshay, K. , Sultan, L. , Essam, M. & Nouh, O. (2015). Investigating the 
Effect of Various Nanomaterials on the Wettability of Sandstone Reservoir. World Journal of 
Engineering and Technology, 3, 116-126. https://doi.org/10.4236/wjet.2015.33013. 

Neri, F., Mari, M., Meniti, A. M., & Brigati, S. (2006). Activity of trans-2-hexenal 
against  Penicillium expansum in ‘Conference’ pears. Journal of Applied Microbiology 100, 
1186-1193.  https://doi.org/10.1111/j.1365-2672.2006.02873.x 

Nguyen, V. T. A., Le, T. D., Phan, H. N., & Tran, L. B. (2017). Antibacterial activity of free fatty 
acids from hydrolyzed virgin coconut oil using lipase from Candida rugosa. Journal of Lipids, 1-
7. https://doi.org/10.1155/2017/7170 

Prasad, K., & Stadelbacher, G. J. (1974). Effect of acetaldehyde vapor on postharvest decay and 
market quality of fresh strawberries. Phytopathology, 64, 948-951. https://doi.org/10.1094/phyto-
64-948 

Raorane, G. P. (2003). Studies on growth, flowering, fruiting and some aspect of harvest handling of 
kokum (Garcinia indica choisy). M.Sc. Thesis. Dr. Balasaheb Sawant Konkan Krishi 
Vidyapeeth, Dapoli, District. Ratnagiri. 

Quirós-Sauceda, A. E., Ayala-Zavala, J.F., Olivas, G. I., & González-Aguilar, G.A. (2014). Edible 
coatings as encapsulating matrices for bioactive compounds: a review. Journal of Food Science 
and Technology, 51(9), 1674-1685. https://doi.org/10.1007/s13197-013-1246-x 

Ranjan, S., Dasgupta, N., Chakraborty, A. R., Samuel, S. M., Ramalingam, C., Shanker, R., & Kumar, 
A. (2014). Nanoscience and nanotechnologies in food industries: opportunities and research 
trends. Journal of Nanoparticle Research, 16(6), 2464. https://doi.org/10.1007/s11051-014-2464-
5.  

Saxena, R., Liquido, N. J., & Justo, H. B. (1981). Natural pesticides from the neem tree (Azadirachta 
indica). Proceeding of International Neem Conference Rattach Engem, Germany. 

Sembdner, G., & Parthier, B. (1993). The biochemistry and the physiological and molecular actions of 
jasmonates. Annual Review of Plant Physiology and Plant Molecular Biology, 44, 569-589. 
https://doi.org/10.1146/annurev.pp.44.060193.003033 

Shilling, M., Matt, L., & Rubin, E. (2013). Antimicrobial effects of virgin coconut oil and its medium-
chain fatty acids on Clostridium difficile. Journal of Medicinal Food, 16(12), 1079-1085.  
https://doi.org/10.1089/jmf.2012.0303. 

 
  Longevity of rose and inhibitors of physiological vascular occlusion 

 

 

                                                                                                                                                                             
JOURNAL OF HORTICULTURE AND POSTHARVEST RESEARCH VOL. 3(1) MARCH 2020                                                                     

                                                        
 

The highest vase life with an average of 9.9 and 9.7 days was observed in the sodium azide 
0.5 mM and catechol 10 mM. The positive effects of catechol, sodium azide, and 
metabisulfite were more than thermal treatments. These chemical compounds preserved petal 
anthocyanins and leaf chlorophyll contents and prevented the increase of lignin at the stem 
end, which had a significant effect on increasing the uptake of the solution, relative fresh 
weight, and the relative diameter of the flower at the end of the experiment. Given the 
importance of roses and the need to improve its vase life, the use of inhibitors of enzymes 
involved in the biosynthesis of lignin in combination with sugars and antimicrobial agents is 
recommended to increase the longevity of roses. 
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Purpose: One of the primary methods in increasing shelf life and 
maintaining the horticultural product quality is the application of 
edible coatings at the product surface. In this regard, this 
experiment was conducted to investigate the effect of tragacanth 
gum on some characteristics of pomegranate fruits such as weight 
loss, appearance quality, decay index, pH, soluble solid contents 
(SSC), titratable acidity (TA), maturity index, total phenol, vitamin C 
and anthocyanin content. Research Method: Fruits of two cultivars 
(‘Malase Yazdi’ and ‘Malase Daneh Siah’) were harvested and 
immersed in the tragacanth gum (0, 2.5, 5, 7.5, and 10 g l-1) solution 
for one minute. After applying treatments, fruits were air-dried, 
weighed, put in plastic baskets, and kept in the conventional storage 
in a completely randomized design for three months. Some 
quantitative and qualitative traits were measured and compared 
with the non-treated samples. Findings: Results revealed using 
tragacanth gum had a different effect according to cultivar type. The 
results also showed that tragacanth gum coatings could control the 
reduction of fruit appearance quality, and reduce the number of 
fruit decay in the ‘‘Malase Yazdi’’. In ‘‘Malase Daneh Siah’’, coating 
with tragacanth gum could improve pH, SSC, TA, and total 
anthocyanin content. Phenol content in both cultivars increased at 
the highest concentration (10 g l-1) of this edible coating. Research 
limitations: No limitations were founded. Originality/Value: 
Tragacanth gum coating could improve fruit quality of pomegranate 
during traditional storage and can be recommended to traditional 
pomegranate gardeners who still have large-scale traditional 
pomegranate storage. 
 


