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ABSTRACT 
 

This experiment was carried out two successive seasons (2011 and 2012) at the Post-Harvest Lab. of 
Ornamental Plants and Landscape Gardening Research Dept., Hort. Res. Inst.; Giza, Egypt on Hibiscus rosa-
sinensis pot plants. The aim of this study was to investigate the effect of spraying some pot plants to runoff a 
single time with different solutions containing distilled water (D.W), gibberellic acid (GA3 at 10 ppm), 6-
benzyladenine (BA at10 ppm), (GA3 at 10 ppm ) + (BA at10 ppm), silver thiosulfate (STS at 1:4 mM) and 
packaged in imperforated polyethylene and put bags in carton boxes. Other pot plants were packaged in 
imperforated polyethylene bags with a sachet of potassium permanganate (KMnO4) at 1 ppm/sachet and put in 
carton boxes. All pot plants were stored in complete dark chamber at different temperatures (22± 2 ºC or 5 ºC) 
and 55-65% RH for 15 days to simulate sub-optimal transport conditions. The effect of the interaction between 
chemical treatments and storage temperatures on quality was also investigated. Results showed that all 
treatments significantly stimulated most of the studied characters compared to the control plants. Hibiscus pot 
plants treated with either STS (1:4 mM) or sachets of potassium permanganate gave the least values of fresh 
weight loss, buds, flowers and leaves abscission percentage and reduced ethylene production. The same 
treatments also gave the highest values in both anthocyanine in the flowers and total carbohydrates in the leaves. 
In this regard, the treatment of GA3 at10 ppm + BA at 10 ppm recorded the highest values of chlorophyll a and b 
and the least values of carotenoids in the leaves. In respect to storage temperatures, it was noticed that the pot 
plants stored at 5 °C for 15 days were better in all the studied characters than those stored at 22°C ± 2. Effect of 
the interaction between chemical treatments and storage temperatures show that pot plants treated with all 
treatments and stored at 5°C for 15 days had higher values for most of the studied characters to reach their 
maximum when treated with STS (1:4 mM) compared to those stored at 22°C ± 2 for 15 days . 
 
Keywords: Hibiscus rosa-sinensis, pot plants, storage temperature, gibberellic acid, 6-benzyladenine, STS, 

KMnO4. 

 

Introduction 
 
 Hibiscus rosa-sinensis, Malvaceae, is a bushy, evergreen shrub or small tree growing to 2.5–5 m tall and 
1.5–3 m wide, with glossy leaves and solitary, brilliant red flowers in summer and autumn. The 5-petaled 
flowers are 10 cm in diameter, with prominent orange-tipped red anthers. 
 Plant quality is affected by many production factors. These include temperature, light, nutrition, and water. 
Plant growth regulators and pesticides can also affect plant quality and longevity. Growers can produce high 
quality potted plants, but some species reach the merchant with a noticeable decrease in quality. Exposure to 
high levels of ethylene, prolonged periods in the dark, and temperature fluctuations during shipping can cause 
leaf drop, petal and bud drop, and wilting when reaching the retailer. The common physiological disorders seen 
in potted plants include leaf chlorosis, leaf abscission, bud drop, flower shattering, and stem elongation. 
Exposure to unfavorable conditions results in different responses depending upon the plant species. Packaged 
plants are exposed to conditions including low light intensities, temperature fluctuations, elevated ethylene 
concentrations, and high humidity. Exposure to these conditions can lead to physiological disorders and disease 
problems. (Beach 2005). 
 Ethylene is a plant hormone associated with plant maturation processes. Its presence encourages fruit to 
ripen, flowers to open, but it is also associated with leaf and flower senescence. Hibiscus is among the most 
sensitive of pot plants to ethylene (Woltering, 1987), produced ethylene during transport can induce flowers 
abscission (Mutui et al., 2007). STS can partially protect plants against marketing-induced abscission.Thaxton et 
al., 1988 showed that a 4 mM spray with STS reduced bud abscission. 
 The presence of an ethylene absorbent (based on potassium permanganate) in the cardboard boxes reduced 
ethylene concentration in the boxes. The ethylene absorbent was optimal to reduce epinasty of the buds and 
flowers, to promote bud opening and to prevent abscission of open flowers in Dendrobium‘Pompadour’ flowers 

http://en.wikipedia.org/wiki/Evergreen
http://en.wikipedia.org/wiki/Tree
http://en.wikipedia.org/wiki/Anthers
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(Ketsa et al., 2005). In order for KMnO4 to be effective, it must be adsorbed to a carrier to form a solid 
absorbent to increase the contact area because the only forces acting to the ethylene-absorbing contact occurs 
are diffusion and natural convection air in the atmosphere, some of the most common carriers include zeolite, 
vermiculite, alumina, perlite (Wills and Warton, 2004), among others carriers lower density and larger surface 
area have more capacity to absorb KMnO4 and therefore, greater efficiency in reducing ethylene levels 
(Kavanagh and Wade, 1987). Chang et al. (2003) found that cytokinins are also known to decrease sensitivity of 
tissue to ethylene. 
 External supply of cytokinins and gibberellins has also been reported to reduce leaf chlorosis and 
yellowing in several cut foliage and flower species. However,  the efficiency of plant growth regulators (PGRs) 
in delaying senescence and enhancing postharvest life depends on the plant species used (Singh et al., 2008). 
(Paull and Chantrachit, 2001), type and concentration of preservative solution and the method of application 
(Ranwala et al., 2003). 
 Potted plant recovery after storage and transport has not been widely studied yet. This topic represents an 
interesting field of study and future works should be performed to understand the correlation between the degree 
of stress and the recovery capacity of plants. Few papers have been published on plant recovery (Ferrante et al., 
2015). 
 The aim of this work was to study the quality changes after storage or transport of Hibiscus pot plants with 
different storage temperature. Ethylene inhibitors were applied before and during storage with aim to limit post-
production stresses during storage or transportation.  
 

Materials and Methods 
 
 The present study was conducted at Post-Harvest Laboratory of Ornamental Plants and Landscape 
Gardening Res. Dept., Hort. Res. Inst.; Giza, Egypt during the two seasons of 2011 and 2012.  
 
Plant material and experimental design: 
  Hibiscus rosa-sinensis L. pot plants were obtained from a local commercial ornamental farm. Uniform 
plants at blooming stage (3-5 flowers) were grown in peat moss media in plastic pot (25 cm). The average plant 
height was 32 cm and the average number of leaves/plant were 27.  The potted plants were quickly transported 
to the laboratory and placed under the lab condition in fluorescent light of 1000 lux for 24 h., at 22 ± 2°C and 
55-65% relative humidity for 20 days for acclimatization before storage. Potted Plants were regularly irrigated 
according to need until 24 h before experiments began, in order to avoid the presence of free water during the 
storage/transportation simulation, since free water may induce gray mold development even at low temperature. 
60 potted plants were sprayed to runoff only for one time with different solutions including distilled water 
(D.W), gibberellic acid (GA3) at 10 ppm, 6-benzyladenine (BA) at10 ppm, GA3 at 10 ppm + BA at 10 ppm, 
silver thiosulfate (STS) at 1:4 mM and packaged in imperforated polyethylene bags in carton boxes (12 potted 
plants/treatment), 12 potted plants were packaged in imperforated polyethylene bags with sachets of potassium 
permanganate KMnO4 (1 ppm/sachet) and put in carton boxes (98 x 38 x 25 cm) each 4 potted plants/ carton 
box then stored in complete dark chamber at different temperatures (22± 2 ºC or 5 ºC) and 55-65% RH for 15 
days to simulate sub-optimal transport conditions.  
 Hibiscus rosa-sinensis plants were know to be very sensitive to ethylene. Therefore it has been 
investigated whether silver thiosulfate STS 1:4 mM or sachets of potassium permanganate KMnO4 (an ethylene 
inhibitors) can prevent leaf, bud and flower drop caused by ethylene and darkness. During shipping, ethylene 
can build up while the plants are enclosed in boxes and/or a truck. 
 The layout of the experiment was factorial in a complete randomized design with two factors. The first 
factor was six chemical treatments (spray with different solutions including distilled water, GA3 at 10 ppm, BA 
at 10 ppm, GA3 at10 ppm + BA at 10 ppm, (STS) at 1:4 mM, some potted plants were packed with sachets of 
potassium permanganate).The second factor was storage temperature at two levels 5 and 22 ± 2 °C. Effect of the 
interaction between chemical treatments and storage temperature were also studied. Each treatment was 
replicated three times and each replicate contained 4 pot plants. 
 
Data recorded: 
 
І- Morphological characters: 
 
 Fresh weight loss percentage (%): by the pot plant was estimated by subtracting the weight of pot at the end of 
storage period from the initial weight. 
 Buds abscission percentage (%): at the end of storage period. 
 Flowers abscission percentage (%): at the end of storage period. 
 Leaves abscission percentage (%): at the end of storage period. 
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 Survival percentage (%): at the end of storage period. 
 Ethylene production (µl.l-1): determined at end of storage period by gas chromatography according to Burg and 
Stolwijk (1959). 
 
ІІ- Chemical composition: 
 Anthocyanine content (mg/g) in flower petals was determined colorimetrically at the end of storage period 
according to Husia et al. (1965). 
 Chlorophyll a, b and carotenoids (mg/g f.w.) were determined in fresh leaf samples and measured according to 
Saric et al. (1967) at the end of storage period. 
 Total carbohydrates (%) in the leaves was determined colorimetrically at the end of storage period, according 
to the methods described by Dubois et al.(1956). 
 
Statistical analysis: 

The data were statistically analyzed as a factorial experiment (two storage temperatures and six treatments 
containing some growth regulators, STS and potassium permanganate) using MSTAT-C. The results were 
subjected to analysis of variance (ANOVA) and the means were compared by Duncan's Multiple Rang Test at 
P≤ 0.05 as described by Waller and Duncan (1969) to verify differences among means of various treatments. 
 

Results and Discussion 
 
Effect of chemical treatments, storage temperatures (22°C ± 2 or 5°C for 15 days) and their interactions 
on quality of Hibiscus rosa-sinensis pot plants: 
 
І- Morphological characters: 
 
1- Fresh weight loss percentage: 
  Data in Table (1) reveal that spraying Hibiscus rosa-sinensis pot plants with solution containing silver 
thiosulfate (STS) at 1:4 mM was more effective on decreasing percentage of fresh weight loss followed by using 
either sachets of potassium permanganate (KMnO4) at1 ppm inside storage boxes or (BA at 10 mg/l + GA3 at 10 
mg/l), compared to the other treatments in both seasons.  
 Regarding the effect of storage temperature on Hibiscus pot plants it can be concluded from Table (1) that 
the lowest percentage of fresh weight loss (2.85 and 2.10 % in the first and second season, respectively) was 
characteristic in pot plants stored at 5°C for 15 days in complete darkness.  
 The interaction between spraying Hibiscus pot plants by solution containing STS (1:4 mM) or putting 
sachets of potassium permanganate at 1 ppm inside card boxes and storing at 5°C for 15 days in complete 
darkness decreased fresh weight loss % in the two seasons.  
 These results are in accordance with Chamani et al. (2012) who indicated that treating of cut ʺTempoʺ 
carnation flower with STS at rates of 0.25 and 0.5 mM exerted significant and positive effect on relative fresh 
weight as compared to control. However, the KMnO4 prevents weight loss in lettuce and cabbage variety (Kalaj 
et al., 2008) and Silva et al. (2009) on 'Sunrise Golden' papaya fruit. KMnO4 decreases weight loss and ethylene 
production in fruits of sapota (Bhutia et al., 2011). Also, Danaee et al.(2012) found that GA3 (50 mg/l) and BA 
(50 mg/l) were the most effective treatments based on fresh weight of gerbera cut flowers. Also, similar results 
were obtained by Tshwenyane et al. (2014) as they found that weight loss after 2 days was higher in non-
refrigerated flowers compared to refrigerated ones in chrysanthemum cut flowers (Dendranthema x 
grandiflorum). Also, Wang (2007) found that weight loss increased with increasing air temperature (15, 20, 25, 
or 30 °C) in storage of potted bare-root Phalaenopsis Blume orchids in darkness. 
 
Table 1: Effect of chemical treatments,storage temperatures and their interactions on percentage of fresh weight loss after 

the end of the  storage of Hibiscus pot plants during 2011 and 2012.  

Chemical 
treatments 

First season Second season 
Storage temperature 

22°C ±2 5°C Means 22°C ±2 5°C Means 
1 7.48 a 5.23 b 6.36 a 7.49 a 3.70 cde 5.60 a 
2 4.77 c 2.57 e 3.67 b 4.05 bc 2.23 f 3.14 b 
3 4.69 c 3.07 d 3.88 b 4.48 b 1.78 gh 3.13 b 
4 3.36 d 2.35 e 2.86 c 3.78 cd 1.51 hi 2.65 cd 
5 3.09 d 1.71 f 2.40 d 3.55 de 1.15 i 2.35 d 
6 3.39 d 2.35 e 2.87 c 3.33 e 2.20 fg 2.76 c 

Means 4.96 a 2.85 b  4.22 a 2.10 b  
1- Distilled water (Control) 4- Potassium permanganate (1 ppm KMnO4) 
2- Gibberellic acid (10 mg/l GA3) 5- Silver thiosulfate (1:4 mM STS) 
3- 6- benzyladenine (10 mg/l BA) 6- 10 mg/l BA + 10 mg/lGA3 
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2- Buds abscission percentage: 
 Data in Table (2) indicate that all treatments significantly decreased buds abscission percentage of 
Hibiscus rosa-sinensis pot plants compared to treating with distilled water (control).  
 Treating Hibiscus rosa-sinensis pot plants by either spraying with silver thiosulfate at 1:4 mM (STS) or 
putting sachets of potassium permanganate (KMnO4) at 1ppm inside storage boxes were the most effective 
treatments in decreasing bud abscission percentage, compared with all other treatments.  
 Effect of storing Hibiscus rosa- sinensis pot plants at 22°C ± 2 or 5°C for 15 days on buds abscission % is 
shown in Table (2). Reduction of buds abscission % was more pronounced in Hibiscus pot plants stored at 5°C 
than those stored at 22°C ± 2 in both seasons. 

The effects of the interactions between chemical treatments and storage temperatures) shown in Table (2), 
indicate that the lowest values of bud abscission % after storage were found when Hibiscus pot plants were 
treated either with silver thiosulfate at 1:4 mM (STS) as a spraying or sachets of potassium permanganate 
(KMnO4) at 1ppm and storing at 5°C for 15 days compared with other treatments in both seasons. 
 The above mentioned results are in agreement with Al Saqri (1995) who demonstrated that spraying with 
silver ions decreased flower buds abscission in Hibiscus rosa- sinensis pot plants. Also, he added high 
temperature (25°C) and longer shipping durations (4 and 6 days) caused greater bud abscission in Hibiscus rosa- 
sinensis pot plants compared to lower temperatures (13 and 18°C) and shorter durations (2 days). 
  
Table 2: Effect of chemical treatments, storage temperatures and their interactions on percentage of bud abscission after the 

end of the storage  of Hibiscus pot plants during 2011 and 2012.  

Chemical 
treatments 

First season Second season 
Storage temperature 

22°C ±2 5°C Means 22°C ±2 5°C Means 
1 25.87 a 9.95 e 17.91 a 28.76 a 10.42 e 19.59 a 
2 16.21 b 4.32 h 10.26 b 15.29 c 4.57 g 9.93 c 
3 15.77 c 5.15 g 10.46 b 16.22 b 4.37 g 10.29 b 
4 8.13 f 3.11 j 5.62 d 7.22 f 3.43 h 5.33 e 
5 8.06 f 3.07 j 5.57 d 7.48 f 3.13 h 5.31 e 
6 14.13 d 3.48 i 8.80 c 14.12 d 3.47 h 8.80 d 

Means 14.70 a 4.85 b  14.85a 4.90 b  
1- Distilled water (Control) 4- Potassium permanganate (1 ppm KMnO4) 
2- Gibberellic acid (10 mg/l GA3) 5- Silver thiosulfate (1:4 mM STS) 
3- 6- benzyladenine (10 mg/l BA) 6- 10 mg/l BA + 10 mg/lGA3 

 
3- Flowers abscission percentage: 
 It can be indicated from Table (3) that Hibiscus rosa- sinensis pot plants treated with all chemical 
treatments significantly decreased the flowers abscission percentage than control (distilled water) in both 
seasons. Moreover, spraying Hibiscus plants with silver thiosulfate at 1:4 mM (STS) gave the least values (6.56, 
6.30 %) followed by using sachets of potassium permanganate (KMnO4) at 1 ppm and (6.65, 6.32%) in both 
seasons, respectively). 
 Data in Table (3) show that the lowest flowers abscission % resulted from stored Hibiscus pot plants at 
5°C (5.73 and 6.48 %) compared with those stored at 22°C ±1 (16.09 and 15.75 % ) in the two seasons, 
respectively.  
  
Table 3: Effect of chemical treatments, storage temperatures and their interactions on percentage of flowers abscission after 

the end of the storage of Hibiscus pot plants during 2011 and 2012.  

Chemical 
treatments 

First season Second season 
Storage temperature 

22°C ±2 5°C Means 22°C ±2 5°C Means 
1 28.30 a 10.50 d 19.40 a 29.80 a 14.57 d 22.18 a 
2 17.20 b 5.10 h 11.15 c 16.30 b 5.76 f 11.03 b 
3 17.30 b 6.09 g 11.69 b 16.45 b 5.68 f 11.07 b 
4 9.23 e 4.08 j 6.65 e 8.28 e 4.36 g 6.32 d 
5 9.01 f 4.10 j 6.56 e 8.48 e 4.12 g 6.30 d 
6 15.50 c 4.50 i 10.00 d 15.20 c 4.39 g 9.80 c 

Means 16.09 a 5.73 b  15.75 a 6.48 b  
1- Distilled water (Control) 4- Potassium permanganate (1 ppm KMnO4) 
2- Gibberellic acid (10 mg/l GA3) 5- Silver thiosulfate (1:4 mM STS) 
3- 6- benzyladenine (10 mg/l BA) 6- 10 mg/l BA + 10 mg/lGA3 

 
Regarding, the interaction between chemical treatments and storage temperatures data in Table (3) 

demonstrate that the flowers abscission % was decreased in pot plants of Hibiscus treated either with STS (1:4 
mM) or by using sachets of potassium permanganate (KMnO4) at 1 ppm inside storage boxes followed by 
spraying with BA at 10 mg/l + GA3 at 10 mg/l and storing at 5°C for15 days, in the two seasons. 
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 These findings are in agreement with those previously obtained by Wagstaff et al. (2005) who indicated 
that silver ions totally prevented flower abscission in alstromeria compared to the untreated plants. Treating 
Bougainvillea potted plants (sensitive to exogenous ethylene) with STS prevented bracts abscission (Gago and 
Montiero, 2011). Pulsing cut flowers for 4 h at 20°C and 16 h at 4°C with 2,4-dichlorophenoxyacetic acid (2,4-
D) combined with sliver thiosulfate (STS) significantly reduced abscission in red cestrum (Cestrum elegans) cut 
flowers (Abebie et al., 2005). Hatami and Ghorbanpour (2013) revealed that after dark storage for 5 days at 20 ± 
2°C, petal abscission of pelargonium zonale cv. Blue Wonder increased up to 40 %. There are a host of factors, 
both internal and external, including temp. which effect flower abscission. [Beno-Moualem et al. (2004), 
Marcelis et al. (2004) and Ascough et al. (2005)].Temperatures increased above 7.5 °C accelerated floret 
abscission of cut snapdragons (Antirrhinum majus) Çelikel et al.(2010). 
 Rungruchkanont (2011) found that the application of hormone treatment BAP (6-benzylaminopurine also 
called benzyladenine) at 50 mg L-1 prior to ethylene fumigation, prevented open flower abscission and 
decreased ACC synthase (ACS) activity in flowers. A combined treatment of gibberellins and a cytokinin has 
been reported to delay abscission of flowers and petals [Wien and Zhang (1991), Kim and Miller (2009)]. 
 
4- Leaves abscission percentage: 
 According to data in Table (4), it is evident that the control (D.W) treatment gave significantly the highest 
values of leaves abscission percentage compared to other treatments in the two seasons. Meanwhile, the least 
values was for spraying Hibiscus pot plants with STS (1:4 mM), as this treatment gave the lowest leaves 
abscission percentage, compared with all other treatments in both seasons. 
 Data in Table (4) exhibit that Hibiscus pot plants storing at 5°C for 15 days was more effective in 
decreasing leaves abscission%, compared with pot plants stored at 22°C ± 2 in both seasons. 
 The results of interaction show that the lowest leaves abscission% was obtained by spraying Hibiscus pot 
plants with STS (1:4 mM) and (BA at 10 mg/l ) + (GA3 at 10 mg/l) followed by putting sachets of potassium 
permanganate (KMnO4) at 1 ppm inside storage boxes at stored 5°C for 15 days compared with all other 
treatments in the two seasons. These results are in accordance with those of Wang (2007) who found that the 
leaf loss was most severe on plants stored at 15 °C for 7 days (three leaves) or 14 days (five leaves) or at 30 °C 
for 14 days (three leaves)) in potted bare-root Phalaenopsis orchids in darkness. Silver thiosulfate (STS) can 
prevent leaf drop caused by ethylene and darkness in Hibiscus rosa- sinensis pot plants HØyer (1986). 
 
Table 4: Effect of chemical treatments, storage temperatures and their interactions on percentage of leaves abscission after 

the end of the storage of Hibiscus pot plants during 2011 and 2012.  

Chemical 
treatments 

First season Second season 
Storage temperature 

22°C ±2 5°C Means 22°C ±2 5°C Means 
1 20.94 a 7.48 f 14.21 a 25.35 a 6.53 d 15.94 a 
2 15.96 b 3.95 i 9.95 b 14.91 b 3.50 e 9.21 b 
3 14.72 c 4.22 h 9.47 c 14.65 b 3.42 e 9.03 b 
4 7.96 e 2.57 j 5.27 e 6.68 d 2.41 f 4.55 d 
5 7.14 g 2.03 k 4.59 f 6.41 d 2.10 f 4.26 e 
6 13.21 d 2.50 j 7.86 d 13.11 c 2.31 f 7.71 c 

Means 13.32 a 3.79 b  13.51 a 3.38 b  
1- Distilled water (Control) 4- Potassium permanganate (1 ppm KMnO4) 
2- Gibberellic acid (10 mg/l GA3) 5- Silver thiosulfate (1:4 mM STS) 
3- 6- benzyladenine (10 mg/l BA) 6- 10 mg/l BA + 10 mg/lGA3 

 
5- Survival percentage: 
 It is clear from Table (5) that Hibiscus rosa-sinensis pot plants treated with distilled water gave 
significantly the least survival percentage (74.67 and 75.92 %) compared to pot plants treated with other 
treatments (100 and 100 %) in both seasons, respectively. 
 The effect of storage temperatures was significant as plants stored at 5° C attained higher values of 
survival% (96.00 and 96.28 %) compared to those stored at 22°C ± 2 (95.56 and 95.69 %), in the first and 
second seasons, respectively. 
 Generally, the interaction between all treatments and storage temperatures gave the highest survival 
percentage (100 %) compared to pot plants treated with distilled water (control) x storage temperatures (73.33, 
74.17 and 76.00, 77.67) in both seasons, respectively. In this concern, El-Zohery (1999) reported that 
scindapsus aureus, Syngonium podophyllum and Philodendron scandens oxycardium pot plants sprayed with 
BA (0,5, and 10 ppm) and stored for 5 days at 10°C showed the highest values of survival percentage one month 
after the end of storage. El-Zohery (2009) revealed that survival percentage of Ficus benjamina pot plants was 
not affected when stored at either 5 or 10 °C for different durations. Abd El-Hafz (2006) showed that the colder 
storage (5 °C) resulted in higher survival% compared to the higher one (10 °C) in Brassaia actinophylla pot 
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plants. Khenizy et al.(2015) showed that spraying areca pot plants with GA3 (20 ppm) + BA (20 ppm) and 
storing at illuminated room gave the highest survival %.  
 
Table 5: Effect of chemical treatments,storage temperatures and their interactions on percentage of survival after the end of 

the storage of  Hibiscus pot plants during 2011 and 2012.  

Chemical 
treatments 

First season Second season 
Storage temperature 

22°C ±2 5°C Means 22°C ±2 5°C Means 
1 73.33 c 76.00 b 74.67 b 74.17 c 77.67 b 75.92 b 
2 100.0 a 100.0 a 100.0 a 100.0 a 100.0 a 100.0 a 
3 100.0 a 100.0 a 100.0 a 100.0 a 100.0 a 100.0 a 
4 100.0 a 100.0 a 100.0 a 100.0 a 100.0 a 100.0 a 
5 100.0 a 100.0 a 100.0 a 100.0 a 100.0 a 100.0 a 
6 100.0 a 100.0 a 100.0 a 100.0 a 100.0 a 100.0 a 

Means 95.56 b 96.00 a  95.69 b 96.28 a  
1- Distilled water (Control) 4- Potassium permanganate (1 ppm KMnO4) 
2- Gibberellic acid (10 mg/l GA3) 5- Silver thiosulfate (1:4 mM STS) 
3- 6- benzyladenine (10 mg/l BA) 6- 10 mg/l BA + 10 mg/lGA3 

 
6- Ethylene production by Hibiscus rosa- sinensis pot plants during storage at 22°C ± 2 and 5°C for 15 days: 
 Data illustrated in Fig. (1) show that spraying Hibiscus pot plants with distilled water as a control gave the 
highest values of ethylene production compared with the other treatments in the two seasons. Meanwhile, 
spraying Hibiscus pot plants with STS (1:4 mM) was the best treatment for obtaining the lowest production of 
ethylene in pot plants. In addition, inserting sachets of potassium permanganate (1 ppm) inside storage boxes 
reduced ethylene production when compared with the other treatments, in the two seasons. 
 

 

 
Fig. 1: Effect of chemical treatments,storage temperatures and their interactions on ethylene μm /plant /day/l 

after the end of the storage of Hibiscus pot plants during 2011 and 2012. 
  

Data presented in Fig. (1) indicate that storing pot plants of Hibiscus rosa- sinensis at 5 °C for 15 days 
gave lower level of ethylene production than those stored at 22°C ±2 in both seasons. 
 From the results of interactionin Fig. (1), it can be concluded that spraying Hibiscus rosa-sinensis pot 
plants with STS (1:4 mM) and stored at 5 °C for 15 days gave the lowest values of ethylene production followed 
by treating with sachets of potassium permanganate (1 ppm) compared to pot plants with other treatments in the 
two seasons. In this concern, Al-Saqri et al.(2003) on Hibiscus and Kim et al. (2007) on Pelargonium potted 
plants showed that the longevity of flowering is often cut short by ethylene- induced flower abscission. Also, 
after storage or when plants are transferred to higher temperature, the ACC is rapidly converted to ethylene 
(Vilaplana et al., 2007). So, silver thiosulfate (STS) can prevent leaf, bud and flower drop caused by ethylene 
and darkness in Hibiscus rosa-sinensis pot plants (HØyer, 1986). Uthaichay et al.(2007) who mentioned that 
STS not only inhibited ethylene action but also inhibited ethylene production. The presence of an ethylene 
absorbent (based on potassium permanganate) in the cardboard boxes further reduced ethylene concentration in 

1- Distilled water (Control) 4- Potassium permanganate (1 ppm KMnO4) 
2- Gibberellic acid (10 mg/l GA3) 5- Silver thiosulfate (1:4 mM STS) 
3-  6- benzyladenine (10 mg/l BA) 6- 10 mg/l BA   + 10 mg/l GA3  

http://seasons.in/
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the boxes. The ethylene absorbent was optimal to reduce epinasty of the buds and flowers, to promote bud 
opening and to prevent abscission of open flowers in Dendrobium ‘Pompadour’ flowers (Ketsa et al., 2005). 
KMnO4 is a strong oxidizing agent in many redox reactions, when the compound comes into contact with 
ethylene, oxidizes, producing H2O, CO2, MnO2 and KOH (Wills and Warton, 2004 and Lopez et al., 2014), 
which lowers the levels of ethylene in the atmosphere and, therefore affects ethylene -dependent processes 
during maturation (Sammi and Masud, 2007). Chang et al. (2003) found that cytokinins are also known to 
decrease sensitivity of tissue to ethylene. 
 
ІІ- Chemical composition: 
 
1- Anthocyanine content (mg/g f.w) in flower petals: 
 Data in Fig. (2) show that spraying Hibiscus pot plants with distilled water as a control gave the lowest 
value of anthocyanine content in flower petals compared to other treatments in the two seasons. Application of 
STS (1:4 mM) was the best treatment for obtaining the highest values of anthocyanine content in Hibiscus pot 
plants followed by using of BA (10 mg/l) + GA3 (10 mg/l) in the two seasons. Moreover, putting sachets of 
potassium permanganate (at 1ppm) inside storage boxes induced the anthocyanine content in flower petals in 
both seasons. Data in Fig. (2) indicate that the increase in storage temperature from 5 to 22°C ± 2 was reflected 
in a decrease in petals content of anthocyanine after the end of the storage in the first and second seasons.  
 Concerning the effect of interaction between all chemical treatments and storage temperature, data showed 
that the plants treated with silver thiosulfate and stored at 5 °C for 15 days gave the highest values of 
anthocyanine content in flower petals compared with other treatments in both seasons. 
 The present results confirmed the findings of Karimi and Asil (2010) who showed that BA increase 
anthocyanine concentration in cut lisianthus. Karimi et al. (2012) on potted carnation pointed out that 
benzyladenine 30 mg L-1 treatment can be suitable candidates for reducing the loss of flower anthocyanine. 
Elashwah (2011) found that treating carnation cut flowers with STS had a positive effect on anthocyanine in 
petals.Yusoff et al. (2014) showed that anthocyanine pigments decreased progressively when Melastoma 
malabathricum (fruit pulp), Hibiscus rosa-sinensis (flower), and Codiaeum variegatum (leaves) were stored at 
25°C over a three-month period. 
 

 
1- Distilled water (Control) 4- Potassium permanganate (1 ppm KMnO4) 
2- Gibberellic acid (10 mg/l GA3) 5- Silver thiosulfate (1:4 mM STS) 
3-  6- benzyladenine (10 mg/l BA) 6- 10 mg/l BA   + 10 mg/l GA3  

 
Fig. 2: Effect of chemical treatments, storage temperatures and their interactions on Anthocyanine content 

(mg/g f.w)in flower petal safter the end of the storage of Hibiscus pot plants during 2011 and 2012. 
 
2- Chlorophyll a, b and carotenoids mg/g f.w: 
 As shown in Figs. (3 and 4) all treatments increased chlorophyll a and b, and decreased carotenoids 
content, compared with D.W (control) in both seasons. Data indicate that the highest values of chlorophyll a and 
b were obtained by treating Hibiscus pot plants with (BA at 10 mg/l + GA3 at 10 mg/l), while the same 
treatment decreased carotenoids content, in the first and second seasons. 
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Fig. 3: Effect of chemical treatments, storage temperatures and their interactions on Chlorophyll a, b 

content(mg/g f.w)in leaves after the end of the storage of Hibiscus pot plants during 2011 and 2012. 
 

 
1- Distilled water (Control) 4- Potassium permanganate (1 ppm KMnO4) 
2- Gibberellic acid (10 mg/l GA3) 5- Silver thiosulfate (1:4 mM STS) 
3-  6- benzyladenine (10 mg/l BA) 6- 10 mg/l BA   + 10 mg/l GA3  
 
Fig. 4: Effect of chemical treatments, storage temperatures and their interactions on carotenoids mg/g f.w 

content(mg/g f.w)in leaves after the end of the storage of Hibiscus pot plants during 2011 and 2012. 
 

Data presented in Figs. (3 and 4) indicate that Hibiscus pot plants stored at 5 °C for 15 days gave higher 
values of chlorophyll a and b and lower values of carotenoids content compared to those stored at 22°C ± 2in 
both seasons.  

The results of interaction cleared that the highest values of chlorophyll a and b and the lowest values of 
carotenoids were obtained by spraying Hibiscus pot plants with (BA at 10 mg/l + GA3 at 10 mg/l) and storing at 
5 °C, compared with all other treatments, in the two seasons. 
 During storage and transport, potted plants are often damaged and quality can be compromised. In fact, 
these post-production stages are usually characterized by sub-optimal environmental conditions (temperature, 

1- Distilled water (Control) 4- Potassium permanganate (1 ppm KMnO4) 

2- Gibberellic acid (10 mg/l GA3) 5- Silver thiosulfate (1:4 mM STS) 

3-  6- benzyladenine (10 mg/l BA) 6- 10 mg/l BA   + 10 mg/l GA3  
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humidity, water and light) for plants and consequently the photosynthetic machinery is impaired (Starman et al., 
2007). Ethylene has been shown to induce premature leaf yellowing in many plants as a result of accelerated 
chlorophyll degradation (Purer and Mayak, 1989). In this concern, Hettiarachchi and Balas (2004) found that 
significant decrease of chlorophyll fluorescence yield of gloriosa (Gloriosa superba) flowering stems with 
increasing storage temperature. Hatami and Ghorbanpour (2013) found that treating Pelargonium zonal cvs. 
Blue Wonder and Anthony with nano silver resulted in higher content of leaf chlorophylls and carotenoids in 
comparison to untreated control. A combined application of BA and GA3 inhibits chlorophyll degradation in 
leaves [Janowska and Stanecka (2011) on calla lily (Zantedeschia), Ahmad et al. (2014) on cut lilies and 
gladiolus and Faraji et al. (2011) on gladiolus cut flowers]. Sholihati (2004) stated that application of KMnO4 as 
ethylene absorber significantly inhibited banana fruit yellowing under ambient temperature (28 oC). 
 
3- Total carbohydrates percentage (d.w): 
 Data illustrated in Fig. (5) show that control (D.W.) gave the least values of total carbohydrates % in 
leaves of Hibiscus pot plants compared to other treatments in both seasons. However, spraying pot plants with 
STS (1:4 mM) recorded the highest values of total carbohydrates % followed by treating either by inserting 
sachets of potassium permanganate (1 ppm) inside storage boxes or spraying with (BA at 10 mg/l + GA3 at 10 
mg/l) as compared to other treatments, in the two seasons. 
 As for the storage temperatures, it is clear that the storage at 5°C for 15 days had higher values of total 
carbohydrates % than those stored at 22°C ± 2 for 15 days in the two seasons. 
 The interaction between chemical treatments and storage temperatures show that Hibiscus rosa-sinensis 
pot plants treated with any treatment and stored at 5°C for 15 days had more total carbohydrates % compared to 
those stored at 22°C ± 2 for 15 days, to reach their maximum when treated with STS (1:4 mM) and stored at 
5°C for 15 days in the two seasons. Present results are supported by Faraji et al. (2011) who found that treating 
gladiolus cut flowers with benzyladenine and gibberellic acid increase soluble sugar. Hassan and Ali (2014) 
found that STS significantly retarded the reduction of carbohydrate during the period of vase life evaluation of 
Rosa hybrida cv. Happy Hour. KMnO4 showed delayed decline in sugar content which could be related to delay 
in ripening as KMnO4 reacts with ethylene and limit its catalytic role on respiration of plantain banana (Ferris, 
1997). 
 

 
1- Distilled water (Control) )4otassium permanganate (1 ppm KMnOP -4 

)3Gibberellic acid (10 mg/l GA -2 5- Silver thiosulfate (1:4 mM STS) 
3-  6- benzyladenine (10 mg/l BA) 3GA 10 mg/l BA   + 10 mg/l -6 
 
Fig. 5: Effect of chemical treatments, storage temperatures and their interactions on total carbohydrates 

percentage in leaves after the end of the storage of Hibiscus pot plants during 2011 and 2012. 
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