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ABSTRACT 
 

Quality of cut flowers is an important issue at postharvest as well as an important factor 
contributing to marketing of and profitability from the chrysanthemum. A trial was consummated at 
Postharvest Lab of Floriculture Res. Dept. Hort. Res. Inst. ARC, Giza, Egypt during 2014 and 2015 
seasons to study the effect of some metal salts at different concentrations on three cultivars of 
chrysanthemum. The obtained results indicated that all measured characters, i.e. longevity, water 
uptake, water loss, dry matter, diameter of head and relative fresh weight improved significantly by 
applying copper sulfate at 50, 150 and 250 mg/l, cobalt chloride at 150, 300 and 450 mg/l and 
aluminum sulfate at 100, 250 and 400 mg/l, in addition to sucrose at 20 g/l and citric acid at 0.2 g/l. 
All these treatments were compared to distilled water as a control. The effects varied between the 
Arctic Queen, Marabou and Pink Loly Pop cultivars, due to genetic variations in response to these 
chemical compounds. Pink Loly Pop was the most responsive to the different transactions, as it gave 
the maximum lifespan period compared to the other two cultivars. 
 The best treatment was copper sulfate at 150 mg/l + sucrose at 20g/l + citric acid at 0.2 g/l, as it 
enhanced the longevity of cut flowers, reduced water loss  and induced the highest rate of relative fresh 
weight in both seasons. On the other hand, application of aluminum sulfate at the different concentrations 
increased diameter of flowers and raised their dry matter during the two seasons. 
    Almost all preservative solutions significantly increased chlorophyll a, b and carotenoids content 
over the control. Total and reducing sugar; and total anthocyanins were affected by aluminum sulfate 
impact on different cultivars in this experiment. 
 
Key words: Chrysanthemum - cobalt chloride - aluminum sulfate - copper sulfate - water uptake - 

relative fresh weight. 

 
Introduction 
 

Chrysanthemum flower (Chrysanthemum morifolium, Ram., recently Dendranthema 
grandiflora Ramat., the family Asteraceae) is one of the most popular cut flowers. Chrysanthemum 
has long post harvest life and it continues to look attractive even when semi dry.  It has wide range of 
colors, shapes and sizes. Chrysanthemum is ranked as the second most economic important cut flower 
in the world after rose (Kafi and Ghahsareh, 2009).  

Vase life is a yardstick for the longevity of cut flowers and is an important target for improving 
flower characteristics, whether by chemical treatments or by plant breeding. Maintaining good quality 
of cut flowers and extending the vase life are considered important to meet the consumer preference. 
Vase life of cut flowers is mainly affected by two main factors, namely ethylene which accelerates the 
senescence of many flowers, and microorganisms especially fungi and bacteria that grow in the vase 
solution, block the stem end and limit water uptake by the flowers, besides the production of chemical 
compounds that cause vascular blockage and thus reducing the vase life of cut flowers (Hashemabadi 
et al., 2015). Cut flowers are short-lived and are prone to rapid deterioration. Shortening vase life of 
cut flowers could be attributed to destruction of the transport vessels of the stem after cutting, hence, 
the inability of the stem to absorb water due to blockage may be leading to excessive water loss and 
short supply of carbohydrates to support respiration.  
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The addition of antibacterial agents in the holding solutions has been recommended. Inclusion 
of various antimicrobial compounds such as metal salts in vase water can reduce number of bacteria 
and thereby extend flower longevity (Macnish et al., 2008), but effective concentrations of these 
biocides can be toxic to some flowers or unsuitable to others. 

 The effect of various chemicals at different concentrations on the postharvest life of cut flowers is 
variable and depends on plant species and the applied chemicals. A floral preservative is usually a 
complex mixture of sucrose, acidifier, an inhibitor of microorganisms and also an anti ethylene action 
(Tehranifar et al., 2013) . 

Ions like aluminum, cobalt, calcium, copper and silver in the form of various salts at 
appropriate concentrations have been used to improve postharvest performance of various cut flowers 
(Halevy and Mayak, 1981). Aluminum as AlCl3 and Al2(SO4)3 in the holding solution has been shown 
to enhance the quality and longevity of cut flowers such as roses and chrysanthemum  due to the 
effect of Al3+ in reducing the pH of petal cells and stabilizing the anthocyanins. Also, aluminum 
sulfate is reported to acidify the holding solution, and keep it free of microorganisms and also help in 
better opening of flower buds, thereby maintaining the freshness of cut roses (Liao et al., 2001 and 
Singh et al., 2004). 

Copper ions have been used in flower vase solutions as a biocide (Halevy and Mayak, 1981). It 
was observed that Cu2+ inhibited enzymes involved in plant induced occlusion in chrysanthemum 
(Van Doorn and Vaslier, 2002). 

Cobalt partially inhibits ethylene production and auxins and cytokinins activity. Additionally, 
Reddy (1988) suggested that partial closure of stomata by Co2+ was responsible for reducing the water 
loss/water uptake ratio, and thereby maintaining a high water potential in cut roses. Also, Co2+ 
controls microbial growth and inhibits vascular occlusion. Kazemi et al. (2012) showed that cobalt 
treatment increased fresh weight of Dianthus caryophyllus. 

Citric acid, like other organic acids, can influence the vase life of cut flowers. Organic acids are 
source of both carbon and energy for cells and are used in the respiratory cycle and some other 
biochemical pathways (Da Silva, 2003; Darandeh and Hadavi, 2012). Citric acid reduces bacterial 
population in vase solution and increases the water conductance in xylem of cut flowers. Citrate 
complex is one of the mobile forms of iron in plants, thus it plays an important role in iron transport 
(Hell and Stephan, 2003; Darandeh and Hadavi, 2012).  

Sugars are the main source of food for flowers. They are required for carrying out all 
biochemical and physiological processes after detachment from the mother plant. Sugars play an 
important role in keeping the quality of cut flowers because the amount of sugar contained in the cut 
flower is limited.  Sucrose is the most widely used floral preservatives that maintain the pool of dry 
matter and respirable substrates in floral petals. Exogenous sucrose replaces the depleted endogenous 
carbohydrates utilized during post harvest life of cut flowers. Sucrose is the main transporting form of 
sugar to flower bud and it is also a major structural material used in cell growth and enlargement and 
a soluble component in petal tissues, and hence an important osmotic regulator of water potential 
(Mayak et al., 2001). 

Research is required to find out the impact of holding solutions on increasing the vase life of 
different cut chrysanthemum flowers as one of the most popular cut flowers. Therefore, the objectives 
of this study were to investigate the effect of some chemical preservative solutions on improving the 
keeping quality, enhancing water uptake and extending the vase life period of cut chrysanthemum 
flowers, using some holding solutions which may improve flower quality during vase life. 

 
Materials and Methods 
 

The present trial was undertaken at the Postharvest Lab of Ornamental Plants and Landscape 
Gardening Res. Dept., Hort. Res. Inst., Giza, Egypt in February of 2014 and 2015 seasons. 
 
Plant material: 
 

Cut flower stems of three cultivars of chrysanthemum (Chrysanthemum morifolium): Arctic 
Queen, Marabou and Pink Loly Pop were obtained freshly from the local commercial green houses of 
Floramix Farm (El-Mansouria, Giza) in the two seasons. Cut flowers were picked in the early morning 
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(standard for export) and directly wrapped in groups and transported quickly to the laboratory within 
nearly 2 hours. As soon as arrived to the Lab, these stems were firstly pre cooled by placing in cold water 
for half hour to remove the effect of high field heat. Thereafter, stem bases were recut under water to 
avoid air embolism before treatments, and flowers were adjusted to the same size (stem length of 65 
cm) and shape. Injury-free stems were selected for the experiment.  
 
Experimental design and treatments: 
 

The flowers were subjected to 10 treatments of holding solutions with 3 replications, arranged 
in a completely randomized design. Stems were inserted in glass bottles (500 ml) containing 400 ml 
of one of the following holding solutions at different levels:  
1- Distilled water (control). 
2- Copper sulfate at 50mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l (T1). 
3- Copper sulfate at 150mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l (T2). 
4- Copper sulfate at 250mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l (T3). 
5- Cobalt chloride at 150mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l (T4). 
6- Cobalt chloride at 300mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l (T5). 
7- Cobalt chloride at 450mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l (T6). 
8- Aluminum sulfate at 100mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l (T7). 
9- Aluminum sulfate at 250mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l (T8). 
10- Aluminum sulfate at 400mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l (T9). 
After that, each bottle was covered at its mouth with cellophane wrap to prevent evaporation. 
 
Experimental measurements: 
 
 Longevity:  Time from the start of treatment until the senescence of flowers (days). 
 Water loss: Cumulative water loss was recorded for the entire period of vase life of the flower stalk 

(g/flower). 
 Water uptake: Cumulative water uptake was recorded for the entire period of vase life of the 

flower stalk (g/flower). 
 Relative fresh weight: The fresh weight of cut flowers was recorded daily in 1, 3, ..etc. during the 

experiment. Relative fresh weight of stems was calculated using the following formula : 
 
 RFW (%) =   Fresh weight of stem in mentioned day     ×100 (He et al., 2006). 
                          Fresh weight of stem in zero day 
 
 Dry matter: At the end of flower vase life, fresh weight of flower of each treatment was calculated and 

then dried to a constant weight in an oven for 24 hr at 72°C. Dry matter percentage of cut flowers was 
calculated by the following equation: DM (%) = dry weight/fresh weight × 100 (Hashemabadi et al., 
2015). 

 Flower head diameter. 
 Chemical analyses: Chlorophyll a, chlorophyll b and carotenoids (mg/100g FW) were determined 

in fresh leaf samples at the end of longevity and measured according to Saric et al. (1967), total 
and reducing sugars (%) in flowers were determined colorimetrically according to Dubois et al. 
(1956).  Anthocyanin (%) in flowers was determined colorimetrically according to Husia et al. 
(1965).  

 
 Experimental conditions: 
 

Flower stalks were placed in ambient conditions at 21±1 ºC, light level was about 15 µmol m²־S¹־, 
partially from natural light and partially from fluorescent cool light 12h/day. 
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Statistical analysis: 
 

Data were tabulated and subjected to analysis of variance as a factorial experiment using 
MSTAT-C statistical software (1985). Means of treatments were compared by Duncan’s Multiple 
Range Test at 5% level as indicated by Waller and Duncan (1969). 
 
Results and Discussion 

 
Longevity:- 
 
           Results showed significant differences between all chemical holding solutions and control 
(distilled water) from the vase life point of view as documented in Table (1) in both seasons. The 
interaction between preservative solution and cultivars showed that holding chrysanthemum cut 
flowers in the solution containing 150 mg/l copper sulfate plus 20 g/l sucrose and citric acid at 0.2 g/l 
significantly increased their longevity (34.89-33.78 days) and delayed flower senescence compared to 
flowers held in other treatments or in distilled water (18.78-18.33days).  

Cu2+ at 0.25 mM delayed wilting and inhibited growth of bacteria in the vase solution in addition 
to effects on physiological stem plugging. It was observed that Cu2+ inhibited enzymes involved in 
plant induced occlusion in chrysanthemum (Van Doorn and Vaslier, 2002) and Bouvardia (Vaslier 
and Van Doorn, 2003). Different preservatives were used for improving postharvest physiochemical 
parameters of Eustoma grandiflorum such as cobalt chloride, copper sulfate and citric acid (Hojjati et 
al., 2007). Shahreki et al. (2015) stated that the effect of copper sulfate on life of rose flower was 
significant. Treatment with cobalt chloride at 300 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l 
have the same positive impact on increasing the period of longevity as supported by Mohammadi et 
al.,(2012) who found that cobalt chloride had the highest effect on prolonging  vase life of  Polianthes 
tuberosa. Similarly, Kazemi et al. (2012) indicated that, cobalt extended longevity in cut carnation. In 
the same line, Tiwari and Singh (2002) found that CoSO4 or 8-HQC extended flower longevity of cut 
rose. 
Table 1: Effect of holding solution treatments on longevity (days) of three cultivars of chrysanthemum during 

the vase life period of 2014 and 2015 seasons. 
Treatments 
                          cultivars 

1st Season 2nd Season 
Pink Loly 

Pop 
Arctic 
Queen 

Marabou Mean 
Pink Loly 

Pop 
Arctic 
Queen 

Marabou Mean 

Control 24.00mn 20.00o 12.33q 18.78G 23.00l-n 20.00o 12.00q 18.33G 

T1 36.00cd 43.00a 12.33q 30.44 CD 35.00de 42.00ab 17.33p 31.44B 

T2 38.00bc 44.33a 22.33no 34.89A 36.00cd 43.67a 21.67no 33.78A 

T3 45.00a 29.00ij 21.00o 31.67BC 43.00ab 28.33ij 20.33o 30.56B 

T4 33.00e-g 27.33j-l 22.33no 27.56E 32.00f-h 28.00ij 22.00m-o 27.33D 

T5 43.00a 29.00ij 25.00lm 32.33 B 41.00b 27.67ij 24.33lm 31.00B 

T6 40.00b 28.00jk 22.00no 30.00D 38.00c 27.00jk 21.67no 28.89C 

T7 26.00k-m 35.00de 14.00pq 25.00F 25.00kl 34.00d-f 13.00q 24.00F 

T8 32.00f-h 31.00g-i 15.00p 26.00F 30.00hi 31.00gh 14.33q 25.1EF 

T9 34.00d-f 30.00h-j 15.00p 26.33EF 33.00e-g 29.67hi 14.00q 25.56E 

Mean 35.10A 31.67B 18.13C  33.60A 31.13B 18.97C  

Means followed by the same letter/s in a column or raw do not differ significantly according to Duncan's New Multiple Range test at P = 
0.05 

control = Distilled water T5 = CoCl2      at 300 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l 
T1 = CuSO4 at   50 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l  T6 = CoCl2      at 450 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l 
T2 = CuSO4 at 150 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l T7 = Al2(SO4)3 at 100 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l 
T3 = CuSO4 at 250 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l T8 = Al2(SO4) 3 at 250 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l  
T4 = CoCl2  at 150 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l T9 = Al2(SO4) 3 at 400 mg/l plus sucrose at 20g/l and citric acid at 0.2g/l 

 
           Accordingly, the senescence rate of cut flowers is defined by the reserves of carbohydrates and 
sugar content which allow the stem to remain without symptoms. The theory of adding sucrose and 
biocides for vase solution to prolong the shelf life period of cut flowers cleared that exogenous 
sucrose replaces the depleted endogenous carbohydrate used during postharvest life of flowers 
(Bharathi and Barman, 2015). The role of sugars in prolonging the vase life of cut flowers is reviewed 
by Nair et al. (2000) who reported that lower percentage of sucrose was more effective than higher 
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percentage of sucrose in lengthening the vase life of cut gerbera flowers. Meng and Meng (2001) 
reported that sugars supply energy to cut flowers and give them a longer vase life. However, if too 
much sugar is added, necrotic spots on leaves and black necks develop and quality of flowers 
decreases.  

Citric acid as a natural, cheap, safe and biodegradable compound can be suitable alternative for 
chemical treatments in order to prolong vase life. Citric acid is a source of both carbon and energy for 
cells and is used in the respiratory cycle and some other biochemical pathways (Da Silva, 2003; 
Darandeh and Hadavi, 2012). So, it can influence the vase life of cut flowers in reducing bacterial 
population in vase solution and increasing water conductance in xylem of cut flowers (Van Doorn, 
1997). Citric acid lowers the pH of cell sap and prevents the blockage of xylem vessels, thereby 
improving water uptake and extending longevity. It promotes floral opening and maintains 
postharvest quality of cut tuberose spikes (Jowkar and Salehi, 2006).  

Based on the data in Table (1), aluminum sulfate impact on prolonging the survival of 
chrysanthemum cut flowers was significant. The best treatment in this concern was aluminum sulfate 
at 400 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l (26.33-25.56 days). This increase is due to 
the influence of mineral salts such as Al2(SO4)2 on the physiological and biochemical changes of cut 
flowers in relation to extension of vase life. It could be attributed to their effective role in increasing 
the permeability of the cell membrane and keeping the peroxidative changes at a minimum rate 
(Bhaskar et al., 2003).  Kiamohammdi (2011) studied the effect of antimicrobial compounds on the 
vase life of Eustoma grandiflorum and reported that the 160 mg l-1 of aluminum sulfate caused the 
most vase life extension in comparison to the control. This is in agreement with our result.  

Farhat et al. (2014) reported that sucrose in combination with aluminum sulfate is better for 
improving vase life in rose. Hajizadeh et al. (2012) showed that aluminum sulfate treatments had the 
most important role in extending longevity as well as water uptake in Rosa hybrid cv. Black Magic. 
Also, aluminum sulfate extended vase life and improved water relation and postharvest quality of cut 
rose flowers through the antimicrobial effect (Rezvanypour and Osfoori, 2011). 
            In regard to the responsiveness of the varieties under study, it was clear that copper sulfate at 
250 mg/l with 20g/l sucrose + citric acid at 0.2 g/l were the most effective for enhancing vase life of 
Pink Loly Pop cultivar (45-43 days), although copper sulfate at 150 mg/l concentration was better for 
Arctic Queen cultivar (44.33-43.67days), whilst treating Marabou cultivar with copper chloride at 
50mg/l prolonged longevity of cut flowers (25-24.33 days) and had a high  significant  deference 
compared to the control (18.78-18.33days) in the two seasons  

Emongor (2004) reported that genetics has a critical role in vase life as found in the present study 
which reveals that cultivars of Chrysanthemum morifolium cut flowers (Arctic Queen, Marabou and 
Pink Loly Pop) have different vase lives. They also show different reactions to chemical treatments, 
with the superiority to Pink Loly Pop which gave the maximum shelf life period compared to other 
cultivars, with significant differences (35.1-33.6 days) in both seasons. Similar findings were reported 
by Ferrante et al. (2007) who mentioned that cultivars of gerbera showed that vase life varied among 
cultivars between long and short vase life. 
 

Water loss :- 
 
            It is evident from the data presented in Table (2) that all treatments showed decreased loss of 
water level compared to control, with significant differences among almost all of the studied 
treatments and the control. The lowest level of water loss was observed in T5 followed by T4. The 
highest level of water loss was found in the control treatment in both seasons. It seems that cobalt 
influence on cut chrysanthemum occurred by inhibiting ethylene producing enzymes.  
               From data averaged in Table (2), chrysanthemum flower stems held in aluminum solutions either 
at 100, 250 or 400 mg/l had significantly lower levels of water loss compared to the control during the two 
seasons. This finding was demonstrated by Bhaskar et al. (1999) who postulated that mineral salts 
(aluminum) exerted a dual effect in delaying the senescence of cut tuberose by increasing the water 
uptake and reducing the water loss, thereby increased lifespan. This was also as confirmed by Qadri et 
al. (2001) on cut Iris spikes who declared that water loss was highest in control and lowest in cut 
spikes treated with aluminum sulfate in combination with sucrose. 
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Arctic Queen cultivar is the best one in comparison to the other two cultivars which were affected by 
the loss of water; it was higher and gave a maximum value in this concern. 

 By observing the interaction between the two factors, i.e. preservative solution and cultivars, T3 
succeed in reducing rates of water loss in the two cultivars, namely Marabou and Pink Loly Pop in 
both seasons. This may be attributed to sugars and their effect on water relations and maintain 
respiration (Van Doorn, 2004). 

 
Table 2: Effect of holding solution treatments on water loss (g/flower) of three cultivars of chrysanthemum  
during the vase life period of 2014 and 2015 seasons. 
Treatments 
                          cultivars 

1st Season 2nd Season 
Pink Loly 

Pop 
Arctic 
Queen 

Marabou Mean 
Pink Loly 

Pop 
Arctic 
Queen 

Marabou Mean 

Control 123.3fg 237.0a 144.4de 168.2A 120.7h 233.9a 144.0de 166.2A 

T1 107.6hi 229.9a 151.8d 163.1AB 101.5j 227.5a 148.9d 159.3B 

T2 110.3hi 212.0b 151.0d 157.8BC 106.5ij 210.1b 147.4de 154.7BC 

T3 89.82j 226.4a 97.41ij 137.9E 86.63k 223.8a 96.08jk 135.5E 

T4 105.3i 175.1c 131.6e-g 137.3E 101.3j 171.6c 128.8f-h 133.9E 

T5 103.8i 172.6c 100.5ij 125.6F 98.53j 168.9c 99.61j 122.34F 

T6 141.5de 168.8c 141.3de 150.5D 135.5e-g 165.3c 139.9d-f 146.9D 

T7 153.0d 202.2b 125.7fg 160.3B 147.5de 199.7b 124.1gh 157.1B 

T8 118.7gh 210.7b 124.9fg 151.4CD 117.5hi 208.6b 122.8h 149.6CD 

T9 132.1ef 201.3b 151.8d 161.7AB 128.3f-h 198.9b 148.9d 158.7B 

Mean 118.5C 203.6A 132.0B   114.4C 200.8A 130.0B   

Means followed by the same letter/s in a column or raw do not differ significantly according to Duncan's New Multiple Range test at P = 
0.05 

control = Distilled water T5 = CoCl2       at 300 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l 
T1 = CuSO4 at   50 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l  T6 = CoCl2       at 450 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l 
T2 = CuSO4 at 150 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l T7 = Al2(SO4)3 at 100 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l 
T3 = CuSO4 at 250 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l T8 = Al2(SO4) 3 at 250 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l  
T4 = CoCl2  at 150 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l T9 = Al2(SO4) 3 at 400 mg/l plus sucrose at 20g/l and citric acid at 0.2g/l 

 
Water uptake:- 
 
           The highest rate of solution uptake was observed by using copper sulfate at 50 mg/l plus 
sucrose at 20 g/l and citric acid at 0.2 g/l (T1). This rate was significantly different from the control. 
In the second rank was the application of copper sulfate at 150 mg/l plus sucrose at 20 g/l and citric 
acid at 0.2 g/l (T2) which resulted in a great amount of water absorption, and had positive influence 
on the three cultivars of chrysanthemum (Table 3). However, Arctic Queen was more affected by 
transactions, while the least responsive was Pink Loly Pop cultivar. 
Keeping flower stems in solution of cobalt at the high concentration (cobalt chloride at 450 mg/l plus 
sucrose at 20g/l and citric acid at 0.2 g/l) raise the ability of absorbing in Pink Loly Pop cultivar 
(110.10-107.4 g/flower) in both seasons. These results are in agreement with those of previous 
workers when they mentioned that the blockage of xylem vessels led to water stress and that is 
expressed in the form of early flowers wilting (Put and Clerkx, 2001). Kazemi et al. (2012) showed 
that cobalt treatment increased water absorption of Dianthus caryophyllus. The higher water uptake in 
combined treatments of sucrose plus other biocides may be attributed to their additive role by clearing 
the path of water movement through inhibiting the vascular blockage (Khan et al., 2007). 

This increase in water uptake was comparable to treating cut flowers with aluminum sulfate at 100 
mg/l plus sucrose at 20 g/l and citric acid at 0.2 g/l (T7) as it gave an almost similar amount of 
absorption (109.6 -107.4 g/flower). This proves the role of aluminum sulfate and citric acid as 
germicides, as they inhibit the vascular blockage caused by various micro organisms, which led to 
improved absorption. Similar results have also been reported by Karki et al. (2004) who stated that 
the germicidal action of aluminum sulfate in the holding solution was achieved by retarding bacterial 
growth and preventing vascular blockage. Aluminum sulfate is an influential agent promoting up-
taking in cut stems and enhanced it by acting as an antimicrobial agent (Kiyoshi et al., 1999). 
Chikkasubbanna and Yogitha (2002) reported that there was an improvement in water uptake by 
addition of Al2 (SO4)3 in the vase solution.  Cut rose flowers treated with Al2 (SO4)3 had better vase 
life. 
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Regarding cut flowers of Arctic Queen, copper sulfate at 50 mg/l plus sucrose at 20g/l and citric 
acid at 0.2 g/l (T1) produced a beneficial effect and a significant increase (235-231.3 g/flower) in the 
two seasons in amount of absorbing vase solution, which was attributed to the positive role of copper 
in reducing microorganisms in vase solution, leading to enhancing quantity of absorption. Rogers 
(1973) showed that mineral salts such as aluminum, copper and cobalt were shown to extend the 
longevity of roses, carnations, gladioli, gerbera and other flowers by inhibiting the microbial growth. 
 
Table 3:  Effect of holding solution treatments on water uptake (g/flower) of three cultivars of chrysanthemum  

during the vase life period of 2014 and 2015 seasons. 
Treatments 

                          
Cultivars 

1st Season 2nd Season 
Pink Loly 

Pop 
Arctic 
Queen 

Marabou Mean 
Pink Loly 

Pop 
Arctic 
Queen 

Marabou Mean 

Control 84.03k-m 196.70c 125.60h 135.4CD 84.03lm 193.00c 123.70ij 133.58C 

T1 86.35j-l 235.0a 131.10h 150.82A 85.09lm 231.30a 129.50hi 148.60A 

T2 91.99jk 187.90cd 148.40fg 142.76B 89.94l 183.30cd 146.80fg 140.01B 

T3 67.23n 191.0c 95.37j 117.86E 64.62o 129.9hi 93.76l 96.080F 

T4 77.99lm 165.40e 128.20h 123.86E 75.27mn 161.50e 126.60i 121.10D 

T5 79.45lm 154.70f 94.76jk 109.64F 76.64mn 151.10f 93.33l 107.02E 

T6 110.10i 145.70fg 115.40i 123.73E 107.40k 143.50fg 113.80jk 121.51D 

T7 109.60i 177.50d 111.20i 132.77D 106.60k 175.30d 110.20k 130.70C 

T8 73.94mn 224.30b 113.00i 137.1B-D 71.54no 220.10b 111.90k 134.50BC 

T9 96.99j 180.30d 143.30g 140.20BC 93.62l 175.90d 139.60gh 136.37BC 

Mean 87.77C 185.85A 120.63B  85.48C 176.5A 118.9B  

Means followed by the same letter/s in a column or raw do not differ significantly according to Duncan's New Multiple Range test at P = 
0.05 

control = Distilled water T5 = CoCl2       at 300 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l 
T1 = CuSO4 at   50 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l  T6 = CoCl2       at 450 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l 
T2 = CuSO4 at 150 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l T7 = Al2(SO4)3 at 100 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l 
T3 = CuSO4 at 250 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l T8 = Al2(SO4) 3 at 250 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l  
T4 = CoCl2  at 150 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l T9 = Al2(SO4) 3 at 400 mg/l plus sucrose at 20g/l and citric acid at 0.2g/l 

 
Relative fresh weight:- 
 

The fresh weight of the flower is very important as it forms the basis for its improved shelf life. 
From the obtained data in Table (4) it can be concluded that the relative fresh weight was affected by 
all preservative solutions, including all concentrations of metal salts. While the control cut flowers 
had the significantly lowest relative fresh weight, the highest levels were obtained by applying copper 
sulfate at 150 mg/l plus sucrose at 20 g/l and citric acid at 0.2 g/l (T2). This effect was due to copper 
combined with sucrose and the germicide effect of citric acid, due to acidification of the solution. All 
this led to improvement in water balance, and reduction in stem plugging thereby the fresh weight of 
cut chrysanthemum increased. As for the interaction, data presented in Table (4) indicated that (T2) 
enhanced relative fresh weight of cut flowers in Pink Loly Pop and Marabou with the highest 
significant values compared to the control in both seasons. 

Substance that had obvious impact is aluminum, especially at the highest concentration (400mg/l 
plus sucrose at 20g/l and citric acid at 0.2 g/l (T9). As for the interaction treatments, (T9) improved 
some parameters including relative fresh weight and recorded a significant increase in fresh weight of 
the third cultivar (Arctic Queen). It appeared that aluminum sulfate in the vase solution led to 
decrease the aperture size of stomata which resulted in a decrease in the transpirational loss of water, 
thereby more retention of water in the floral tissue, thus contributing to an increase in fresh weight. 
Similar findings were reported by Amiri et al. (2009) and Madhavi (2007).    

Relative fresh weight had significant differences among the three cultivars. They are gradually 
arranged in an ascending order from Arctic Queen (20.56-19.14%), Pink Loly Pop (23.82-22.13 %) to 
the highest one Marabou (25.10-23.54 %), in response to the effectiveness of treatments on their relative 
fresh weigh in the two seasons. The variation in fresh weight might be due to the difference in 
solution uptake, transpirational losses and water balance in the cut flower between cultivars, 
according to genetic variations. 
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Table 4: Effect of holding solution treatments on relative fresh weight (%) of three cultivars of chrysanthemum  
during the vase life period of 2014 and 2015 seasons. 

Treatments 
                          Cultivars 

1st Season 2nd Season 
Pink Loly 

Pop 
Arctic 
Queen 

Marabou Mean 
Pink Loly 

Pop 
Arctic 
Queen 

Marabou Mean 

Control 14.10p 10.19q 18.02mn 14.11F 13.25k 9.57l 17.24i 13.35F 

T1 29.52bc 23.34f-j 29.88bc 27.58B 28.77bc 23.11e-g 28.88bc 26.92A 

T2 34.61a 21.75i-l 31.47b 29.28A 32.90a 20.56gh 30.29b 27.92A 

T3 28.74cd 16.95no 28.41c-e 24.70C 27.55cd 16.77ij 27.44cd 23.92B 

T4 24.80f-h 21.84i-l 30.53bc 25.72C 21.00f-h 21.00f-h 29.21bc 23.74B 

T5 26.11d-f 22.33h-l 28.75cd 25.73C 23.53ef 21.45f-h 27.76bc 24.25B 

T6 26.07d-f 20.39k-m 15.50n-p 20.65D 21.97fg 13.57k 14.82jk 16.79D 

T7 15.07op 20.81j-l 19.89lm 18.59E 14.06k 19.15hi 13.12k 15.44E 

T8 15.26op 22.17h-l 22.95g-k 20.13D 14.71jk 21.04f-h 21.67f-h 19.14C 

T9 23.95f-i 25.78ef 25.57fg 25.10C 23.59ef 25.20de 25.01e 24.60B 

Mean 23.82B 20.56C 25.10A   22.13B 19.14C 23.54A   

Means followed by the same letter/s in a column or raw do not differ significantly according to Duncan's New Multiple Range test at P = 
0.05 

control = Distilled water T5 = CoCl2       at 300 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l 
T1 = CuSO4 at   50 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l  T6 = CoCl2       at 450 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l 
T2 = CuSO4 at 150 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l T7 = Al2(SO4)3 at 100 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l 
T3 = CuSO4 at 250 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l T8 = Al2(SO4) 3 at 250 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l  
T4 = CoCl2  at 150 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l T9 = Al2(SO4) 3 at 400 mg/l plus sucrose at 20g/l and citric acid at 0.2g/l 

 
Dry matter :  
 

It is clear from data presented in Table (5) that all treatments with different concentrations 
promoted dry matter percentage, aluminum sulfate at 100 mg/l plus sucrose at 20 g/l and citric acid at 
0.2 g/l (T7) caused an increase in dry matter of cut flowers.   

 
Table 5: Effect of holding solution treatments on dry matter (%) of three cultivars of chrysanthemum  during the vase 

life period of 2014 and 2015 seasons. 

Treatments 
                          cultivars 

1st Season 2nd Season 
Pink Loly 

Pop 
Arctic 
Queen 

Marabou Mean 
Pink Loly 

Pop 
Arctic 
Queen 

Marabou Mean 

Control 10.74hi 8.50j-m 7.55lm 8.93E 9.70gh 7.48i-l 6.80j-l 8.00D 

T1 15.96c-e 9.15i-l 8.66j-m 11.26D 14.97b-d 8.33h-k 7.50i-l 10.27C 

T2 18.08b 8.82i-m 13.91fg 13.60A 16.67b 8.10h-k 12.61ef 12.46A 

T3 15.13ef 7.51lm 10.54h-j 11.06D 13.47de 6.51kl 9.31hi 9.76C 

T4 17.18b-d 9.90i-k 8.62j-m 11.90CD 16.13bc 9.16hi 7.05j-l 10.78BC  

T5 18.06b 9.09i-l 12.17gh 13.11AB 16.63b 8.14h-k 11.23fg 12.00A 

T6 15.47d-f 9.47i-l 12.29gh 12.41BC 14.65cd 8.80h-j 11.35fg 11.60AB 

T7 18.14b 8.29k-m 14.97ef 13.80A 16.81b 7.11j-l 13.77de 12.56A 

T8 20.97a 7.41lm 8.99i-m 12.46BC 19.71a 6.52kl 8.21h-k 11.48AB 

T9 17.47bc 7.00m 9.82i-k 11.43CD 16.16bc 5.87l 8.57h-j 10.20C 

Mean 16.72A 8.61C 10.75B   15.49A 7.60C 9.63B   

Means followed by the same letter/s in a column or raw do not differ significantly according to Duncan's New Multiple Range test at P = 
0.05 

control = Distilled water T5 = CoCl2       at 300 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l 
T1 = CuSO4 at   50 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l  T6 = CoCl2       at 450 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l 
T2 = CuSO4 at 150 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l T7 = Al2(SO4)3 at 100 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l 
T3 = CuSO4 at 250 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l T8 = Al2(SO4) 3 at 250 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l  
T4 = CoCl2  at 150 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l T9 = Al2(SO4) 3 at 400 mg/l plus sucrose at 20g/l and citric acid at 0.2g/l 

 
Similar scores were recorded by flower stems kept in solution of copper sulfate at 150 mg/l plus 
sucrose at 20 g/l and citric acid at 0.2 g/l (T2), as the increase in dry matter occurred by highly 
significant difference compared to control, during the two seasons. Cultivar Pink Loly Pop was 
superior to other cultivars in this trait. This increase may be attributed to sucrose in the combination 
of the treatment. It seems that longevity is positively correlated with dry matter percentage of cut 
flowers. In this concern, Shahri et al. (2010) stated that sucrose improves dry mass of cut spikes of 
Aquilegia vulgaris and Consolida ajacis. 
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Regarding the effect of the interaction of holding solutions and cultivars on dry matter, data 
presented in Table (5) cleared that treatment with aluminum sulfate at 250 mg/l (T8) was the best as it 
gave the maximum values of dry matter percentage in cultivar Pink Loly Pop (20.97-19.71% in two 
seasons) compared to the control (10.74-9.7% in the two seasons). Cut flowers of Marabou cultivar 
gave high values under the treatment with  aluminum sulfate at 250 mg/l (T8) (14.96-13.77%) 
compared to the control (7.55-6.8 %), while the treatment with cobalt chloride at 150 mg/l (T4) was 
the best one for Arctic Queen cultivar, where dry matter percentage improved (9.9-8.5% in first 
season  and  9.16-7.48% in second season). 

 
Flower head diameter :- 
 

The maximum flower head diameter was recorded for flowers treated with aluminum sulfate at 
250 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l (T8) and aluminum sulfate at 400mg/l plus 
sucrose at 20g/l and citric acid at 0.2 g/l (T9) preservative solutions as it gave 8.1-7.97 and 7.98-7.85 
cm, in comparison with the control 6.79-6.59 cm respectively during the two seasons.  

Among all the chemical treatments tried, the maximum final flower diameter and maximum vase 
life was observed with flowers kept in vase solution containing Al2SO4 (Table 6). Results of the 
present experiment were in line with findings of Qadri et al. (2001) as water balance, fresh weight 
gain and floret size were maximum with cobalt chloride or aluminum sulfate in combination with 
sucrose. In harmony to the present results, Ichimura et al. (2002) showed that an increase in flower 
diameter was observed when 20 g of sucrose L-1 + 200 mg of HQS l-1 were used in the pulsing 
solution. 

 
Table 6: Effect of holding solution treatments on flower head diameter (cm) of three cultivars of 

chrysanthemum  during the vase life period of 2014 and 2015 seasons. 
Treatments 
                               
                            Cultivars 

1st Season 2nd Season 

Pink Loly 
Pop 

Arctic 
Queen 

Marabou Mean 
Pink 
Loly 
Pop 

Arctic 
Queen 

Marabou Mean 

Control 3.83m 9.70e 6.85h 6.79D 3.77n 9.26e 6.75i 6.59C 

T1 5.00kl 10.60b-d 7.70fg 7.77BC 5.00lm 10.48b-d 7.61fg 7.70AB 

T2 5.33j-l 10.65b-d 7.40f-h 7.79A-C 5.27k-m 10.49b-d 7.22f-i 7.66B 

T3 5.67ij 10.40cd 7.10gh 7.72BC 5.63jk 10.26b-d 6.91hi 7.60B 

T4 5.00kl 10.75bc 7.45f-h 7.73BC 5.00lm 10.58bc 7.28f-i 7.62B 

T5 5.17j-l 10.90a-c 7.20f-h 7.76BC 5.13k-m 10.62ab 7.07g-i 7.61B 

T6 5.50i-k 10.15de 7.30f-h 7.65BC 5.47kl 10.00d 7.16f-i 7.54B 

T7 5.20j-l 10.15de 7.50fg 7.62C 5.17k-m 10.06cd 7.36f-h 7.53B 

T8 6.00i 11.00ab 7.30f-h 8.10A 6.03j 10.73ab 7.14f-i 7.97A 

T9 4.83l 11.35a 7.75f 7.98AB 4.80m 11.11a 7.63f 7.85AB 

Mean 5.15C 10.56A 7.36B  5.13C 10.36A 7.21B  

Means followed by the same letter/s in a column or raw do not differ significantly according to Duncan's New Multiple Range test at P = 
0.05 

control = Distilled water T5 = CoCl2       at 300 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l 
T1 = CuSO4 at   50 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l  T6 = CoCl2       at 450 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l 
T2 = CuSO4 at 150 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l T7 = Al2(SO4)3 at 100 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l 
T3 = CuSO4 at 250 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l T8 = Al2(SO4) 3 at 250 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l  
T4 = CoCl2  at 150 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l T9 = Al2(SO4) 3 at 400 mg/l plus sucrose at 20g/l and citric acid at 0.2g/l 

 
In view of the responsiveness of varieties, it could be stated that the cultivar Arctic Queen is the 

most responsive to the different transactions in this study, as it gave the widest diameter. On the other 
hand, the smallest diameter of flower head belonged to Pink Loly Pop, indicating that flower diameter 
could also vary due to the variation in genetic makeup. In confirmation of the current experiment, 
Ichimura et al. (2005) found that an increase in flower head diameter was observed in rose cultivars 
‘Sonia’ and ‘Delilah’ than other cultivars with identical treatments. Tiwari and Singh (2002) indicated 
that aluminum sulfate plus sugar induced the widest enhancing flower diameter of cut ‘Super Star’ 
rose flowers. 

The interaction between preservative solutions and cultivars of cut chrysanthemum also achieved 
significant effects. The highest diameter was 6.0-11.35-7.75 cm and 6.03-11.11-7.63 cm respectively 
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in Pink Loly Pop, Arctic Queen and Marabou, and that occurred through keeping the cut flowers in 
solutions consisting of aluminum sulfate + sucrose + citric acid at different concentrations during the 
two seasons. This also agreed with Krishna et al. (2016) who reported that maximum final flower 
diameter and maximum vase life was observed with flowers kept in vase solution containing 
aluminum sulfate. 

 
 Chemical analysis:- 
 

The sugar content is another factor controlling vase life. From the recorded data in Table (7), it can 
be concluded that cut flowers kept in aluminum sulfate + sucrose + citric acid gave the maximum 
content in total soluble sugars for Arctic Queen and Marabou. Application of copper at 150 mg/l gave 
the highest content of sugars in cultivar Pink Loly Pop. These results confirms with the findings of 
Andrew et al. ( 2010) who reported that total soluble carbohydrates content increased and this could 
contribute to improve the energy pool (or resource) and/or increase the osmotic potential of flowers.  

 
Table 7: Effect of holding solution treatments on chlorophyll a, b and carotenoid (mg/100g f.w), total sugars, 

reducing sugars (%) and anthocyanins (%) of three cultivars of chrysanthemum during the vase life 
period of 2015 season. 

 Chl a Chl b Car. 
Treatment     
 

                                  
Cultivars 

Pink 
Loly 
Pop 

Arctic 
Queen 

Marabou 
Pink Loly 

Pop 
Arctic 
Queen 

Marabou 
Pink Loly 

Pop 
Arctic 
Queen 

Marabou 

C o n t r o l 0 . 41 0 0 . 7 1 0 0 . 6 9 5 0 . 2 6 5 0 . 2 2 4 0 . 4 5 6 0 . 2 7 4 0 . 5 2 5 0 . 5 3 5 
T1 1 . 25 0 0 . 7 5 5 0 . 7 5 6 0 . 5 2 9 0 . 4 2 8 0 . 4 2 7 0 . 3 1 4 0 . 5 1 1 0 . 4 9 2 
T2 0 . 60 6 0 . 7 5 6 0 . 5 6 7 0 . 5 5 6 0 . 4 0 9 0 . 4 9 7 0 . 3 1 0 0 . 5 6 6 0 . 3 7 0 
T3 0 . 98 4 0 . 8 2 0 0 . 5 3 0 0 . 3 2 2 0 . 3 8 7 0 . 4 9 1 0 . 3 3 2 0 . 6 8 3 0 . 3 4 0 
T4 1 . 66 0 0 . 9 2 7 0 . 8 9 4 1 . 1 6 0 0 . 5 2 5 0 . 3 0 4 0 . 3 4 5 0 . 4 7 8 0 . 5 8 3 
T5 1 . 49 0 0 . 9 7 2 0 . 9 8 2 0 . 5 3 8 0 . 3 8 0 0 . 7 0 4 0 . 4 5 7 0 . 5 7 2 0 . 5 7 7 
T6 1 . 56 0 1 . 6 8 0 1 . 6 1 0 0 . 6 3 7 0 . 5 3 8 0 . 8 4 4 0 . 4 8 6 0 . 4 5 6 0 . 5 1 1 
T7 0 . 74 2 0 . 8 3 2 1 . 2 1 0 0 . 3 2 8 0 . 4 1 9 0 . 6 2 1 0 . 2 6 1 0 . 4 6 0 0 . 5 3 6 
T8 1 . 47 0 1 . 0 7 0 0 . 8 6 6 0 . 5 7 9 0 . 5 4 7 0 . 4 7 5 0 . 4 7 8 0 . 5 5 1 0 . 6 4 1 
T9 1 . 76 2 1 . 1 6 0 0 . 8 1 0 1 . 2 5 7 0 . 5 0 7 0 . 3 5 6 0 . 2 4 9 0 . 5 8 1 0 . 4 7 2 

 
Table 7: Cont. 

 Total sugar Reducing Anthocyanins 
Treatment     
 

                                 
Cultivars 

Pink Loly 
Pop 

Arctic 
Queen 

Marabou 
Pink Loly 

Pop 
Arctic 
Queen 

Marabou 
Pink Loly 

Pop 
Arctic Queen 

Control 0 . 5 1 2 0 . 3 7 3 0 . 3 3 3 0 . 2 1 1 0 . 2 9 2 0 . 2 6 2 0 . 0 1 2 0 . 0 0 9 
T1 0 . 5 5 7 0 . 2 4 5 0 . 4 3 7 0 . 6 0 6 0 . 3 4 9 0 . 4 4 8 0 . 0 2 5 0 . 0 3 5 
T2 0 . 5 6 3 0 . 2 7 8 0 . 3 8 1 0 . 6 2 0 0 . 4 1 1 0 . 5 8 1 0 . 0 2 4 0 . 0 5 8 
T3 0 . 5 4 9 0 . 2 6 7 0 . 3 0 8 0 . 6 6 7 0 . 3 2 6 0 . 5 3 5 0 . 0 2 2 0 . 0 2 7 
T4 0 . 5 6 2 0 . 2 3 9 0 . 4 8 1 0 . 6 1 8 0 . 3 2 2 0 . 4 9 4 0 . 0 2 6 0 . 0 4 1 
T5 0 . 5 5 9 0 . 2 1 8 0 . 4 4 9 0 . 6 2 4 0 . 3 5 4 0 . 4 5 4 0 . 0 2 3 0 . 0 4 8 
T6 0 . 5 5 3 0 . 2 7 2 0 . 4 1 3 0 . 6 0 3 0 . 3 0 3 0 . 3 8 6 0 . 0 2 5 0 . 0 6 9 
T7 0 . 5 3 4 0 . 3 9 2 0 . 4 9 1 0 . 2 3 3 0 . 5 1 6 0 . 4 7 6 0 . 0 2 9 0 . 0 4 3 
T8 0 . 5 2 4 0 . 3 0 1 0 . 4 3 4 0 . 4 7 4 0 . 3 3 7 0 . 4 6 5 0 . 0 2 2 0 . 0 9 9 
T9 0 . 5 5 6 0 . 3 1 5 0 . 4 6 6 0 . 6 1 5 0 . 5 8 5 0 . 4 7 2 0 . 0 2 0 0 . 0 2 6 

 
control = Distilled water T5 = CoCl2       at 300 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l 
T1 = CuSO4 at   50 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l  T6 = CoCl2       at 450 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l 
T2 = CuSO4 at 150 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l T7 = Al2(SO4)3 at 100 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l 
T3 = CuSO4 at 250 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l T8 = Al2(SO4) 3 at 250 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l  
T4 = CoCl2  at 150 mg/l plus sucrose at 20g/l and citric acid at 0.2 g/l T9 = Al2(SO4) 3 at 400 mg/l plus sucrose at 20g/l and citric acid at 0.2g/l 

 
Results in Table (7) show that almost all treatments affected anthocyanins content in cut flowers of 

chrysanthemum. This may be due to sucrose. Sucrose increased the anthocyanins concentration in 
petals as well as extended the vase life of Eustoma flowers. Sucrose may therefore be involved in the 
anthocyanins biosynthesis gene expression (Ichimura, 1998). 

Almost all treatments reduced the degradation of chlorophyll content in the cut flower. Application 
of aluminum sulfate was superior in this concern. This might be due to its role in lowering the pH of 
petals and stabilizing the anthocyanins. This finding is in harmony with that of Jowkar et al. (2013) 
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who indicated that treatment with aluminum sulfate increased leaf chlorophyll content in cut rose. 
Farahat et al. (2014) cleared that carotenoids content recorded the highest values by treatment with 
sucrose + aluminum sulfate in cut rose. 
 
Conclusion 
 

All measured factors were significantly improved by adding chemical metal salts which were 
(copper sulfate, cobalt chloride and aluminum sulfate) in addition to sucrose and citric acid, and 
distilled water as a control. The best treatment was copper sulfate at 150 mg/l plus sucrose at 20 g/l 
and citric acid at 0.2 g/l as it extended vase life of cut flowers, followed by application of cobalt 
chloride at 150 mg/l plus sucrose at 20 g/l and citric acid at 0.2 g/l. Treating with aluminum sulfate+ 
sucrose +citric acid was the most effective as gave the highest value of chlorophylls a, b and 
carotenoids. With regard to longevity, the cultivars of cut Chrysanthemum morifolium had disparity in 
responding to various concentrations of treatments, Marabou, Arctic Queen and Pink Loly Pop cultivar, in 
ascending order. 
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