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ABSTRACT  
 
 A labarotry trails were carried out to investigate the effect of some preservative solutions such as citric acid 
(100, 200 ppm) and aluminium sulphate (200 ppm) each alone or in combination with 4% sucrose, in addition to 
control  (distilled water) on water relations, i.e. water uptake, water loss and water balance and vase life or 
keeping quality of Schefflera arboricola foliage. Using solution of citric acid (100 or 200 ppm) or aluminum 
sulphate at 200ppm combined with sucrose 4%  significantly increased both water uptake and water loss during 
all shelf life periods (3rd, 6th, 9th and 12th), as compared to other treatments. Most of preservative solutions such 
as aluminum sulphate 200ppm alone or combined with sucrose or citric acid at 100 or 200 ppm increased the 
fresh weight  percentage up to 9th days as compared to distilled water. Using aluminum sulphate + cirtric acid 
100 or 200 ppm with sucrose significantly lowered weight loss of schefflera foliage and increased dry weight 
percentage and vase life (days) i.e . longevity of schefflera foliage to highest values and resulted in the highest 
chlorophyll a, b and total soluble sugars. 
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Introduction 
 
 Schefflera (Scheflera arboricola L.) belong to araliaceae family, is an evergreen shrub growing to 3-4 m. 
height, the leaflets 9-20 cm. long and 4-10 cm. broad. The flowers are produced in a 20cm. panicle of small 
umbels, each umbel 7-10 mm diameter with 5-10 flowers.  
 Nowadays, cut flowers and foliage occupy an important position in the local and foreign markets, because 
of its importance as a source of national income. There are suitable environmental conditions and produce 
flowers and foliage crops for local markets and for export. Cut foliage production has been increasing rapidly in 
recent years. Flower and foliage plant are some of the most colorful and attractive horticultural plants. Some are 
used to decorate the rooms while others are used to beautify the areas around our homes and public building.  
 Keeping quality is an important parameter for evaluation of cut flower quality for both domestic and export 
market. Addition of chemical preservatives to the holding solution is recommended to prolong the vase-life of 
cut flowers and foliage. Most floral preservatives contain carbohydrates, germicides, ethylene inhibitors, growth 
regulators and some mineral compounds (Nowak and Rudniciki, 1990).  
 The preservatives materials used as pulsing or holding solutions seemed to prolong longivity. In this study, 
some chemical preservatives i.e. citric acid or aluminum sulphate as abiocide alone on with sucrose were used to 
prolong vase life (Chen et al., 2004).  
 Sucrose was the kind of sugar mostly used in floral preservatives. Merwe et al. (1986) found that vase life, 
general appearance fresh mass, and medium uptake of the commercially mature gladiolus inflorescences were 
improved with sucrose treatment. Sucrose uptake from the vase solution replenished intercellular respirable 
carbohydrates, allowing a sustained high respiration rate and prolonged vase life. The increase of vase life due 
to sucrose may result from decreased moisture stress and improved water balance. (Gowda and Gowda, 1990).  
 Murali et al., (1991) showed that vase solutions containing sucrose 4% increased water uptake and 
transpirational loss, and increased fresh weight of spikes of gladiolus compared with control.  
 Halevy et al. (1978) found that citric acid was widly used to decrease the pH of water balance and reduce 
stem plugging, citric acid showed positive effect in increasing the longevity of cut flowers. Durkin (1981) 
noticed that acidification of water may increase vessel wall porosity, perhaps by breaking the calcium pectate 
bonds.  
 Aluminum sulphate has been reported to increase the vase life of gladiolus cut flowers (Baweja, 2003). The 
influence of mineral salts such as Al2(SO4)2 on the physiological and biochemical changes of cut rose (Rosa 
hybrida) in relation to extention of vase life, was attributed to their effective in increasing the permeability of 
the cell membrane and keeping the peroxidative changes at a minimum  rate (Bhaskar et al, 2003).  
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 Combinations of sucrose with Al2(SO4)2 300ppm, increased vase life and quality of gladiolus flowers over 
control (Anju et al. 2002).  
 So, the aim of this study was to investigate the effect of some chemical preservatives such as citric acid, 
aluminum sulphate and sucrose on keeping schefflera cut foliage for along period.  
 
Materials and Methods 
 
 The present study was conducted at laboratory of Ornamental Plants and Woody Trees Department, 
National Research Centerre during two consecutive and successive seasons 2010 and 2011. The cut mature 
foliage of schefflera plant were used, the harvested foliage were obtained from the Research and Production 
station of National Research Centre at Nubaria farm. Cut foliage putted in ice box cooler, then transported to the 
laboratory during one hour in the morning, precooled by placing it in ice cold water 15 minuts and recut the 
bases of the foliage under flow water that prevents air bubbles getting into the cut end. 
 The experimental design was a completely randomized with three replicates with ten foliage per treatment. 
The study was carried out on April to evaluate the effect of some holding solutions containing citric acid (C.A) 
or aluminum sulphate (Al2(SO4)2) either alone or combined with sucrose on quality and longevity of schefflera 
cut foliage.  
 The  details of the treatments/ chemical solutions used are given below:  
1- Control (distilled water).  
2- Sucrose (Suc.) 4%  
3- Citric acid 100 ppm.  
4- Citric acid 200ppm 
5- Al2 (SO4)2 200ppm  
6- Al2 (SO4)2 200ppm + sucrose 4%  
7- Citric acid 100 ppm + Sucrose 4%  
8- Citric acid 200 ppm + Sucrose 4%  
9- Al2(SO4)2 200ppm + Citric acid 100ppm + sucrose 4%  
10- Al2(SO4)2 200ppm + Citric acid 200 ppm + sucrose 4%.  
 The leaves were placed in glass bottles containing 250ml of chemical preservative solution with desired 
concentrations and kept in laboratory at room temperature (29  2°C) for 15 days.  
 
Data Recorded: 
  
1- Water Relation:  
 
1.1- Water Uptake: 
 
 The weight of absorbed preservative solutions (g) was recorded every three days i.e." 3,6, 9, 12 and 15 
days. 
  
1.2- Water loss: 
 
 (g/foliage) was measured as a difference between the weight of the jars with the foliage, every three days 
(3,6, 9, 12 and 15 days and the weight of the jars with foliage at the beginning of experiment  
 
1.3- Water Balance: 
 
 During the shelf life period   
 The rate of water balance =  the rate of water uptake - the rate of water loss.  
2- The changing in foliage fresh weight% was recorded just before the beginning of the treatment then every 
three days i.e. 3, 6, 9, 12 and 15 days.  
3- Foliage weight loss percentage at the end of life period.  
4- Foliage longevity: the vase life of foliage was determined when the colour changed.  
5- Dry weight percentage of foliage was determined by drying its in an electrical oven at 70°C for 72 hours, 
till a constant weight.  
6- Chemical analysis: the chemical analysis was determined in fresh leaves at the end of foliage longevity.  
6.1- Determination of total soluble sugars content in leaves were determined calorimetrically according to the 
method described by Dubios et al. (1956).   
6.2-  Photosynthetic pigments i.e. chlorophyll (a,b) and carotenids content were determined exactly 0.1 gm 
of fresh leaves of schefflera plant using the spectrophotometric method developments by Metzzner et al. (1965).  
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 The data collected were analysed statistically using LSD test for comparison among means according to 
method of steel and Torrie (1980).  
 
Results and Discussion  
 
Water Relation:  
 
- Water Uptake (G/Foliage): 
  
 Data presented in Table (1) indicated that preservative solutions of citric acid at 100 or 200 ppm or 
aluminum sulphate at 200 ppm supplemented with sucrose 4% significantly increased water uptake to 12th days 
as compared with control or distilled water, Durkin (1981) found that citric acid was most widly used to 
decrease the pH of water acidification, which may increase vessel wall porosity, perhaps by breaking the 
calcium pectate bonds of vessel walls and reduce stem plugging. Al2(SO4)2 (200 ppm) alone or combined with 
citric acid (100ppm) + suc. 4% or citric acid (200ppm) + suc. 4 % significantly increased water uptake up to 15 
days as compared to other solutions or untreated plants, Rekha et al. (2001) mentioned that these preservative 
solutions exerted a dual effect in delaying senescence of schefflera leaves by increasing water uptake and 
reducing water loss, thereby improving water balance. Sucrose helps in maintaining the water balance and 
turgidity. Hence, addition of sucrose to holding solution might have lead to increased uptake of holding solution 
(Rogers, 1973). 
  
-  Water  loss: 
  
 Data presented in Table (2) demonstrated that schefflera foliage treated with chemical preservative 
solutions of aluminum sulphate (200ppm) alone or combined with sucrose 4%, C.A (100 or 200 ppm) combined 
with Al2 (SO4)2 + sucrose 4% increased water loss as compared with all other treatments or distilled water in all 
shelf life periods (3rd, 6th, 9th , 12th and 15th days) and all treated preservative solutions increased water loss with 
increasing time of holding leaves in vase solutions. These results are in agreement with Murali et al. (1991) who 
found that vase solutions containing suc. 2% or 4% alone or with other preservative solutions, increased 
respiration loss in gladiolus spikes. 
  
- The Change In Water Balance Of Cut Foliage Of Schefflera During The Shelf Life Period: 
  
 Concerning the water balance in schefflera cut leaves during shelf life periods after holding in preservative 
solutions, data in Table (3) showed that cut foliage turgidity is the result of the balance between the level of 
water uptake and water loss, also gains in cut foliage fresh weight can occur when the rate of water uptake is 
greater than respiration. This also depends upon how the foliage able to be retain the absorbed water. Generally, 
these all results might confirm the obtained results which reveal that preservative solutions showed promotive 
effects on these characters. These results are in agreement with those obtained by Chen (1998) on roses after 
treatment with 6-BA, the water absorption capacity of cut flowers exerted a dual effect in delaying senescence 
of schefflera foliage  by increasing water uptake and reducing water loss, thereby improving water balance.  
 
- The Change Of Leaves Fresh Weight (%): 
  
 Data in Table (4) revealed that the fresh weight percentage of cut leaves of schefflera mostly increased up 
to 9th days when leaves were treated with chemical preservative solution of Al2(SO4)2 200 ppm alone or 
combined with sucrose 4% and C.A 200ppm + Al2 (SO4)2 200ppm + sucrose 4%, C.A 100 ppm + Al2 (SO4)2 
200ppm + Suc. 4%,, C.A. 200ppm + Suc. 4% compared to leaves placing in distilled water (control), these 
results were in agreement with those obtained by Ichimura et al. (1999) on Rosa hybrida c.v. "Sonia" and Taha 
and Soad (2010) on sterelitzia reginae who mentioned that preservative vase solutions recoded higher daily 
fresh weight which increased as percentage. The leaves weight expressed the leaves freshness, leaves longevity 
and leaves senescenc. Steinitz (1982) pointed out that addition of sucrose to the solution increased the 
mechanical rigidity of the stem by inducing cell wall thickening and lignifications of vascular tissues.  
 
Foliage Weight Loss%: 
  
 Data in Table (5) indicated that the maximum of cut foliage weight loss percentage was observed in control 
treatment (distilled water), C.A. 100ppm, C.A 200 ppm, C.A. 100ppm + Suc. 4% and suc. 4% (20.89, 18.79, 
16.81, 16.78 and 14.55% respectively. Normally the treatment resulting in weight loss percentage of foliage are 
considered good because these may results in longer vase life compared to other treatments. It is clear from the 
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data in Table (5) that adding sucrose 4% to preservative solutions contained citric acid or aluminum sulphate 
(200ppm) decreased foliage weight loss percentage. This may be attributed to the effect of sucrose in delaying 
senescence (Halevy and Mayok, 1979).  
 
Longevity And Dry Weight Percentage: 
  
 It is clear evident from the data presented in Table (5) that the maximum longevity of schefflera foliage 
(14.27 days) and the highest dry weight percentage (18.24%) were recorded by using Al2(SO4)2 200ppm + C.A. 
200ppm +Suc. 4% as compared with all tested preservative solutions or distilled water as control, followed by 
(13.27 days), (17.51%) and (13.27 days), (16.74%) was recorded respectively by using Al2 (SO4)2 200ppm + 
C.A 100 ppm + Suc. 4% and C.A 200 ppm + Suc. 4% respectively as compared with control (distilled water). 
These data were confirmed by those of Dias and Patil (2003) on rose cv. Arjun who indicated that the aluminum 
sulphate treatment showed longest vase life as compared with sucrose 3% and other preservative solutions. The 
influence of mineral salts such as Al2(SO4)2 on the physiological and biological changes of cut rose (Rosa 
hybrida) in relations to extention of vase life were assessed by Bhaskar et al. (2003), they indicated that 250ppm 
concentration of Al2(SO4)2 was effective in increasing the permeability of the cell membrane and keeping the 
peroxidative changes at a minimum. The lowered activities of physiological and biochemical changes increased 
the vase life compared with control.  
 Also the role of sugars in prolongation of the vase life of cut flowers is reviewed by Kaltaler and Steponkus 
(1976), Chung et al. (1997), they reported that the beneficial effect of sugars on the supply of substrates for 
respiration and therefore, on longer life of cut flowers is generally recognized in the delay of ethylene 
biosynthesis or decrease in sensitivity to ethylene in particular.  
 The increase of vase life due to sucrose may result from decreased moisture stress and improved water 
balance.  
 Concerning dry weight percentage, it is clear from data in table (5) that foliage longevity were positively 
correlated with dry weight percentage of foliage. Similar results were obtained by Taha and Soad (2010) on the 
bird of paraside, they demonstrated that the flower characters as dry weight of inflorescences, relative vase-life 
were greater in pulsed inflorescences than those in water only.  
 
Chemical Composition:  
 
Pigments Content And Total Soluble Sugars (Mg/100gm F.W):  
 
 Data in (Table 6) indicated that a maximum rate of content of chlorophyll a was being in foliage which 
treated with citric acid 200 ppm + sucrose 4%, which gave 857.92, however, the lower rate 207.81 was 
produced form citric acid at 200ppm alone than in all other treatments. The results indicated that using distilled 
water or combinations of citric acid 200pm + sucrose 4% and citric acid 100 pm + Al2 (SO)2 200ppm + sucrose 
4% increased chlorophyll b than in all other treatments. A minimum  rate of caroteniods was in leaves which 
treated with all treatments under study than control plants.  
 The results showed that the decrease in soluble sugars content in foliage of schefflera, which were treated 
with suc. 4%, C.A. 100 and 200 ppm, while other treatments of preservative solutions increased total soluble 
sugars such as C.A 100 ppm + sucrose 4%, C.A. 200ppm + sucrose 4%, C.A. 100 ppm + Al2(SO4)2 200ppm + 
suc. 4%, C.A 200ppm + Al2(SO4)2 200ppm + suc. 4%, Al2(SO4)2 200ppm + suc. 4% and Al2(SO4)2 200ppm 
(466.57, 421.94, 324.93, 249.94, 210.21 and 147.56, respectively).  
  
Table 1: Effect of preservative solutions on water uptake (g/foliage) of schefflera during shelf life periods (combined analysis of two 

seasons).  
Periods /Treatment 3 days 6 days 9 days 12 days 15 days 
Control (distilled water) 2.87 7.21 14.31 0.00 0.00 
Sucrose 4% 4.10 10.68 21.31 31.85 0.00 
C.A. 100 ppm  3.12 8.39 16.64 24.82 0.00 
C.A. 200ppm  4.30 11.45 22.94 34.85 0.00 
Al2 (SO4)2 200ppm  6.15 15.98 31.83 47.85 71.93 
Al2 (SO4)2 200ppm + Suc.4% 6.79 16.79 33.80 50.77 76.28 
C.A. 100 ppm + Suc. 4% 5.94 14.76 29.70 44.75 0.00 
C.A. 200 ppm + Suc. 4% 6.46 16.15 32.30 48.31 72.83 
C.A. 100 ppm + Al2 (SO4)2 200ppm + Suc. 4% 6.95 17.37 34.19 51.83 77.80 
C.A. 200 ppm + Al2 (SO4)2 200ppm + Suc. 4% 7.30 18.38 36.42 54.89 32.36 
L.S.D at 5% level  0.50 0.77 0.84 0.84 0.82 
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 Also the role of sugars in the prolonging the vase life days was illustrated by Kalter and Steponkus (1976), 
Chung et al. (1997), Ichimura, (2003). They reported that the beneficial effect of sugars on the supply of 
substances for respiration and therefore the longer life of cut flowers is generally recognized in the delay of 
ethylene biosynthesis or decrease in sensivity to ethylene in particular concerning dry weight percentage, it is 
clear from the data tabulated in Table (5) that leave longevity were positively correlated with dry weight 
percentage of leaves.  
 
Table 2: Effect of preservative solutions on water loss (g/foliage) of schefflera during shelf life periods (combined analysis of two seasons).  

Periods / Treatment  3 days 6 days 9 days 12 days 15 days 

Control  1.94 3.86 7.77 0.0 0.00 

Sucrose 4% 2.72 5.47 10.94 21.81 0.00 

C.A. 100 ppm  2.26 4.50 8.84 17.83 0.00 

C.A. 200ppm  3.11 6.64 12.64 25.34 0.00 

Al2 (SO4)2 200ppm  4.63 9.21 18.58 37.23 55.44 

Al2 (SO4)2 200ppm + sucrose 4% 4.48 8.94 17.87 35.78 52.57 

C.A. 100 ppm + Suc. 4% 3.58 7.80 15.75 31.53 0.00 

C.A. 200 ppm + Suc. 4% 4.73 9.48 18.90 37.74 56.77 

C.A. 100 ppm + Al2 (SO4)2 200ppm +  Suc. 4% 5.08 10.43 20.75 40.33 61.29 

C.A. 200 ppm + Al2 (SO4)2 200ppm + Suc. 4% 5.45 10.88 21.75 43.66 64.87 

L.S.D at 5% level  0.52 0.58 0.76 0.86 1.17 
 
Table 3: Effect of preservative solutions on water balance (gm/foliage) of schefflera, during shelf life periods (combined analysis of two 

seasons).  
Periods / Treatment  3 days 6 days 9 days 12 days 15 days 
Control  0.93 3.35 6.54 0.00 0.00 
Sucrose 4% 1.38 5.21 1.37 10.04 0.00 
C.A. 100 ppm  0.86 3.89 7.80 6.99 0.00 
C.A. 200ppm  1.19 4.81 10.30 9.51 0.00 
Al2 (SO4)2 200ppm  1.52 6.77 13.25 10.62 16.49 
Al2 (SO4)2 200ppm + sucrose 4% 2.31 7.85 15.93 4.99 23.7 
C.A. 100 ppm + Suc. 4% 2.36 6.96 13.95 13.22 0.00 
C.A. 200 ppm + Suc. 4% 1.73 6.67 13.40 10.57 16.06 
C.A. 100 ppm + Al2 (SO4)2 200ppm+  Suc. 4% 4.87 6.94 13.44 11.50 16.51 
C.A. 200 ppm + Al2 (SO4)2 200ppm + Suc. 4% 1.85 7.50 14.67 11.23 32.51 

 
Table 4: Effect of preservative solutions on changing of foliage schefflera fresh weight percentage during shelf life periods (combined 

analysis of two seasons).  
Treatment Fresh weight of leaves percentage % 

3 days 6 days 9 days 12 days 15 days 
Control  +4.65 +2.8 -20.65 - - 
Sucrose 4% +7.26 +11.09 -2.12 -14.46 - 
Citric acid  100 ppm  +6.31 +10.72 -2.31 -15.29 - 
Citric acid 200ppm  +7.65 +11.73 -2.73 -14.15 - 
Al2 (SO4)2 200ppm  +8.24 +13.25 +5.73 -11.25 -5.13 
Al2 (SO4)2 200ppm + sucrose 4% +8.62 +13.89 +6.80 -10.12 -4.16 
C.A. 100 ppm + Suc. 4% +8.52 +13.52 -2.43 -15.51 - 
C.A. 200 ppm + Suc. 4% +9.42 +14.42 +5.54 -6.62 -3.91 
C.A. 100 ppm + Al2 (SO4)2 200ppm+  Suc. 4% +9.92 +15.31 +5.84 -7.31 -4.65 
C.A. 200 ppm + Al2 (SO4)2 200ppm + Suc. 4% +10.31 +16.45 +6.65 -6.86 - 

 
Table 5: Effect of preservative solutions on weight loss, dry weight percentage and longevity of schefflera foliage (combined analysis of 

two seasons).  
Treatments % Longevity or vase life (days 

Weight loss Dry weight 
Control  20.89 11.19 8.27 
Sucrose 4% 16.81 14.94 11.27 
C.A. 100 ppm  18.79 13.40 10.60 
C.A. 200ppm  16.78 14.95 11.27 
Al2 (SO4)2 200ppm  13.98 16.45 12.27 
Al2 (SO4)2 200ppm + sucrose 4% 12.51 16.37 13.27 
C.A. 100 ppm + Suc. 4% 14.55 15.80 11.27 
C.A. 200 ppm + Suc. 4% 13.89 16.74 13.27 
C.A. 100 ppm + Al2 (SO4)2 200ppm+  Suc. 4% 12.08 17.51 13.27 
C.A. 200 ppm + Al2 (SO4)2 200ppm + Suc. 4% 10.82 18.24 14.27 
L.S.D at 5% levels  0.75 0.64 0.45 
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Table 6: Effect of preservative solutions on  pigment content and total soluble sugars in foliage of scheffera (mg/100gm f.w.) (combined 

analysis of two seasons).  
Treatments Ch 1.a Ch 1.b Carotenoids Total soluble sugars
Control  849.40 298.11 567.79 125.50 
Sucrose 4% 402.70 33.86 474.07 54.75 
C.A. 100 ppm  455.02 92.50 313.03 61.29 
C.A. 200ppm  207.81 57.73 237.42 80.94 
Al2 (SO4)2 200ppm  368.43 154.95 302.17 147.56 
Al2 (SO4)2 200ppm + sucrose 4% 421.51 166.87 351.86 210.21 
C.A. 100 ppm + Suc. 4% 393.13 137.97 336.78 466.57 
C.A. 200 ppm + Suc. 4% 857.92 277.87 151.29 421.94 
C.A. 100 ppm + Al2 (SO4)2 200ppm+  Suc. 4% 697.04 239.75 101.80 324.93 
C.A. 200 ppm + Al2 (SO4)2 200ppm + Suc. 4% 529.81 183.03 427.74 249.94 
L.S.D at 5% levels  1.77 1.68 1.79 1.85 
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