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ABSTRACT  
 

This experiment was carried out in two successive seasons (2013 and 2014) at the Post-
Harvest Lab. of Ornamental Plants and Landscape Gardening Research Dept., Hort. Res. Inst.; Giza, 
Egypt on Gerbera (Gerbera jamesonii cv. Rosalin) cut flowers to study the effect of some 
preservative solutions, viz. distilled water (control), silver nitrate (AgNO3) (20 mg/l), silver nitrate 
(AgNO3) (20 mg/l) + sucrose (suc)(4%), 8- Hydroxyqunoline citrate (8- HQC) (100 mg/l), 8-
hydroxyqunoline citrate (8- HQC) (100 mg/l) + sucrose (suc) (4%), sucrose (suc)(4%), 8-
hydroxyqunoline citrate (8- HQC) (200 mg/l), 8-hydroxyqunoline citrate (8- HQC) (200 mg/l) + 
sucrose (suc) (4%), calcium chloride (CaCl2) (1000 mg/l),  calcium chloride (CaCl2) (1000 mg/l) + 
sucrose (suc) (4%), silver nitrate (AgNO3) (20 mg/l) + sucrose (suc) (4%)+ 8-hydroxyqunoline citrate 
(8-HQC) (100 mg/l) + calcium chloride (CaCl2) (1000 mg/l), calcium chloride (CaCl2) (2000 mg/l), 
calcium chloride (CaCl2) (2000 mg/l) + sucrose (suc) (4%) and silver nitrate (AgNO3) (20 mg/l) + 
sucrose (suc) (4%)+ 8-hydroxyqunoline citrate (8-HQC) (200 mg/l) + calcium chloride (CaCl2) (2000 
mg/l); and different storage temperatures ( cold storage at 2°C for 7 days, under room temperature at 
(21 ± 1° C)  (unstored flowers), and their interaction to identify the best treatment to  increase vase 
life and other related characters . The obtained data exhibited that all preservative solutions caused a 
marked increment in the studied characters compared to that registered from distilled water (control). 
In this respect, treating cut flowers treated with AgNO3 (20 mg/l) increased vase life,  number of days 
taken for flower head drooping and water uptake, while decreased stem curvature and  improved 
anthocyanin content and  total carbohydrates in flower petals, followed by the combined treatment of 
AgNO3 (20 mg/l) plus sucrose (4%). Cut flowers stored under room temperature at (21± 1° C) gave 
the best results for studied characters compared to those stored at 2°C for 7 days.  The results of 
interaction showed that all holding solutions under room temperature at (21± 1° C) (unsorted flowers) 
had the highest effect on extending vase life, number of days taken for flower head drooping and 
water uptake, while decreased stem curvature and improved anthocyanin content and total 
carbohydrates in flower petals compared to those stored at 2°C for 7 days.  

 
Keywords: Gerbera cut flowers, silver nitrate, sucrose, 8-Hydroxyquinoline citrate, calcium chloride 

Introduction 
  

Cut flowers refer to flowers starting to blossom or flower buds that are cut with branches, 
stems, and leaves to be used for bouquets and decorations. Cut flowers can be divided in to two 
categories of "fresh cut flowers" and "non – fresh cut flowers" (Japan External Trade Organization 
2011). 

Gerbera (Gerbera jamesonii) popularly known as Transvaal daisy, is one of the ten most 
popular commercial cut flowers in the world according to the global trends in floriculture. Gerbera is 
an important commercial cut flower, it belongs to the family Asteraceae. It occupies the fourth place 
among cut flowers (Choudhary and Prasad, 2000). It is in considerable demand in both domestic and 
export markets. The blooms are attractive, suitable for any type of floral arrangements and are 
available in different shades and hues. Besides floral arrangements, gerbera is widely used in 
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bouquets and in dry flower crafts. The cut flowers have a long vase-life, which fetches premium 
market prices. The flowers are hardy and stand the rigors of transportation admirably (InterNet site 1, 
2018). 

Gerbera habitat extends to South America, Africa and tropical Asia. Most of the present 
cultivated varieties originate from the artificial crossing progenies of G. jamesonii and G. viridifolia, 
both South African species, since natural hybrids of the two species have not been found (Bremer K, 
1994 and Hansen, 1985). 

The vase life of gerbera cut flower depends on the stem plugging and the scape bending as it 
has hollow stem. Research on improvement of postharvest life of gerbera flowers is mearge 
(Prashanth and chandrasekar, 2007; Celikel and Reid, 2002). 

One of the most effective problems in exporting gerbera cut flower is stem bending, which 
occurs ten centimeters down the capitulum (Wilberg, 1973). The important factors affecting gerbera 
after harvest are: genetic factors, some phytohormones, and water relations before harvest (Mencarelli 
et al. 1993, Botondi et al. 1998, Gerasopoulos and Chebli, 1999). 

Reasons of bending of the stem are still not clearly understood, but there are many studies 
which investigated this problem; Perik et al. (2012) reported that the stem bending in gerbera cut 
flowers might be due to the turgor loss. The net water loss occurs in the floral head, but found in the 
stem especially in the (10-15 cm) below the floral head. They compared the flowers that showed stem 
bending with those that did not, on day 7 of vase life. They found that fresh weight loss of 5 cm stem 
segments was higher in the stems that had bent. Additionally, stem bending might be related to stem 
elongation. At the harvest, the stem contained a large central cavity, which is starting at about 5cm 
from the root-shoot junction, and ending about 10cm below the floral head. The cavity extended 
upwards and laterally during vase life, but no relationship was found between cavity formation and 
stem bending. 

The postharvest longevity of cut flowers having economic value can be improved by using 
different chemicals and sugar in vase solution (Halevy et al. 1987 and Prashanth, 2006).  
Many agents have been used in cut flowers vase solutions to reduce the microbe contamination, which 
can extend the vase life. The bactericides are the most important components in the preservative 
solutions to control harmful bacteria and help to prevent the bacteria embolism (Halevy and Mayak, 
1981). 

All holding solution must contain essentially two components; sugar which prolong the vase 
life of cut flowers, and germicides which reduce the harmful microorganisms (Pun and Ichimura, 
2003 and Faragher et al. 2002). Sucrose has been found to be the best type of sugar which is used in 
prolonging vase life (Pun and Ichimura, 2003), 8-Hydroxyqunoline (8-HQC) is the most powerful 
germicide (Hettiarachchi and Balas, 2005). Moreover, Han, (1998) mentioned that sugar with 8-HQC 
is more effective in comparison with control. Joshi (2012) showed high results in vase life, flower size 
and flower quality of gerbera cv. Stanza when treated with sugar combined with 8-HQC at different 
concentration. The effect of (8-HQS) and sucrose treatment in storage solution and temperature for 
effective storage of cut gerbera flowers inhibited scape bending after storage and significantly 
prolonged vase life, (Yoo and Kim 2003). It has been suggested that silver nitrate (AgNO3) together 
with sucrose and (8-HQC) improved bud opening, increased diameter of individual flowers and 
prolonged the life of cut Lilium, (Joanna and Mynett 1985). The short-term with 4% sucrose or 
250mg/l silver nitrate for 24 hours increase maintaining life of gerbera flowers compared to the 
controls (Nagaraja et al. 2000). In the experiment on cut gerbera flowers, the effect of short term 
treatments (pulsing) with distilled-water or calcium chloride 4% + sucrose 3% showed that the lowest 
fresh weight and diameter were for the control using calcium chloride + sucrose (Shima et al, 2013). 
Mehrdad et al. (2015) reported that the two pulse treatment including distilled water (pulse1) and 
CaCl2 4% + sucrose 3% (pulse2) for 24 hour had no effective result showed compared to the pulse 
treatment combined with 8-HQS. The longest vase life was obtained when showed that when gerbera 
cut flowers were treated with thyme 0.1mg/l + CaCl2 4% + sucrose 3% (Shima et al, 2014). 

Fisun and Michael (2002) concluded that the importance of maintaining temperatures close to 
freezing point during commercial handling and transport of gerbaera flower and sunflower is 
important to get maximum vase life. Cut gerbera flowers packed with PP packaging maintained 
significantly negligible physiological loss in weight, absence of scape bending after storage period for 
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(7 days) maintained higher water uptake and retention of fresh weight with improved flower size 
during vase life as compared to other storage techniques in gerbera Joshi, (2016).  

The aim of this research is to study the effect of different preservative solution with different 
concentrations on the longevity of vase life during the room and the storage conditions. 
 
Materials and Methods 
  

This work was conducted at the Ornamental Hort. Dep., Fac. Of Agric., Cairo Univ., Giza 
Egypt, during the period from 2012 to 2016. 

The experimental part of this study had been carried out at Post-Harvest Laboratory of 
Ornamental Plants and Landscape Gardening Res. Dept., Hort. Res. Inst.; Agric. Res. Center, 
Ministry of Agric. and land reclamation, Giza, Egypt during the two seasons of 2013 and 2014.  The 
aim of the study was to investigate the effect of different preservative solutions containing distilled 
water, calcium chloride at (1000 mg/l and 2000 mg/l), sucrose at 4%, silver nitrate at 20 mg/l and 8-
hydroxyqunoline citrate at (100 mg/l and 200 mg/l) under room temperature and cold storage at 2ºC 
for 7 days on keeping quality of Gerber jamesonii cv. Rosalin cut flowers. 

 
Plant material  
 

Gerbera jamesonii cut flowers were obtained from a local commercial farm in Giza, Egypt in 
Jan. in both seasons. Gerbera cut flowers were harvested in the early morning at their commercial 
stage which had two rows of outer florets open on the central disk Safa et al., (2012) and wrapped in 
Kraft paper in groups and transported to the lab of Ornamental Hort. Dep. and landscape Gardening at 
the Hort. Res. Inst., Agric Res. Center during two hour. Cut flowers were precooled by placing in ice 
cold water for 2 hours to remove the effect of high field heat. Stem bases were recut in air before 
treatments and adjusted to 40 cm long. The flowers were divided into two groups: first group (126 cut 
flowers) was placed in a vase (500 ml) containing 300 ml holding solution under room temperature 
(21 ± 1° C) to end vase life. 
 
Holding solutions: 
 

1 - Distilled water (DW), as control. 
2- Silver nitrate (AgNO3) (20 mg/l). 
3- Silver nitrate (AgNO3) (20 mg/l) + sucrose (suc) (4%). 
4- 8- Hydroxyqunoline citrate (8- HQC) (100 mg/l).  
5- 8- Hydroxyqunoline citrate (8- HQC) (100 mg/l) + sucrose (suc) (4%). 
6- Sucrose (suc) (4%). 
7- 8- Hydroxyqunoline citrate (8- HQC) (200 mg/l). 
8- 8- Hydroxyqunoline citrate (8- HQC) (200 mg/l) + sucrose (suc) (4%). 
9- Calcium chloride (CaCl2) (1000 mg/l). 
10- Calcium chloride (CaCl2) (1000 mg/l) + sucrose (suc) (4%). 
11- Silver nitrate (AgNO3) (20 mg/l) + sucrose (suc) (4%) + 8- hydroxyqunoline citrate (8-HQC) 
(100 mg/l) + calcium chloride (CaCl2) (1000 mg/l). 
12- Calcium chloride (CaCl2) (2000 mg/l). 
13- Calcium chloride (CaCl2) (2000 mg/l) + sucrose (suc) (4%). 
14- Silver nitrate (AgNO3) (20 mg/l) + sucrose (suc) (4%) + 8- hydroxyqunoline citrate (8-HQC) 
(200 mg/l) + calcium chloride (CaCl2) (2000 mg/l). 

The second group (126 cut flowers) were stored at 2 °C for 7 days. At the end of the storage 
period, packaging of flowers was removed and the stem end was recut. Flowers were placed in a 
vases. (500 ml) containing 300 ml holding solution as mentioned above under lab conditions to 
complete vase life. 
 
Chemical used: 

1- Sucrose (suc) at 4%. 
2- Silver nitrate (AgNO3) at 20 mg/l. 
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3- Calcium chloride at 1000 mg/l and 2000 mg/l. 
4- 8- Hydroxyqunoline citrate (8- HQC) at 100 mg/l and 200 mg/l. 
5- Distilled water (DW), used as a control. 

 
Data record  

 Vase life (day): day number till wilting. 

 Water uptake (ml/3 flowers): (the solution volume at the beginning of the study- the solution 
volume of  1st, 4th, 10th, 16th, 19th day in Gerbera jamsonii ml/3flower).  

 Flower head drooping (day): day number till flower head drooping. 

 Number of stem curvature. 
 

Chemical analysis: 
 

 Total carbohydrate (%) in the flower petals were determined calorimetrically, according to the 
methods described by Dubois et al. (1956). 

 Anthocyanin content (mg/g) in flower petals was determined colorimetrically at the end of 
storage period according to Husia et al. (1965). 

 
Layout of the experiment  
 

The experimental layout was a complete randomized design in a factorial experiment (two 
factors). Preservative solutions (factor A) was applied in 14 solutions and storage condition  (factor B) 
was applied in 2 conditions, under room temperature (21±1 ºC) and storage at 2ºC for 7 days. 

 
Statistical analysis 
 

The data were statistically analyzed as a factorial experiment using MSTAT-C (1993) and 
means were compared by Duncan's Multiple Rang Test as described by Waller and Duncan (1969) to 
verify differences among means of various treatments. 

 
Results and Discussion 
 
Effect of storage temperatures (21±1°C and 2°C), preservative solutions and their interactions 
on quality of Gerbera Jamesonii cv. Rosalin cut flowers: 
 
Flower vase life:  
 

Data presented in Table (1) reveal that the significantly highest vase life was obtained when 
flowers were stored under room temperature (21±1°C) which recorded (16.06 and 21.14 days) 
compared to those stored at 2°C for 7 days (14.06 and 18.57 days), in the first and second seasons 
respectively.  
 
Table 1: Effect of storage temperatures on vase life (days) of Gerbera jamesonii cv. Rosalin during 

seasons 2013 and 2014. 
2nd season (2014) 1st season (2013) Storage temperature 

21.14a 16.06a Under room temperature ( 21 +1) 
18.57b 14.06b Cold storage  at 2ºC 

Means within column having the same letters are not significantly different according to Ducan's multiple range 
test. 

Regarding the effect of preservative solution treatments on vase life, data presented in Table (2) 
indicate that all treatments increased vase life in the two seasons compared to control treatment. Data 
show that treating flowers with AgNO3 (20 mg/l) gave the highest significantly effect on longevity 
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(18.61 and 24.28 days) followed by flowers treated with AgNO3 (20 mg/l) + sucrose 4%, in the two 
seasons, respectively.   

Data in Table (3) show that treatment with AgNO3 (20 mg/l) and storing under room 
temperature (21±1°C) was the most effective treatment for prolonging longevity, compared with other 
treatments, in the first and second seasons, respectively.  
 
Table 2: Effect of preservative solutions on vase life (day) of Gerbera jamesonii cv. Rosalin during 

seasons 2013 and 2014. 
Preservative solutions  1st season (2013) 2nd season (2014) 
DW 11.89l 15.39g 
AgNO3 20mg/l 18.61a 24.28a 
AgNO3 20mg/l + Suc 4% 17.83b 23.17ab 
8HQC 100mg/l 14.33gh 18.56e 
8HQC 100mg/l +Suc 4% 14.78fg 20.28d 
Suc 4% 16.00d 21.28cd 
8HQC 200mg/l 16.94c 22.78b 
8HQC 200mg/l + Suc 4% 16.44cd 21.83bc 
CaCl2  1000mg/l 13.61ij 17.61ef 
CaCl2  1000mg/l  +Suc 4% 12.78k 16.22fg 
AgNO3 20mg/l + Suc 4% +8HQC100mg/l +CaCl2  1000mg/l 14.00hi 18.17e 
CaCl2  2000mg/l 15.39e 21.00cd 
CaCl2  2000mg/l  +Suc 4% 13.17jk 16.67fg 
AgNO3 20mg/l + Suc 4% +8HQC 200mg/l +CaCl2  2000mg/l 15.05ef 20.78cd 
Means within column having the same letters are not significantly different according to Ducan's multiple range 
test 
 
Table 3: Effect of interaction between preservative solutions and storage temperatures on vase life 

(day) of Gerbera jamesonii cv. Rosalin during Seasons 2013 and 2014. 
 
Preservative solutions  

Temperature (2013) Temperature (2014) 

Under room 
temperature 

( 21 +1) 

Cold 
storage at 

2ºC 

Under room 
temperature ( 

21 +1) 

Cold 
storage 
at 2ºC 

DW 0.44ab 10.78q 0.44ab 14.33l 
AgNO3 20mg/l 19.11a 18.11bc 25.00a 23.56a-c 
AgNO3 20mg/l + Suc 4% 18.56ab 17.11d-f 24.11ab 22.22bc 
8HQC 100mg/l 15.44hi 13.22mn 19.67ef 17.44g-k 
8HQC 100mg/l +Suc 4% 16.00gh 13.55lm 22.00b-d 18.56f-j 
Suc 4% 17.00ef 15.00ij 23.00a-c 19.55fg 
8HQC 200mg/l 17.89b-d 16.00gh 23.89a-c 21.67c-e 
8HQC 200mg/l + Suc 4% 17.44c-e 15.45hi 23.67a-c 20.00d-f 
CaCl2  1000mg/l 14.78i-k 12.44n-p 18.89f-i 16.33kl 
CaCl2  1000mg/l  +Suc 4% 13.67lm 11.89p 17.11h-k 15.33kl 
AgNO3 20mg/l + Suc 4% 
+8HQC100mg/l +CaCl2  1000mg/l 

15.00ij 13.00m-o 19.44FG 16.89i-k 

CaCl2  2000mg/l 16.44fg 14.33jl 22.78bc 19.22f-h 
CaCl2  2000mg/l  +Suc 4% 14.11kl 12.22op 17.45g-k 15.89kl 
AgNO3 20mg/l + Suc 4% +8HQC 
200mg/l +CaCl2  2000mg/l 

16.33fg 13.78lm 22.56bc 19.00f-i 

Means within column having the same letters are not significantly different according to Ducan's multiple range 
test 

 
These results are in accordance with those reported by Sakr et al. (2014) who found that the 

highest vase life of limonium sinuatam cut inflorescences was obtained with the storage under room 
temperature (21±1°C) compared to those stored in cold storage at 0°C for 7 days. Also, similar results 
were obtained by Sujatha et al. (2003) on gerbera cut flowers and Yagi et al. (2014) on rose cut 
flowers they found that the longest vase life was attained by applying AgNO3. This be due to its high 
effectiveness as a biocide that completely inhibited the microbial growth and inhibit ethylene effect. 
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Mirjalili (2015) noticed that using sucrose and silver nitrate improve vase life of rose cut flowers. 
Longevity of limonium sinuatam cut inflorescences was the longest in solution containing sucrose and 
stored under room temperature compared to those stored in cold storage (Ciotta and Nunes (2011). 
 
Number of stem curvature:  
 

Data in Table (4) show that the number of stem curvature increased in gerbera cut flowers 
stored at 2°C for 7 days when compared with cut flowers stored at room temperature (21± 1°C) in 
both seasons. 

Data in Table (5) indicate that all preservative solutions significantly lowered the number of 
stem curvature of gerbera cut flowers while treating gerbera cut flowers with distilled water (control) 
significantly increased stem curvature in both seasons. 
 
Table 4: Effect of storage temperatures on number of stems curvature on Gerbera jamesonii cv. 

Rosalin during seasons 2013 and 2014. 
2nd season (2014) 1st season (2013) Storage temperature 

0.07b 0.17b Under room temperature ( 21 +1) 
0.15a 0.26a Cold storage at 2ºC 

 Means within column having the same letters are not significantly different according to Ducan's multiple 
range test 

 
Table 5: Effect of preservative solutions on number of stems curvature on Gerbera jamesonii cv. 

Rosalin during seasons 2013 and 2014. 
Preservative solutions  1st season (2013) 2nd season (2014) 
DW 0.50a 0.39a 
AgNO3 20mg/l 0.00d 0.00c 
AgNO3 20mg/l + Suc 4% 0.05cd 0.00c 

8HQC 100mg/l 0.22b-d 0.06c 
8HQC 100mg/l +Suc 4% 0.22b-d 0.06c 
Suc 4% 0.11cd 0.06c 
8HQC 200mg/l 0.05cd 0.00c 
8HQC 200mg/l + Suc 4% 0.05cd 0.00c 
CaCl2  1000mg/l 0.39ab 0.17bc 
CaCl2  1000mg/l  +Suc 4% 0.39ab 0.28ab 
AgNO3 20mg/l + Suc 4% +8HQC100mg/l +CaCl2  1000mg/l 0.27a-c 0.17bc 
CaCl2  2000mg/l  0.16b-d 0.06c 
CaCl2  2000mg/l  +Suc 4% 0.39ab 0.28ab 
AgNO3 20mg/l + Suc 4% +8HQC 200mg/l +CaCl2  2000mg/l 0.16b-d 0.06c 
Means within column having the same letters are not significantly different according to Ducan's multiple range 
test 
 

Concerning the data of interaction (preservative solutions  x storage temperatures), the obtained 
data in Table (6) show that treating flowers with different preservative solutions and storing them at 
(21±1°C) or at cold storage (2°C) for 7 days decreased the number of stem curvature of flowers, 
compared with control (D.W.) in the two seasons. This agreed with the results found by Khenizy et al. 
(2013) who stated that cold storage of gerbera for 10 days caused more stem curvature when 
compared with unstored cut flowers. Gerbera cut flowers held in AgNO3 solution recorded the lowest 
stalk bending curvature (Prashanth and Chandrasekhar (2007). 

 
Number of days for flower head drooping: 

  
According to data in Table (7) it is evident that the gerbera cut flowers stored under room 

temperature (21± 1°C) gave significantly the highest number of days for flower head drooping than 
gerbera cut flowers stored at 2°C for 7 days, in both seasons. 

Data in Table (8) show that treating gerbera cut flowers with different preservative solutions 
increased the number of days for flower head drooping, while treating them with AgNO3 (20 mg/l) 
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increased number of days for flower head drooping, followed by treating with AgNO3 (20 mg/l) 
+sucrose (4%) compared with the other treatments in both seasons.  
 
Table 6: Effect of interaction between preservative solutions and storage temperatures on number of 

stem curvature on Gerbera jamesonii cv. Rosalin during seasons 2013 and 2014. 
 
Preservative solutions  

Temperature (2013) Temperature(2014) 
Under room 
temperature     
( 21 +1) 

Cold 
storage 
at 2ºC 

Under room 
temperature     
( 21 +1) 

Cold 
storage 
at 2ºC 

DW 0.44ab 0.56a 0.33ab 0.44a 
AgNO3 20mg/l 0.00c 0.00c 0.00c 0.00c 
AgNO3 20mg/l + Suc 4% 0.00c 0.11bc 0.00c 0.00c 
8HQC 100mg/l 0.22a-c 0.22a-c 0.00c 0.11bc 
8HQC 100mg/l +Suc 4% 0.22a-c 0.22a-c 0.00c 0.11bc 
Suc 4% 0.00c 0.22a-c 0.00c 0.11bc 
8HQC 200mg/l 0.00c 0.11bc 0.00c 0.00c 
8HQC 200mg/l + Suc 4% 0.00c 0.11bc 0.00c 0.00c 
CaCl2  1000mg/l 0.33a-c 0.44ab 0.11bc 0.22a-c 
CaCl2  1000mg/l  +Suc 4% 0.33a-c 0.44ab 0.22a-c 0.33ab 
AgNO3 20mg/l + Suc 4% +8HQC100mg/l +CaCl2  
1000mg/l 

0.22a-c 0.33a-c 0.11bc 0.22a-c 

CaCl2  2000mg/l 0.11bc 0.22a-c 0.00c 0.11bc 
CaCl2  2000mg/l  +Suc 4% 0.33a-c 0.44ab 0.22a-c 0.33ab 
AgNO3 20mg/l + Suc 4% +8HQC 200mg/l +CaCl2  
2000mg/l 

0.11bc 0.22a-c 0.00c 0.11bc 

Means within column having the same letters are not significantly different according to Ducan's multiple range 
test 
 

 Table 7: Effect of storage temperatures on maximum number of days taken for flower head drooping 
of Gerbera jamesonii cv. Rosalin during seasons 2013 and 2014. 

2nd season (2014) 1st season (2013) Storage temperature 
19.95a 15.27a Under room temperature ( 21 +1) 
19.19b 13.25b Cold storage at 2ºC 

Means within column having the same letters are not significantly different according to Ducan's multiple range 
test 

 
Table 8: Effect of preservative solutions on maximum number of days taken for flower head drooping 

of Gerbera jamsonii cv. Rosalin during seasons 2013 and 2014. 
Preservative solutions 1st season (2013) 2nd season (2014) 
DW 10.78k 14.11h 
AgNO3 20mg/l 17.94a 23.33a 
AgNO3 20mg/l + Suc 4% 17.17b 22.56ab 

8HQC 100mg/l 13.11g 18.72d-f 
8HQC 100mg/l +Suc 4% 14.06f 19.33de 

Suc 4% 15.56d 21.50a-c 
8HQC 200mg/l 16.39c 22.06a-c 

8HQC 200mg/l + Suc 4% 15.72d 21.72a-c 

CaCl2  1000mg/l 12.50hiI 17.56e-g 
CaCl2  1000mg/l  +Suc 4% 11.78j 16.22g 

AgNO3 20mg/l + Suc 4% +8HQC100mg/l +CaCl2  1000mg/l 12.89gh 18.44d-f 
CaCl2  2000mg/l 15.05e 21.17bc 

CaCl2  2000mg/l  +Suc 4% 12.06ij 17.06fg 
AgNO3 20mg/l + Suc 4% +8HQC 200mg/l +CaCl2  2000mg/l 14.66e 20.22cd 

Means within column having the same letters are not significantly different according to Ducan's multiple range 
test 

The effect of the interaction between chemical treatments and storage temperatures is shown in 
Table (9). Data indicate that the highest number of days for flower head drooping was obtained by 



Middle East J. Agric. Res., 7(3): 915-931, 2018 
ISSN: 2077-4605 

922 

applying AgNO3 (20 mg/l) or AgNO3 (20 mg/l) + sucrose (4%) and storing at room temperature 
(21±1°C) compared with other treatments, in the first and second seasons. this in conformity with the 
findings of Sujatha et al. (2003) who mentioned that the maximum number of days taken for flower 
head drooping of gerbera was recorded in the treatment AgNO3 (20 ppm) + sucrose (4%) as the 
holding solution. 

 
Table 9: Effect of interaction between preservative solutions and storage temperatures on maximum 

number of days taken for flower head drooping of Gerbera jamesonii cv. Rosalin during 
seasons of 2013 and 2014. 

 
Preservative solutions  

Temperature (2013) Temperature(2014) 
Under room 
temperature        

( 21 +1) 

Cold 
storage at 

2ºC 

Under room 
temperature            

( 21 +1) 

Cold 
storage at 

2ºC 
DW 11.89m 9.67o 14.45j 13.78i-j 
AgNO3 20mg/l 18.78a 17.11b-d 24a 22.67ab 
AgNO3 20mg/l + Suc 4% 17.67b 16.67c-d 23.33ab 21.78a-d 
8HQC 100mg/l 14.11gh 12.11lm 19.11d-g 18.33e-h 
8HQC 100mg/l +Suc 4% 15.45f 12.67k-l 19.55c-f 19.11d-g 
Suc 4% 16.44de 14.67g 21.78a- 21.22a-d 

8HQC 200mg/l 17.22bc 15.56f 22.56ab 21.55a-d 
8HQC 200mg/l + Suc 4% 16.78c-d 14.67g 22.22ab 21.22a-d 
CaCl2  1000mg/l 13.45h-j 11.55mn 18.00f-h 17.11f-h 
CaCl2  1000mg/l  +Suc 4% 12.67kl 10.89n 16.00h-j 16.44g-i 
AgNO3 20mg/l + Suc 4% +8HQC100mg/l 
+CaCl2  1000mg/l 

13.89hi 11.89m 19.00d-g 17.89f-h 

CaCl2  2000mg/l 16.33e 13.78hi 21.44a-d 20.89b-e 
CaCl2  2000mg/l  +Suc 4% 13.00jk 11.11n 17.22f-h 16.89f-i 
AgNO3 20mg/l + Suc 4% +8HQC 200mg/l 
+CaCl2  2000mg/l 

16.11ef 13.22i-k 21.33a-d 19.11d-g 

Means within column having the same letters are not significantly different according to Ducan's multiple range 
test 

 Water uptake:
  

Effect of storing gerbera cut flowers at room temperature (21± 1°C) or cold storage at 2°C for 7 
days is shown in Table (10). It is clear that storing gerbera cut flowers under room temperature 
(21±1°C) raised the amount of water uptake compared to those stored in cold storage at 2°C for 7 
days in both seasons.  
 
Table 10: Effect of storage temperatures on water uptake (ml / 3flowers) of Gerbera jamesonii cv. 

Rosalin during seasons 2013 and 2014. 

Storage temperature 
1st season 2013 

1st 4th 10th 16th 19th 

Under room  Temperature ( 21 +1) 9.286a 32.79a 70.12a 73.21a 25.00a 

Cold storage   at 2ºC 6.310b 27.38b 64.40b 10.60b 8.214b 
Storage temperature 2nd season 2014 
 1st 4th 10th 16th 19th 
Under room temperature  ( 21 +1) 10.95a 35.93a 76.43a 127.6a 113.3a 

Cold storage  at 2ºC 9.286b 32.66b 70.36b 113.0b 70.60b 
Means within column having the same letters are not significantly different according to Ducan's multiple range 
test 
 

Data presented in Table (11) clearly indicate that preservative solutions containing AgNO3 (20 
mg/l) was the best treatment for increasing water uptake of gerbera cut flowers till the 16th day in the 
first season and till the 19th one in the second season. Treating gerbera cut flowers with distilled water 
(control) increased water uptake till the 10th day in the first season and 16th day in the second one. 
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Table 11: Effect of preservative solutions on water uptake (ml / 3flowers) of Gerber jamesonii cv. 
Rosalin during seasons 2013 and 2014. 

Preservative solutions 1st season 2013                                                                                                                               
 1st 4th 10th 16th    19th 
DW 5.00d 17.50j 36.67i ـــــ ـــــ 
AgNO3 20mg/l 10.83a 40.00a 92.50a 121.7a 84.17a 
AgNO3 20mg/l + Suc 4% 9.17ab 37.50ab 80.00b 80.83b 62.50ab 
8HQC 100mg/l 7.50b-d 28.33ef 63.33e-h 17.50d ـــــ 
8HQC 100mg/l +Suc 4% 8.33a-c 29.50ef 66.67d-g 54.17c ـــــ 
Suc 4% 9.17ab 35.00bc 74.17b-d 59.17bc 20.83bc 
8HQC 200mg/l 9.17ab 37.50ab 77.50bc 61.67bc 43.33a-c 
8HQC 200mg/l + Suc 4% 9.17ab 35.83bc 75.83bc 60.83bc 21.67bc 

CaCl2  1000mg/l 5.83cd 25.00gh 59.17gh ـــــ ـــــ 
CaCl2  1000mg/l  +Suc 4% 5.00d 20.83i 56.67h ـــــ ـــــ 

AgNO3 20mg/l + Suc 4% 
+8HQC100mg/l +CaCl2  
1000mg/l 

6.67b-d 26.67fg 60.83f-h 16.67d ـــــ 

CaCl2  2000mg/l  9.17ab    33.33cd 71.67b-e 58.33bc ـــــ 
CaCl2  2000mg/l  +Suc 4% 5.83cd   23.33hi 57.50h ـــــ ـــــ 
AgNO3 20mg/l + Suc 4% 
+8HQC 200mg/l +CaCl2  
2000mg/l 

8.33a-c 30.83de 69.17c-f 55.83bc ـــــ 

Preservative solutions 2nd season 2014 
 1st 4th 10th 16th 19th 
DW 5.83c 21.67h 50.83j 53.33i ـــــ 
AgNO3 20mg/l 12.50a 46.67a 105.8a 164.2a 183.3a 
AgNO3 20mg/l + Suc 4% 12.50a 45.83ab 103.3a 160.8ab 178.3a 
8HQC 100mg/l 9.17a-c 30.83d-f 68.33g 115.8fg 61.67ef 
8HQC 100mg/l +Suc 4% 10.83ab 32.00d-f 70.83fg 121.7e-g 85.83de 
Suc 4% 12.50a 39.17bc 78.33cd 142.5b-d 131.7bc 
8HQC 200mg/l 12.50a 44.17ab 83.33b 155.0a-c 166.7ab 

8HQC 200mg/l + Suc 4% 12.50a 42.50ab 81.67bc 150.8a-c 162.5ab 
CaCl2  1000mg/l 7.50bc 28.33e-g 60.83h 103.3g 38.33fg 
CaCl2  1000mg/l  +Suc 4% 5.83c 24.17gh 54.17ij 61.67i ـــــ 
AgNO3 20mg/l + Suc 4% 
+8HQC100mg/l +CaCl2  

1000mg/l 
9.17a-c 29.00e-g 64.17h 110.0fg 38.33fg 

CaCl2  2000mg/l 12.50a 35.83cd 75.83de 136.7c-e 125.8b-d 
CaCl2  2000mg/l  +Suc 4% 7.50bc 26.67f-h 56.67i 81.67h ـــــ 
AgNO3 20mg/l + Suc 4% 
+8HQC 200mg/l +CaCl2  
2000mg/l 

10.83ab 33.33de 73.33ef 126.7d-f 115.0cd 

Means within column having the same letters are not significantly different according to Ducan's multiple range test 

 
According to data presented in Table (12) it is obvious that treating gerbera cut flowers with 

AgNO3 (20 mg/l) and storing under room temperature (21± 1°C) increased water uptake till the 16th 

day in the first season and the 19th day in the second season, compared with other treatments. 
These findings are in agreement with those previously obtained by Sakr et al. (2014) who found 

that limonium cut flowers under room temperature (21± 1°C) recorded the highest amount of water 
uptake compared with cut flowers stored at 0°C. Abadi et al. (2013) on gerbera and Chand et al. 
(2012) on rose cut flowers they found that cut flowers treated with silver nitrate were significantly 
increased the solution uptake than the other treatments. Also, Abd-Alla et al. (2013) on Asiatic hybrid 
lily and Sakr et al. (2014) on  limonium cut flowers who indicated that treating with holding solution 
and storing under room temperature (21± 1°C) increased water uptake compared to those stored at 
0°C in the same holding solutions. 
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Table 12: Effect of interaction between preservative solutions and storage temperatures on water uptake (ml / 3flowers) of Gerbera jamesonii cv. Rosalin 
during seasons 2013 and 2014. 

Preservative solutions  Temperature  2013 
 

 1st  4th 10th 16th 19th 
 Under 

 room 
Temperature 
( 21 +1) 

Cold 
 storage 
 at 2ºC 

Under  
room 
Temperature 
( 21 +1) 

Cold 
 storage  
at 2ºC 

Under  
room 
Temperature 
( 21 +1) 

Cold  
storage 
 at 2ºC 

Under 
 room 
Temperature 
( 21 +1) 

Cold 
 storage  
at 2ºC 

Under 
 room 
Temperature 
( 21 +1) 

Cold 
 storage  
at 2ºC 

DW   5.00 c    5.00 c    23.33j-l 11.67n 55.00k 18.33l ـــــ ـــــ ـــــ ـــــ 
AgNO3 20mg/l 11.67a 10.00ab 41.67a 38.33a-c 95.00a 90.00ab 130.0a 113.3a 90.00a 78.33a 
AgNO3 20mg/l + Suc 
4% 

11.67a 6.67bc 40.00ab 35.00c-e 81.67bc 78.33b-e 126.7a 35.00b 88.33a 36.67ab 

8HQC 100mg/l   8.33a-c 6.67bc 31.67e-g 25.00i-k 63.33f-k 63.33f-k 35.00b ـــــ ـــــ ـــــ 
8HQC 100mg/l +Suc 
4% 

10.00ab 6.67bc 32.33d-g 26.67h-j 68.33c-k 65.00e-k 108.3a ـــــ ـــــ ـــــ 

Suc 4% 11.67a 6.67bc 36.67b-d 33.33d-f 76.67c-f 71.67c-i 118.3a 41.67 ـــــab ـــــ 
8HQC 200mg/l 11.67a 6.67bc 38.33a-c 36.67b-d 80.00b-d 75.00c-g 123.3a 86.67 ـــــa ـــــ 
8HQC 200mg/l + Suc 
4% 

11.67a 6.67bc 36.67b-d 35.00c-e 78.33b-e 73.33c-h 121.7a 43.33 ـــــab ـــــ 

CaCl2  1000mg/l   6.67bc 5.00c 28.33g-i 21.67kl 60.00h-k 58.33i-k ـــــ ـــــ ـــــ ـــــ 
CaCl2  1000mg/l  
+Suc 4% 

  5.00c       5.00 c 25.00i-k 16.67m 58.33i-k 55.00k ـــــ ـــــ ـــــ ـــــ 

AgNO3 20mg/l + Suc 
4% +8HQC100mg/l 
+CaCl2  1000mg/l 

  8.33a-c 5.00c 30.00f-h 23.33j-l 61.67g-k 60.00h-k 33.33b ـــــ ـــــ ـــــ 

CaCl2  2000mg/l 11.67a 6.67bc 35.00c-e 31.67e-g 73.33c-h 70.00c-j 116.7a ـــــ ـــــ ـــــ 
CaCl2  2000mg/l  +Suc 
4% 

  6.67bc 5.00 c   26.67h-j 20.00lm 58.33i-k 56.67jk ـــــ ـــــ ـــــ ـــــ 

AgNO3 20mg/l + Suc 
4% +8HQC 200mg/l 
+CaCl2  2000mg/l 
 

10.00ab 6.67bc 33.33d-f 28.33g-i 71.67c-i 66.67d-k 111.7a ـــــ ـــــ ـــــ 
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Preservative solutions 

Temperature  2014 

 1st  4th 10th 16th 19th 
 Under 

 room 
Temperature 
( 21 +1) 

Cold 
 storage 
 at 2ºC 

Under 
 room 
Temperature 
( 21 +1) 

Cold  
storage  
at 2ºC 

Under 
 room 
Temperature 
( 21 +1) 

Cold  
storage 
 at 2ºC 

Under 
 room 
Temperature 
( 21 +1) 

Cold 
 storage  
at 2ºC 

Under  
room 
Temperature 
( 21 +1) 

Cold 
 storage  
at 2ºC 

DW  6.67bc  5.00c 25.00j-l 18.33l 58.33n 43.33p 83.33kl 23.33m ـــــ ـــــ 
AgNO3 20mg/l 13.33a 11.67ab 48.33a 45.00a-c 108.3a 103.3ab 166.7a 161.7ab 190.0a 176.7a 
AgNO3 20mg/l + Suc 
4% 

13.33a 11.67ab 46.67ab 45.00a-c 105.0ab 101.7b 163.3ab 158.3a-c 183.3a 173.3a 

8HQC 100mg/l 10.00 a-c  8.33 a-c 33.33e-j 28.33h-k   71.67h-j   65.00k-m 116.7f-j 115.0f-j 123.3a-d ـــــ 
8HQC 100mg/l +Suc 
4% 

11.67 ab 10.00a-c 34.00e-i 30.00g-k   73.33g-i   68.33i-k 123.3d-j 120.0e-j 135.0a-d 36.67ef 

Suc 4% 13.33 a 11.67 ab 40.00a-f 38.33b-g   80.00c-f   76.67e-h 143.3a-f 141.7a-g 163.3ab 100.0b-e 
8HQC 200mg/l 13.33a 11.67 ab 45.00a-c 43.33a-d   85.00c   81.67c-e 156.7a-c 153.3a-d 171.7a 161.7ab 
8HQC 200mg/l + Suc 
4% 

13.33 a 11.67 ab 43.33a-d 41.67a-e   83.33cd   80.00c-f 151.7a-d 150.0a-e 168.3a 156.7ab 

CaCl2  1000mg/l  8.33 a-c 6.67bc 30.00g-k 26.67i-k   63.66k-n   58.33n 105.0i-k 101.7jk  76.67de ـــــ 
CaCl2  1000mg/l  +Suc 
4% 

 6.67bc 5.00c 26.67i-k 21.67kl   60.00mn   48.33o   98.33jk 25.00m ـــــ ـــــ 

AgNO3 20mg/l + Suc 
4% +8HQC100mg/l 
+CaCl2  1000mg/l 

10.00 a-c 8.33 a-c 30.67g-j 27.33i-k   66.67j-l   61.67l-n 111.7g-k 108.3h-k  76.67de ـــــ 

CaCl2  2000mg/l 13.33 a 11.67 ab 36.67c-h 35.00d-i  78.33d-g   73.33g-i 138.3a-h 135.0b-i 155.0ab 96.67b-e 

CaCl2  2000mg/l  
+Suc 4% 

 8.33 a-c 6.67bc 38.33h-k 25.00j-l   61.67l-n   51.67o 100.0jk 63.33l ـــــ ـــــ 

AgNO3 20mg/l + Suc 
4% +8HQC 200mg/l 
+CaCl2  2000mg/l 

11.67ab  10.00a-c 35.00d-i 31.67f-j  75.00f-h   71.67h-j 128.3c-j 125.0d-j 143.3a-c 86.67c-e 

Means within column having the same letters are not significantly different according to Ducan's multiple range test 
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Anthocyanin content (mg/g):  
 

Data presented in Fig. (1) Indicate that gerbera cut flowers stored under room temperature 
(21±1°C) gave higher values of anthocyanin content (mg/g) than those stored in cold storage at 2°C 
for 7 days in the two seasons. 

 

 
Fig. 1: Effect of storage temperatures on anthocyanin content (mg/g) of Gerbera jamesonii cv. 

Rosalin during 2013 and 2014 seasons. 
 

Data illustrated in Fig. (2)  Show that the control treatment (DW) gave the least values of 
anthocyanin content (mg/g) in gerbera cut flowers compared to other treatments in both seasons. 
However, treated flowers with AgNO3 (20 mg/l) recorded the highest values of anthocyanin content 
(mg/g) followed by treating with AgNO3 (20 mg/l) + sucrose (4%) in both seasons.  
 

 
Fig. 2: Effect of preservative solutions on anthocyanin content (mg/g) of Gerbera jamesonii cv. 

Rosalin during 2013 and 2014 seasons. 

 
Data in Fig. (3) Exhibit that the highest values of anthocyanin content (mg/g) were obtained by 

treating cut flowers with AgNO3 (20 mg/l) and storing them under room temperature (21±1°C), 
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compared with all other treatments, in the two seasons. These results are in accordance with those of  
Sakr et al. (2014) who indicated that anthocyanin content in petals of  limonium cut flowers which 
were stored under room temperature (21± 1°C) recorded the highest contents  compared with those 
stored at 0°C and 5°C. Abadi et al. (2013) who reported that the reduction ratio of anthocyanin 
content in gerbera cut flowers were alleviated the application of silver nitrate. Also, Sakr et al. (2014) 
found limonium cut flowers treated with holding solution and stored under room temperature 
(21±1°C) recorded the highest anthocyanin content, compared to those stored at 0°C. 

 

 
Fig. 3: Effect of interaction between preservative solutions and storage temperatures on anthocyanin 

content (mg/g) of Gerbera jamesonii cv. Rosalin during 2013 and 2014 seasons. 

 
Total carbohydrates %:  
 

The effect of storage temperature as shown in Fig. (4) Which illustrated that the carbohydrates 
% decreased in gerbera cut flowers after cold storage at 2°C for 7 days, compared to those stored 
under room temperature (21±1°C) in both seasons.  

 
Fig. 4: Effect of storage temperatures on total carbohydrates % of Gerbera jamesonii cv. Rosalin 

during 2013 and 2014 seasons. 
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Regarding the effect of preservative solutions, it was concluded from data in Fig. (5) That, the 
control treatment (DW) had the least values of the carbohydrates % in gerbera cut flowers compared 
to all the other treatments used in the first and second seasons. The highest values of the 
carbohydrates % were found in the gerbera cut flowers treated with AgNO3 (20 mg/l) followed by  cut 
flowers treated with AgNO3 (20 mg/l) + sucrose (4%) as compared to other treatments used in the first 
and second seasons. 
 

 
Fig. 5: Effect of preservative solutions on total carbohydrates % of Gerbera jamesonii cv. Rosalin 

during 2013 and 2014 seasons. 

 
The interaction between preservative solutions and storage temperatures as shown in Fig. (6), 

which indicate that gerbera cut flowers held in solution containing AgNO3 (20 mg/l) and stored at 
room temperature (21±1°C) were the best for obtaining the highest carbohydrates % as compared to 
the other treatments. The previous results are in agreement with the result obtained by Khinezy et al. 
(2013) on gerbera cut flowers and Sakr et al. (2014) on limonium cut flowers they mentioned that the 
percentage of total carbohydrates increased in cut flowers which were stored under room temperature 
compared with cut flowers stored at 0°C for 10 days or 5°C for 7 days. Elgimabi (2011 and 2014) 
found that rose cut flowers treated with combination of (sucrose 7% and AgNO3 30%) was 
significantly superior in retarding the carbohydrates degradation during the postharvest life. Also, 
Sakr et al. (2014) who found that the highest values of total carbohydrates % in petals was recorded 
with flowers stored under room temperature and treated with holding solution containing sucrose 
(2%) + 8-HQC (200 mg/l) + citric acid (150 mg/l) + 6- BA (150 mg/l) + Tween 20 (0.5 ml/l) on 
limonium cut flowers.  
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Fig. 6: Effect of interaction between preservative solutions and storage temperatures on total 

carbohydrates % of Gerbera jamesonii cv. Rosalin during 2013 and 2014 seasons. 
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