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Abstract- The present investigation is carried out to study the effects of mineral salts like silver nitrate and cobalt nitrate along with organ-
ic supplement sucrose on the vase life and carbohydrate metabolism during senescence of Gerbera jamesonii cv. Danalin flowers. Gerbe-
ra flowers were procured from a commercial floriculture unit and placed in treatment solutions. The flowers kept in distilled water were 
treated as control. Biochemical changes in various carbohydrates and related enzymes were studied up to 9 th day of incubation. The 
starch content was maintained high in both silver nitrate and cobalt nitrate treated flowers whereas the control flowers exhibited lower level 
of starch contents. An increase in total soluble carbohydrates was reported in both treated and control flowers up to the 5 th day of incuba-
tion whereas a steep fall was shown by both cobalt nitrate treated and control flowers. An alternate and considerable increase and de-
crease in reducing sugars content was observed by the flowers under treatments. Lowest level of total soluble carbohydrates and reduc-
ing sugar contents were exhibited by the control flowers. Amylase enzyme activity was observed increasing throughout the post harvest 
studies in both treated and control flowers, but the control flowers exhibited highest activity on the 9 th day. A slight increment in invertase 
activity was shown by both silver nitrate and cobalt nitrate treated flowers while control flowers showed a significant rise in activity. Mainte-
nance of elevated carbohydrate contents and reduced level of hydrolyzing enzymes exhibited by the flowers under mineral salts and su-

crose treatments can be correlated with the delay in senescence and increase in post harvest vase life of Gerbera flowers. 
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Introduction 

In floriculture industry, the quality of flowering crops is limited by its 
longevity, which is influenced by senescence. It is important to 
know the mechanism of senescence and should be delayed 
through different treatments, which ultimately leads to the increase 
of the postharvest life of cut flowers. Gerbera hybrida cv. Danalin 
flower was selected for the studies since it was one of the most 
commonly available and has great aesthetic value. Senescence is 
a concert of related physiological and biochemical processes. Petal 
senescence is an irreversible process [7] and certain biochemical 

changes occur during the process.  

Numerous preservatives including ions such as calcium, cobalt, 
silver and others have been found to be beneficial to cut flowers. 
Cobalt nitrate is known for its inhibition of ethylene biosynthesis 
[31] and the increase in vase life of flowers by cobalt can be partly 
attributed to the reduction in ethylene evolution. Beyer [2] stated 
the silver ion to be a potent anti-ethylene agent in cut flower senes-
cence. Awad, et al. [1] reported that placing flowers in sucrose 
solution after silver nitrate dipping enhanced the longevity of Calen-

dula and Zinnia. Venkatarayappa, et al [26] observed an increase 
in fresh weight percentage by cobalt treatment in cut rose flowers. 
Murali [17] observed that cut gladioli placed in cobalt, nickel and 
sucrose shows longer vase life than that of control flowers. In the 
literature of cut flower physiology much attention has been given to 
the effects and roles of exogenously supplied sugar in improving 
duration and quality of vase life. Supplementation of exogenous 
sugars to cut flowers generally delays visible senescence in petals 
of many flowers such as Sandersonia sp., Iris sp., and carnations 
[25]. Short Vase life of flowers can be attributed to blockage of 
veins in cut flower stems due to bacterial accumulation. Bacteria in 
vase water may block vessels on the cut surface [10]. The overall 
role of mineral salts is reported as to prevent the bacterial contami-

nation. 

Carbohydrates are necessary for the growth of any plant part as 
carbohydrates provide energy and the building blocks for growth 
processes. Petals of many cut flowers contain considerable free 
carbohydrate levels when senescence symptoms are already visi-
ble [24]. Exogenous sugars delay senescence in many cut flowers 
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which indicates that senescence of cut flowers is closely related to 
depletion of energy required for synthetic reactions. Carbohydrate 
status of a flower is an important factor, which affect the post har-
vest life of cut flowers. The present investigation is carried out to 
study the effects of mineral salts like silver nitrate and cobalt nitrate 
along with organic supplement sucrose on the vase life and carbo-
hydrate metabolism during senescence of Gerbera jamesonii cv. 

Danalin flowers. 

Materials and Methods 

Experiments were conducted with Gerbera jamesonii cv. Danalin 
flowers procured from a commercial floriculture unit in Pune. Ger-
bera flowers on the day of blooming were obtained and the stem 
part was trimmed under water to 20 cm. The flowers were placed 
individually in tubes containing 40ml of treatment solutions of Ag-
NO3 (5mg l-1) + 4% Sucrose and CoNO3 (250mg l-1) + 4% Su-
crose. The flowers kept in distilled water were treated as control. 
Five flowers were kept in each treatment with each flower repre-
senting a replication. All these flowers were maintained at room 

temperature (30±2°C). 

Biochemical changes in various carbohydrates and related en-
zymes from the flower petals were studied on the 1st, 5th and 9th 
day of incubation. Total soluble carbohydrates were extracted from 
the flower petals and its concentration determined following the 
method of Witham, et al [30]. Reducing sugar contents were ana-
lyzed by the method of Lindsay [12] and starch contents by the 
method given by Mc Ready, et al [15]. The activity of α-amylase 
was estimated according to the modified method of Plummer [20] 

and invertase activity by modified method of Sumner [23]. 

Results and Discussions 

The current study results indicated that all the treatments have 
increased the vase life of flowers by maintaining the carbohydrate 
pool in the petals. CoNO3 and AgNO3 along with sucrose main-
tained keeping quality of the flowers for a long period of time during 

post harvest incubation. 

From the studies conducted on starch content of the petals [Fig-1] 
it was observed that there was a sharp increase in concentration 
from 1st day to the 5th day followed by a steep decrease from 5th 
day to 9th day of post harvest studies. This can be attributed to the 
rise in level of amylase enzyme activity. Amylase degrades starch 
in to dextrose and maltose showing a lower level of starch on the 
9th day. Ferreira and De Swardt [3] observed that a fall in starch 
concentration also coincides with fall in respiratory rate. Overall 
effect of treatments indicated maximum starch content in CoNO3 + 
sucrose treatment whereas lower concentration of starch was indi-
cated in control flowers. This was in accordance with the findings of 
King and Moris [11] and Gao and Yang [5] where cut rose flowers 
treated with 8-hydroxyquinoline, citric acid and silver nitrate in-
creased starch content over control flowers. Starch is the nutritional 
reserve and buffers against the excessive growth in osmotic poten-

tial, so it is essential for maintaining freshness of cut flowers. 

Carbohydrates are the building blocks and are required for main-
taining flower quality. Flowers lack chlorophyll therefore depends 
on leaves for their carbohydrate supply. Usually sucrose is the form 
of sugar transported from leaves to flowers. An increase is seen in 
level of total soluble carbohydrates [Fig-2] from 1st day to the 5th 

day followed by a drop from 5th day to 9th day. The initial increase is 
due to carbohydrate production during photosynthesis. It is be-
lieved that maintenance of carbohydrate pool in corolla is one of 
the important factors for delaying senescence [16]. The decline in 
the later stage is due to the action of hydrolytic enzymes and in-
creased rate of respiration. Similar results were also obtained by 
Olley, et al. [19] where they found that single cut flower maintained 
in eppendorf tubes showed rapid decrease in the sugar content. 
Yamane et.al, [32] reported loss of soluble carbohydrates during 

senescence of Gladiolus perianth. 

Fig. 1- Effect of vase solutions on cut Gerbera jamesonii cv. Danal-

in flowers during post harvest period on starch 

Fig. 2- Effect of vase solutions on cut Gerbera jamesonii cv. Danal-
in flowers during post harvest period on Total soluble carbohy-

drates  

The study of reducing sugars content [Fig-3] indicated that, in min-
eral salts and sucrose treatments there is a considerable elevation 
in reducing sugar concentration from 1st day to 5th day. It can be 
inferred that sugars from keeping solution are taken up as hexoses 
and sucrose is hydrolysed to reducing sugars. Lukszewska [13] 
observed accumulation of reducing sugars in sucrose fed flowers 
of Dahlia. There is gradual decline in reducing sugars level in con-
trol flowers as senescence starts, this drop can be attributed to the 
high rates of respiration [21] leading to the depletion of respiratory 
substrate during senescence. Ranwala and Miller [22] reported that 
sucrose supplied in the vase solution increased the concentrations 
of glucose, fructose and sucrose in both leaves and tepals during 
vase life. On the 9th day, the control showed increased concentra-
tion of reducing sugars due to the increased activity of invertase 
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enzyme, on the other hand the treatments showed a considerable 
decline in concentration from 5th day to the 9th day. This can be 
attributed to the effect of mineral salts which lowered the break-
down of starch resulting in decline in concentration of reducing 

sugars. 

Fig. 3- Effect of vase solutions on cut Gerbera jamesonii cv. Danal-

in flowers during post harvest period on Reducing sugars  

The studies conducted on amylase enzyme [Fig-4] indicated an 
increase in activity from 5th to 9th day of incubation. Similar upsurge 
in amylase levels was also reported by Vimala [28] in Vinca rosea. 
This rise suggests a drop in starch content. Ferrreira, et al [4] also 
observed an increase in amylase activity and concomitant degra-
dation of starch in perianth leaves of gladiolus flowers. The overall 
effect of periods indicated maximum amylase content on the 9th 
day of studies and among the treatments maximum amylase was 
observed in control flowers. On the 9th day, treatments showed 
relatively higher concentration of starch, which in turn suggests 

maximum starch degradation in case of control flowers. 

Fig. 4- Effect of vase solutions on cut Gerbera jamesonii cv. Danal-

in flowers during post harvest period on Amylase activity 

A slight increment in invertase activity [Fig-5] was shown by both 
silver nitrate and cobalt nitrate treated flowers on 5th and 9th day 
while a significant rise in activity was observed in control flowers on 
the 9th day of studies. This is in contrast to the report by 
Lukaszewska [14] that a fall in invertase activity in cut roses. A 
change in sugar composition is accompanied by changes in invert-
ase activity [9]. Invertase activity was higher in case of control ra-
ther than in the flowers under treatments. It can be assumed that in 
treatments, during petal senescence the invertase inhibitor pre-

vents the hydrolysis of sucrose to glucose and fructose and there-
by enables carbohydrate transfer from wilting petals to neighboring 

organs for the reuse of the constituents [6]. 

Fig. 5- Effect of vase solutions on cut Gerbera jamesonii cv. Danal-

in flowers during post harvest period on Invertase activity 

Hence it can be inferred that by using vase solutions, the longevity 
of flowers can be increased by maintaining the water balance and 
sugar content. Sucrose plays a significant role in delaying senes-
cence. Sucrose feeding of cut spikes of Consolida ajacis enhanced 
vase life as compared to controls [29]. Significantly lower levels of 
the ethylene precursor ACC were observed in sucrose-treated 
flowers [27]. Addition of sugars also limits transpiration by reducing 
stomatal opening; as a result vase life of the cut Gerberas is in-
creased. Silver nitrate reduces the rate of senescence. It has anti-
microbial activity, which enhances the water uptake by preventing 
the plugging of vessels, thus increasing the vase life from around 4 
days to 11 days. Similar effect of silver nitrate is also reported by 
Hussein [8]. Cobalt nitrate delays senescence by limiting Ethylene 
biosynthesis and maintaining water balance. Murr, et al. [18] re-
ported that the rate of water uptake in cut roses was maintained at 
a high level by cobalt nitrate treatment. It has been suggested that 
the beneficial effect of cobalt through the partial closure of stomata 
could be the main reason for retaining more water and thereby 
contributing to the increased fresh weight, resulting in the exten-
sion of post harvest life of gerbera flowers up to 9-11 days at room 

temperature. 

Maintenance of elevated carbohydrate contents and reduced level 
of hydrolyzing enzymes exhibited by the flowers under mineral 
salts and sucrose treatments can be correlated with the delay in 
senescence and increase in post harvest vase life of Gerbera flow-
ers. More detailed assessment of carbohydrate concentrations by 
tissues would yield more insight into the role of starvation in the 

processes leading to cell death.  
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