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The values of ornamental plants are determined by the quality and longevity
of their flower petals. Flower petals are ideal tissues for senescence studies.
Various parameters of sugar metabolism such as total sugars, reducing
sugars and non reducing sugars metabolites and corresponding enzyme
activity of invertase were studied from the flower petals under uncut
conditions. The amount of total sugars and reducing sugars had an
increasing trend with progressing stages followed by a decline during
senescent phase. The decrease in the metabolites suggests that the
breakdown products of the cell’s macromolecules are transported out of the
petals to other parts of the plant. The invertase activities had an increasing
trend initially but at senescent stage decrease in activity was observed. The
increase in the activities of invertase suggests more breakdown of reducing
sugars.
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INTRODUCTION
The quality of ornamental plants is often decreased by
senescence. The commercial life of a flower is typically
determined by its perianths (petals or sepals) as such most of
the studies related to flower senescence have focused on the
perianths. Flower petals are ideal tissues for cell death studies
as they are short lived. Tagetes erecta L. (Marigold) member
of the Asteraceae is one of the most important floricultural
crops all over the world and in India as well; accounting for
more than half of whole loose flower production (Sreekanth et
al., 2006). The senescence of flowers involves a coordinated
series of complex physiological and biological events leading
to eventual collapse and death of the petals. Flower
senescence is accompanied by increased respiration and
ethylene production, induction of catabolic enzymes, ion
leakage, and nuclear fragmentation resulting decrease in
protein, complex carbohydrates and nucleic acid content, and
loss of membrane function (Halevy and Mayak, 1979, 1981).
This is all directed towards mobilization of nutrients from
petals to other parts of the plant e.g. developing ovary (Halevy
and Mayak, 1979; Xu and Hanson, 2000; Zhou et al., 2005;
and Jones, 2007; van Doorn and Woltering, 2008). Two major
metabolic events that occur in senescing petals are increase in
respiration and hydrolysis of cell components. The enzymatic
changes found during petal senescence are associated mainly
with these two processes.

MATERIALS & METHODS
The plants were grown in experimental plots of the
department. It was observed that the time taken by flower to
open was 6-8 days in Tagetes erecta L. which was considered
as stage 1. The uncut flowers of Tagetes erecta L. remained on
the plant till 16 day after opening (stage 1). Data was recorded

at by the interval of 2 days. Thus, 6 stages were defined as
follows:

Stage 1 Flowers that had opened completely (Day 6)
Stage 2 After 2 days (Day 9)
Stage 3 After 4 days (Day 12)
Stage 4 After 6 days (Day 15)
Stage 5 After 8 days (Day 18)
Stage 6 (Senescent stage): After 10 days (Day 21)

For estimation of total sugar, reducing sugars and non
reducing sugars during petal senescence in uncut flowers,
biochemical estimation was done from 100 mg dry petals
where as the estimation for the activity of invertase enzyme
was done from the 100 mg fresh material of all the stages of
Tagetes. Total sugar was estimated by Nelson’s methods
(1944). The results are expressed as mg sugars per gram
petals. Invertase activity was estimated by the methods of
Hatch and Glasziou (1963) and the results were expressed as
mg reducing sugars reduced per gram petals. For statistical
analysis the data obtained were analyzed statistically by the
means of ten replicates for each stage and the standard error
was computed. It was also statistically examined by the one
way Analysis of Variance (ANOVA) at 0.05 level of
significance.

RESULTS AND DISCUSSION
Total sugars

It was observed that the total sugar content increased during
the flower development stages (day 1-6). Hence, higher
amount of total sugar recorded at stage 1. This is probably
because the sugars are used for building structures for the
plant organs and contribute to the cell wall synthesis that
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stimulates floral expansion (Ichimura, 1998). In the present
case also florets show enlargement with the progressing

stages. The higher amount of total sugars at the first stage
showed a remarkable decrease during the following period
itself (Figure-1). This is possibly because the sugar stores of
the petals were being used by them in various metabolic
activities.

A decline trend in the total sugars content was found probably
because of the mobilization of reserves within the flower from
the petals to the ovary or to the other growing areas in the
plants after onset of senescence. Translocation within the
petals to the ovary is also reported by many workers while
studying senescing flowers (Hsiang, 1951; Nichols, 1976).
This transport is promoted by pollination and ethylene. Thus,
in the present case also when the flowers were attached to the
mother plant, the process of pollination might have taken
place which acts as a trigger mechanism, thereby, leading the
flower towards senescence. These types of pollination induced
senescence have been reported by Porat (1994).

Reducing Sugars

Reducing sugars showed higher amount at stage 1. It is also
observed that the reducing sugar content decreased slightly on
the next stage (Stage-2). Later it showed a decreasing trend in
the values with a slight increase at the senescent stage (stage-
6) (Figure-1). It was observed that the reducing sugar content
increased during the flower development stages (day 1-6). It is
hypothised that this rise may be due to the accumulation of
sugars in the petals. This sugar in the petals is either
translocated from other place after synthesis or due to
breakdown of macromolecules releasing them. (Chapin and
Jones, 2007 and Van Doorn and Woltering, 2008). This
suggests that the Tagetes petals are physiologically very active
and large amount of sugars might have translocated to the
petals at stage 1 .With the progressing stage the values of
reducing sugars were remarkably less suggesting that once the
process of senescence is triggered with no point of return the
reducing sugars are either drained to the developing ovary or
to the other plant parts with no further accumulation in petals
(Halevy and Mayak, 1979; Xu and Hanson, 2000; Zhou et al.,
2005; Chapin and Jones, 2007 and Van Doorn and Woltering,
2008). At the senescent stage (stage-6) rise in sugars was
observed, this suggests that possibly at this stage the ability of
these flower petals to translocate sugars had decreased this
justifies accumulation of reducing sugars in petals.

Non-Reducing sugars

There was a sharp increase in the amount of non reducing
sugar at stage- 1 (4.27mg). But there was a sharp steep
decrease in the amount non reducing sugars at stage-2. This
suggests that possibly at stage 2 there was more demand of
sugars and hence to fulfill the need non reducing sugars were
broken down to yield suitable reducing sugars, which were
utilized or were mobilized out of the petals. Then after the
amount had an increasing trend with a drop at stage-5
However, the amounts showed a slight rise at the senescent
stage (stage-6). Here, the concentration of non reducing sugars
was much lower compared to that of reducing sugars during
stage 2 and 3. The amount of non reducing sugars were found
to be less as compared to the reducing sugars in flower petals
during uncut condition this justifies the findings of Weinstein
(1951)  who reported that the reducing sugars were the main
constituents of the sugar pool in mature petals of carnation and
rose rather than non reducing sucrose.

Invertase

Initially the activity of invertase was found higher suggesting
accumulation of sucrose but later there was a sharp decrease
found suggesting the breakdown of sucrose. Flower petal
tissue generally contains high activity of invertase (Hawker et
al., 1976) and indeed most of the sugar pool of mature petals
is composed of inverted sugars. Winkenbach and Matile
(1970) stated that invertase enzyme plays a key role in
carbohydrate metabolism and its activity increase during
flower development and then decrease in wilting flowers
(Halaba and Rudnicki, 1981). At stage 4 drastic decrease in
invertase activity suggests probable accumulation of sucrose at
this stage. This means at stage 4 when the flower was attached
to the mother plant there was enough supply of carbohydrates
this led to the accumulation of sucrose. The decrease in
reducing sugars (4.34 to 2.98) and increase in non reducing
sugars (2.34 to 3.53) supports this view.

CONCLUSION
The amount of total sugars and reducing sugars were found to
be decreased under uncut condition and signifies an early
senescence. The amount of non reducing sugars was found to
be more under uncut condition. The invertase activity were
found to be decreasing in uncut condition this suggests less
production of reducing sugars that signifies early senescence.
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