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Abstract
Flower senescence is the terminal phase of developmental processes that lead to the 

death of flower, which include, flower wilting, shedding of flower parts and fading of 
blossoms. Since it is a rapid process as compared to the senescence of other parts of 
the plant it therefore provides excellent model system for the study of senescence. During 
flower senescence, developmental and environmental stimuli enhance the upregulation 
of catabolic processes causing breakdown and remobilization of cellular constituents. 
Ethylene is well known to play regulatory role in ethylene‑sensitive flowers while in 
ethylene‑insensitive flowers abscisic acid (ABA) is thought to be primary regulator. 
Subsequent to perception of flower senescence signal, death of petals is accompanied by 
the loss of membrane permeability, increase in oxidative and decreased level of protec‑
tive enzymes. The last stages of senescence involve the loss of of nucleic acids (DNA 
and RNA), proteins and organelles, which is achieved by activation of several nucleases, 
proteases and wall modifiers. Environmental stimuli such as pollination, drought and 
other stresses also affect senescence by hormonal imbalance. In this article we have 
covered the following: perception mechanism and specificity of flower senescence, flower 
senescence‑associated events, like degradation of cell membranes, proteins and nucleic 
acids, environmental/external factors affecting senescence, like pollination and abiotic 
stress, hormonal and non-hormonal regulation of flower/petal senescence and finally the 
senescence associated genes (SAGs) have also been described.

Introduction
Plant senescence is a developmentally regulated and genetically programmed process 

that ultimately leads to death of a particular organ or whole plant. It is an important 
and final event of plant development and usually observed in many different tissues such 
as leaves, petals, reproductive organs (stamens and style), root cap, cortex, germinating 
seeds etc. Flower parts provide an excellent model for both the abscission and senescence 
because both processes are irreversible and are under precise developmental control. The 
senescence event involves structural, biochemical and molecular changes, which are also 
the hallmarks of programmed cell death (PCD). Generally in plants the term senescence 
and PCD both denote the processes that initiate the programmed death of individual 
cells.1 Therefore the senescence can also be considered as one of the examples for PCD.

Senescence is a highly controlled process and involves the progressive shut down of 
several biosynthetic pathways and the expression of different hydrolases that hydrolyse 
polymers such as carbohydrates, proteins, lipids and nucleic acids. The hydrolyzed  
products are then transported to newly growing tissues where they are needed. Thus plant 
senescence is a vital process that saves energy and materials with recycling program. 
There is a complex interplay of different hormones during the senescence, for example 
ethylene and ABA play a major role in the onset of senescence while cytokinins prevent it.  
The mechanism by which the hormones or their precursors are rapidly transmitted and 
sensed to bring about the changes in different tissues such as petals, stamens and ovary are 
not yet well known.2

Flower Senescence: Perception Mechanism and Specificity
Flowers play very critical role in plants’ life cycle. These are structures responsible 

for sexual reproduction and seed set for continuation of one generation to next genera-
tion. Each flower parts have to play a definite role and are only retained when needed.  
So it becomes important for the plant to strictly regulate the death of its flower.3  
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Most of the changes in flowers is a consequence of pollination. 
Pollination is known to trigger a large number of changes in flowers 
such as petal and anther senescence/abscission, and ovary maturation 
to contain developing seeds.4 In several species like Petunia, tobacco 
and carnation, flower senescence is mediated by pollination‑induced 
ethylene generation.4

A model for regulatory pathways in flower senescence is depicted 
in Figure 1. ten Have and Woltering (1997)5 showed that the 
pollination‑induced ethylene in carnation is translocated from stigma 
to the petals via the style and ovary, where it upregulates ethylene 
biosynthetic genes and induces the production of ethylene. Once 
the process is initiated the evolution of ethylene becomes auto-
catalytic and accelerates the senescence process.6 This suggests that  
the promoters of ethylene biosynthetic genes contain some ethylene‑ 
responsive elements.2 In several ethylene signalling mutants in 
Arabidopsis, like etr1, ein2, ein3 and ers2 that are affected in ethylene 
perception, senescence of floral organs is delayed but not blocked. 
In these mutants expression of senescence‑associated genes (SAGs) 
was also delayed temporally but the expression level was similar to 
wild‑type plants (Fig. 1). This led to the conclusion that ethylene 
is involved in regulation and control of the timing of floral organ  
senescence, but not required for the execution of the senescence 
program once it had begun. This suggests that rather than ethylene 
some other ethylene‑independent pathways are also required for 
initiation and progression of senescence.7

Based on ethylene sensitivity flower senescence can be divided 
into two groups.8 One, with ethylene as the major regulator, i.e., 
ethylene‑dependent pathway as in Petunia, carnation, Ipomoea, 
rose, Arabidopsis etc., and the other ethylene‑independent pathway 
as in Alstroemeria, Gladiolus, Iris, Sandersonia and daylily. Several 
studies have shown the ethylene‑independent pathway regulating 
floral degeneration,9,10 but their mechanism is not yet well studied. 
Thomas et al. (2003)11 proposed that senescence/PCD is regulated 
at both the transcriptional (initiation and activation of SAGs) and 
the post‑transcriptional level (execution and fine control). Thus the 
ethylene‑sensitive and ethylene‑insensitive flower senescence processes 
may have some common cellular components with complex network 
of post‑transcriptional modifications. Langston et al. (2005)12 
reported that nuclear DNA fragmentation and the induction of a 
nuclease (PhNUC1) were delayed but not eliminated during flower 
senescence in ethylene‑insensitive, 35S:etr1‑1 transgenic Petunias. 
However it is still unclear whether there are components of the  
senescence pathways in petals that are dependent on ethylene.

Since each part of flower play different role in their life span,  
therefore it requires specific co-ordination of sencence signal among 
them. Rieu et al. (2003)13 showed that ethylene regulates petal 
senescence in tobacco and at the same time ovary continues to 
develop without any interruption. Wagstaff et al. (2003)14 revealed 
that petal margins degenerate before the centre, suggesting existence 
of the gradient of signal or receptor or other mediators of PCD. 
Christensen et al. (2002)15 reported that in Arabidopsis gfa2 mutant 
flowers synergids failed to undergo PCD while antipodal PCD was 
not affected, which indicated that the specificity of signal is required 
for the regulation of specific cellular target of PCD.

Based on the PCD mechanism established in morphological types 
of metazoan cell death, van Doorn and Woltering (2005)16 tried 
to categorize plant PCD in three types: apoptotic‑like, autophagic 
and neither apoptotic nor autophagic. Similar to animal apoptosis, 
tapetum and pollen tube showed clear evidence to support an 
important role for the mitochondrion and involvement of caspases.16 

Tapetum degeneration is characterized by chromatin condensation 
in Lobivia and Tillandsia flowers,17 and by DNA fragmentation 
in barley anthers.18 In sunflower anthers cytoplasmic male sterility 
(CMS) there is a cytochrome c release into the cytosol followed by 
changes in the cell morphology and loss of outer mitochondrial 
membrane integrity.19 However, PCD mechanism in the tapetum 
is still unknown. It has been shown that self‑incompatibility also  
triggers PCD in Papaver pollen tube by induced caspase‑3‑like 
activity.20 Recently, Thomas et al. (2006)21 established that changes 
in actin filament levels or dynamics play a functional role in initi-
ating PCD in Papaver pollen, triggering a caspase‑3‑like activity thus 
providing a link between actin polymerization and PCD in pollen.

In autophagy, the type of PCD in petals is characterized by the 
identification of vesicles that transported proteases to the vacuole.  
The endoplasmic reticulum‑derived compartments contain precur-
sors of cysteine proteinases known as “protease precursor vesicles” 
(PPVs), which deliver vacuolar‑processing enzymes (VPE) to the 
vacuole where they are required for the processing of a number 
of proteins.22 Several proteases have been identified in a number 
of senescent floral organs of Petunia,23 daylily petals24 and in pea 
ovaries.25 The third category of PCD is not very well characterized 
in flowers.

Sepal senescence shows similarity with leaf senescence because 
they are green and contains chlorophyll. In broccoli flower, sepal 
chlorophyll degradation is the first visual sign of senescence.26

Flower Senescence Associated Events
The developmental events taking place during senescence also 

involve physiological changes such as loss of water from the senescing 
tissue, leakage of ions, transport of metabolites to different tissues, 
and biochemical changes, such as generation of reactive oxygen 
species (ROS), increase in membrane fluidity and peroxidation, 
hydrolysis of proteins, nucleic acids, lipids and carbohydrates.

Cell membrane degradation. Membrane deterioration is an early 
and characteristic feature of plant senescence, which leads to several 
structural and functional changes. For example the ultra‑structural 
changes including the vesiculation of vacuolar and cytosolic compart-
ments have been reported in carnation petals.27 In daylily flowers, 
during senescence the degeneration of vacuolar membrane of 
epidermal cells was reported by Stead and van Doorn (1994).28

At the biochemical level, senescence is associated with changes in 
membrane fluidity and leakage of ions in several different flowers.29 
The loss of differential membrane permeability was reported by 
Phillips and Kende (1980)30 in morning glory flower. The important 
changes at the membrane, which include the decrease in all classes of 
membrane phospholipids and increase in neutral lipids, mainly due 
to increased action of phospholipases and acyl hydrolases, have been 
reported.31 Another important event that leads to loss of membrane 
permeability is oxidation of membrane lipids (lipid peroxidation) due 
to lipoxygenases in day lily32 and carnations.33 Hong et al. (2000)34 
showed that an ethylene‑inducible lipase mRNA increases just as 
carnation flowers begin to senesce. Leverentz et al. (2002)35 revealed 
that in ethylene‑insensitive Alstroemeria flower senescence the loss of 
membrane function was not related to lipoxygenase activity. In the 
ethylene‑sensitive category, lipoxygenase activity may promote  
senescence through oxidative membrane damage as seen in rose36 
and carnation.37 However, in some ethylene‑sensitive plants such 
as Phalaenopsis, the lipoxygenase seems not to play any apparent 
role.38 On the other hand, in the ethylene‑insensitive category,  
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lipoxygenase promotion of senescence has been proposed in daylily39 
and implicated in Gladiolus species.40 Thus Alstroemeria represents 
a distinct pattern of floral senescence that is both ethylene‑ and 
lipoxygenase‑independent.

Due to various oxidative reactions, ROS are known to be 
involved in normal death of plant cells including petals. The ROS 
is produced from hydrogen peroxide, thus the hydrogen peroxide 
level regulating enzymes showed differential expression during  
senescence.41 In daylily, an increase in ROS due to a decrease in 

activity of catalase and increased activity of superoxide dismutase 
(SOD) was observed.32 In carnation petals catalase and ascorbate 
peroxidise (APX) activities increase during flower senescence.42 
An increase in the number of peroxisomes during carnation petal 
senescence has also been reported.43 Decreased levels of natural 
antioxidants were reported in several flowers.44 During the flower 
senescence membrane proteins mediating transport (various cellular 
pumps) and redox reactions were reported to decrease.45

Figure 1. A model for regulatory pathways in flower senescence. The PCD signal is generated by both external and internal stimuli and transduced by some 
signals resulting hormonal imbalance in the cell. This altered level of hormones further activates several cascade and transcriptional regulation. The initia‑
tion of senescence starts with expression of several SAGs like proteases, nucleases, wall degrading and oxidative enzymes. Now the collective actions of 
all these enzymes accelerate the senescence process and it become irreversible. At the later stage of senescence symptoms become visible and ultimately 
leads to cell death of flowers.
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Protein degradation: Proteases in flower/petal senescence. 
During the time course of senescence targeted protein degradation 
is a critical part, therefore the activity of proteolytic enzymes is an 
essential element in these processes. Proteases degrade proteins by 
hydrolyzing internal peptide bonds and are one of the best char-
acterized cell death proteins in plants.46 PCD‑promoting signals 
induce inactive zymogens to active proteases and trigger irreversible  
proteolysis cascade causing death. Among all the proteases, the 
cysteine proteases are the most frequent and well characterized.47  
In support of their role in flower senescence several cysteine proteases 
have been shown to be upregulated and further cloned from petals of 
Petunia,23 Alstroemeria,48 Sandersonia,49 and Narcissus.50

Using differential screening of a cDNA library, Guerrero et al. 
(1998)51 reported a cDNA clone encoding a daylily thiol protease 
(SEN11), whose expression is strongly upregulated in flower tepal 
senescence. Earlier reported thiol protease SEN10224 and SEN11 
transcripts were not detectable in flower buds at the opening stage, 
but a significant increase in transcripts in both wilting petals and 
sepals was reported. The expression pattern of these genes coding 
for proteases suggests their involvement in the protein hydrolysis in 
tepals at the late senescence stage. Cercós et al. (1999)25 showed the 
elevated expression of a thiol‑protease TPE4A during senescence of 
unpollinated pea ovaries. Recently Azeez et al. (2007)52 reported the 
expression of specific serine proteases during senescence‑associated 
proteolysis in Gladiolus flowers. During the senescence, serine 
protease activity increases up to 2/3 of total proteases activity. In‑gel 
assay analysis revealed the enhanced activity of two trypsin‑type 
serine proteases with different molecular masses (75–125 kDa) 
during the course of senescence.

Several senescence‑associated cysteine protease genes have been 
reported to increase in abundance following ethylene treatment. In 
Petunia hybrida a total of nine cysteine protease genes were analyzed 
in ethylene‑sensitive corollas and six of the nine cysteine proteases 
showed increased transcript abundance during ethylene‑induced 
petal senescence.23 In carnation the expression of cysteine protease 
DCCP1 increased several‑fold after three hours of ethylene treatment 
during flower petal senescence.53 Sugawara et al. (2002)54 cloned a 
gene from carnation flower for the cysteine protease inhibitor that 
is expressed abundantly in the petals at the full opening stage of 
the flower and during senescence its expression declines temporally. 
This inhibitor may be considered to play a role in the regulation of 
petal senescence by fine tuning the expression of different cysteine 
proteases.

Nucleic acid degradation. During senescence of floral parts, the 
degradation of DNA and RNA is the most common feature.11 Using 
differential screening, Panavas et al. (1999)55 cloned a cDNA from 
daylily petals, with similarity to fungal S1‑ and P‑type endonucleases 
that degrade both single‑stranded DNA and RNA and only a single 
copy of the petal‑specific gene was reported. The transcript level of 
this putative nuclease increases at flower opening and continues to 
increase during senescence. The advanced stages of petal senescence 
in Petunia were found to be associated with DNA laddering and 
increased nuclease activity.56 Five DNases with specific activity 
against ssDNA were identified in petals of Petunia and all of them 
were shown to be increased during the senescence of pollinated 
flowers. Langston et al. (2005),12 using the same flower species, 
characterized a single cobalt‑dependent senescence‑specific nuclease 
PhNUC1, which is a glycoprotein and is characterized by higher 
activity during both pollination‑induced and age‑related senescence. 
Activity of PhNUC1 was induced in non-senescing corollas by  

treatment with ethylene. The increased PhNUC1 activity was delayed 
in ethylene‑insensitive flowers (35S:etr1‑1) suggesting ethylene‑ 
dependent regulation of DNA fragmentation and nuclease activity. 
In another study using flow cytometry and fluorescence microscopy, 
Yamada et al. (2006)57 reported DNA degradation, chromatin 
condensation and nuclear fragmentation during PCD in petals of 
Ipomoea. Senescence‑associated RNases have also been characterized 
from petals of Arabidopsis58 and tomato.59

Recently, Yamada et al. (2006)60 studied flower PCD in the 
petals of Antirrhinum, Argyranthemum and Petunia, using DNA 
degradation and changes in nuclear morphology as parameters. The 
petals of all three flowers showed loss of turgor (wilting) and DNA  
degradation. Two distinct types of nuclear morphology were observed 
during PCD in these petals. One type was characterized by chromatin 
clumping into spherical bodies inside the nuclear membrane lacking 
nuclear fragmentation during PCD as in Antirrhinum. Nuclear 
fragmentation did not occur in Antirrhinum, whereas nuclear  
fragmentation was reported in Argyranthemum and Petunia.60

Environmental Factors Affecting Senescence
Senescence might be triggered by biotic and abiotic stresses. 

Flowers being most colorful and susceptible part of plant are easily 
affected by several environmental factors such as insect‑mediated 
pollination, seasonal changes, lack of water, and various stresses such 
as invasion by a pathogen or attack by a predator.61

Pollination. It is now well established that compatible pollina-
tion activates a series of post‑pollination developmental events 
contributing to reproduction and ovary growth, pigmentation 
changes and petal senescence.62,63 The post‑pollination events trigger 
increase in hydrolytic enzymes and degradation of macromolecules. 
Pollination‑induced senescence is accelerated in 60 different genera, 
most of which are suspected of being sensitive to ethylene.64

Pollination‑regulated development is initiated at the stigma but 
the developmental processes, like petal senescence, take place in floral 
organs.2 These observations suggest that there are some inter‑organ 
signals that amplify and transmit the pollination signal to floral 
organs. It is reported that inter‑organ signalling and signal amplifica-
tion involves the regulation of ethylene biosynthetic gene expression 
and inter‑organ transport of hormones and their precursors.62  
In carnation petals, the signal arises from the compatible reaction 
between pollen and stigma.65 In this flower, a burst of ethylene 
occurs apart from whether the pollen is compatible or incompatible, 
which may be due to the presence of endogenous ACC in the pollen 
grain. Senescence, however, occurs after a second burst of ethylene 
that is reported only when compatible pollination took place.66 An 
ACC synthase gene was reported to be upregulated by pollination 
and auxin in the stigma.67 In contrast to carnation, in Petunia styles 
the ACC upregulation and transportation were not reported.68 There 
is also an ethylene‑independent increase in sensitivity to the hormone 
after pollination, apart from an increase in ethylene production.69 
The role of short‑chain saturated fatty acids in the control of ethylene 
sensitivity in senescing carnation has been reported.70

Abiotic stresses. Flower senescence is often hastened by several 
abiotic stresses, like drought, light quality, heat shock etc. In these 
stresses the senescence process is mediated by the evolution of 
ethylene in ethylene‑sensitive flowers, while in ethylene‑insensitive 
flowers elevated level of ABA might be an important hormonal  
intermediate signal for responses. Panavas et al. (1998)32 reported 
that drought stress leads to early senescence symptoms in  
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sorbitol‑treated daylily flowers. Elevated ABA level was observed in 
drought‑induced senescence of daffodil,71 carnation72 and daylily.32  
A change in light source also significantly affected the ABA content 
of the petal. Garello et al. (1995)73 showed that rose flowers under 
sodium lamps showed delayed senescence as compared to metal 
halide lamps. There is an inverse relationship between ABA level 
and flower longevity as the higher ABA level the shorter the vase‑life 
observed. Woltering et al. (1997)74 reported higher ethylene level in 
excised gynoecium in the presence of light than dark. Under the heat 
shock, Verling et al. (1991)75 reported the upregulation of heat shock 
proteins and downregulation of several other proteins. There are 
several reports that the heat shock delays the senescence related genes 
up to considerable time period in several flowers like carnation76 
and daylily.32 This may be due to strong activation of some defence 
related genes which mimic the expression of PCD genes.

Hormonal Regulation of Flower/Petal Senescence
Several plant hormones were reported to play an important role 

in senescence process. The specific regulation of flower senescence 
is very complex process and is governed by endogenous levels and 
sensitivity of hormones. It is difficult to say that all the hormones 
are actively involved in floral PCD in all species. There should be 
some quantitative and qualitative species‑specific differences present 
to mediate programmed cell death. In most of the flowers, it is an 
increase in ethylene following pollination that triggers the changes 
associated with petal senescence. The roles of individual hormones 
are discussed below.

Ethylene. Senescence in many plants is accelerated by the natu-
rally occurring plant hormone ethylene. Ethylene is a gas produced 
by plants and exposure to ethylene causes premature senescence of 
both the leaves and flowers. In flowers, senescence is triggered by 
hormonal changes that follow pollination. Like fruits, most flowers 
also show a climacteric rise in ethylene following pollination.4  
In flowers like Petunia that are self‑incompatible, the senescence‑ 
related changes in petals are observed after compatible pollination 
and not after pollination by incompatible pollen.66

The role of ethylene in flower development has been studied to a 
great extent in Petunia, Geranium, orchids, and carnation. In Petunia, 
out of four ACC oxidase (ACO) gene members ACO1 is expressed 
specifically in senescing corollas and in other floral organs following 
ethylene exposure while ACO3 and ACO4 were expressed in devel-
oping pistil tissue.77 The timing and tissue specificity of the increased 
expression of ACO transcipts correlated with pollination‑induced 
ethylene production in styles and stigma followed subsequently by 
corollas leading to senescence.78 Pollination in orchids was associated 
with an increase in ACO transcript in stigma and petals.79 Ethylene 
biosynthetic genes were also differentially expressed during carnation 
flower senescence.5

Ethylene receptors and downstream genes of ethylene signaling 
cascade were also shown to play an active role in the progression 
of senescence. In carnation, Shibuya et al. (2002)80 showed that 
DC‑ERS2 and DC‑ETR1 are ethylene receptor genes responsible for 
ethylene perception and that their expression during flower senes-
cence is regulated in a tissue specific manner and independently 
of ethylene. In roses, senescence of flowers seems to be related to 
elevated levels of ETR3 indicating that flower senescence may be 
triggered by the perception of endogenous ethylene by ethylene 
receptors.81 Expression of ethylene receptor gene ERS1 and signaling 
regulator gene CTR1 from Delphinium florets was found to increase 

after treatment of florets with ethylene.82 In Rosa hybrida higher 
expression of two CTR genes were reported during ethylene induced 
flower senescence. RhCTR1 levels were upregulated in senescing 
flowers, while RhCTR2 was constitutively expressed during flower 
senescence.83 In Dianthus a putative EIN3‑like protein, DC‑EIL1 
transcript level decreased in flower tissue, especially in petals, during 
natural senescence and in response to ethylene and ABA treatment.84 
Similarly, in rose the gene RhEIN3 was constitutively and stably 
expressed during flower development in response to ethylene and 
ABA.85 These findings suggest that control of ethylene sensitivity 
during senescence occurs upstream of EIN3 and its homologues.

Several ethylene mutants were studied in order to elucidate the 
role of ethylene in regulation of flower senescence. Transgenic carna-
tion flower with antisense ACO showed delayed senescence which 
enhanced the shelf life from five days to nine days.86 The expression 
of the Arabidopsis etr1‑1 gene in transgenic carnations Petunia and 
tomato delayed flower senescence, resulting in a significant increase 
in vase life.87,88

Abscisic acid. Exogenous application of ABA to certain flowers 
hastens flower senescence.89 In daylilies, which are ethylene‑ 
insensitive, ABA is thought to be the primary hormonal regulator 
of flower senescence, and many of the senescence‑related changes 
are brought about by ABA. These include ion leakage, changes in 
lipid peroxidation, protease activity and expression of novel DNases 
and RNases.90 In ethylene‑sensitive flowers, like carnation, ABA 
accelerates flower senescence by increasing the endogenous produc-
tion of ethylene.91 Hunter et al. (2004)92 reported that the ABA 
content increased in tepals of senescent flowers. The increased ABA 
content coincided with the appearance of visual signs of senescence 
in tepals. Exogenous ABA enhanced the premature accumulation of 
senescence‑associated transcripts in the tepals indicating that ABA 
induced the transcripts independently of ethylene.

Cytokinins. In contrast to ethylene and ABA, cytokinins delay 
senescence in floral tissues. The inverse relationship between cyto-
kinin content and senescence occurs in some flowers, like Petunia,93 
roses94 and carnation.95

In an interesting study, Chang et al. (2003)96 confirmed the role of 
cytokinins in flower senescence. The transgenic plants overexpressing 
IPT gene under the SAG12 promoter exhibited significant delays in 
flower senescence resulted in the increased cytokinin content and 
less ethylene sensitivity. Increased endogenous ethylene production 
was measured after pollination but this increase was delayed in IPT 
flowers. Flowers from IPT plants were less sensitive to exogenous 
ethylene, and showed delayed ethylene responsiveness, corolla 
senescence and a senescence‑related cysteine protease. These plants 
confirm that the regulation of flower senescence involves the  
interaction of cytokinins, ethylene and ABA.

Auxins, gibberelic acids and jasmonic acid. The effect of auxins 
and gibberelic acids is not well characterized in flower senescence. 
Applications of auxins to cut flowers stimulate senescence of some 
ethylene‑sensitive flowers.62 Gibberellic acid is known to delay  
senescence in some cut flowers by acting as an antagonistic to 
ethylene. Saks et al. (1992)97 showed that exogenous application 
of gibberellic acid delayed the senescence of cut carnation flowers 
with reduced ethylene production. Recently, Setyadjit et al. (2006)98 
treated an ethylene‑sensitive flower Grevillea ‘Sylvia’ and this  
treatment did not enhance the longevity of inflorescences and 
ACC level. At higher level gibberellic acid concentrations enhanced 
flower abscission rather than senescence. Jasmonic acid also shows  
stimulating effect on flower senescence. Jasmonic acid along with  
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several other metabolites promotes senescence of orchid species,  
presumably by elevating ACC, thereby stimulating ethylene prod- 
uction. However, in orchid petals for 50 h after pollination‑induced 
senescence neither lipoxygenase activity nor jasmonic acid content 
changed.38

Non-Hormonal Regulation of Flower Senescence
The flower senescence is also known to be regulated by several 

signaling pathways including G protein and calcium signaling, 
polyamines and sugars. A heterotrimeric G proteins linked phospho-
lipase a and c (PLA and PLC) increase in petals of roses and Petunia 
before the onset of senescence.99 PLC is known to hydrolyze the 
membrane component phosphatydiylinositol diphosphate to yield 
inositol triphosphate and diacylglycerol (DAG). In addition, DAG 
level increased before to the burst of ethylene in Petunia flower 
senescence.100

Secondary messenger calcium levels increase in leaves concomi-
tant with senescence 101 and in the orchid Phalaenopsis, exogenous 
calcium increased flower sensitivity to applied ethylene accelerating 
senescence.102 The possibility thus exists that the calcium wave is the 
signal for onset of senescence. This increased level of calcium may 
result in the calcium‑dependent phosphorylation of proteins that are 
necessary for the upregulation of suicide proteins.

In plants, polyamines (PAs) have a well established role in the 
stimulation of cell division, in growth, and in the delay of senescence, 
hence called as ‘juvenility’ factors. The senescence of carnation petals 
is inhibited by spermine, which may be due to a corresponding  
inhibition of ethylene synthesis. Addition of an inhibitor of  
polyamine synthesis leads to elevated levels of transcripts for ACC 
synthase and ACC oxidase as well as to increased ethylene produc-
tion.103 Fracassini et al. (2002)104 showed the role of a polyamine 
in corolla senescence of tobacco. Results show that bis‑derivatives 
decreased with the progression of senescence, while mono‑derivatives 
increased during early senescence. These derivatives were present in 
different amounts in the proximal and distal parts of the corolla.  
In excised flowers, exogenous spermine delayed senescence and PCD, 
and caused an increase in polyamine levels.

van Doorn (2004)105 reviewed evidence for sugar starvation to be 
a cause of petal senescence. Changes in ultrastructure, metabolism 
and gene expression in senescent petals are remarkably similar to 
those in sugar‑starving organs. The delay in protein degradation and 
delayed expression of a number of genes was reported after sugar 
feeding.106 Thus, low sugar levels may elevate ethylene production 
and trigger petal cell death in flowers. In recent study, Hoeberichts 
et al. (2007)107 reported that soluble sugars, like sucrose, in the 
carnation petal act as a repressor of senescence at the transcriptional 
level. It was observed that sucrose acts more efficiently than the  
silver thiosulphate (STS an ethylene receptor inhibitor) in ethylene‑ 
signaling inhibition. For example the senescence‑associated increase 
in Dc‑EIL3 expression was delayed by STS and prevented by sucrose 
treatment. Sucrose starvation, therefore, might negatively affect 
ethylene signaling subsequent to SAGs expression.

Senescence‑Associated Genes (sags) in Flower
Several genes associated with floral senescence have been isolated 

from a number of flowers using different tools In addition to 
genes involved in ethylene biosynthesis, there are also reports of  
expression of some other genes such as a glutathione S‑transferase.108 
The GST1 from carnation was enhanced by ethylene and contained 

a 22 bp ethylene response enhancer element that was bound by a  
32 kDa protein, CEBP‑1.109 The differential display has been used 
in orchid flowers to isolate three MADS box genes of the AP1/AGL9 
subfamily.110 The ubiquitin pathway is also reported to be involved 
in the degradation of petal proteins during floral senescence in 
daylily,111 and a proteasome inhibitor, Z‑leu‑leu‑Nva‑H, was shown 
to delay senescence in Iris tepals.112 Xu et al. (2006)113 showed that 
a tonoplast‑localized cytochrome P450 expressed at a higher level in 
senescing petals of Petunia than in vegetative tissue. Upregulation 
occurs in response to compatible pollination, ethylene treatment, 
or jasmonate treatment. Recently Li et al. (2007)114 reported a 
MAP kinase p56 involved in self‑incompability‑induced early PCD  
signalling cascade in incompatible pollen. The p56 activation is 
necessary for progression of PCD in pollen and use of specific  
inhibitor of MAPK, U0126, inhibits pollen tube growth.

In Arabidopsis delayed abscission mutants also showed delayed 
flower senescence. For example delayed floral organ abscission mutants 
(dab‑1, dab‑2, dab‑3)115 and inflorescence deficient in abscission (ida), 
in which floral organs remain attached to the plant body after the 
shedding of mature seeds, showed delayed flower senescence.116 
MADS‑box genes, like AGL15 and AGL18 (AGAMOUS‑like 15  
and 18) have also been shown to play an important role in flower 
senescence. Plants that constitutively overexpress AGL15 exhibit 
delayed flowering, and delayed floral organ abscission and senes-
cence.117 Another MADS box gene AGL18 over‑expression showed 
prolonged longevity and retention of perianth organs. Thus AGL15 
and AGL18 have the capacity to delay floral organ senescence as well 
as flowering time when expressed at elevated levels.118

Using substractive hybridization 54 genes were isolated from 
Daffodil, including genes encoding a few regulatory proteins and 
several cysteine and serine proteases.50 van Doorn et al. (2003)10 
through microarray identified a number of genes that were highly 
expressed during senescence. These included a number of genes with 
unknown function and sequences encoding a Grap2 and cyclin‑D 
interacting protein, a MADS‑domain transcription factor, a casein 
kinase, and a nucleotide‑gated ion channel interacting protein might 
be important elements in the regulation of senescence. Breeze et al. 
(2004)119 identified 109 genes associated with flower senescence 
in Alstroemeria, out of which 93 were upregulated and 16 were  
downregulated. The upregulated genes encoded e.g., a zinc finger 
protein, a Xa21 receptor‑type protein kinase, and an aspartic 
proteinase. Among the downregulated genes were sequences encoding 
a gibberellins‑induced protein and a cytochrome P450.

Yamada et al. (2006)120 using differential screening reported 
several SAGs in morning glory flower senescence. One of them was 
protein kinase with upregulated expression which may be involved 
in signalling cascade during senescence as leucine‑rich repeat trans-
membrane protein kinase has been reported to become upregulated, 
rather specifically, during leaf senescence in Arabidopsis. Another 
Arabidopsis homologue ataxin2 was also reported during flower 
senescence. Ataxin2 caused premature cell death in yeast due to 
defects in actin filament formation.121 This actin depolymerisation 
is also reported in cell death in pollen tubes.122

Xu et al. (2007)123 reported that the opening and senescence of  
M. jalapa flowers appears to be under photoperiodic control and 
using differential screening reported expression of several light‑ 
responsive and circadian clock‑related transcription factors. The 
transcription factors significantly upregulated during senescence were 
homologues of bZIP proteins. A remarkable abundance of transcripts 
of a gene encoding a RING zinc finger ankyrin protein increased 
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40,000‑fold as the flowers senescent. It might be possible that RING 
zinc finger protein, that shows such dramatic upregulation during 
senescence, may play a key role in the control of the process and 
further detailed study in flower senescence is needed. Hoeberichts  
et al. (2007)107 using microarray analysis of senesced carnation 
flowers reported differential expression of several genes especially 
upregulation of numerous ethylene response genes. A total of 268 
genes were analyzed and they mainly grouped in genes associated 
with protein degradation, cell wall degradation, ROS, lipid degrada-
tion, defence and signal transduction.

In general, thousands of genes are regulated in a tissue at a 
particular time, and hundreds of them may change expression during 
PCD/senescence. Several associated changes caused by senescence 
have been difficult to identify because sets of genes are typically 
involved. Instead of targeting individual genes, it has been necessary 
to identify groups of genes that coordinate and regulate senescence 
process synergistically. The large numbers of genes were identified 
in last few years using several differential tools and showed up and 
downregulation pattern during the flower senescence. In fact, a 
number of SAGs identified through differential analysis have yet to 
be characterized.124 Another most important aspect is that a combi-
nation of physiological, biochemical, genetic and molecular assets 
of SAG products will be required to fully elucidate the regulation of 
flower senescence.

Conclusions and Perspectives
Flower senescence is a quick and developmentally controlled 

response, therefore it provides an excellent model system to study 
the molecular aspects of PCD of plant organs. In genaral, the 
flower senescence is associated with several structural, physiological, 
biochemical and molecular changes in the flower senencent organs. 
These changes include loss of the membrane permiability, leakage of 
ions, upregulation of oxidative enzymes, generation of ROS, degre-
dation of proteins, lipids, carbohydrates and nucleic acids, imbalance 
of plant hormones, polyamines, sugars and calcium and finally the 
up and downregulation of several genes associated with the flower 
senescence. Several external factors such as light, injury, pollination, 
temperature and dehydartion also affect the petal senescence. Many 
components of signal transduction pathways including G‑proteins, 
inositol phosphate, calcium and kinases and phosphatases are also 
known to play important roles in petal senescence. Petal senescence 
is usually associated with an increase in the expression of ethylene‑ 
regulated genes. In ethylene‑regulated PCD mechanism the primary 
signal initiation and cascade is still not known and it needs to be 
elucidated. In ethylene‑insensitive flowers, though the ABA plays a 
regulatory role but the exact mechanism is not well known. Several 
key regulatory genes are known to be involved in the degradation of 
lipids, proteins, nucleic acids and cell wall components. The roles of 
catalytic genes were reported in different species with spatial regula-
tion, so it becomes important to remember that different species 
may have different signal transduction system. A large number of 
SAGs are identified through different molecular tools but these 
have not been characterized. The characterization of these up or 
downregulated genes should also provide useful information. The 
identification and analysis of promoters of several floral SAGs will 
be useful for the understanding the regulatory mechanism during 
flower senescence. Using transgenics/mutants of SAGs the analysis of  
physiological, biochemical and molecular behaviour will be helpful 
to elucidate the regulation of flower senescence. There is also a need 

to study the interacting partners of SAGs encoded proteins, which 
will help to elucidate the signalling cascade for better understanding 
of flower senescence mechanism. Also there is a challenge to under-
stand how various external or internal stimuli and developmental 
factors control the flower senescence.
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