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 Polyamines accentuate vase life by augmenting antioxidant  
system in cut spikes of Consolida ajacis (L.) Schur.    
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Abstract
Postharvest senescence is one of the crucial challenges limiting the marketability of cut flowers. Pertinently, recent investigations 
implicate extensive role of polyamines in regulation of flower senescence. The present study was envisaged to test the efficacy of 
poylamines in preserving the postharvest quality of Consolida ajacis (C. ajacis) cut spikes. The cut spikes of C. ajacis were sub-
jected to various treatments of polyamines viz, 4 mM Spermine (SPM), 6mM Putrescine (PUT) and 6 mM Spermidine (SPD). A 
separate set of spikes held in distilled water represented the control. Our results authenticate a significant improvement in vase life 
of cut spikes of C. ajacis as compared to control. The increment in vase life was commensurate with the higher concentration of 
sugars, proteins and phenols in the tepal tissues. Polyamines amplified the activity of various antioxidant enzymes viz, superoxide 
dismutase (SOD), catalase (CAT) and ascorbate peroxidase (APX) to overcome the deleterious effects of reactive oxygen species 
(ROS). The membrane outflow of tepal tissues was profoundly reduced due to attenuated lipoxygenase (LOX) activity. These 
findings reveal conspicuous role of polyamines particularly SPM in modulation of flower senescence in cut spikes of C. ajacis. 
Keywords: antioxidant enzymes, putrescine, spermidine, spermine, sugars, vase life.

Resumo
Poliaminas aumentam a vida de vaso pelo estímulo do sistema antioxidante em  

inflorescências de corte de Consolida ajacis (L.) Schur
A senescência pós-colheita é um dos desafios cruciais que limitam a comercialização das flores de corte. Pertinentemente, in-
vestigações recentes relacionam um extenso papel das poliaminas na regulação da senescência das flores. O presente estudo foi 
planejado para testar a eficácia das poliaminas na preservação da qualidade pós-colheita de inflorescências cortadas de Consolida 
ajacis (C. ajacis). As inflorescências de C. ajacis foram submetidas a vários tratamentos de poliaminas, a saber, 4 mM de espermina 
(SPM), 6 mM de Putrescina (PUT) e 6 mM de espermidina (SPD). Um conjunto separado de inflorescências foi mantido em água 
destilada para o controle. Os resultados demonstraram uma melhoria significativa na vida de vaso das inflorescências cortadas de C. 
ajacis em comparação com o controle. O incremento na vida de vaso foi proporcional à maior concentração de açúcares, proteínas 
e fenóis nos tecidos das tépalas. As poliaminas promoveram a atividade de várias enzimas antioxidantes viz, superóxido dismutase 
(SOD), catalase (CAT) e ascorbato peroxidase (APX) para superar os efeitos deletérios das espécies reativas de oxigênio (ROS). O 
fluxo de saída da membrana dos tecidos das tépalas foi intensamente reduzido devido à atividade atenuada da lipoxigenase (LOX). 
Esses resultados revelam o importante papel das poliaminas, particularmente SPM, na modulação da senescência da flor em inflo-
rescências de corte de C. ajacis.
Palavras-chave: Enzimas antioxidantes, putrescina, espermidina, espermina, açúcares, vida de vaso.
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Introduction

 Provocation of precocious postharvest senescence is a 
key bottleneck in the marketing of cut flowers (Sedaghathoor 
et al., 2020). Consequently, suitable postharvest treatments 
need to be developed for their efficient marketability 
(Rabiza-Świder et al., 2020). Postharvest longevity is an 

important trait for customer satisfaction as the flowers 
with increased longevity fetch higher price in the market 
(Ha et al., 2017; Vehniwal and Abbey, 2019). The process 
of flower senescence is regulated by interplay of several 
growth regulators viz. ethylene, jasmonic acid, salicylic 
acid (SA), abscisic acid (ABA), brassinosteroids, 
cytokinins, gibberellic acid (GA) and auxins (Iqbal et al., 
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2017). Among these, ethylene is regarded as key player in 
regulating senescence in ethylene responsive flowers with, 
little or no role in ethylene insensitive flowers (Nisar et al., 
2015; Ma et al., 2018). C. ajacis is an important ornamental 
plant of the family Ranunculaceae producing ravishing 
spikes of various hues and colors. It is highly responsive 
to ethylene which provokes its early senescence (Shahri 
et al., 2011). Typical symptoms of senescence in C. ajacis 
flowers include wilting followed by abscission of tepals. 
Although, several anti-ethylene treatments have been 
tried in mitigating postharvest senescence in cut spikes 
of C. ajacis (Shahri and Tahir, 2010), but the efficacy 
of polyamines has not been probed so far in improving 
postharvest performance of cut spikes of C. ajacis. The 
common polyamines found in the plants include, Spermine, 
Putrescine and Spermidine. The process of senescence is 
essentially regulated by interplay between ethylene and 
polyamines. Generally, ethylene and polyamines have 
antagonistic roles in relation to flower senescence due to 
their competition for the common precursor, S-adenosyl 
methionine (SAM) (Davarynejad et al., 2021). Polyamines 
are purported as effective anti-senescence chemicals with 
convincing role in regulation of senescence as observed 
in Rosa and Gerbera (Vieira et al., 2017; Ghorbani et 
al., 2018). Polyamines improve vase life by reducing 
ethylene output, respiratory rate and color fading of petals 
(Tiburcio et al., 2014; Karimi et al., 2017). Exogenous 
inclusion of polyamines mitigate postharvest senescence 
by improving sugar content and up regulating antioxidant 
responses as evident in Chrysanthemum and Lisianthus cut 
flowers (Kandil et al., 2011; Ataii et al., 2015). In addition, 
polyamines are also known to prolong flower longevity 
by reducing membrane seepage thereby conferring 
membrane stability (Sedaghathoor et al., 2020). In view 
of the convincing evidence of polyamines in senescence 
regulation, the current study was devised to explicate 
the efficacy of polyamines in alleviating postharvest 
senescence in cut spikes of C. ajacis.

Material and methods

Plant material
Uniform spikes of C. ajacis were harvested at 1-2 

floret open stage at 8:00 h. from healthy plants growing 
in Kashmir University Botanical Garden. Harvested spikes 
were immediately transferred to laboratory, defoliated 
and trimmed to a uniform length of 30 cm under water to 
avoid embolism. The spikes were later placed in 100 mL 
Erlenmeyer flasks containing a range of concentrations viz, 
2 mM, 4 mM, 6 mM and 8 mM of different polyamines 
(SPM, PUT and SPD).  A separate set of spikes designated 
as control were held in distilled water. Each treatment 
including control had 10 replicates (flasks) and each flask 
contained two spikes. After standardization, 4 mM SPM, 
6mM PUT and 6mM SPD were found to be optimum 
concentrations for improving various postharvest attributes. 
The concentrations above and below the optimum 
concentrations were less effective in improving various 
postharvest attributes. The oldest buds present on the spikes 

were used for analysis of various biochemical parameters 
(activity of antioxidant enzymes SOD, APX and CAT, LOX 
activity, total protein, total sugars and phenols) on day 2 
and day 5 of transfer into test solutions.  The day of transfer 
was designated as day zero.  The effects of treatments were 
observed by keeping the spikes in laboratory under cool 
white fluorescent light with a mix of diffused natural light 
(10 W m– 2) 12-h per day, at a temperature of 22 ± 2 ºC and 
RH of 60% ± 10%. 

Assessment of vase life and floral diameter
The average vase life of the spikes was counted 

from the day 1 and was assessed to be terminated when 
approximately 70% florets senesced on each spike. The 
experiment was maintained till the vase life in the last 
set of spikes was regarded to be terminated. The floral 
diameter was measured on day 2 and 5 as the mean of two 
perpendicular measurements across the flower.

Membrane stability index (MSI)
The membrane leakage was estimated by incubating 

500 mg tepal tissue in 25 mL of deionized water at 25 
°C for 30 min and at 100 °C for 15 min (Sairam, 1994). 
The conductivity of the samples incubated at 25 °C was 
designated as C1 and those incubated at 100 °C was 
designated as C2 after recording the values on Elico 
CM180 Conductivity meter. MSI was computed as:

    MSI = [1 -C1/C2] ×100

Protein estimation 
Estimation of Soluble proteins was performed by 

Lowry et al. (1951) method using bovine serum albumin 
(BSA) as standard. 

Estimation of sugars and phenols
One g of chopped tepal tissue was fixed in 70% 

hot ethanol from each treatment. The tissue was later 
macerated and centrifuged thrice. The supernatants were 
filtered out and used for the quantification of sugars, amino 
acids and total phenols. Reducing sugars were determined 
by Nelson’s method (1944) using glucose as a standard. 
Total sugars were estimated by converting non-reducing 
sugars to reducing sugars using invertase. The quantity of 
non-reducing sugars was calculated as difference between 
total and reducing sugars. Estimation of total phenolics was 
carried by Swain and Hillis method (1959) with gallic acid 
as standard.

Enzyme assays
Superoxide dismutase (SOD)
One g tepal tissue was homogenized in 0.1 mM 

potassium phosphate buffer (pH 7.8) containing 0.1 mM 
ethylenediaminetetraacetic acid (EDTA), 1% PVP and 
0.5% (v/v) Triton X-100. The homogenate was centrifuged 
for 10 minutes at 15,000 × g. The supernatant was pooled 
and employed for the enzyme assay. The Dhindsa et al. 
method (1981) was employed to quantify superoxide 
dismutase (SOD) activity by monitoring the inhibition of 
photochemical reduction of nitro blue tetrazolium (NBT). 
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The reaction mixture contained 75 μM NBT, 50 mM 
sodium carbonate, 0.1 mM EDTA, 13 mM methionine 
in 50 mM phosphate buffer (pH 7.8) and 0.1 mL of the 
enzyme extract in a final volume of 3 mL. The reaction 
was started by adding l μM riboflavin and placing the test 
tubes in water bath at 25 °C and illuminating with a 30 W 
fluorescent lamp. The reaction was stopped by switching 
off the light and keeping the test tubes in darkness. 
Identical test tubes which were not illuminated served as 
blanks. Absorbance was measured at 560 nm and one unit 
of SOD activity was defined as the quantity of the enzyme 
that inhibits the photo reduction of NBT to blue formazan 
by 50% as compared to the reaction mixture kept in 
dark without the enzyme extract. The SOD activity was 
expressed as units min-1 g-1 fresh mass.

Ascorbate peroxidase (APX)
APX activity was determined by mashing the tepal tissues 

in 100 mM sodium phosphate buffer containing 1mM EDTA, 
5 mM Ascorbate and 10% glycerol. The APX activity was 
estimated in 1 mL reaction mixture containing 0.3 mM H2O2, 
50 mM potassium phosphate buffer (pH = 7.0) and 0.1 mM 
Ascorbate. The decrease in the absorbance was noted at 
290 nm for 3 min (Chen and Asada 1989).

Catalase (CAT)
Activity of Catalase was measured by Aebi’s method 

(1984). One g of tepal tissue was mashed and homogenized 
in 100 mM potassium phosphate buffer (pH = 7.0) 
containing 1 mM EDTA. The reaction mixture contained 
50 µl enzyme extract, 50 mM potassium phosphate buffer 
(pH = 7.0), 12.5 mM H2O2, and distilled water to make 
the volume to 3 mL. Reaction was initiated by addition 
of H2O2 and the activity of catalase was estimated by 
the consumption of H2O2 for 3 min at 240 nm and was 
expressed as µmol H2O2 red. min-1 mg-1.

Lipoxygenase (LOX)
Axelrod et al. method (1981) was employed to 

determine LOX activity. One g tepal tissue was mashed 
in 1 ml extraction buffer containing 50 mM potassium 
phosphate buffer (pH = 6.5), 10% polyvinyl pyrrolidone 
(PVP), 1 mM phenyl methyl sulfonyl fluoride (PMSF) 
and 0.25% Triton X-100. The reaction mixture (1 mL) 
contained 50 mM Tris–HCl buffer (pH = 6.5) and 0.4 mM 
linoleic acid. The reaction was started by adding 10 µL 
crude tepal extract to the reaction mixture and absorbance 
was recorded at 234 nm for 5 min.

Experimental design and data analysis 
The experiment was performed by using completely 

randomized design and the treatment means were compared 
by ANOVA (analysis of variance). The significant 
differences among the treatments were determined by 
using Duncan’s test (p < 0.05). The statistical analysis 
was performed through SPSS software (SPSS version 16; 
Chicago, USA). 

Results

Vase life and floral diameter 
Vase life was significantly improved in all the polyamine 

treated spikes as compared to control (Figure 1). The 
maximum increase in vase life (13 days) was achieved 
by application of 4 mM SPM as compared to 7 days 
in control. The vase life of spikes treated with 6 mM 
PUT and 6 mM SPD was extended to 10.2 and 9 days 
respectively. Besides vase life, the flower diameter also 
showed a gradual increase in polyamine treated spikes 
with maximum increase (3.5 cm) observed in SPM treated 
spikes. Moreover, the floral diameter exhibited a gradual 
decline with the advancement in time from day 2 to day 5 
(Figures 2A and 2B).
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 Figure 2. Effect of various polyamines on vase life (A) and floral diameter (B) of C. ajacis cut spikes. Each value is a 
mean of 3 replicates. Letters from (a-d) above the bars represent the statistical significance between different treatments. 

Only bars with different letters are statistically significant at (p < 0.05).

Membrane stability index (MSI) and Lipoxygenase 
activity (LOX)

Membrane integrity was profoundly improved in 
polyamine treated tepal tissues as compared to control. 
Maximum MSI values were recorded in SPM treated 
tepal tissues followed by PUT and SPD. However, the 

improvement in membrane integrity was concomitant 
with decrease in LOX activity, with maximum decrease 
observed in SPM treated tepal tissues. Decrease in LOX 
activity due to polyamine application reduced membrane 
seepage and improved membrane stability (Figures 3A 
and 3B).

Figure 1. Effect of various polyamines on vase life and flower quality of cut spikes of C. ajacis on day 0 (a), day 2 (b), 
day 5 (c), and day 11 (d) of transfer of spikes to respective test solutions
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Figure 3. Effect of various polyamines on MSI (A) and LOX activity (B) of C. ajacis cut spikes. Each value is a mean 
of 3 replicates.  Letters from (a-d) above the bars represent the statistical significance between different treatments.  

Only bars with different letters are statistically significant at (p < 0.05).

Soluble proteins 
The progression in senescence process involves decline 

in soluble proteins due to upsurge in protease activity. 
However, the concentration of soluble proteins was found 
to be higher in polyamine treated floral tissues as compared 

to control (Figure 4). Among the different polyamine 
treatments, SPM was found to effective in curtailing protein 
breakdown as compared to PUT and SPD. Furthermore, a 
decline was recorded in protein content of tepal tissues at 
later stages of the experiment.

Figure 4. Effect of various polyamines on soluble proteins of C. ajacis cut spikes. Each value is a mean of 3 replicates. 
Letters from (a-d) above the bars represent the statistical significance between different treatments.  

Only bars with different letters are statistically significant at (p < 0.05).

Total Sugars and phenols
Application of polyamines caused a profound 

enrichment of sugars and phenols in tepal tissues as 
compared to control. Maximum accumulation of 
sugars and phenols was promoted by SPM followed 

by PUT and SPD (Figures 5A-D). Enrichment in sugar 
and phenolic content of tepal tissues provides energy 
reserves to floral tissues and reinforces the antioxidant 
system to scavenge free radicals to mitigate postharvest 
senescence.
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Figure 5. Effect of various polyamines on total sugars (A), reducing sugars (B), non- reducing sugars (C)  
and phenols (D) of  C. ajacis cut spikes. Each value is a mean of 3 replicates. Letters from (a-d) above  

the bars represent the statistical significance between different treatments.  Only bars with different  
letters are statistically significant at (p < 0.05).

Antioxidant enzymes
The changes in the activity of various antioxidant 

enzymes (SOD, CAT and APX) during different stages 
of experiment are reflected in (Figures 6A-C). During the 
present study application of polyamines particularly 4 mM 
SPM resulted in considerable upsurge in the activity of 

various antioxidant enzymes as compared to control. These 
antioxidant enzymes neutralized the ROS (reactive oxygen 
species) production and improved the vase performance 
of cut spikes. However, the activity of these antioxidant 
enzymes exhibited a steady decline towards later stages of 
the experiment.
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Discussion

Based on the results, we justify considerable role of 
polyamines in mitigating postharvest losses in cut flowers 
through improvement in various postharvest attributes. Our 
findings indicate a significant improvement in vase life of 
C. ajacis spikes due to polyamine treatments. The extension 
in vase life may be correlated with the upsurge in activity 
of various antioxidant enzymes besides, maintaining higher 
content of sugars and proteins in tepal tissues (Ahmad and 
Tahir, 2018). Moreover, decrease in membrane seepage 
due to polyamine application has also been found to be 
associated with flower longevity as reported in cut rose 
flowers (Ghorbani et al., 2018). Polyamine mediated 
increase in vase life has been also reported in Rosa hybrida, 
Nicotiana plumbaginifolia and Dianthus caryophyllus 
(Nisar et al., 2015; Vieira et al., 2017; Karimi et al., 
2017). The floral diameter also registered an increase in 
polyamine treated spikes. Increase in floral diameter could 
be attributed to enrichment of carbohydrates in tepal tissues 
which facilitate osmotic inflow of water thereby increasing 
floral diameter (Reid and Wu, 2018; Lone at al., 2021).

Membrane integrity is also recognized as key factor 
central to the vase life of cut flowers. Increased membrane 
leakiness due to upsurge in lipoxygenase activity is one 
of the key events during senescence of various flowers 
like Iris and Clarkia (Ahmad and Tahir, 2016; Dar et al., 

2020). Application of various polyamines significantly 
improved the membrane stability index. The increase in 
MSI values corroborated with the corresponding decrease 
in LOX activity due to different polyamine treatments. In 
agreement to our results, similar findings were reported in 
Iris germanica and Rosa hybrida (Danaee and Abdossi, 
2018; Ahmad and Tahir, 2018). Polyamines bind to 
membrane phospholipids to prevent their peroxidation 
(Mohammadi et al., 2018). Polyamines reduce membrane 
outflow by attenuating LOX activity thereby improving 
flower quality (Yousefi et al., 2019).

Proteolysis is recognized as key step during onset of flower 
senescence as reported in Rosa (Lu et al., 2019). Treatment 
with polyamines maintained higher concentration of soluble 
proteins in the tepal tissues as compared to untreated ones. 
Increase in protein content due to polyamine application has 
also been reported in Anthurium, and Paeonia (Han et al., 
2018; Simões et al., 2018). The increase in protein content 
of tepal tissues could be due to down regulation of protease 
activity and stabilization of proteins through binding of 
amine group (NH2) of polyamines to carboxylic group 
(COOH) of proteins. (Nisar et al., 2015; Ahmad and Tahir 
2018). Moreover, proteins serve as alternate energy reserves 
and reduce starvation effect of sugars (Hirota et al., 2018). 
In addition, protein enrichment reinforces stress specific 
defense systems through amplification of antioxidant 
enzyme activity and synthesis of stress related proteins, 

Figure 6. Effect of various polyamines on SOD (A), CAT (B) and APX (C) activity of C. ajacis cut spikes. Each value 
is a mean of 3 replicates. Letters from (a-d) above the bars represent the statistical significance between different 

treatments. Only bars with different letters are statistically significant at (p < 0.05).
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thereby delaying onset of senescence (Doganlar et al., 2010; 
Promyou et al., 2012). 

Application of polyamines to cut spikes of C. ajacis 
resulted in accumulation of higher phenolic content in tepal 
tissues as compared to control. Recent studies conducted 
in Anthurium and Gerbera flowers also substantiate 
considerable role of polyamines in phenolic enrichment 
of their petal tissues (Simões et al., 2018; Mohammadi et 
al., 2020). Polyamines trigger the activity of phenylalanine 
ammonia-lyase enzyme (PAL) which promote synthesis 
of phenolic substances and improve flower quality by 
maintaining color of petal tissues (Tanaka et al., 2008; 
Danaee and Abdossi, 2018). Phenolic compounds bind to 
polar heads of membrane phospholipids inside and outside 
and shield them from oxidative damage due to ROS 
(Mohammadi et al., 2020). Pertinently, polyamines act to 
reduce activity of polyphenol oxidase to prevent oxidation 
of phenolic compounds which otherwise causes browning 
of floral tissues (Mohammadi et al., 2020).  

Sugars act as important energy reserves for cut flowers 
and preserve their quality by preventing membrane leakage 
and wilting of petal tissues (Pérez-Arias et al., 2019). 
Generally, the onset of senescence is characterised by 
decline in sugar content as a result of oxidative process 
(Cavasini et al., 2018). Whereas, exogenous inclusion of 
polyamines retained higher concentration of sugars in tepal 
tissues as compared to control. Maintenance of higher sugar 
content in tepal tissues by polyamines may be attributed 
to regulated consumption of sugars through decrease in 
cellular respiration (Nisar et al., 2015; Ahmad and Tahir, 
2018). Sugars maintain petal coloration through synthesis 
of anthocyanins and retain water content in petal tissues 
through osmotic regulation (Hemati et al., 2019). Higher 
sugar content in petal tissues has been found to improve 
flower longevity in various flower systems like Calendula 
and Nicotiana (Lone et al., 2021; Nisar et al., 2021).  

Detachment of flowers from the mother plant leads to 
their quality deterioration due to senescence (Ewa et al., 
2020). Pertinently, application of polyamines to cut spikes 
of C. ajacis augmented their antioxidant capacity through 
increased activity of antioxidant enzymes (SOD, CAT and 
APX). These antioxidant enzymes alleviate the oxidative 
stress through ROS elimination and minimize membrane 
damage to avert deterioration of flower quality (Lone et 
al., 2021). Upsurge in activity of antioxidant enzymes due 
to polyamine treatments has been also reported in flowers 
such as Anthurium and Gerbera (Simões et al., 2018; 
Mohammadi et al., 2020).

Conclusions

The present research suggests the explicit role of 
polyamines in alleviating postharvest senescence in 
cut spikes of C. ajacis. The application of polyamines 
improved the vase life by reinforcing the antioxidant 
capacity and maintained higher content of protein and 
sugars in tepal tissues. Spermine was found to be most 
effective postharvest treatment to prolong vase life of C. 

ajacis flowers. Moreover, our study reveals the intricate 
mechanisms of polyamines in relation to flower senescence 
yet undertaking molecular studies to unravel the detailed 
mechanism of polyamine action would greatly bridge 
the knowledge gaps. Besides, monitoring petal water 
content and ethylene levels, understanding the crosstalk 
of polyamines with ethylene and other growth regulators 
would enable us to formulate ecofriendly and cost-effective 
postharvest treatments to facilitate efficient marketing of 
cut flowers with huge economic implications. 
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