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ABSTRACT
The demand for flowers and ornamental plants has significantly increased in recent years. However, in most cases, the production of 
such species is accompanied by inappropriate postharvest handling, which is responsible for significant losses of marketed flowers. 
Lilium pumilum, a member of the family Liliaceae, is one of the ornamental species with economic potential as potted or cut flower, 
which features long stalks containing orange inflorescences with several flower buds and numerous smooth as well as linear leaves. 
Due the high perishability of this product, appropriate techniques that extend flower longevity should be employed. The present 
study was developed to evaluate the effect of salicylic acid (SA) on the postharvest preservation of L. pumilum inflorescences. 
Stalks were kept in maintenance solution with different concentrations of SA (0, 1, 5 and 10 mM) for 0, 6, 12, 18 and 24 h. The L. 
pumilum flowers had longevity decreased by 57.8 and 63.1% when kept in 5 and 10 mM SA, respectively, compared with control. 
This effect may be associated with the observed decrease in the percentages of flower opening and chlorophyll content as well as 
the damping-off of stalks, indicating phytotoxicity. Therefore, the use of 5 and 10 mM SA is inefficient to extend the longevity of 
L. pumilum.
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RESUMO
Vida de vaso de inflorescências de Lilium pumilum para corte tratadas com ácido salicílico

A demanda por flores e plantas ornamentais tem apresentado aumento significativo nos últimos anos, entretanto, a produção 
de tais espécies, na maioria das vezes, vem acompanhada do manuseio pós-colheita inadequado, que é responsável por perdas 
significativas das flores que são comercializadas. Dentre as espécies ornamentais com potencial econômico como flor de vaso 
ou corte, destaca-se Lilium pumilum, pertencente à família Liliaceae, que se caracteriza por apresentar hastes longas contendo 
inflorescências alaranjadas com diversos botões florais, folhas numerosas, lisas e lineares. Devido à alta perecibilidade desse 
produto, a utilização de técnicas adequadas que possibilitem prolongar a longevidade das flores é necessária. Este trabalho teve 
como objetivo avaliar a influência do ácido salicílico sobre a conservação pós-colheita de hastes florais de L. pumilum. Para avaliar 
tal efeito, as hastes foram mantidas em diferentes concentrações de ácido salicílico (0, 1, 5 e 10mM) em solução de manutenção, 
durante 0, 6, 12, 18 e 24 horas. As flores de L. pumilum apresentaram redução na longevidade de 57,8 e 63,1% quando mantidas em 
5 e 10mM de ácido salicílico, respectivamente, comparadas ao controle. Este efeito pode estar associado ao decréscimo observado 
na porcentagem de abertura floral e teor de clorofila, bem como ao tombamento das hastes, demonstrando fitotoxidade. Portanto, 
o uso das concentrações 5 e 10 mM de ácido salicílico é ineficiente para prolongar a longevidade de L. pumilum nas condições do 
experimento.
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Technical arTicle

1. INTRODUCTION

In the last years, there was a significant increase in 
the demand for flowers and ornamental plants. In the 
twentieth century, the cultivation of ornamental flowers 
in Brazil aimed primarily at the domestic market. 
However, the production and sale of these species have 
followed a worldwide expansion trend, involving exports 
(LANDGRAF and PAIVA, 2010). A major obstacle to these 
exports is about the quality and standardization of species, 
especially regarding perishability and the consequent 
postharvest loss.

Inadequate postharvest handling is responsible for 
losses of up to 35% of all cut flowers sold (STRINGHETA 

et al., 2002). The main causes of deterioration involve 
depletion of reserves, especially of carbohydrates consumed 
during respiration; occurrence of bacteria and fungi; 
ethylene production; and excessive water loss (NOWAK 
et al., 1991). Thus, it is highly desirable to inhibit these 
deteriorating processes.

In this scenario, among the ornamental flowers 
available in the market, the species of the genus Lilium 
are widely distributed in temperate environments. 
These are characterized by the presence of bulbs and 
rhizomatous roots, leaves alternate and spiral, and 
stalks containing inflorescence with varying flower 
buds of diverse colors, which can be orange, yellow, 
white, red or pink (JUDD et al., 2009). A prominent 
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species of this genus is Lilium pumilum Redouté, which 
stands out in agribusiness by virtue of its ornamental 
value, marketed as a cut or potted flower (JUDD et 
al., 2009). Despite its commercial importance, there is 
limited information on its postharvest physiology as a 
cut flower.

Among the many deteriorative processes that affect 
ornamental species, ethylene plays an important role in 
accelerating senescence, resulting in tissue degradation 
and a consequent reduction of postharvest life (LIMA et 
al., 2013). This hormone is produced in all superior plants 
from the amino acid methionine and the biochemical 
precursor 1-aminocyclopropane-1-carboxylic acid 
(ACC), an intermediate in the conversion of methionine 
to ethylene (YOON, 2015). The physiological effects 
of ethylene can be blocked by synthesis inhibitors or 
antagonists. Aminoethoxyvinylglycine (AVG) and 
aminooxyacetic acid (AOA) inhibit the synthesis of 
ethylene by reducing the competitive and irreversible 
activity of ACC synthase, reducing the amount of 
substrate for ACC oxidase and therefore the conversion 
of ACC to ethylene (AGARWAL et al., 2012). Another 
known inhibitor of ethylene production is salicylic acid 
(SA), which reduces the oxidase activity (FINGER and 
BARBOSA, 2006; PEREIRA et al., 2017).

Plant hormones are involved in the regulation of 
senescence in flowers, and changes in the levels of these 
compounds act as signals to regulate or interrupt specific 
reactions (MANSOURI, 2012). Studies on the longevity of 
cut flowers have been conducted in which plant hormones 
or inhibitors were added to the vase solution, resulting in 
flowers with delayed senescence (SEREK and REID, 1997; 
MANSOURI, 2012). SA is regarded as a signal molecule 
that plays a key role in plant growth, development and 
protection (DING et al., 2002). 

From this perspective, SA has been considered a 
promising alternative for this purpose and it has various 
physiological and biochemical functions in plants 
(MÉTRAUX, 2002). The efficiency of SA in postharvest 
cut flowers remains unclear. Therefore, the present study 
was carried out to evaluate the influence of SA on the 
postharvest preservation of Lilium pumilum stalks. 

2. MATERIAL AND METHODS

Lilium pumilum inflorescences from Brasilia/DF, Brazil 
were transported in pots to western Bahia, totaling 40 pots. 
Before being taken to the laboratory, they remained in a 
cold room at 5 °C for 12 h for acclimatization. 

Subsequently, the stalks were immediately taken to the 
laboratory, trimmed to 25-cm-long stalks and selected based 
on absence of mechanical damage and pathogen attack. Cut 
stalks were placed in solutions with 0 (pH: 6.5), 1 (pH: 
2.9), 5 (pH: 2.3), and 10 mM (pH: 2.1) SA concentrations.

The pot solution was changed every two days, without 
cutting the base of the stalk, kept in a growth chamber 
with 75% relative humidity at a PAR of 7-10 μmol m-2 s-1 
illuminated by cool white fluorescent lamps. 

Evaluations were carried out daily, considering a) 
longevity, i.e., the number of days between harvest and loss 
of flower quality, characterized by the appearance of cracks 
in the petals and early sagging (BARBOSA et al., 2005); b) 
floral opening, determined from changes in developmental 
stages, including S0: green bud flower, S1: bud showing 
the first petal color, S2: orange bud, S3: semi-open bud, S4: 
open flower, and S5: wilted flower (Figure 1); c) variation 
in absorption of the preservative solution; d) chlorophyll 
content measured by the Minolta SPAD-502 chlorophyll 
meter, analyzing the basal and apical part of three leaves on 
each stalk; and e) fresh mass variation.

Figure 1. Stages of development of Lilium pumilum. S0: green bud flower; S1: bud showing the first petal color; S2: 
orange bud; S3: semi open bud; S4: open flower; S5: wilted flower.

The experiment was set up as a randomized block 
design with four replicates. Each replicate corresponded 
to two stalks. Data were interpreted using analysis of 
variance. Means were compared by the Tukey test at 5% 
probability. The descriptive analysis of the data included 
means and standard errors.

3. RESULTS AND DISCUSSION

Results showed that application of SA at different 
concentrations promoted adverse effects depending on 
the trait considered. In longevity, 1 mM SA elicited a 
similar response to control (Figure 2). However, the stalks 
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exhibited symptoms of phytotoxicity, high stalk inclination 
and yellowing of leaves (Figure 3), which resulted in an 
average reduction of 60.5% in longevity compared with 
control. The obtained data corroborate those observed by 

Cavasini et al. (2015), who suggested that the use of 1,000 mg 
L-1 SA in lisianthus (E. grandiflorum) had an adverse effect, 
since turgescence decreased by 24.6% after the sixth day and 
longevity decreased by 8 days, compared with control.

Figure 2. Effect of salicylic acid in different concentrations on longevity of Lilium pumilum inflorescences.  
Averages followed by the same letter, do not differ by the Tukey test at 5% probability.

Figure 3. Effect of salicylic acid in different concentrations on absorbed volume of Lilium pumilum inflorescences. 
Treatments are symbolized by (__p__ 0mM ); (...™... 1mM); (--p--  5mM); (..r.. 10Mm).  

Flower opening did not change significantly when 
the stalks were kept in 1 mM SA. However, the other 

treatments reduced flower opening by 54.9%, on average 
(Table 1). 
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Table 1. Effect of salicylic acid in different concentrations on flower opening in Lilium pumilum.

Salicylic Acid (mM) Flower Opening (%)
0 84.3 A

1 88.5 A

5 54.5 B

10 55.2 B

Averages followed by the same letter, in the column, do not differ by the Tukey test at 5% probability.

These effects are assumed to be due to the high 
concentration SA applied as well as the long period of 
exposure of the stalks to the product. Geerdink et al. 
(2016) obtained divergent results with Rosa hybrida cv. 
‘Vega’ kept in 1 mM SA for 12 h, which showed reduced 
respiratory activity and improved water balance. 

These data in L. pumilum can be explained by 
the volume absorbed during the experiment, since 
absorption was higher in control stalks, whereas the 
other treatments (1, 5, and 10 mM SA) led to respective 

decreases of 26.0, 31.2 and 34.3% after the second day 
of storage (Figure 4). High concentrations may have 
contributed to the low absorption, since an increase 
in solute concentration reduces the ability of water to 
operate, with a consequent decline in the water potential, 
causing the stalk to lose water to the solution (COSTA 
et al., 2015). In addition, the damping-off of the stalks 
may have been caused by interference with conductance 
in the xylem of cut flowers or by the accumulation of 
microorganisms in the solution.

Figure 4. Effect of salicylic acid in different concentrations on fresh weight loss of Lilium pumilum inflorescence. 
Treatments are symbolized by (__p__ 0mM ); (...™... 1mM); (--‚--  5mM) e (..r..10Mm).  

In flowers, the harmony of stalks also depends on 
the leaves, which undergo metabolic changes, mainly 
a reduction in chlorophyll levels during the senescence 
process. Our analyses confirm literature reports describing 
that solution containing 5 mM SA reduced the chlorophyll 
content by 12.1% after the fourth day of storage (Table 2), 
which explains the observed yellowing. When the treatment 

alone was evaluated, it was found that the stalks kept in 1 
mM SA showed significant differences only on the 10th 
day postharvest compared with the initial day, while 5 mM 
SA originated changes from the 2nd day. Furthermore, the 
stalks conditioned at higher concentrations also showed 
more pronounced leaf necrosis, and these leaves were 
discarded on the 4th day, due to loss of quality for sale.



Vase life of cut LiLium pumiLum inflorescences with salicylic acid48

 V. 24, No. 1, 2018 p. 44-49

Table 2. Effect of salicylic acid in different concentrations on chlorophyll content of Lilium pumilum.

Salicylic Acid (mM) Postharvest (days)
0 2 3 4 6 8 10

0 45.4 Aabc 45.4 Abc 45.0 Aabc 47.1 Aa 46.2 Aab 43.4 Ac 43.9 Ac

1 44.9 Aa 43.9 Aa 44.8 Aa 44.1 ABa 45.8 Aa 40.2 Ba 22.8 Bb

5 46.5 Aa 43.0 Ab 40.2 Abc 41.4 Bc - - -
10 46.3 Aa 44.9 Aa 43.8 Aa - - - -

Averages followed by the same capital letter in a column and lowercase letters on the lines do not differ significantly by Tukey test at 5% probability. 

Besides the loss of chlorophyll, senescence and 
commercial unviability are associated with weight loss, 
which is related to intense transpiration, causing the stalks 
to wilt, as well as respiration, due to the consumption of 
the carbohydrate reserve. According to the fresh weight 
variation on the 2nd storage day, the treatments with SA 
promoted a rapid increase in mass loss, which was 23.2, 
17 and 14.6 times at the SA concentrations of 1, 5 and 10 
mM, differently from control (Figure 4). The weight loss 
may be due to water imbalance, since these treatments 
promoted lower water absorption. In addition, the tissues 
continued the respiratory process, releasing energy (ATP) 
for flower opening as well as heat production, which must 
be dissipated by transpiration, causing the elimination of 
water.

The lower percentage of fresh weight loss observed in 
control stalks was also evidenced by Cavasini et al. (2015). 
By contrast, this loss did not affect the visual appearance of 
E. grandiflorum, showing that species respond differently 
to stress.

4. CONCLUSIONS

The use of 5 and 10 mM SA is inefficient to extend 
longevity in L. pumilum. The use of AS at lower 
concentrations is more appropriate to increase the durability 
of L. pumilum. 
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