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Cut flowers have a very limited life after they have been cut off from the mother plant, as survival on
their own reserves is generally low due to the special morphological and physiological characteristics
of their tissues. The use of refrigeration for storage of flower cuttings is very important because it
reduces water loss, senescence, infections caused by bacteria and fungi, thus extending the shelf-life
of flowers during the storage period. Therefore, the aim of the present work is to show differences
between requirements of various species of flowers during refrigerated storage.
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INTRODUCTION

When harvested, cut flowers have a temperature of 5°C
higher than the field ambient temperature. The correct
procedure would be to remove as soon as possible that
temperature. One of the techniques used for the removal
of the "field heat" is to subject the flowers to the cooling
process, also known as "pre-cooling", widely used for fruit
and vegetables (Pellegrini and Belle, 2008).

There are two types of cooling: wet, in which the rods
are stored with their basal portion and dry, in which cut
flowers with early distension and that are quickly handled
are placed in boxes in coldroom (Rudnicki et al., 1991;
Castro and Honorius, 1992; Mapeli, 2009). In the
literature we found only the work on storage of dry floral
scape like Strelitzia reginae (Moraes et al., 1999;
Jaroenkit and Paull, 2003; Finger et al., 2003).

COOLING

The most important effect of cooling is related to the
immediate decrease of the whole metabolism of the
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flower which favors the extension of shelf life, maintaining
its quality and reducing expenditures in the subsequent
cold storage (Pellegrini and Belle, 2008).

The use of low temperature during storage is important
for the conservation of the flowers, because in addition to
inhibiting bacterial and fungal infections, it reduces
degradation of certain enzymes and ethylene production;
it reduces sweating, breathing and slows the various
processes related to growth and senescence (Nowak and
Rudnick, 1990; Ashrae, 1994; Sanino, 2004). Among the
tested temperatures for chrysanthemum Ono ', 1.5°C
best preserved flowers (Vieira and Brigida, 2009). While
Vieira and Lima (2009) found that there was no increase
in longevity of chrysanthemum Faroe when stored at
10°C for 48 h. Belle et al. (2004) ascertained that storage
at low temperatures delayed the onset of symptoms of
senescence in Dendranthema grandiflora subjected to
2°C. Kelley et al. (2003), working with edible flowers,
found that Viola tricolor L. cv. Mount Helen, Viola x
wittrockiana L. cv. Accord Clear Mixture and Tropaeolum
majus L. cv. Jewel Mix can be stored at 0 and 2.5°C for
two weeks with perfect visual quality. For this same
period, flowers of Borago offcinalis L. can be stored at -
2.5°C with acceptable quality. Delaporte et al. (2000)
found that regardless of time of storage at 3°C (0.7 or
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14 days), the vase life of Eucalyptus sp. was 11 days.
The optimal range of 0.5°C as its longevity was inversely
proportional to the storage time and temperature
(Waithaka et al., 2001). Flowers of Narcissus tazetta L.
cv. White Paper and Narcissus pseudonarcissus L. cv.
Potted Geranium had twice the post-production longevity
when stored at 0°C compared to flowers held at 12.5°C
(Cevallos and Reid, 2000), indicating an inverse
correlation between respiratory rate and the vase life of
these flowers. Storing flowers of Leucocoryne
coquimbensis at 2°C for 3 to 7 days, Elgar et al. (2003)
reported that the longevity was 8 to 9 days, but when
kept at 12 or 20°C for 3 days showed longevity of only 5
to 7 days. In Gerbera jamesonii cv. Vesuvio and
Helianthus annuus L., Celikel and Reid (2002) noted that
it is possible to store them at temperatures near freezing.
However, temperatures below the minimum safety can
cause disorders in some species, which makes the plant
very susceptible to damage caused by cold (Couey,
1982; Reid, 1991, Jaroenkit and Paull, 2003; Lucangeli et
al., 2004).

Some terms are used to express the results of the
symptoms caused by cold, such as chilling injury, injuries
due to low temperatures and disorders (Morris, 1982;
Chitarra and Chitarra, 2005). Chilling injury is a physio-
logical disorder that appears in culture of tropical and
subtropical origin (Skog, 1998), resulting in reduction in
quality. It is caused by exposure to low temperatures
(Parkin et al., 1989; Lucangeli et al. 2004).

Chilling injury differs from that injury caused by freezing
damage, which is the result of crystal ice formed
gradually in tissues stored at temperatures below the
freezing point (Skog, 1998), depending on the cultivar
and growing conditions (Chitarra and Chitarra, 2005).

Detecting and diagnosing chilling injury is often difficult,
because the products often have no visible damage
immediately after being removed from low temperature.
The symptoms may occur when the product is transferred
from the condition of low temperature to room tempera-
ture, which may occur in a few hours or days after
removing (Skog, 1998). Symptoms of injury include,
among others, discoloration of flowers, petals and
necrotic lesions on leaves, delayed development of
buttons (Nowak and Rudnicki, 1990; Joyce et al., 2001)
and dehydration (Dias-Tagliacozzo and Castro, 2005).

Many species of tropical origin are injured when ex-
posed to cold temperatures between 0 to 12°C (Nowak
and Rudnicki, 1990, Reid, 1991; Brackmann et al., 2000).
Cut flowers, for example, rods Anthurium can be stored in
minimum temperature exceeding 13°C (Paull, 1987;
Lamas, 2004). This fact has been ascertained by Reid
and Dodge (2001), who reported that storage below 10°C
induced discoloration and necrosis of the spathe and
spadix. In Heliconia, storage temperature greater than
10°C is recommended (Broschat and Donselman, 1983;
Jaroenkit and Paull, 2003). Cavalcante et al. (2005)
observed that stems of Heliconia chartaceae "Sexy

Scarlet ", when stored at 15°C showed no chilling injury.
In other tropical species, Dias Tagliacozzo and Castro
(2005) found that stems of Zingiber spectabilis when
stored at 10, 13 and 18°C showed the best result at
18°C. In the Emperor stick the temperature below 10°C
induced the appearance of chilling injuries, characterized
by shallow depressions and increased incidence of
diseases (Leitdo, 2001). Dias and Castro (2002)
recommend Alpinia, after packaging the temperature
between 12 to 18°C.

In addition to tropical flowers, the sensitivity of the
panicles temperature during storage has been demon-
strated in some studies. Joyce and Shorter (2000) found
that the temperature range of security for the storage of
Anigozanthos spp., cvs. H1 and Bush Dawn is between 2
and 5°C, for when kept at 0°C showed chilling injury,
whose symptoms were wilting and discoloration of the
petals. It also reduced the pot life of the flowers of
Campanula medium, stored at 2°C, by increasing the
storage time from one to three weeks (Bosma and Dole,
2002). In Curcuma alismatifolia (turmeric, siam tulip or
tulip), Bunya-Atichart et al. (2004) observed dryness and
discoloration of the bracts of pink to dark purple, yellow
green bracts, deformation of buttons and flowers, and
lack of openness of buttons to 7.5°C. Flowers of
Phaseolus coccineus L. cv. Dwarf Bees do not exhibit
satisfactory quality for two weeks storage in any of the
temperatures studied (-2.5, 0, 2.5, 5, 10 and 20°C),
showing necrosis, mold and tissue breakdown (Kelly et
al., 2003). Moraes (2003) reported a reduction in the
lifetime of Epidendrum ibaguense rods stored at 10°C as
the storage time was increased (seven, fourteen and
twenty one days).

In the case of tropical plants, Jaroenkit and Paull
(2003) state that in Bird of Paradise (Strelitzia reginae
Banks ex Aiton) flowers, the critical temperature for the
development of chilling injury is 10 to 13°C. Finger et al.
(2003) observed symptoms of chilling injury in Strelitzia
reginae when they were stored dry (RH 90%) for seven
days at 10°C and exhibited life of 8.3 days. However,
Moraes et al. (1999) also studied S. reginae storage at
10°C for a period of seven, fourteen, twenty-one and
twenty eight days and reported the prolongation of the
conservation of the flowers dry-stored. But, there was a
demonstration of chilling injury from 28 days. These
results are considered controversial, according to Reid
(2004), stating that the best temperature range for long
term storage of S. reginae is 6 to 7°C; and Nowak and
Rudnicki (1990) stated 8°C for a period of 4 weeks. The
useful life of scapes floral S. reginae is 10 to 15 days
(Jaroenkit et al., 2008) and according to Bayogan et al.
(2008), 6-16 days.

The degree of chilling injury suffered by a plant or its
organs depends on temperature, duration of its exposure
and the different sensitivity of each species (Kays, 1991;
Chitarra and Chitarrra, 2005). However, the mechanisms
of tolerance to chilling injury are complex. They may act



Table 1. Storage temperature of the main flowers.
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Name Storage temperature (°C) Maximium storage period (weeks)
Alpinia 12-18 3
Anthurium 13 4
Cravo 0-1 16-24
Chrysanthemum 1-15 3
Cyclamen 0-1 3
Gladiolus 4 4
Heliconia 10-13 3
Lilium 1 6
Rose 0,5-3 2
Strelitzia 6-13 4
Tulipa 0-1 8
Zingiber spectabilis 10-18 3

Sources: Broschat and Donselman, 1983; Paull, 1987; Nowak and Rudnick, 1990; Moraes et al. (1999); Dias and
Castro, 2002; Finger et al. (2003); Jaroenkit and Paull, 2003; Reid, 2004; Cavalcante et al., 2005; Dias

Tagliacozzo and Castro, 2005; Vieira and Souza, 2009.

together with other biochemical and physiological mecha-
nisms to maintain normal physiological functions under
stressful  condition promoted by chilling injury
(Pennycooke et al., 2005).

Relatively, low temperatures may also cause other
adverse effects on the longevity of flowers, as will the
stimulus synthesis of ethylene (Kader 2002). Some
authors attributed accelerated aging step and stimulation
of ethylene production peak to lower temperature
(Faragher and Mayak, 1984; Paulin et al., 1985). The
response and sensitivity to ethylene is dependent on the
stage of development, variety and perception of the plant
organ (Ciardi and Klee, 2001; Jones et al., 2001).

Flowers can be classified as insensitive, sensitive or
highly sensitive to ethylene (Santos et al., 2005). Flowers
that are highly sensitive to ethylene have their sene-
scence triggered by the presence of small quantities of
the regulator, such as Carnation, Orchid, Petunia,
Alstroemeria, Delphinium and Gypsophila (Borochov et
al.,, 1997; Kenza et al.,, 2000). According to Muller and
Stummann (2003), receptor expression is increased
when ethylene sensitive flowers suffer stress in advance
leading to senescence. In some plants, the ethylene
response is accompanied by an autocatalytic induction of
enzymes involved in this synthesis gas (Altvorst and
Bovy, 1995). Many flowers are less sensitive or insen-
sitive such as S. reginae (Nowak and Rudnicki, 1990).
The following table shows the storage temperature of the
main flowers marketed (Table 1).

CONCLUSION
Post-harvest loss of flowers occurs due to improper

harvesting, transportation, storage and distribution. Post-
harvest life of flowers is governed by water content,

respiratory rate, ethylene production, endogenous plant
hormones and exogenous factors such as microbial
growth, temperature, relative humidity and atmospheric
compositions. Post-harvest loss of flowers can be
considerably minimized and their storage life can be
greatly increased by careful manipulation of these
factors.
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