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ABSTRACT ARTICLE HISTORY
Tulip is one of the most important cut flowers in the world market Received 4 August 2016
and abscission of the tepals is this species’ most common  Accepted 15 February 2017
symptom during vase life. To prevent these symptoms and extend
postharvest life, passive and active modified atmosphere packaging Tuli X .

. o . L1 ulip flower; vase life;
(MAP) was applied at 0°C. Respiratory rate (CO, Kg~'h™"), ethylene respiratory rate; senescence;
production (uL kg™'h™") and concentration of CO2 and 02 (%)  ethylene production: cold
inside the packaging were evaluated during storage, while fresh storage; modified
weight loss (FWL) (%) and vase life (days) were assessed. Flowers atmosphere packaging
stored using MAP performed significantly better than conventional
packaging. A lower FWL (only up to 0.3%) was observed on MAP
while FWL was as high as 18 to 21% for conventional packaging
after 20 and 31 days, respectively. Vase life was 5.7 and 6.0 days for
active and passive MAP, respectively compared to 3.3 days for
conventional packing. Thus, MAP successfully extended postharvest
life of tulip flowers.

KEYWORDS

Introduction

Postharvest life of cut flowers is a very challenging process, including the effect of both
biotic and abiotic factors that trigger the senescence of the organs (Reid & Jiang 2012).
Genotype, cultivation system and conditions during storage and transport have been
described as the main factors that determine the extension of the vase life of a cut
flower (van Doorn & Han 2011). Tulip (Tulipa spp.) is one of the most important cut
flowers in the market and senescence of the tepals, usually followed by tepal abscission,
is the most common symptom that limits this species’ vase life (Iwaya-Inoue & Takata
2001; Iwaya-Inoue & Nonami 2003). Premature leaf yellowing has also been described
in tulips as an important symptom of senescence (Ferrante et al. 2003).

Various factors influence the postharvest life of cut flowers, including storage at low
temperatures (Celikel & Reid, 2002; Bunya-atichart et al. 2004) and high relative humidity
(RH) (Reid & Jiang, 2012). Moreover, flower preservative solutions are applied to promote
water uptake (van Doorn et al. 2002; Eason 2002; Asrar 2012), controlling microorganisms
(Knee 2000; Macnish et al. 2008), reducing the effect of ethylene (Celikel et al. 2002; Serek
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et al. 2006) and inducing (Han 2003) and improving flower opening (Eason et al. 2004).
More recently and less investigated is the use of modified atmosphere packaging (MAP) to
increase vase life of cut flowers.

MAP has been used successfully in fruits (Cantin et al. 2008; Costa et al. 2011), veg-
etables (Serrano et al. 2006; Lee & Baek 2008) and fresh cut vegetables (Escalona et al.
2007), but few studies have been conducted using cut flowers. Although some authors
have reported disappointing results using MAP in cut flowers (Reid 2001; Reid & Jiang
2012), evaluation of this technique in rose (De Pascale et al. 2005; Bishop et al. 2007),
lily (De Pascale et al. 2005; Wu et al. 2013) and carnation (Bishop et al. 2007) has
shown promising results in extending postharvest life. No MAP studies have been per-
formed on tulips, one of the most important cut flowers in the market; consequently,
this research is focused on the evaluation of the postharvest life of this species after 20
and 31 days of cold storage using passive and active MAP.

MAP is a system based on the modification of the atmosphere within a package and
is aimed at improving the shelf-life of the stored commodity. For fresh products such
as cut flowers, decreasing the oxygen (O,) concentration and increasing the carbon
dioxide (CO,) concentration to reduce the metabolic activity of the product is a
common practice when using this system (Rennie & Tavoularis 2009). Moreover,
decreasing O, also reduces ethylene (C,H,) production and therefore retards the ripen-
ing of fresh products (Sandhya, 2010). The internal atmosphere in packages can be
modified artificially by flushing a gas mixture before closing (active modification) or
passively by sealing the package under normal air conditions (passive modification),
and this depends on the respiration rate of the product and the permeability of the
package (Montanez et al. 2010). Therefore, once equilibrium between the permeability
of the packaging and the product respiration rate has been reached, the shelf-life of the
product increases (Sandhya 2010).

Packaging films used for MAP can be made of low-density polyethylene (LDPE), polye-
ster (PET), polypropylene (PP), polystyrene (PS), polyvinyl chloride (PVC) and saran
(PVDC) (Smith et al. 2003). Each of these materials present specific ranges of O, and
CO, permeabilities and perforations might be required to obtain the optimal gas compo-
sition inside the package (Del-Valle et al. 2003).

Materials and methods
Plant material

Tulip flowers grown under greenhouse conditions (temperature maintained at 23 + 5°C
and RH >50%) were harvested at the stage of <50% of coloured flower bud by mid-
August 2013 in the fields of ‘Araucania Flowers’ located in San José de la Mariquinia, Val-
divia, Chile (39°31’S 72°58'W). Flowers were land shipped in cardboard boxes under no
controlled conditions in a 9 h trip to Santiago, Chile (33°35'S70°38'W), where the evalu-
ations were performed in the Postharvest Laboratory at the Universidad de Chile. Upon
arrival to the laboratory, flowers were immediately packed and no holding solutions
were used. The initial approach to the use of modified atmosphere on tulip cut flowers
involved analysis of eight different cultivars, sorting them equally into each treatment per-
formed (Table 1).
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Table 1. Identification of the eight tulip cultivars evaluated during postharvest.

Cultivar Colour Group Origin

Royal Virgin White Triumph Tulip Flower BV

lle de France Red Triumph J.CKnijn

Pretty Woman Red Lily Flowering Jan van Bentem
Ollioules Pink Darwin Hybrids Van Zanten Bros

Jan Van Nes Yellow Triumph Konijnenburg & Mark
Margarita Parpura Purplea Double Early Jan Ligthart

Viking Naranjo Orange Double Early J.W.Reus

Leen v/d Mark Bicolour Orange Double Late Tomorrows Tulips BV

Note: Name of each cultivar, colour, group and company of origin are provided.

MAP of tulip flowers

Tulip flowers were distributed into bunches of 10 flowers each and wrapped using a cel-
lulose film (Cellophane") for conventional packaging. For MAP, bunches were packaged
in a sealed LDPE homemade bag of 20 um with a permeability of 2000 mL m™> day " for
0, and 6000 mL m ™2 day™! for CO, (at 23°C). Active MAP was made up of 10:0:90 O,:
CO4x:N, and passive MAP was sealed under atmospheric conditions. Packed tulips were
stored at 0°C under dark conditions and RH between 90 and 95%, over plastic trays for
20 and 31 days in order to simulate long maritime shipping from Chile to the Northern
hemisphere. Thus, a completely randomised factorial design was set using 10 flowers
for each replicate, using at least one stem of each cultivar. Three replicates were performed
for each treatment and results were obtained from all the eight cultivars pooled together
(Table 2).

Gas concentration and respiration rate characterisation

Evaluations were performed at days 0, 3, 5, 10, 13, 17, 20, 31 during the cold storage,
extracting a gas sample (1 mL) from the headspace of the bags with a syringe and
injecting it into a gas-metre (Checkpoint, PBI Dansensor, Ringsted, Denmark) to deter-
mine percent CO, and O, concentrations. Respiration rate was calculated according to
Fonseca et al. (2002), expressing the results as CO, production (mL kg~ h™"). The gas
sample was injected into a flame ionisation gas chromatograph (Agilent Technologies
7820A, USA) fitted with a Porapak QN 80/100 column (1.20 m X 3.18 mm)
(Norwalk, Connecticut, USA) to determine ethylene production. Injector and detector
temperature was set at 200°C while column temperature was set at 50°C. Helium was
employed as the carrier gas with a flow rate of 55 mL min~". Results were expressed as
uL C,H, kg ' h™",

Table 2. Details of the treatments performed using active and passive MAP
to store tulip flowers at 0°C for 20 and 31 days.

Treatment Cold storage (days) Packaging

T 20 Active MAP

T2 31

T3 20 Passive MAP

T4 31

15 20 Conventional packing

T6 31
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Fresh weight loss (FWL)

The weight of the samples was determined using a digital precision balance (+ 0.1 g) (Bell-
tronic ES-300HA; Korea). FWL of the flower stems at the end of postharvest storage was
calculated according to the following equation:
FWL,-FWL(¢
%FWL(t) = FWLo-FWL(H) 100,
FWL,

where %FWL(#) is the percentage of the FWL at time f, FWL, is the initial sample weight
and FWL(#) is the sample weight at time .

Vase life evaluation

After cold storage for 20 or 31 days, tulip stems were placed in 1.5 L plastic vases filled with
250 mL of distilled water in a room with a temperature between 20 + 2°C (diurnal temp-
erature) and 16 + 2°C (nocturnal temperature), 60% + 5% RH and a light period of 10 h
provided by fluorescent lamps. Evaluations on flower, leaf and stem were performed
based on a rating scale created for this evaluation (Figure 1; Supplementary Table 1),
which ranged from 1 (worst quality) to 5 (best quality). Each organ on each of the 10
flower stems from the treatments was independently scored. Vase life was determined
according to the lowest score of each organ, therefore an average score of any organ
below 3 was considered as the end of the vase life. Photos were taken during vase life evalu-
ations at days 0, 1, 5 and 10 using a Nikon D3000 10 Mpx Black (Nikon Co., Tokio, Japan).
Colour assessment was also performed during vase life on each organ using a Minolta
chroma metre (CR— 300, Minolta Corp., Tokyo, Japan). Evaluations were performed on
the middle third section of the flower bud, the adaxial face of the leaf and the stem.
Results were expressed using the CIELab system.

Statistical analysis

Data regarding FWL and vase life were subjected to analysis of variance (ANOVA) using
the MINITAB software. Means were compared using Tukey’s honestly significant differ-
ence (HSD) test for multiple pair-wise comparisons with a significance level of 0.05. Stat-
istical analyses were conducted after arcsine conversion of % of FWL.

Results
Respiration rate and ethylene production of tulip flowers

In order to characterise the metabolism of tulip flowers during postharvest storage, res-
piration rate and ethylene production were evaluated in the control treatment (conven-
tional packaging). Respiration rate increased during the first days of cold storage,
reaching a peak at around day 10 (50.61 mL CO, kg_1 h™) (Figure 2(A)). Similar
behaviour of the evolution of ethylene production was observed, finding a peak of pro-
duction of this gas at around day 10 (0.79 uL C,H, kg_1 h™) (Figure 2(B)). After this



206 (&) D.AROSETAL.

“
|
\ g
<50% of > 50% of flower bud partially Starting of tepals One ore more
coloured coloured to completely dehydration dehiscent tepals
flower bud flower bud open
Completely erect Upper third on First symptoms of Mild symptoms of Apical necrosis
leaves decumbent necrosis necrosis (<0.5 cm) (>0.5cm)
position
t; ;
Completely Slight curve on Mild stem Moderate stem Severe stem inclination
erect stem the higher inclination (<45°) inclination (>45°) (>90°)

portion

Figure 1. Graphic description of the evaluations performed on tulip flowers, leaves and stems during
vase life.

peak, both respiration rate and ethylene production dropped, reaching a minimum
value of 25.21 mL CO, kg_lh_1 and a non-detectable C,H, production rate by the

end of storage.
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Figure 2. (A), Respiration rate and (B), ethylene production evaluated on 3 replicates of 10 tulip flowers
each (composed by a mixture of 8 cultivars) (+ SE, n = 3) stored at 0°C for 31 days using a cellulose film
(cellophane™) for packaging (conventional packaging).

Evolution of the concentration of CO, and O, inside MAP

Concentrations of CO, and O, inside the passive and active MAP were evaluated during
cold storage to analyse the evolution of these gases and their relationship with the per-
meability of the film and the physiology of the flowers. Concentration of O, started at
about 9% in active MAP and 18% in passive MAP. In both cases, O, concentration
dropped until day 10, when a point of stability was observed until the end of storage
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Figure 3. Percentage of (A), O, and (B), CO, (+ SE, n = 3) detected inside active and passive modified
atmosphere packaging applied to 3 replicates of 10 tulip flowers each (composed by a mixture of 8

cultivars) stored at 0°C for 20 and 31 days.

(Figure 3(A)). Concentration of CO, started with values close to 2% and, as expected,
increased until reaching a peak at day 10 with values between 4.9% (Passive MAP/20)
and 6.4% (Passive MAP/31) (Figure 3(B)). However, after this peak a reduction in CO,
concentration was observed for all treatments and a point of stability was not as clear

as with the O, concentration (Figure 3(b)).

35
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Fresh weight of tulip flowers

FWL evaluated at the end of storage was significantly lower in the tulip flowers packaged
with both the passive and active MAP than with conventional packaging (Figure 4). In
fact, % FWL was very close to 0 with values between 0 and 0.32% when using MAP,
while values up to 18.25 (after 20 days) and 21.48% (after 31 days) of FWL were observed
when conventional packaging was applied (Figure 4).

Vase life of tulip flowers

Evaluation of vase life showed better results with MAP in comparison with conventional
packaging, where tulip flowers only lasted for 6 and 3 days after storage for 20 and 31 days,
respectively. For all the treatments, the flower was the limiting factor and the longest vase
life was observed when tulip flowers were stored for 20 days using active and passive MAP,
showing results between 6.3 and 6.7 days (Figures 5 and 6). Analysis of the vase life
observed independently in each organ revealed that flower and leaf showed the lowest
vase life values, particularly when using conventional packaging, which lasted for less
than 4 days. Conversely, the stem kept its quality, showing more than 10 days of vase
life in all the treatments evaluated (Figure 6).

Statistical analysis performed on vase life showed no interaction between ‘cold storage
time’ and ‘packaging type’; therefore, they were independently analysed using an

25

20

% FWL

10

0 = b -
Active MAP/20 Active MAP/31  Passive MAP/20 Passive MAP/31 Conventional P/20 Conventional P/31

Figure 4. Percentage of fresh weight loss (% FWL) (+ SE, n = 3) evaluated at the end of the storage of 3
replicates of 10 tulip flowers each (composed by a mixture of 8 cultivars) submitted to active and
passive modified atmosphere packaging (MAP) and cellulose film (cellophane™) packaging (Conven-
tional P) for 20 and 31 days.
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Figure 5. Pictures of the evolution of the vase life of 3 replicates of 10 tulip flowers each (composed by
a mixture of 8 cultivars) after storage at 0°C for 20 and 31 days using active and passive modified
atmosphere packaging (MAP) and cellulose film (conventional).

Day 0

Day 1

ANOVA. Vase life was significantly longer when tulip flowers were stored using MAP
compared to conventional packaging (Table 3). No differences were observed between
active (5.7 days) and passive (6.0 days) MAP (Table 3). Regarding the cold storage, vase
life was significantly longer when flowers were stored for 20 days (5.7 days), compared
to storage for 31 days (4.3 days) (Table 4).

Evaluation of colour organs during vase life of tulip flowers

Evaluation of colour was also performed during vase life, finding consistent results only
in leaves where values of L* (lightness) and b* (yellow/blue) increased during vase life,
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Figure 6. Vase life observed on 3 replicates of 10 tulip flowers, stems and leaves (composed by a
mixture of 8 cultivars) (+ SE, n = 3) after storage at 0°C using active and passive modified atmosphere
packaging (MAP) and cellulose film (cellophane™) packaging (Conventional P) for 20 and 31 days.

Table 3. Vase life mean (n = 6) of tulip flowers stored for 20 and 31 days at
0°C showing the differences between the type of packaging.

Packaging Mean (days)
Active MAP 5.7 a*
Passive MAP 6.0 a
Conventional 33b

Note: Distinct letters in the row indicate significant differences according to Tukey’s test
(P<.05).

Table 4. Vase life mean (n=9) of tulip flowers stored using conventional
packaging, active and passive MAP showing the differences between 20
and 31 days of storage at 0°C.

Cold storage (days) Mean (days)

20 57a

31 43 b

Note: Distinct letters in the row indicate significant differences according to Tukey’s test
(P <.05).

resulting in a lighter and yellower leaf (Supplementary Figure S1), as observed using the
sensorial scale. Flower and stem colour showed no consistent pattern and values were
erratic.
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Discussion and conclusions

According to the results observed for respiration rate and ethylene production of tulip
flowers, which both peak at day 10, a climacteric pattern for tulip postharvest is suggested.
The same pattern was observed by Baolian et al. (1999) during postharvest evaluation of
tulip flowers. Moreover, Skrzypek et al. (2005) observed similar production of ethylene for
this species with values between 0.72 and 1.26 pL C,H, kg_1 h™!. Nevertheless, Jones and
McConchie (1995) described non-climacteric behaviour for tulip flowers with a constant
and very low ethylene production (<0.1 uL L™") during postharvest. In any case, production
of ethylene by tulip flowers observed in this study remained very low compared to other fresh
products (i.e. fruits or vegetables) as reported by Kader (2007), who described values between
0.1 and 1 pL C,H, kg~' h™" for ethylene production in cut flowers. This explains the remark-
able negative effect produced by exogenous ethylene on the postharvest life of fresh flowers.

Respiration rate observed in tulip flowers coincides with results of Coller (1997), who
described a respiration rate between 20 and 40 mL CO, kg™' h™" for this species; and it is
similar to results found in other cut flowers such as rose (2.4-45.7 umol CO, kg™' h™")
and iris (21.8-60.1 ug COkg™" h™"). These values confirm what was reported by Kader
(2007), who classified cut flowers as a product with a high respiration rate. Senescence
and therefore postharvest life are closely related to the flower’s metabolism and respir-
ation rate (Teixeira 2003; Reid & Jiang 2012). It is therefore crucial to apply innovative
technologies that reduce respiration rate and can maintain the quality of highly perishable
products like cut flowers.

Regarding the gases concentration in the MAP treatments, CO, did not show stability
after the peak at day 10 (Figure 3(B)), whereas Zeltzer et al. (2001) observed stability at
13% and 7% for O, and CO,, respectively, using MAP on several cut flowers. According
to the main goal of MAP, O, concentration is the most important as keeping this gas at a
low concentration reduces the metabolism of the flowers, extending the storability (Kader,
2007). On the other hand, Watkins (2000) referred to the importance of CO, during MAP,
showing effects on several metabolic processes such as respiration and 1-aminocyclopro-
pane-1-carboxylic acid (ACC) synthase activity. Physiological breakdown of most fresh
products is described as occurring at very low O, (<1%) and high CO, (>20%) concen-
trations. Thus, the levels of O, and CO, observed in this study were successfully collabor-
ating to extend the postharvest life of tulip flowers.

Dehydration produced by transpiration is an important process during postharvest
because it is closely related to the loss of quality in fresh products, particularly in cut
flowers (Teixeira 2003), which are very susceptible due to their high area exposed and
their delicate tissue (Kader 2007; Reid & Jiang 2012) without the cuticle preventing dehy-
dration that fruits have (Lara et al. 2014). Furthermore, previous studies have suggested
that the commercial quality of cut flowers is lost when over 20% FWL is observed (Mar-
tinez-Madrid et al. 1998). In this study, MAP successfully diminished FWL in comparison
with conventional packaging, due to the effect of the LDPE bags with low permeability
used for this type of packaging. FWL during the storage was very important for the sub-
sequent vase life evaluation since those flowers stored using conventional packaging were
not able to recover from the dehydration, resulting in a very short vase life. In contrast,
flowers stored using MAP showed a quick improvement of quality during the first days
of vase life (Figure 5).



NEW ZEALAND JOURNAL OF CROP AND HORTICULTURAL SCIENCE ’ 213

MAP successfully extended storage and vase life of cut tulip flowers. The effect of MAP
over the FWL observed was probably more important than the actual effect on gas con-
centration within the packaging. Further studies considering the isolation of these
factors (gas concentration and FWL) should be performed. Results of vase life obtained
look very promising, considering that tulip vase life (normally limited by tepal senescence
and abscission) has been observed to be between 8 and 12.1 days using different flower
preservatives with the application of a previous cold storage for only two days (van
Doorn et al. 2011). Additionally, Ali et al. (2014) showed results between 6.3 and 11.7
days for vase life of tulip flowers using pulsing solutions without previous cold storage.
Thus perhaps a combination of MAP with flower preservatives during postharvest
could be able to extend even more the vase life of tulip flowers.

No significant differences in vase life were observed between active (5.7 days) and
passive (6.0 days) MAP (Table 3). Consequently, considering the easier handling of
passive MAP, we can recommend this technique to store tulip flowers. Use of MAP is
not frequent in the cut flower industry, although some studies have reported a longer
vase life using active MAP in Gerbera (De Pascale et al. 2005) and using modified inter-
active packaging (MIP) in rose and carnation (Bishop et al. 2007). Active MAP has
extended vase life from 11 to 18 and 20 days using N, and 1-MCP respectively, particularly
in lily (Wu et al. 2013).

In this study, the longer (31 days) cold storage duration the less vase life of the flowers
was observed (Table 4). Long periods of cold storage have been previously identified as
having a negative effect on the length of the vase life (van Doorn & Han 2011).
Redman et al. (2002) observed a significant reduction in the vase life of nine species
used as cut flowers with a storage period of 3 weeks at 2°C. Han and Miller (2003) also
reported a shorter vase life when lilies were stored at 3.3°C for 2 weeks. In this study,
storage of tulip flowers using MAP at 0°C for 20 days was significantly better than their
storage for 31 days, and the vase life observed in this treatment (20 days) was in the
range observed in previous studies (van Doorn et al. 2011; Ali et al. 2014), that is
around 6 days.

MAP successfully extended the postharvest life of tulip flower stored for 20 days at 0°C.
Further studies should be performed to clarify whether the extension of postharvest life
using MAP is due to the effect on the concentration of gases or the reduction in dehy-
dration or both. Considering now that the benefit—cost ratio should also be taken into
account when applying this method, passive MAP could be the best option. Moreover,
the application of this method enhanced by other techniques (i.e. flower preservatives)
to extend storage up to 31 days could be an opportunity for overseas shipments of
fresh cut flowers.
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