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Abstract
In this study, changes in the quality and vase life of cut roses cv. Vendela generated by the presence and influence of ethylene 
were analyzed and represented. A static experiment was proposed to determine vase life by putting fresh floral stems in her‑
metic containers and introducing different amounts of ethylene in a range of concentrations from 0 up to 7 µL L−1 at 14 °C. 
The main ethylene response for Vendela roses was the petal abscission. Within the range 0–4 µL L1 vase life decreases as the 
ethylene concentration increases. At ethylene concentrations over 4 µL L−1, vase life did not change significantly. The results 
thus obtained allowed to establish that the flower vase life can be considered as a function of the ethylene concentration in 
the surrounding atmosphere up to a maximum value (5 µL L−1). From experimental data, a mathematical model to represent 
the cumulative petal fall (%CPF) as a function of exogenous ethylene was successfully adjusted. By using the above equa‑
tion and by considering the senescence stage as that corresponding to %CPF = 5% a vase life model was established. The 
model can satisfactorily represent the vase life of cut Vendela roses at different ethylene concentrations and it constitutes a 
novel and useful tool that can be used to improve postharvest handling and storage and reduce losses of this type of flower.
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Introduction

The postharvest vase life of flowers determines its accept‑
ance to the final customers and their market value (Ha et al. 
2017; Macnish et al. 2010). Likewise, it determines the 
limits for the opening of new markets since the maximum 
distance of transport without incurring significant quality 
losses will be related to the deterioration time at a defined 

storage condition (Elhindi 2012; Vehniwal and Abbey 2019). 
To define the vase life accurately, it is necessary to relate it 
correctly with changes in certain quality attributes of the cut 
flower that can be accurately identified and do not depend as 
much as possible on value judgments that may be subjective 
(Kondo et al. 1999; Vehniwal and Abbey 2019). The evolu‑
tion and decay in these quality attributes will depend on 
intrinsic factors such as physiological maturity and internal 
metabolic processes and extrinsic factors such as tempera‑
ture, relative humidity and concentration of gases in the sur‑
rounding atmosphere, e.g. ethylene and O2 (Lippmann et al. 
2019). In containers to preserve flowers, it is necessary to 
have a suitable and continuous air exchange to avoid the CO2 
and ethylene accumulation and O2 depletion from the plant 
respiration. Low O2 concentrations can lead to a fermen‑
tative process due to anaerobic conditions. Flower species 
with low respiration rates have a longer vase life with respect 
to those species with higher rates due to the lower degrada‑
tion rate of substrates. The above can be seen in carnation 
flowers compared with rose. The former has an approximate 
respiration rate of 300 mL kg−1 h−1 of CO2 and vase life 
aprox. 10–17 days while roses have an average respiration 
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rate of 400 mL kg−1 h−1 of CO2 and circa 8–13 days of vase 
life (In and Lim 2018; Onozaki et al. 2001; Park et al. 2017).

Exposure to ethylene can decrease the vase life of flow‑
ers such as rose (In et al. 2017). Ethylene is known as a 
phytohormone that regulates ripening and senescence in 
fresh plants. High ethylene concentrations in the container 
increase the rate of flower senescence (Iqbal et al. 2017). 
Exogenous ethylene concentrations from 1 up to 10 µL L−1 
can affect the metabolism and quality of rose (In et al. 2017). 
At these concentrations, roses express petal wilting, flower 
or petal abscission and color changes (Borda et al. 2011; Ma 
et al. 2005). However, senescence effects and decay that is 
promoted by ethylene action vary between cultivars being 
more common bud and flower abscission, while other phe‑
nomena such as petal and leaf abscission, bud yellowing, 
and changes in flower color are less frequent (Müller et al. 
1998). Ethylene action is usually delayed by inhibitors such 
as 1-Methylcyclopropene (1-MCP) and silver. The 1-MCP 
apparently binds irreversibly to ethylene receptors in the cell 
plant and prevents ethylene from inducing conformational 
changes (Scariot et al. 2014; Serek et al. 2006; Vehniwal 
and Abbey 2019). Silver thiosulfate (STS) acts on receptors 
that contain bound Cu++ ions. Its action may be related to 
the exchange between copper and silver ions in the receptor 
protein. Once the Ag ++ ion is bound to a certain receptor, 
it is apparently blocked and the ethylene does not bind and, 
therefore, the activation of the signal transduction cascade 
is prevented (Serek et al. 2006). However, this compound is 
banned in many regions of the world due to toxicity prob‑
lems (Scariot et al. 2014).

One of the methods used to measure ethylene sensitivity 
in fresh plants is based on a continuous gas flow system. 
This method consists of small chambers (< 4 L) with con‑
trolled air, carbon dioxide and/or ethylene inputs. To main‑
tain desirable gas concentrations, inputs should be large 
enough to avoid interference with natural ethylene produc‑
tion and respiration by the plant (In et al. 2017). To measure 
gas concentrations into the container, the output can be con‑
nected to a gas chromatograph or if it is possible to include a 
septum where gas samples are extracted to be analyzed. This 
chamber should be inside a cabinet with temperature control. 
However, in this case, results are not available in a short 
time due mainly to the limitations of laboratory equipment 
because of the large number of experiments required. Also, 
it is difficult to determine quality parameters of flowers and 
the measurement can only be done through photographs and 
image analysis. For that reason, in this work it was decided 
to make an important methodological change adopting a sys‑
tem without a continuous flow of gases consisting of her‑
metically sealed chambers where the ethylene concentration 
in the headspace is defined by injection of a certain amount 
of ethylene with a known concentration. This change allows 
replicates to be more economical and practical. Vase life is 

defined as the time in which the flower maintains its com‑
mercial quality (Fanourakis et al. 2016; Macnish et al. 2010; 
Mallahi et al. 2018). If the available data allow it, math‑
ematical modeling can be performed to predict a change of 
a quality parameter that defines the shelf-life of a product as 
a function of time (Kim et al. 2014; Tromp et al. 2012), the 
former being a deterministic model.

This work aimed to evaluate and represent through mod‑
eling the sensitivity and effect of different headspace ethyl‑
ene concentrations (0–7 µL L−1) over the quality and vase 
life of rose cv. Vendela. The Vendela variety was selected 
for this study due to its commercial importance in the farms 
of the Bogotá savanna and its growing export market in the 
United States and Europe.

Materials and methods

Plant material

Rose stems cv. Vendela were obtained from a crop field 
located in Facatativá, west of the savannah of Bogota, 
Colombia (June–July months, average temperature 18.9 °C, 
average relative humidity 74.5%, average rainfall of 45 mm), 
and transported immediately after being harvested to the 
Post-Harvest Laboratory at The Faculty of Agricultural 
Sciences of the National University of Colombia (Bogotá, 
Colombia) at 12 °C. Flowers with visible mechanical dam‑
age or excessive floral opening were discarded and flow‑
ers with a similar layout (size, physical appearance) were 
selected to reduce variance. Ten samples were taken to 
measure the initial flower diameter and CIELAB color of the 
petals being these 36.74 ± 3.05 mm and L* = 89.29 ± 1.69, 
a* = − 1.70 ± 1.01 and b* = 16.97 ± 1.64 respectively. Floral 
stems were cut up to 10 cm with a weight of 6.33 ± 0.55 g 
per stem.

Experimental setup

In this study, a static system was prepared to determine the 
effect of ethylene concentration over rose quality and vase 
life. Flowers were put individually in plastic vases with 
10 mL of distillate water. Then, three flowers with their 
respective vases were put in a hermetic acrylic container 
with an internal volume of 2210 mL (Felli®, Taipei, Tai‑
wan). The container lids were perforated to obtain a circular 
perforation of 1 cm diameter in which a rubber septum was 
placed for sampling the internal atmosphere (O2, CO2 and 
ethylene concentrations). In the acrylic containers, there was 
no gas transfer with the exterior. To measure ethylene sen‑
sitivity, a completely randomized experimental design with 
a factorial arrangement of 12 × 8 was carried out. The first 
factor was storage time (12 measurement days between days 
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1 and 15) and the second factor was ethylene concentration 
(eight concentrations between 0 and 7 µL L−1, varying 1 µL 
L−1 between treatments). Each container with three flowers 
inside was closed and the necessary volume of a gas with 
a mixture of 5% (molar fraction) of ethylene and 95% of 
N2 (Cryogas®, Medellin, Colombia) was injected through 
the septa to reach the desired ethylene concentration inside 
the container. For each ethylene treatment, four replicates 
(n = 4) were prepared to be each of them one container with 
three individual flowers. After injecting the ethylene mix‑
ture, the containers were stored at 14 ± 1 °C. To evaluate 
the evolution in quality parameters of the samples, all the 
containers were opened daily during approx. 1 h. After the 
quality measurements were measured (as indicated below), 
the containers were closed hermetically again, and a new 
mixture of ethylene was introduced to renovate the initial 
internal atmosphere. Then, containers were stored again at 
14 °C continuing the trials.

To estimate the endogenous ethylene generation from the 
Vendela roses, the experiments performed at 0 µL L−1 of 
ethylene initially in the container were used to determine 
the ethylene production rate.

Ethylene production rate measurement

Samples of 1 mL of headspace gas in the containers were 
taken with a syringe through the rubber septa and imme‑
diately analyzed in an Agilent 7890A gas chromatograph 
(Agilent Technologies Inc., Santa Clara, CA, USA). The 
analysis conditions were similar to those used by Mendoza 
et al. (2016). The chromatographic details were as follows: 
injector temperature: 70 °C, oven temperature: 50 °C, FID 
detector temperature 250 °C, and helium as a carrier gas 
with a flow of 7.0 mL min−1). The chromatographic method 
was calibrated by using a 101-µL L−1 ethylene patron nitro‑
gen base (Linde Colombia S.A., Bogotá, Colombia). This 
gas was mixed with nitrogen (Linde Colombia S.A., Bogotá, 
Colombia) to obtain different concentrations in the range of 
0–10 µL L−1.

To calculate the ethylene production rate (rC2H4) from the 
cut flowers in the acrylic containers, the following equation 
was used: 

where V is the volume of the container headspace in L, CC2H4
 

is the ethylene concentration measured by gas chromatog‑
raphy (µL L−1), W is the weight of the flowers (kg) and ∆t 
is the time between closing the lid of the container and tak‑
ing the sample to inject into the chromatograph (h). Equa‑
tion 1 refers to the ethylene production rate per unit of mass 
and per unit of time. Considering the ethylene production is 

(1)rC2H4
=

V
(

CC2H4

)

WΔt

[

μL

kg h

]

,

generated both in the flower and in the stem all the samples 
were cut at a height of 10 cm which is not a commercial 
height. The above should be considered to scale or replicate 
the results of this work.

Respiration rates and respiratory quotient

To estimate the flower respiration (O2 consumption and CO2 
production), the changes in O2 and CO2 concentrations were 
measured inside the acrylic container. 5 ml of gas was taken 
out and sampled with an Oxybaby® 6i electronic gas analyzer 
(Witt-Gasetechnik GmbH & Co. KG, Witten, Germany) and 
the results were expressed in percentage (ml of gas per every 
100 ml of gas headspace). The O2 and CO2 production rates 
were calculated as follows (Mendoza et al. 2016):

where V is the volume of the container headspace in mL, CO2
 

and CCO2
 are the oxygen and carbon dioxide concentration 

measured in the headspace (mL gas per 100 mL gas head‑
space), CO20

 and CCO20

 are the oxygen and carbon dioxide 
concentration in the normal atmosphere, W is the weight of 
the flowers (kg), n is the number of flowers in the container 
(three flowers) and ∆t is the time between closing the lid of 
the container and taking the sample to measure gas concen‑
trations (h).

The respiratory quotient (RQ) was calculated as the ratio 
between carbon dioxide production and oxygen consumption 
rates (Sousa et al. 2017):

Quality parameters

The color was measured in the external rose petals by using a 
Minolta ChromaMeter (Model CR-331, Minolta Camera Co., 
Osaka, Japan) in the CIELAB color space coordinates L*, a* 
and b*. A standard illuminant, ‘Daylight 65’, was considered. 
The color change ∆E was calculated as follows:

where ∆E is the total color change and ∆L*, ∆a* and ∆b* 
are the differences in each color coordinate measured in each 
day compared to day zero.

(2)rO2
= −

V

(

CO2
− CO20

)

WΔt

[

μL

kg h

]

,

(3)rCO2
=

V

(

CCO2
− CCO20

)

WΔt

[

μL

kg h

]

,

(4)RQ =
rCO2

rO2

.

(5)ΔE =
√

(ΔL∗) + (Δa∗) + (Δb∗),
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The floral opening was measured as the distance between 
the external petals and represents the flower diameter. Meas‑
urements of floral opening were taken by using a Proster® 
Digital Vernier Caliper model 7874 In8 (HongKong Proster 
Trading Ltd., GuangZhou, China).

Petal fall was measured by counting the number of petals 
detached from the floral head. Petal fall was expressed as the 
cumulative percentage of petals fallen (% CPF).

Statistical analysis and modeling

A one-way ANOVA analysis was applied, and a Tukey test 
(p ≤ 0.05) was used to determine significant differences 
between the means of the measured characteristics (respiration 
rates and quality parameters) for the different treatments. Vase 
life in the samples was represented by using a deterministic 
method based on finding a mathematical function that relates 
a quality parameter who defines vase life (in this case petal 
abscission) with storage conditions. Considering the above, a 
logistic model was used to correlate the cumulative percent‑
age of petals fallen and the storage time as follows (Sierra 
et al. 2019):

where % CPF is the cumulative percentage of petals fallen, 
t is the storage time (days), C1, and C2 are the regression 
parameters that were found using the least-squares method. 
For parameters that are dependent on ethylene, a model 
based on a first-order chemical reaction kinetic was used 
(Sierra et al. 2019):

(6)%CPF =
1

1 + e−C1(t−C2)
,

(7)Ci = CiEQ +
(

Cio − CiEQ

)

e−CETki ,

where Cio, CiEQ and ki are the adjustment parameters and CET 
is the ethylene concentration in the atmosphere surrounding 
the flowers.

Vase life

For this study vase, life was defined as the time elapsed 
until a visible deterioration of the flower. Petal abscission 
(more than 5% of petals fallen) was used as a senescence 
criterion for rose cv. Vendela. From Eqs. 6 and 7, the time 
corresponding to vase life was isolated taking into account 
the above.

Results

Postharvest physiological behavior of Vendela roses

Figure 1 shows the ethylene production rate as a function 
of storage time. Ethylene production rate by Vendela roses 
varied between 0.08 and 0.39 µL kg−1 h−1 (1.60 and 6.63 nL 
flower−1 h−1). Similar data have been found for ‘Kordana’, 
‘Parade’ (Müller et  al. 1998), and ‘Peckoubo’ varieties 
(Borda et al. 2011). Ethylene production decreased until the 
sixth day of storage, and after that, increased up to the eighth 
day of storage and remained approx. steady until day 13 of 
storage. On day 14, ethylene production increased due pos‑
sibly to flower senescence. It was evidenced in the petal fall 
from day 13.

Figure 2 shows O2 consumption and CO2 production 
rates as a function of storage time. In general, respiration 
rates decreased over time possibly due to the reduction of 
carbohydrate reserves in the flower and/or a carbohydrate 
transport decrease within the flower (Monteiro et al. 2002). 
A similar trend was found for cut flowers of lotus (Salaemae 

Fig. 1   Ethylene production 
rate by Vendela roses stored at 
14 °C. Bars represent standard 
deviation (SD) of 4 replicates
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et al. 2018). Likewise, from day eight the CO2 production 
rate was greater than the O2 consumption rate coupled with 
the increase of ethylene production indicating a possible 
symptom of stress. This behavior shows that respiration pro‑
cess loses efficiency and flowers take down subtracts other 
than carbohydrates.

Effects of exogenous ethylene exposure and vase 
life

For Vendela roses, exposure to exogenous ethylene present 
differences with the treatments without application of exog‑
enous ethylene, mainly in petal abscission. Floral opening 
(Fig. 3) started on the first day and finished on the fifth day. 
Statistical differences can be noticed only on the fifth day of 
storage. On that day, the value of floral opening increased 
for treatments up to 3 µL L−1. At higher ethylene concentra‑
tions, the floral opening decreased. On day 5, floral opening 
for 7 µL L−1 was lower respecting the treated samples with 

the threshold concentration of 3 µL L−1. From this concen‑
tration, ethylene inhibits floral opening. The response of the 
floral opening to the action of ethylene has been documented 
as dependent on the variety (Tan et al. 2006). However, 
flower opening can be reliant on exogenous ethylene con‑
centrations for the same cultivar.

Figure 4 shows that the time in which petal fall begins can 
be considered function of ethylene concentration. At an eth‑
ylene concentration of 7 µL L−1, petal fall begins at the day 
6 of storage while with no exogenous ethylene, the falling 
of petals begins at 13 days of storage. Similar results were 
found by Hegelund et al. (2017). As the petal abscission is 
the first symptom of ethylene sensitivity, this can be con‑
sidered a criterion to define the vase life of Vendela roses.

Figure 5 shows the O2 consumption rate of Vendela roses 
at different exogenous ethylene concentrations. There were 
no differences between treatments until 7th day of storage 
where at an exogenous ethylene concentration of 7 µL L−1 
the O2 consumption rate increased up to 145.2 mL kg−1 h−1, 

Fig. 2   Oxygen consumption 
( r

O
2
 ) and carbon dioxide pro‑

duction ( r
CO

2
 ) rates, and respira‑

tory quotient (RQ) of Vendela 
roses stored at 14 °C. Bars 
represent SD of four replicates

Fig. 3   Floral opening of 
Vendela roses stored at 14 °C 
depending on exogenous 
ethylene concentration. Bars 
represent SD of four replicates
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while for the other treatments, the O2 consumption rate 
increased only up to 99.1 mL kg−1 h−1. At 8th day of stor‑
age, there was a significant increase in the O2 consump‑
tion rate at an exogenous ethylene concentration of 6 µL 
L−1 compared to the other treatments. A similar increase 
of O2 consumption rate was observed for the day 9th of 
storage with an exogenous ethylene concentration of 5 µL 
L−1. Figure 6 shows the RQ increased from the day 8 of 
storage for all treatments; therefore, exogenous ethylene did 
not influence the moment when the RQ changes. However, 
at that time, ethylene promotes the use of substrates other 
than carbohydrates for respiration. As shown in Table 1, RQ 
increases at day 8 of storage for exogenous ethylene con‑
centrations above 2 µL L−1 reaching a maximum value at a 
concentration of 4 µL L−1. Table 1 shows the corresponding 
RQ to the respective vase life and differences between low 
and high ethylene concentrations have been noticed. The 
RQ is greater than 1.0 at exogenous ethylene concentrations 
below 4 µL L−1 and close to 1.0 above 4 µL L−1. This may 
be explained considering that the vase life of flowers at high 
concentrations of exogenous ethylene ran out before the RQ 

ratio increased, suggesting that simple carbohydrates remain 
the main source of energy. On the other hand, flowers stored 
at low concentrations of exogenous ethylene (less than 3 µL 
L−1) depleted their carbohydrate reserves before their vase 
life was finished. Data also show that exogenous ethylene 
may influence flower metabolism at concentrations lower 
than 1 µL L−1 and that at concentrations above 4 µL L−1 
this influence becomes smaller. Color change (ΔE) in pet‑
als is more accentuated at high concentrations of exogenous 
ethylene demonstrating that ethylene increased susceptibil‑
ity to wilt and could be a factor to increased deterioration 
due fungal spoilage (Scariot et al. 2014; Williamson et al. 
2018). In some floral species, senescence is evidenced by 
petal abscission, wilting, or even wilting followed by abscis‑
sion (Shahri and Tahir 2011).  

Modeling vase life

To represent vase life as a function of an extrinsic fac‑
tor such as exogenous ethylene, a relationship between 
the cumulative percentage of petals fallen and storage 

Fig. 4   Petal abscission (cumula‑
tive percentage of fallen petals, 
%CPF) of Vendela roses stored 
at 14 °C depending on exog‑
enous ethylene concentration. 
Continuous line represents the 
logistic model for each ethylene 
concentration. Bars represent 
SD of four replicates

Fig. 5   Oxygen consumption 
rate ( r

O
2
 ) of Vendela roses at 

different exogenous ethylene 
concentrations and 14 °C. Bars 
represent SD of four replicates
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time was established by using logistic regressions. As 
shown in Fig. 4, logistic regressions provide a good fit 
of experimental data. An ANOVA of the C1 parameter 
of Eq. 6 shows that there is no difference between treat‑
ments; this suggests that when the petals begin their fall, 
they do so at the same rate independent of the exogenous 
ethylene concentration. C2 in Eq. 6 represents the time 
when 50% of petals fall (t50) and significant differences for 
the C2 parameter were found at low ethylene concentra‑
tions. This difference decreases as the ethylene concentra‑
tion increases up to 5 µL L−1. From this concentration, 
there are no significant differences between treatments. 
To define the relationship between the C2 parameter and 
ethylene concentrations, Eq. 7 was used resulting in the 
following:

C2o corresponds to the value of C2 when the exogenous 
ethylene concentration is zero, whereby is the maximum 
t50. C2EQ is the value at an infinite ethylene concentration 
and k parameter denotes a specific rate constant. Table 2 
shows the parameters calculated for Eqs. 6 and 8.

After performing the regressions, t50 for an exogenous 
ethylene concentration of 0 µL L−1 was estimated as 
14.03 days while for 0.5 µL L−1, the t50 value is 12.24 days 
decreasing by 13%. For flowers of Rosa bourboniana cv. 
Gruss an Teplitz, the time required for petal abscission 
for the control (without ethylene) was 1.29 ± 0.08 days, 
while flowers submitted at 0.5 µL L−1 of exogenous eth‑
ylene required 0.73 ± 0.04 days for petal abscission (Sane 
et al. 2007) decreasing the time for petal abscission by 
45%. Petal abscission is, therefore, a characteristic of the 

(8)C2 = C2EQ +
(

C2o − C2EQ

)

e−CETk,

Fig. 6   Respiratory quotient 
(RQ) of Vendela roses at 
different exogenous ethylene 
concentrations and 14 °C. Bars 
represent SD of four replicates

Table 1   Vase life of Vendela 
roses, final respiratory quotient 
(RQ) and total color change 
(ΔE) as function of exogenous 
ethylene concentration at 14 °C

*Means with different letters across are significantly different at p ≤ 0.05 by the Tukey’s HSD test. Standard 
deviation (SD) included for four replicates
**Respiratory quotient (/r

O
2
 ) measured at the final day of vase life

Exogenous 
ethylene 
concentra‑
tion

Vase life (d) Respiratory quotient (RQ)** ΔE

Experimental Modeled (Eq. 9) At day 8 of storage At the time of vase life

No exog‑
enous 
ethylene

14.0 ± 0.8a* 13.5 1.12 ± 0.07a* 1.26 ± 0.09ab 2.21 ± 0.63a

1 µL L−1 10.5 ± 1.0b 10.3 1.10 ± 0.03a 1.18 ± 0.04ac 2.12 ± 0.50a
2 µL L−1 9.0 ± 0.0c 8.3 1.10 ± 0.01a 1.15 ± 0.04abc 2.43 ± 0.56a
3 µL L−1 7.8 ± 1.0cd 7.2 1.17 ± 0.07ab 1.02 ± 0.12c 3.28 ± 0.29a
4 µL L−1 6.5 ± 0.6de 6.4 1.79 ± 0.08d 1.00 ± 0.10cd 4.10 ± 0.60ab
5 µL L−1 6.5 ± 0.6de 6.0 1.50 ± 0.06cd 1.00 ± 0.07cd 7.31 ± 0.38b
6 µL L−1 6.5 ± 0.6de 5.7 1.49 ± 0.04cd 0.99 ± 0.07cd 8.05 ± 1.17bc
7 µL L−1 6.0 ± 0.0e 5.5 1.34 ± 0.04bc 1.02 ± 0.03d 9.98 ± 1.98c
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rose cultivar. The above can suggest that for the Vendela 
cultivar, there is no suppression of ethylene pathway genes 
since transcript accumulation of most ethylene biosynthe‑
sis genes increases in petal abscission (Singh et al. 2019).

Table 1 shows vase life as a function of ethylene con‑
centration. Although the deterioration of roses increases 
at ethylene concentrations above 3 µL L−1, it does more 
slowly. For ethylene concentrations of 4 µL L−1 up to 7 
µL L−1 vase life did not have a significant difference. At 
an ethylene concentration of 7 µL L−1, the vase life of 
Vendela roses is reduced down to 54%, whereby this vari‑
ety can be classified as highly sensitive to ethylene (In 
et al. 2017). Without exogenous ethylene, the sample’s 
vase life was 14.0 ± 0.8 days while at an exogenous eth‑
ylene concentration of 1 µL L−1, vase life takes a value 
of 10.5 ± 1.0 days. Similar values for vase life of rose cv. 
Vendela have been reported by Macnish et al. (2010).

By using the model described with Eqs. 6 and 8, it 
was possible to represent the cumulative percentage of 
fallen petals (% CPF) as a function of exogenous ethylene. 
As shown in Fig. 4, predicted % CPF is close to experi‑
mental data for the different ethylene concentrations. As 
mentioned before, the cumulative petal fall has a logis‑
tic behavior with a rapidly increasing interval and then a 

steady-state, from the predicted % CPF and the associated 
equations it was possible to define a predicted vase life by 
taking as a limit to flower rejection an %CPF = 5%. In this 
way, the vase life equation is presented as follows:

where tVL represents the vase life of rose cv. Vendela. Equa‑
tion 9 represents a deterministic model to describe vase life 
as a function of exogenous ethylene concentration. The pre‑
dict vase life as a function of exogenous ethylene concen‑
tration is shown in Table 2. Predicted data are satisfactorily 
close to the observed experimental data as shown in Table 2 
for the different exogenous ethylene concentrations. This is 
due to the high degree of correlation between the ethylene 
concentration present in the medium and the petal fall in 
the flower.

The static system to evaluate the vase life of cut 
roses

Figure 7 presents the O2 profile in the headspaces of the 
hermetic containers without exogenous ethylene applica‑
tion. O2 concentration profile is linear in all the treatments, 
with R2 values close to 1.0. At the oxygen concentrations 
achieved, there was no influence of carbon dioxide on the 
oxygen consumption rate, with it constant throughout the 
entire measurement interval. The minimum O2 concentra‑
tion achieved throughout the experiment is 10% being a 
limit concentration. O2 concentrations lower than 10% may 
induce deviations in the calculation of ethylene and respira‑
tion rates (González-Buesa and Salvador 2019). This value 
can be used as a parameter to configure the static system, 
mainly the mass of plant material/headspace ratio.

Discussion

In climacteric produce, there are peaks of ethylene produc‑
tion and respiration during ripening (Chen et al. 2018). This 
behavior is not present for Vendela roses, so it supports the 
hypothesis that this cultivar is not climacteric. However, in 
other studies, a climacteric behavior for rose cultivars was 
found (Müller et al. 1998, 2000) which can indicate that 
climacteric behavior depends on the cultivar and it is not 
a universal characteristic of specie. Cutting, handling, and 
transport (first peak at the second day of storage), changes in 
respiration pattern (eighth day of storage), and wilting (day 
14 of storage) may be responsible for the maximum peaks 
of ethylene production by Vendela roses.

(9)

tVL =
1

C1

ln
(

1 − 5%

5%

)

+
(

C2EQ +
(

C2o − C2EQ

)

e−CETk
)

,

Table 2   Estimated parameters of accumulative percentage of petals 
fallen (% CPF) by logistic equation

Standard deviation (SD) included
SD included for four replicates
a C1 does not present significant differences between treatments
b Means with different letters across are significantly different at 
p ≤ 0.05 by the Tukey’s HSD test

C1 parameter*

C1 (d−1) 5.53 ± 1.93
C2 parameter (d)**
 No exogenous ethylene 14.07 ± 0.48(a)

 1 µL L−1 10.59 ± 0.51(a)

 2 µL L−1 9.06 ± 0.12(a)

 3 µL L−1 7.60 ± 0.71(b)

 4 µL L−1 6.71 ± 0.18(bc)

 5 µL L−1 6.71 ± 0.18(bc)

 6 µL L−1 6.45 ± 0.33(c)

 7 µL L−1 5.84 ± 0.03(c)

C2 regression parameters
 C2o (d) 14.03 ± 0.48
 C2EQ (d) 5.79 ± 0.93
 k (L µL−1) 0.49 ± 0.05

R2 0.985
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It is noticed that the respiratory quotient, RQ, changes 
for all treatments at day 8 of storage, and this change is 
accentuated by exogenous ethylene presence. For this time, 
the flower begins the degradation of its cellular structures 
to obtain energy, leading to the use of carbohydrate reserves 
and proteins as substrates of respiration, which promotes the 
acceleration of wilt (Ichimura 1998; Teixeira 2016). Stress 
may induce the use of substrates other than carbohydrates 
even if there is the availability of sugars in the hydration 
solution (Teixeira 2016). Ethylene presence induces an 
increase of respiration rate at the same storage time although 
the general trend is decreasing as the storage time advances. 
An increase in the respiration rate due to a rich-ethylene 
atmosphere implies a high consumption of respiration sub‑
tracts and contributes to the onset of stress. The last peak 
of ethylene production at day 13 of storage coincided with 
the petal abscission; this suggests that ethylene plays a fun‑
damental role in this phenomenon. The above is reinforced 
by the fact that the time in which the abscission of petals 
appears is a function of exogenous ethylene concentration.

Several studies have recognized the effects of ethylene 
on the vase life of cut roses (Gil et al. 2020; Khatami et al. 
2020; Ma et al. 2005). Even, the presence of ethylene in the 
preharvest stage induces an increase in the rate of ethylene 
production and, therefore, accelerates the senescence of 
roses (Gong et al. 2018). Ethylene effects in the accelera‑
tion of senescence are mainly early fall of petals and color 
change due to wilting. Also, it is known that the physiologi‑
cal behavior of rose and its response to exogenous ethylene 
are strongly dependent on the cultivar (In and Lim 2018). 
However, to establish an optimal condition for storage and 
transport of cut roses, additional information related to the 
relationship between storage parameters and physiological 
behavior is required. This relationship can be satisfacto‑
rily represented through modeling. Time and temperature 
are usually considered as the most important variables to 
develop a mathematical model to represent the shelf life of 

fresh products such as rose. To model shelf life, it is neces‑
sary to find quality properties related to this such as petal 
and foliage color, visible fungal spoilage, petal fall, floral 
opening, or volatile content; these properties can be meas‑
ured to develop a kinetic model that can be used to describe 
vase and shelf life based on environmental conditions. The 
parameters of these models can be related to temperature by 
using the Arrhenius equation (Tromp et al. 2012). Likewise, 
it is also possible to develop other models from the empirical 
correlation between measurable physiological variables such 
as respiration or transpiration and the vase life depending 
on external conditions (In et al. 2016). For this study, for 
example, an increase was observed in the respiration rate and 
the RQ ratio indicating the beginning of decay for the cut 
roses. The above was also described by the vase life model 
(Table 2). Considering this, by monitoring the O2 or CO2 
concentrations in the container during the storage, the vase 
life of the roses as a function of exogenous ethylene can be 
represented.

There are multiple factors related to technical conditions 
that affect postharvest quality. Transport or storage tempera‑
ture, transport times, and additives’ doses can be controlled 
between certain intervals. Depending on these factors, flow‑
ers express different physiological behaviors related to their 
senescence process. However, floriculture industry faces 
different problems to establish the relationships between 
controlled variables, physiological behavior, and quality 
parameters and thus, to determinate this relationship is not 
easy due to a large number of parameters involved and the 
variation of these parameters along with the transport, stor‑
age, and marketing chain (Macnish et al. 2010). The above 
makes it more complex to establish a mathematical relation‑
ship that includes all the influential parameters in vase life 
of cut flowers. In this study, from the experimental behavior 
of Vendela roses exposed to different exogenous ethylene 
concentrations a vase life model was adjusted from a quality 
parameter such as petal fall. This model relates the rose vase 

Fig. 7   Oxygen concentration 
profile of treatments without 
exogenous ethylene applica‑
tion. Bars represent SD of four 
replicates
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life to the concentration of exogenous ethylene. These kinds 
of models are a useful tool for both the design of storage or 
transport systems and the prediction of vase life for defined 
postharvest processes.

One of the greatest difficulties for the flower production 
industry is not having a standard and simple methodology to 
obtain relationships between flower quality and handling and 
storage parameters. Usually, each farm develops its method 
to evaluate flower vase life and results generally are not com‑
parable. Flowers can be treated with an active compound 
(antifungal, moisturizing, nutritional, ethylene regulator 
and so) at different doses and stored in containers with tem‑
perature and humidity control for a certain time, simulating 
a transport between the crop field and the final consumer. 
Simulated transport tries to represent the real transport 
conditions as much as possible (Pouri et al. 2017). In these 
simulations, usually, flowers are taken out of the container 
after the simulated transport time, considering the product 
must be transferred to another container or inspections have 
to be carried out. Then, flowers are put in vases to measure 
longevity (Ichimura and Shimizu-Yumoto 2007). However, 
inside the container, the temperature and relative humidity 
have fluctuations and the gas concentrations (O2, CO2 and 
ethylene) are unknown. Therefore, there will be high vari‑
ability or high uncertainty in the results. Laboratory tests 
provide better control over quality parameters and, therefore, 
variability and uncertainty can decrease to acceptable levels. 
The method used in this work can be a useful proposal to 
evaluate vase life in cut flowers. This static system provides 
advantages related to a large number of test and replicates 
that can be performed in a relatively short time respecting 
an open continuous system where is difficult to perform a 
large number of trials at the same time due to equipment 
limitations. To control gas concentrations in the headspace 
of a continuous system, it requires reliable flow control 
equipment and huge amounts of gases (O2, CO2, and ethyl‑
ene) what makes it an expensive system. All this investment 
in equipment and materials seeks to maintain constant gas 
concentrations and reduce uncertainty. In the static system, 
flowers generate ethylene and CO2 and consume O2 via res‑
piration depending on the concentration of these gases which 
will be changing over time which makes it possible to esti‑
mate consumption and emission kinetics as a function of gas 
levels in the system headspace. However, for fresh plants, 
oxygen is a substrate for ethylene synthesis, and ethylene 
production rates depend on oxygen concentration (Mendoza 
et al. 2016). Similar behavior can be found in respiration 
rates in which specific rates of oxygen consumption and car‑
bon dioxide production exhibit uncompetitive inhibition due 
to carbon dioxide and gas profiles are curved, mainly at low 
oxygen concentrations (Castellanos et al. 2017).

Conclusions

Cut roses (Rosa hybrida) cv. Vendela did not present a 
clear climacteric behavior; however, it is a highly ethylene-
producing flower and its emission peak can depend mainly 
on the stress to which the flower is exposed. Vendela cut 
roses are susceptible to the action of exogenous ethylene 
and petal abscission is the main effect. Although ethyl‑
ene did not accelerate the moment in which RQ begins 
to decrease, it does accentuate its effect. Also, exogenous 
ethylene contributes to the color change of the petals since 
it promotes the death of tissue and the consequent appear‑
ance of fungal spoilage. The sensitivity of the flower to 
ethylene is a function of the exogenous ethylene concentra‑
tion, given the relationship between ethylene dose and vase 
life, where sensitivity is observed from 1 µL L−1 being 
maximum from 4 µL L−1. This relationship can be suc‑
cessfully represented with a mathematical model through 
the % CPF.

The results obtained show that the closed system 
method can be suitable to measure the effect of exogenous 
ethylene on the flower and, therefore, it can be a valuable 
tool for vase life measurement.
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