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	 Abstract— The vase life of ‘Light Pink Barbara’ 
(LPB) and ‘Boundee’ (BD) after treatment with 
pre-cooling at 5°C for 48 h (dark condition), 
1-MCP treatment by EthylBloc® (EB) sachet for 
6 h and CA (CO2 20% and O2 5% at 5°C for 12, 
24 and 48 h) has been investigated. All treatments 
decreased ethylene production in both cultivars 
‘LPB’ and ‘BD’. Pre-cooling treatment prolonged 
the vase life of ‘LPB’ but induced senescence in 
‘BD’. The vase life of both cut spray carnations 
were prolonging after by 1-MCP treatment in the 
form of EB. CA treatments prolonged the vase life 
of ‘LPB’ cut single carnation flowers while  
decreased vase life of ‘BD’. The vase life of  
multiple flowers on a stem of ‘LPB’ was prolonged 
by pre-cooling, 1-MCP and CA for 12 h treatments. 
Treatments with CA for 24 h and 48 h enhanced 
the senescence in ‘LPB’. The vase life of multiple 
flowers on a stem of ‘BD’ prolonged by 1-MCP 
treatment, but reduced by pre-cooling and all  
CA treatments. These finding suggest that CA 
treatment was useful to prolong the vase life and 
maintain the quality of ‘LPB’ during transportation 
and display.

	 Index Team — Carnation, Vase life, Controlled 
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I. Introduction
	 Carnation (Dianthus caryophyllus L.) is one of the 
most important commercial cut flowers in many 
countries around the world. The vase life of cut  
flower is the main determinant of ornamental cut 
flower value commercially [1]. In carnation, loss of 
qualities such as early sleepiness (in-rolling of the 
petals), wilting, unbloomed florets (blasting), and 
yellowing of leaf are major problems during the  
postharvest phase. Variation in the postharvest life  
is effect of differences in autocatalytic production  
of endogenous ethylene, stress-induced ethylene  
production and exogenous ethylene sensitivity [2]. 
1-Methylcyclopropene (1-MCP, EthylBloc) is an eth-
ylene analog was shown to be very effective  

inhibitor of ethylene action in ornamentals, fruits and 
vegetables [3]. Recently, 1-MCP has been commercial 
application for reduce the ripening process, maintain 
quality and extending the postharvest shelf life in a 
wide range of plant products [4].
	 Although controlled atmosphere (CA) has been 
used commercially for a long time, the mode action 
of low level of O2 and high level of CO2 in delaying 
plant senescence in fruits and vegetables [5]. However, 
very few reports on the effects of CA on the quality, 
production of ethylene and the vase life of spray type 
cut carnation. The aim of the present research was to 
determine the effects of pre-cooling treatment, 1-MCP 
and CA condition on extending the vase life of spray 
type cut carnation.

II. Materials and Methods
A. Plant materials
	 Cut flowers of carnations (Dianthus caryophyllus L.) 
cultivars ‘Light Pink Barbara’ (LPB) and ‘Boundee’ 
(BD); spray type carnations were used in this research. 
The potted carnation plants were cultivated and held 
under a natural day-length condition in a greenhouse 
(20°C minimum and 30°C maximum) in Utsunomiya 
University Tochigi prefecture Japan. The flowers at 
the commercial stage of flowering, at the first flower 
out of 6-8 flower buds on all stem were mostly open, 
were harvested in the morning. All cut stems were 
transfer to laboratory within 1 h. All multiple cut 
flower stems were prepared to have totally five or six 
flowers and buds. Removing the immature tight buds 
on each stem has to operate.
	 In the experiments with single flowers, the open 
flowers stage V (Fig. 1.) was the stage which their 
outermost petals had just reached right angles to the 
stems. Each treatment had five replicate flowers.

Fig. 1. Stages of carnation flower
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B. Pre-cooling method
	 Cut carnation flowers were placed into the  
temperature controlled storage room at 5˚C and 
75±5% relative humidity (RH) under the dark  
condition for 48 h.

C. 1-MCP Treatment using EthylBloc® (EB) sachet
	 The cut carnation flowers were place in test tube 
contained with distilled water, all flowers treated with 
4 EthylBloc® (EB) sachets (a.i., 0.014%) in the 
50×28×28 cm plastic boxes at 20˚C and 75±5% RH 
for 6 h.

D. CA treatments
	 Cut carnation flowers stem were held in the bottles 
contained with 50 mL distilled water. All bottles were 
hold in CO2 incubator (CO2 multi gas incubator WMI 
165-R, ASTEC, Fukuoka, Japan) generated CO2 con-
centrations to 20% and O2 5% at 5°C and 75±5% RH 
for 12, 24 and 48 h, respectively.

E. Measurement of ethylene production
	 Individual flowers with stem length for 10 cm were 
prepared for measurement. The flowers were contained 
in the plastic bottles size 750 mL (one flower each 
bottle), and left at 20 °C for 1 h. Gas samples (l-mL) 
were taken from the sampling port on the bottle’s lid. 
Ethylene concentration was determine by gas  
chromatography with a flame ionization detector 
(model GC-15 A, Shimadzu, Kyoto, Japan) using an 
activated alumina column (2.0m×3.0mm I.D., Shinwa 
Chemical Industries Ltd. Kyoto, Japan) according to 
Yamane et.al (2007) [6]. Data were expressed per 
gram flower fresh weight.

F. Statistical analysis
	 Data were analyzed with the JMP (SAS Institute 
Inc., Cary, NC, USA) statistical software program 
using Student’s t-test and ANOVA. Data were tested 
by Tukey-kramer test for mean separation among 
treatments when ANOVA was significant (P ˂  0.05).

III. Results and discussion
A. Effect of short-term CA on the production rate of 
ethylene in cut flowers
	 In control flowers, ethylene production was low 
during the first 4 days then sharply increased and 
reached a maximum at day 6 (14.78 nLC2H4·g-1·h-1) 
and decreased thereafter. Treated flowers shown  
ethylene production at low level throughout the  
experiment period (Fig. 2a). These results show that 
the treatments inhibited ethylene of ‘LPB’. Treatment 
with CA for 12 and 24 h stimulated ethylene production 
of ‘BD’. Stimulation was stronger in CA 12 h than 
those 24 h treatments and reached maximum at day 2. 
The climacteric peak of CA 12 h and 24 h treatments 
were 143.55 and 47.91 nLC2H4·g-1·h-1, respectively 
(Fig. 2b).

Fig. 2. Ethylene production cut carnation flowers ‘LPB’ (A) and 
‘BD’ (B) during vase life. After treatments, all flowers were kept 
under 15 μmol·m-2·s-1 (PPFD, 12h) at 75±5% RH and 20°C. The 
vertical bar indicates Standard Error (SE) (n=5).

	 Previous study noted that the CA with high CO2 
treatments inhibit the production of ethylene result 
to maintained the quality and delaying the initiation 
of senescence [7]. Treating fruits and vegetables with 
high level of CO2 can have beneficial effects on  
inhibited the production of ethylene. It is due to high 
level of CO2 can compete with ethylene on binding 
sites at the ethylene receptor [8]. In earlier experiments, 
point to another site of inhibition by CO2. In case of 
tomato, high levels of CO2 suppress the expression 
of ethylene-dependent and ethylene-independent 
ripening-associated genes [9]. However, high CO2 

conditions result to anaerobic respiration, causing a 
severe deterioration of the overall appearance of plant 
species [10].
	 Numerous experiments on various cut flowers  
reported that 1-MCP inhibited effects of exogenous 
ethylene, such as wilting, petal or flower abscission 
and other senescence symptoms [11-12].
	 It is believed that 1-MCP molecules bind  
permanently to the ethylene binding protein (EBP) 
at the ethylene receptors site in carnation tissue [13]. 
The combination of 1-MCP and high level of CO2 
condition may be a feasible technique to extend the 
postharvest shelf life of mint [14], similar to the  
findings in the present study. The primary responses 
to CA storage (high CO2 and low O2) has also been 
shown reduced the respiration rate (i.e. O2 uptake), 
which can be prolonged the storage life, vase life and 
reduced degradation rate of soluble pectin [15]. The 
second responses, important beneficial reactions  
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include a reduction ethylene synthesis and perception, 
reduce chlorophyll degradation, reduce cell wall deg-
radation, and reduced phenolic oxidation.
	 It has been reported that 1-MCP inhibits ethylene 
biosynthetic enzymes such as ACO and ACS. It has 
also been reported that continuous CO2 treatment and 
1-MCP inhibit the accumulation of mRNA of ethylene 
biosynthesis genes [16-17]. In this study, pre-cooling, 
1-MCP, high CO2 concentrations in CA inhibited the 
production of ethylene, suppress the expression of 
ethylene biosynthesis genes including DcACS2, 
DcACS3, and DcACO1 in the gynoecium and petal 
tissues of carnation florets [18]. There is strong  
evidence in carnation flowers that the activities of 
ACC synthase and ACC oxidase enzymes higher 
when the production of ethylene increased [19-20].

B. Effect of short-term CA storage on vase life of 
cut single carnation flowers
	 The treatments were not significantly prolonged 
the vase life of cut single flowers ‘LPB’ (Fig. 3a). 
However, 1-MCP prolonged the vase life of ‘BD’, 
while CA treatments decreased the vase life by  
exhibited senescence of cut single flowers ‘BD’  
(Fig. 3b) In earlier experiments, high level of CO2 
prior to storage could have injury symptoms on  
cucumbers when stored at low temperatures [21]. The 
negative metabolic responses to low O2 condition 
included aroma biosynthesis in fruit including apple, 
banana, peach and other agricultural commodities [22].

Fig. 3. Effect of the treatments on the vase life (days) of cut single 
carnation flowers ‘LPB’ (A) and ‘BD’ (B). After treatments, all 
flowers were kept under 15 μmol·m-2·s-1 (PPFD, 12h) at 75±5% 
RH and 20°C. The vertical bar indicates Standard Error (SE) (n=5).

C. Effect of short-term CA on vase life of multiple 
flowers on a stem
	 The multiple flowers on a stem of cut carnations 
shown negative effected when exposed to high CO2 
for long times. Flowers of ‘LPB’ treated with  
pre-cooling, 1-MCP and 12 h CA shown the vase life 
longer than that in the control (Fig. 4a). However,  
the CA treatment for 24 and 48 h exhibited disorder 
symptom like-skin burning at sepals of flower buds. 
From Fig. 4., pre-cooling 1-MCP, CA 12 and 24 h 
treatment prolonged the vase life of ‘BD’ longest 
1-MCP (17 days). Treatment with CA 48 h. induced 
disorder symptom like-skin burning at sepals of ‘BD’. 
These results related with previous studies, 1-MCP 
treatment prevented abscission of Pelargonium [23], 
Alstroemeria L. and Antirrhinum majus L. [24].  
Controlled Atmosphere (high level of CO2 condition) 
inhibits ethylene production [25] and delay senescence 
of carnation [26]. However, the effect of CA also 
depended on CO2 and O2 concentration, plant verities 
and duration of treatment.

Fig. 4. Effect of the treatments on the vase life (days) of multiple 
flowers on a stem ‘LPB’ (A) and ‘BD’ (B). After treatments, all 
flowers were kept under 15 μmol·m-2·s-1 (PPFD, 12 h) at 75±5% 
RH and 20°C. The vertical bar indicates Standard Error (SE) (n=5).

IV. Conclusion
	 The results suggest that CA treatment for 12 h  
was useful to prolong the vase life and maintain the 
quality of ‘LPB’ during transportation and display. 
Understanding the role of CA in flower senescence may 
lead to development of both chemical and physical 
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techniques to delay the senescence of flower that are 
economically detrimental, and extend the postharvest 
life of cut spray carnation flowers. However, the  
concentration of CO2 and O2, plant verities and duration 
of treatment should be considered.
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