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Abstract

Cut flowers of carnation are classified into two types, the standard type with one flower on a stem and the spray type with multiple
flowers on a stem. The vase life of carnation flowers has been generally determined by observing senescence profiles, i.e., in-rolling
of petal margin and wilting of whole petals as well as ethylene production. In the present study, we tried to determine the vase life of
spray type carnation flowers by observing the number of open flowers, i.e., the percentage of open flowers to the total number of initial
flower buds. The vase life determined by this method was similar to that determined by the former method, and was useful to

evaluate the action of preservatives on carnation flowers.

Keywords Carnation flowers, ethylene production, preservatives, spray type, vase life, sucrose,

DPSS(1,1-dimethyl-4-(phenyl sulfonyl )semi carbazide).

Introduction

In many countries, carnation is one of the most popular cut
flowersand of highest economic importancein the floriculture
industry. Cut flowers of carnation are used in two forms or
categories, i.e., thestandard typein which carnations have one
flower on a stem and the spray type in which carnations have
multipleflowers on astem. In recent years, spray typecarnation
flowers have become popular because they can be grown with
less labour and meet modern consumer’s demand. Carnation
cultivarsdiffer in thelength of the vaselifeof cut flowers (Nukui
et al., 2004), which isone of the characteristics determining the
commercial value of the ornamental flowers. Thus, it is of
economical importance to know the vase life of cut carnation
flowersof different cultivars.

Ethyleneisaprimary plant hormoneinvolved in the senescence
of cut carnation flowers (Borochov and Woodson, 1989; Reid
and Wu, 1992). A largeamount of ethyleneis produced, mostly
in the petals, several days after full opening of the flower
(Woodson et al., 1992). The increased ethylene production
promotesthein-rolling of petal sresulting in wilting of theflower.
The time of onset of ethylene production and the amount of
ethylene produced in theflowersvary with the carnation cultivar,
andthusinfluencetheir vaselife (Nukui et al., 2004).

Usually the vaselife of carnation flower hasbeen determined by
observing senescence profiles, i.e., in-rolling of petal margin and
wilting of whole petals as well as ethylene production. This
method has been used successfully for cut carnation flowers of
the standard type. However, in spray type carnation flowers, the
vaselifeof theflowersisdetermined by the sum of theflowering
period of each flower. Therefore, a method of determining the
vase life of the cut flowers of the spray type needs to be
established. In the present study we tried to determine the vase
lifeof cut carnation flowersof the spray typefrom the percentage

of open flowers to the total number of initial flower buds and
evaluated the efficacy of this method.

Materials and methods

Plant materials: Flowers of a carnation cultivar Dianthus
caryophyllus L. ‘Light Pink Barbara’ (LPB) that belong to the
spray type were used. Flowers at the usual commercial stage of
flowering, at which thefirst flower out of six to eight flower buds
on astem was almost fully open, were harvested in the morning
at nurseries of commercial growers in Miyagi Prefecture. The
harvested flowerswere transported dry (without dipping the cut
stem end in water) to thelaboratory on the day of harvest. Stems
weretrimmed to 40 cm, and put into bottleswith their cut endin
ditilled water. They were left for one or two days under a 14-h
day (15 mmol m2stwith white fluorescent light) and 10-h night
regimeat 23°C.

In the experimentswith singleflowers (Fig. 1), thesecond or third
flower on the stem was detached from the stem when they became
fully open and used. The fully open stage of flowers was the
sageat which their outermost petals had just reached right angles
to the stems. This time point was designated as day 0. In the
experiment with spray-typecarnation plantswith multipleflowers
on astem (Fig. 2), the cut flowers were used immediately after
they weredelivered. Each multiple cut flower stem was prepared
to have five or six flowers and buds in total by removing the
immaturetight buds.

Deter mination of the vase life of carnation flowers: For the
determination of the vase life by the observation of senescence
profilesand ethylene production (Fig. 1), cut flowerswith single
flowersat their fully open stage (day 0) and 3 cmin stem length
were placed in 50-ml glass vials with their stem end in 20 ml
distilled water (oneflower per vial). Five flowerswere used per
experiment. The distilled water was replaced every three days
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during incubation. Theflowerswereleft under thelight condition
described above. Ethylene production in each flower was
examined once a day as described later, and each flower was
observed daily to record senescence symptoms, i.e., in-rolling
and subsequent wilting of petal s, desi ccation and discol ouration
of the petal margins.

For the determination of vase-life of cut carnation flowerswith
multiple flowers on a stem (Fig. 2), stems of cut flowers were
trimmed to 40 cm and bunches of four stems, each having fiveor
six flower buds (23 buds in total per bunch), were put in 1-liter
glassjarswith their stem end in 250 ml of thetest solution (one
bunch per glassjar). Thecut flowerswereleft under the conditions
described abovefor 7 days, during this period thetest solutions
wererenewed once in the middle of theincubation period. The
test solutions were distilled water (control), 0.1 M sucrose and
0.2mM 1,1-dimethyl-4-(phenyl sulfonyl)semicarbazide (DPSS)
solutions. 8-Hydroxyquinaline sulfate at 200 mg I-*wasadded to
each solution as a germicide. After the above pretreatment, the
cut flowers were put in digtilled water and observed daily to
record senescence symptoms described above. Fully-open non-
wilted flowers were counted daily and the percentage of these
flowersto thetotal number of initial flower buds (23) per bunch
was calculated. The vase life of the cut flowers in days is
expressed by the number of days during which the percentage of
fully-open non-wilted flowers was 40 % or more. Experiments
wererepeated threetimeswith similar results, and the results of
onetypical experiment areshown here.

M easur ement of ethylene production: Ethyleneproductionin
carnation flowerswas measured by enclosing five flowersin 350
ml glass containers (oneflower per container) for Lhat23°C. A 1
ml gas sample was taken into a hypodermic syringe from the
contai ner through arubber septum on thelid of the container, and
anayzed for ethylene with agas chromatograph (263-30, Hitachi,
Tokyo) equipped with an alumina column and a flame ionization
detectar. Ethylene production in nmal (g fresh weight)® h! was
expressed asthemean = SE of thefiveflowers.

Results and discussion

Deter mination of the vaselife by obser ving senescence pr ofiles
and ethylene production: Frg weexaminedthevaselifeof cut‘LPB’
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Fig. 1. Change in the ethylene production rate of cut ‘Light Pink
Barbara (LPB)’ carnation flowers with single flowers at the fully-
open stage on a stem. ‘W’ indicates the time of wilting.

carnation flowersby measuring ethyl ene producti on and observing
the changein senescence profiles of theflowers. Figure 1 shows
thechangesin ethylene production of theindividual flower that
senesced naturaly, i.e., without pollination. Ethylene production
started on day 8, reached amaximum of 1.64 nmol g* honday 9,
and dightly declined to 1.46 nmol g* h' on day 10, then markedly
declined. Itiswell known that the maximum ethyl ene production
is detected just before or at the onset of in-rolling of petals in
naturally-senescing carnation flowers. Actually, the flowers
began to show the in-rolling of petals on day 9 and wilted
completely on day 10-11. Thus the vase life of the flowers was
about 10 daysin thisexperiment. Previously Nukui et al. (2004)
reported that thevaselifeof ‘LPB’ flowersvaried with theflower
samples harvested at different seasons, and the vase life of the
flowers harvested in winter season (December — March) tended
to belonger than that of those harvested in summer season (late
May — September). Regardless of the difference in the time of
harvest, however, ‘LPB’ flowers always produced ethylenein a
climacteric manner and in similar amounts during natural
senescence. In the present investigation, we observed the
variation in the time of maximum ethylene production (varied
from 5to 9 days) and thelength of vaselife (varied from 6 to 10
days) in three separate experiments.

Determination of thevaselife by observingthenumber of open
flowers: Datain Fig. 2 show the changes in the percentage of
fully-open flowersto the total number of initial flower budsin
thecut flowersof ' LPB’ carnation, which were subjected tonatural
senescence (control) or pre-treated with 0.1 M sucroseor 0.2 mM
DPSSfor 7 days. Sucrose was shown to lengthen thevase life of
cut carnation flowers (Borochov and Mayak, 1984; Mayak and
Dilley, 1976; Mayak and Kofranek, 1976). DPSS is a potent
preservative for cut carnation flowers, which inhibits the onset
of ethylene production in the flowers undergoing natural
senescence (Midoh et al., 1996; Onoueet al., 2000).

Inthe control cut ‘' LPB’ flowers, thenumber of fully-open flowers
increased rapidly from two days after the start of incubation and
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Fig. 2. Changes inthe number of fully-open non-senescent flowers
in cut ‘LPB’ carnation flowers with multiple flowers on a stem
(spray type), pretreated without or with 0.2 mM DPSS and 0.1 M
sucrose. Values are percentage of fully-open flowers to the total
number of initial flower buds.
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became maximum on day 8 (morethan 90 % flowers werefully-
open and not-wilted), then declined rapidly. Pretreatment with
0.1 M sucrose dightly increased the number of fully-open flowers
and delayed their wilting (senescence). DPSStreatment did not
affect the time of flower opening, which started from one day
after the start of incubation and became maximum on day 8,
indicating that DPSS had noinhibitory effect on flower opening
of the' LPB’ carnation flowers. However, DPSStrestment markedly
delayed the onset of flower senescence.

Thecontrol flowers and the flowerstreated with sucrose showed
in-rolling and wilting of petals, which aretypical symptoms of
senescence induced by ethylene. On the other hand, the first
symptom of petal senescence in the DPSS-treated flowers were
desiccation, discolouration and necrosis of the petal margins,
which gradually spread to the remaining petal portions. These
senescence symptoms were typical for senescencein carnation
flowers occurred independent of ethylene action.

When thevaselifeof cut flower was defined asthe period during
which 40% or more flowers were fully open, thevaselife of the
cut flowers was 8 days, from day 4 to day 11 of the incubation
periodinthe control flowers, 9 daysranging from day 4 today 12
intheflowerstreated with sucrose, and 17 daysfrom day 4 to day
21 in theflowerstreated with DPSS. In addition, when the vase
lifewas defined asthe period during which 50% or moreflowers
were fully open, it was 6, 8 and 17 daysin the control, sucrose-
treated and DPSS-treated flowers, respectively.

In the present study, we tried to determine the vase life of cut
carnation flowers of the spray type by observing the number of
open flowers, i.e., the percentage of open flowers to the total
number of initial flower buds. The vase life determined by this
method was similar to that determined by measuring ethylene
production and observing senescence symptomsof the carnation
flowers. In addition, the present method effectively evaluated
the action of preservatives, sucrose and DPSS, for carnation

flowers. These findings indicate that the determination of the
vase life of the cut carnation flowers of the spray type by
observing the number of open flowers is as effective as that by
the observation of senescence profiles and ethylene production.
Thus, the present method for the determination of vase life can
be used as an aternative method for the determination of the
vaselifeof carnation flowers, especially those of the spray type.
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