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Breeding of Carnations (Dianthus caryophyllus L.) for Long Vase Life and
Rapid Decrease in Ethylene Sensitivity of Flowers after Anthesis

Takashi Onozaki*, Natsu Tanikawa, Masafumi Yagi, Hiroshi Ikeda**,
Katsuhiko Sumitomo and Michio Shibata

National Institute of Floricultural Science (NIFS), National Agriculture and Bio-oriented Research Organization (NARO),
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Genetic improvement of flower vase life is an important breeding target. A breeding program aimed to
improve the vase life of carnations (Dianthus caryophyllus L.) that carried out by repeatedly crossing and
selecting promising progenies was effective. Thus, we developed many carnation lines with extremely long
vase life by using the conventional cross-breeding technique. Selected lines from second-, third- and fourth-
generation have vase lives that are 2.7 to 4.1 times longer than the control cultivar, “White Sim’. The mean
vase life of line 108-44 was 23.6 days in 2003 and 19.1 days in 2004 (414% and 341% of ‘White Sim’ flower
longevity, respectively). All selected lines showed low ethylene production in whole flowers during senes-
cence. In addition, the petals and the gynoecia of three selected lines 908-46, 702-21, and 006-13, produced
only trace amounts of ethylene during senescence, indicating that the ethylene biosynthesis pathway in these
lines was almost completely blocked during senescence. Although ethylene sensitivity of the selected lines
was generally high on day 0, immediately after harvesting, ethylene sensitivity after anthesis rapidly decreased
with age in the three selected lines. These lines became completely ethylene-insensitive or showed low sen-
sitivity at the end of senescence. Autocatalytic ethylene production by the gynoecia and petals of the three
selected lines also decreased on days 3 and 6, respectively, after harvest.
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Introduction

The vase life of cut flowers is one of the most important
characteristics in determining their quality and satisfying
consumer preferences. Carnation (Dianthus caryophyllus
L.) is one of the main floricultural crops in Japan.
Senescence of its flowers is normally characterized by
a climacteric-like pattern of ethylene production; that is,
by a surge in ethylene production followed by a decline
(Mayak and Tirosh, 1993). The increase in ethylene
production is associated with the development of in-
rolling symptoms in flower petals and subsequent wilting
(Halevy and Mayak, 1981). Carnation flowers are highly
sensitive to exogenous ethylene (Woltering and Van
Doorn, 1988). Hence, ethylene is an important
determinant of flower longevity because it induces
wilting of petals and autocatalytic ethylene production
(Halevy and Mayak, 1981).
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Although the vase life of carnations is about 57 days
in normal Sim-type cultivars, it can be extended by post-
harvest chemical treatments. The onset of flower
senescence can be significantly delayed by treatment
with inhibitors of ethylene biosynthesis, such as amino-
oxyacetic acid (Fujino et al., 1980), aminoethoxyvinyl
glycine (Baker et al., 1977), and o-aminoisobutyric acid
(AIB) (Onozaki and Yamaguchi, 1992; Onozaki et al.,
1998), or with inhibitors of ethylene action, such as
silver thiosulfate (STS) (Veen, 1979) and 1-methyl-
cyclopropene (Serek et al., 1995). In particular, STS is
widely used by commercial carnation producers to
extend the vase life of cut flowers because of its
outstanding effectiveness. However, concerns about
potential contamination of the environment from waste
STS solutions have increased in recent years, so that
alternative methods for improving the vase life of
carnations must be developed. It would be desirable to
improve genetically the vase life of carnation flowers,
as the improved cultivars would require no chemical
treatment to attain longer vase life. Therefore, a research
breeding program was started at the National Institute
of Floricultural Science, Japan, in 1992 to improve the
vase life of carnation flowers by means of conventional
breeding techniques. In a previous paper, we described
the development of many carnation lines with increased
vase life as a result of reduced ethylene biosynthesis or
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sensitivity by means of crossing and selection until
second generation (Onozaki et al., 2001). In this paper,
we report the results of further crossing and selection
over three generations to improve the vase life of
carnation flowers by using our previously selected lines
as parental material. We also investigated ethylene
production and sensitivity in selected lines with a long
vase life.

In an earlier study, we developed a simple, accurate
method for evaluating the ethylene sensitivity of
carnation flowers and showed that this characteristic
decreased after anthesis with age in normal Sim-type
carnations (Onozaki et al., 2004). However, our
understanding of age-related changes in ethylene
sensitivity and autocatalytic ethylene production after
anthesis in carnations with long vase life is unclear.
Therefore, we are continuing to investigate changes in
both factors from anthesis to senescence in three lines
with a long vase life.

Materials and Methods

Crossing and selection

To improve the vase life of carnation flowers, we
repeatedly crossed and selected promising progenies for
three generations, from 1997 to 2004. In a previous
study, we described the breeding process for these three
generations from which we screened 39 lines with a long
vase life (Onozaki et al., 2001). Of 39 lines 12 selected
first-generation lines and 14 selected second-generation
lines were chosen as parental stocks for further
hybridization.

Seeds from crosses made in the spring of 1997 among
12 selected first-generation lines were harvested and
sown on 24 June 1997; the seedlings were grown in a
greenhouse. Progenies that did not flower until 20 May
1998 (the last day of our evaluation) were discarded.
We called the 235 progenies that flowered the second
generation. In June 1998, 55 progenies with the longest
mean vase life (= 11.0 days) were selected, from which
six to eight rooted cuttings for each selection were made.
In 1999, 6 lines out of the 55 progenies with the longest
mean vase life were selected (the “selected second-
generation lines™). In the spring of 1998, 1999.and 2000,
crosses were made with these 6 lines and the previous
14 selected second-generation lines, described in a
previous paper (Onozaki et al., 2001). Seeds from these
crosses were sown on 30 June 1998, 22 June 1999, and
27 June 2000 and grown. Progenies that did not flower
until 21 May 1999, 24 May 2000, and 21 May 2001
(the last day of our evaluation) were discarded. We called
the 181 progenies that flowered the third generation. In
June of 1999, 2000 and 2001, the 56 progenies with the
longest mean vase life (= 10.2, 11.3, or 13.3 days,
respectively) were selected and vegetatively propagated.
In 2000, 2001 and 2002, out of the 56 progenies, we
secondarily selected 17 lines with the longest mean vase
life (the “selected third-generation lines”). In the spring

of 2000, 2001 and 2002, crosses were made among 16
of the 17 lines. Seeds obtained were sown on 27 June
2000, 26 June 2001, and 19 June 2002 and allowed to
flower in the greenhouse. Progenies that did not flower
until 21 May 2001, 27 May 2002, or 30 April 2003 (the
last day of our evaluation) were discarded. We called
the 217 progenies that flowered the fourth generation.
On June 2001, June 2002, or May 2003, 87 with the
longest mean vase life (= 13.3, 14.5, or 18.0 days) were
selected and multiplied vegetatively. In 2002, 2003 and
2004, 28 lines out of 87 progenies with the longest mean
vase life were secondary-selected (the “selected fourth-
generation lines”).

From the above selection process, 23 out of 51 selected
second-, third- and fourth-generation lines were finally
considered superior for testing; one selected second-
generation lines, eight selected third-generation lines and
fourteen selected fourth-generation lines.

Vase life evaluation

Carnation cultivars or lines were grown in a
greenhouse by following standard production methods
and harvested at commercial maturity (i.e., when the
outer petals were horizontal). Stems of the freshly
harvested flowers were cut to 50 cm, and the two lowest
pairs of leaves removed. The flowers were then placed
randomly in 4-L jars containing about 1000 mL of
distilled water. The water was replaced every 3 or 4 days.

The vase life of each flower was determined by the
number of days from harvesting until the petals showed
in-rolling or browning and otherwise lost their
ornamental value. Flowers were evaluated daily in a
temperature-controlled room with a constant air
temperature of 23°C, 70% RH, and a 12-h photoperiod
(08:00 to 20:00h) provided by cool fluorescent lamps
(10 pmol-m=2-s7! irradiance).

In the seedling trials, all harvested flowers were
evaluated for vase life. For each selected line, 7-13
flowers were cut, and the mean vase life was determined
(clonal test). Cut flowers of ‘White Sim’, ‘Nora’,
‘Excerea’, ‘Francesco’, ‘Sandrosa’, and ‘Chinera’ served
as the standard control for comparison. The vase life of
selected second- and third-generation lines was evaluated
in 2001 and 2002, and that of selected fourth-generation
lines was evaluated in 2003 and 2004.

Video evaluation of ethylene sensitivity

Ethylene sensitivity was measured by using a time-
lapse video recording system, as described previously
(Onozaki et al., 2004).

To conduct a detailed examination of changes in
ethylene sensitivity and autocatalytic ethylene produc-
tion in lines with a long vase life during flower aging,
one selected second-generation line (702-21) and two
selected third-generation lines (908-46 and 006-13) were
chosen. These three lines showed very high flower
quality and adequate yields of cut flowers for commercial
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production, in addition to a long vase life. Thus, they
will be registered as new cultivars. For the experiments
with flowers of different ages, we cut the stems of freshly
harvested flowers to 20 cm on day 0 and placed them
individually in 100-mL Erlenmeyer flasks containing
distilled water. The flowers were aged under standard
conditions for 0, 3, 6, 9, 12, 15, or 18 days, then
continuously exposed to 10puL-L™' of ethylene at
23+ 1°C in the chamber by injecting pure ethylene gas.
The time to the beginning of petal in-rolling of the
flowers was determined according to Onozaki et al.
(2004). The ethylene-containing air in the chamber was
renewed daily after the start of treatment to avoid marked
changes in the gas composition. When flowers did not
wilt after more than 72 h of exposure, we defined them
as ethylene-insensitive (no response). Data were
presented as the means + SE of five flowers.

Measurement of whole-flower ethylene production

To compare the ethylene production during flower
senescence, measurements were taken when senescence
symptoms first appeared. Flowers of 4 cultivars and 23
lines were harvested at commercial maturity and their
stems shortened to 5 cm and placed individually in a test
tube containing distilled water. Flowers were held under
standard conditions until petals showed in-rolling or
browning and lost their ornamental value. When
senescence was first observed, individual flowers were
weighed (fresh weight), then enclosed in a glass jar and
held at 23°C. After a 1-h incubation, a 0.5-mL sample
of the headspace gas was withdrawn and injected into
a gas chromatograph (model GC-7A, Shimadzu, Kyoto,
Japan) equipped with an alumina column and a flame
ionization detector to determine the ethylene concentra-
tion. Data were presented as means + SE of the data for
five flowers.

Measurement of ethylene production from petals and
gynoecia during senescence after or without ethylene
treatment
On day 0, the stems of freshly harvested flowers of

‘Francesco’, ‘Excerea’ and 702-21, 908-46, 006-13 were

cut to 20cm and placed individually in 100-mL

Erlenmeyer flasks containing distilled water. The

numbered selections were held for 0, 3, 6, 9, 12, 15, and

18 days, while those of ‘Francesco’ and ‘Excerea’ were

kept for 0, 3, and 6 days and 0 and 3 days, respectively.

The flowers were then exposed to either 0 or 2 uL-L™!

of ethylene for 16 h at 23 + 1°C in the chamber. Ethylene

production by the control (ethylene-free) ‘Francesco’
and ‘Excerea’ during senescence was measured daily.

After treatment, the flowers were left for 8 h under

standard conditions. The flowers were then separated by

hand into the gynoecium (ovary plus styles) and petals.

The gynoecium and the two outer petals of each flower

were individually enclosed in 7-mL glass jars and

incubated at 23°C. After a 30-min incubation, a 0.5-mL

sample of the headspace gas was withdrawn and analyzed
for ethylene concentration as above. Data were presented
as the means + SE of the data for five replications.

Results

Crossing and selection

The frequency distributions for vase life in the second,
third, and fourth generations were continuous normal
distributions (Fig. 1). Variation was relatively small in
the second generation (SD =2.27), but was larger in the
fourth generation (SD=3.71). The frequencies of
flowers with superior vase life (14 days or more) were
3.8% and 10.5% in the second and third generations,
respectively, but rose to 61.3% in the fourth generation.
The proportion of flowers with inferior vase life (4 to 8
days) decreased markedly in the fourth generation. The
population mean for vase life increased by 0.7 days from
the second to the third generation and by 4.2 days
between the third and the fourth generations.

Vase life of cultivars and selected lines
The 6 cultivars and 23 selected lines exhibited a wide
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Fig. 1. Frequency distribution for vase life in the second, third, and
fourth generations.
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5.6-6.0 days, whereas that of 23 selected lines was 2.7
times longer in two independent experiments. The mean
vase life of line 108-44 was 23.6 days in 2003 and 19.1

range of variation in mean vase life (Tables 1 and 2).
The mean vase life of “White Sim’, the control cultivar
in many studies of flower senescence in carnation, was

Table 1. Flower vase life and ethylene sensitivity (day 0) of carnation cultivars and selected second- and third-generation lines under standard

conditions.
2001 2002 i
Cultivar or selected line — Response time to ethylene
Vase life (days) %? Vase life (days) %* treatment (h)
Control cultivars
White Sim 6.0+0.3 100 58+0.3 100 6.9+0.3
Sandrosa 9.9+0.9 165 11.5+0.7 198 6.0+0.3
Chinera not tested 11.1£0.7 191 142+0.6
Selected second-generation line
702-21 17.8+0.8 297 202+1.3 348 82402
Selected third-generation line
85-11 20.8+£1.2 347 185+14 319 8.6+0.8
81-8 18.6+1.1 310 17.3+0.9 298 8.0£1.0
925-6 21.5+1.5 358 20.7+£1.8 357 6.5+0.3
90846 20.0+1.4 333 18.0£0.7 310 6.8+0.2
90345 189+1.1 315 16.6+0.5 286 7.5+0.3
90843 18.2+1.7 303 16.6+1.2 286 7.0+0.6
90844 18.0+ 1.6 300 17.0x£14 293 8.0+0.6
006-13 not tested 213+1.7 367 8.2+04

Values of vase life are the means + SE of the data for 10 flowers.
Values of response time to ethylene treatment are the means + SE of 5 flowers.
%, the percentage of the value for the control cultivar, “White Sim’.

Table 2. Flower vase life and ethylene sensitivity (day 0) of carnation cultivars and selected fourth-generation lines under standard conditions.

2003 2004 i
Cultivar or selected line - Response time to ethylene
Vase life (days) %? Vase life (days) %> treatment (h)
Control cultivars
White Sim 57+03 100 5.6+0.3 100 6.9+0.3
Nora i 6.2+04 109 6.8+0.2 121 7.0+0.6
Excerea 6.8+£0.2 119 5502 98 7.6+02
Francesco 84£0.5 147 7.7+0.2 138 6.8+£0.2
Sandrosa 9.8+0.5 172 10.1+0.7 180 6.0£0.3
Chinera 11.1+£0.7 195 11.1£0.6 198 14.2+0.6
Selected fourth-generation line

103-50 19.4+0.7 340 16.1+£0.6 288 8.4+0.5
104-1 18.2+0.6 319 153+£04 273 7.2+£0.8
104-3 21.9+0.7 384 18.1+£0.8 323 9.8+0.7
104-6 20.6+0.8 361 16.0+£0.5 286 6.0+0.5
104-8 21.1+£0.5 370 16.9+0.5 302 10.8+0.4
104-18 202+1.3 354 18.0+£0.8 321 11.3+0.8
108-13 21.7+£1.0 381 16.3+0.5 291 7.6+0.3
108-14 20.1£1.0 353 16.3+0.9 291 8.6+0.7
108-40 205+1.4 360 20.1+£2.5 359 7.8£02
10844 23.6+1.7 414 19.1+£0.7 341 9.2+04
218-6 not tested 16.8+1.0 300 6.6+0.4
220-10 not tested 18.7£1.5 334 9.2+04
223-11 not tested 155+0.4 277 7.4+£0.5
229-1 not tested

17.7+0.6 316 74+£02

Values of vase life are the means + SE of the data for 7-13 flowers.
Values of response time to ethylene treatment are the means & SE of 5-10 flowers.
* %, the percentage of the value for the control cultivar, ‘White Sim’.
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Fig. 2. Whole-flower ethylene production during senescence in 4 cultivars and 23 selected lines. Values represent the means + SE of the data for

five replications.

days in 2004 or 414% and 341% the value of ‘White
Sim’, respectively, without chemical treatment. No
selected lines showed the petal in-rolling or rapid wilting
at senescence that is a typical symptom of ethylene-
dependent senescence. Instead, the petals faded slowly
and turned brown along their edges.

Ethylene sensitivity and ethylene production in the

cultivars and selected lines

The differences in ethylene sensitivity of the 6
cultivars and 23 lines on day 0 (Tables 1 and 2) revealed
that ‘White Sim’, ‘Nora’, ‘Excerea’, ‘Francesco’, and
‘Sandrosa’ are highly sensitive with response times of
6.0 to 7.6 h. The response times of two selections 104-
8 and 104-18 exceeded 10h, whereas that of the
remaining 21 lines ranged from 6.0 to 9.8h. The
‘Chinera’, known for its low ethylene sensitivity (Wu
et al., 1991), had the longest response time of 14.2 h.

The differences in ethylene production during
senescence in 4 cultivars and 23 selected lines (Fig. 2)
show that ‘White Sim’, ‘Nora’, and ‘Francesco’ evolved
a very high level of ethylene, whereas ‘Sandrosa’, which
is known to lack a climacteric ethylene response (Mayak
and Tirosh, 1993), produced little ethylene. The 23
selected lines showed extremely low ethylene production
and lacked a climacteric ethylene peak (data not shown).

Changes in ethylene sensitivity and in autocatalytic
ethylene production during flower aging
The response times of lines 908-46, 702-21, and 006-
13 to ethylene treatment on day 0 were 6.8, 8.2, and
82h, respectively (Table 1). Although these lines
showed high ethylene sensitivity immediately after

anthesis, as did the control cultivars except ‘Chinera’,
that of the selected lines decreased markedly with
.increasing flower age (Fig. 3). In particular, selections
908-46 and 702-21 completely lost their wilting response
to ethylene on and after days 12 and 18, respectively
(Figs. 3 and 4), whereas 006-13 showed extremely low
sensitivity on day 18 with a response time of 65.5h.

The levels of ethylene production from the petals and
gynoecia during senescence (Fig. 5) was rapid in
‘Francesco’ and ‘Excerea’ reaching the climacteric peaks
in <9 days. In ‘Excerea’, ethylene production peaked in
the gynoecia earlier than in the petals, whereas that of
the three selected lines (908-46, 702-21, and 006-13)
produced only trace amounts of ethylene in both the
petals and the gynoecia throughout the experimental
period.

The levels of ethylene production from the petals and
from the gynoecia after ethylene treatment (Fig. 6) reveal
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Fig. 3. Ethylene sensitivity of aging flowers of three carnation
selections with long vase life. Values represent the means + SE
of the data for five replications.
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Fig. 4. Effect of cut flower age at treatment time on ethylene
sensitivity of selection 702-21 flowers. A, B, and C were
photographed at 0, 10, and 72 h after ethylene treatment began,
respectively. Left: flower immediately exposed to 10 pL-L™" of
ethylene after harvesting. Right: flower exposed to 10 pL-L™" of
ethylene 18 days after cutting.

that exogenous ethylene applied to the carnation flowers
induced autocatalytic ethylene production in both the
petals and the gynoecia of all cultivars and lines. Changes
in the levels of autocatalytic ethylene production differed
between the petals and gynoecia. In the petals, the
ethylene production of the selections remained lower
than that of ‘Francesco’ and ‘Excerea’, but gradually
decreased more over time. In the gynoecia, autocatalytic
ethylene production was low on day 0 in all tested
flowers, but subsequently it rose and reached a peak on
day 3, when the gynoecia matured prior to pollination,
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Fig. 5. Changes in ethylene production from the petals and gynoecia
of two cultivars (‘Francesco’, ‘Excerea’) and three lines (908-
46, 702-21, 006-13) during senescence. Values represent
means + SE of the data for five replications.
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Fig. 6. Changes in ethylene production from the petals and gynoecia
of ‘Francesco’, ‘Excerea’, 908-46, 702-21, and 006-13 after
ethylene treatment. Flowers on day 0, 3, 6, 9, 12, 15, or 18 were
treated with ethylene at 2 uL-L™! for 16h. Values represent
means £ SE of the data for five replications.

and decreased thereafter. The gynoecia of selected lines
produced only trace amounts of ethylene on and after
day 12.

Discussion

The research-breeding program described in this paper
began in 1992, by using six cultivars (‘Pallas’,
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‘Sandrosa’, ‘Candy’, ‘Tanga’, ‘White Sim’, and
‘Scania’) as parental materials. The mean vase life of
the generation derived from crossing these six cultivars
was 7.4 days (Onozaki et al., 2001); in contrast, that of
the fourth generation, derived from four cycles of
crossing and selection, was 14.7 days (Fig. 1), a net
increase of 7.3 days. By comparison, the mean vase life
of the ‘Sandrosa’, which had the longest vase life among
the original six parental cultivars, was only 9.8-11.5
days (Tables 1 and 2). All of the 23 selected lines showed
a longer vase life than ‘Sandrosa’ in every year. These
results indicate that by repeatedly crossing and selecting
progenies based on vase life, we effectively developed
selections with a longer vase life.

The flowers of the selected lines produced very low
levels of ethylene during senescence (Fig. 2), whereas
the ethylene sensitivity of the selected lines on day 0
was generally high (Tables 1 and 2). Thus, the long vase
lives of these selected progenies are not associated with
ethylene sensitivity on day 0, but rather with their low
level of ethylene production during senescence.
Previously, when we screened selections 515-10, 64-13,
and 64-54 with low ethylene sensitivity out of 39 lines
with long vase life, 64-54 had the lowest sensitivity with
a response time of 20.6h to 10 puL-L™' of ethylene
(Onozaki et al., 2001, 2004). In the present paper, none
of the 23 lines had such a low ethylene sensitivity. The
results strongly suggest that repeated crossing and
selection for a longer vase life did not result in a lower
ethylene sensitivity, but rather in a lower ethylene
production.

The responsiveness of flower petals to ethylene varies
with the physiological age and condition of the tissues
at the time of exposure (Borochov and Woodson, 1989;
Brown, 1997; Halevy and Mayak, 1981). Ethylene
sensitivity of flowers increases with age, from anthesis
to senescence in species, such as Petunia hybrida
(Whitehead and Halevy, 1989), Pelargonium % domesti-
cum (Deneke et al., 1990; Evensen, 1991), Eustoma
grandiflorum (Ichimura et al., 1998), a Portulaca hybrid
(Ichimura and Suto, 1998), and Torenia fournieri (Goto
et al., 1999). Contrarily, we demonstrated that ethylene
sensitivity after anthesis decreased with age in carnations
(Onozaki et al., 2004). In this study, both the ethylene
sensitivity and the autocatalytic ethylene production of
three selected lines with long vase life also decreased
with age (Figs. 3, 4 and 6). To determine the degree of
ethylene sensitivity, when selections 85-11, 81-8, 925-
6, 908-43 and 908-44 were exposed to ethylene, they
responded without exception that the sensitivity to
ethylene decreased rapidly with age (data not shown).
Although selected lines with long vase life were sensitive
to ethylene immediately after anthesis, they became
almost completely ethylene-insensitive or developed
extremely low sensitivity by the end of senescence.

Genetic inhibition of either ethylene production or
ethylene perception delays flower senescence. Savin et

al. (1995) reported that the vase life of carnation flowers
was extended by the introduction of an antisense ACC
oxidase gene; the transgenic plants had a vase life of 8
to 9 days at 21°C. Similarly, Kosugi et al. (2002) reported
that cut flowers of a transgenic carnation line (the sACO-
1 line), which was transformed by using a carnation
ACC oxidase cDNA in the sense orientation, had a longer
vase life than had flowers of the non-transformed plants.
Cut flowers of the sACO-1 line had a vase life of 9.5
days, versus 5.8 days for the non-transformed control
line at 23°C.

Bovy et al. (1999) reported that the vase life of
carnations was also extended by the introduction of an
Arabidopsis etr1-1 gene. Their highest-performing etr-1
transgenic plants had a mean vase life of 24 days, nearly
three times that of the control flowers (8.3 days) at 20°C.
In contrast, our selection 108-44 exhibited a mean vase
life of 23.6 days in 2003 and 19.1 days in 2004; this
value amounts to 3.4—4.1 times, respectively, to the vase
life of ‘“White Sim” at 23°C. Thus, extending the vase
life of carnation by means of conventional cross-breeding
techniques appears to be highly practical approach
compared with more advanced genetic engineering
methods.

The breeding of cultivars with genetically superior
vase life appears to be a very efficient approach for
satisfying the consumer’s quality expectations. A
significant genetic improvement was accomplished by
the fourth generation. One problem with our selections
is that they are highly ethylene sensitive immediately
after anthesis. To resolve this, we are currently making
additional crosses between selected lines with extremely
long vase life and line 64-54, which was selected
previously as a very low ethylene sensitive selection
(Onozaki et al., 2001). Woltering et al. (1993) have
shown that reduced ethylene sensitivity is heritable so
that it should be possible to breed ethylene-insensitive
or less-sensitive lines by means of conventional cross-
breeding techniques.
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