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     Rapid  Decrease in Ethylene Sensitivity ofFlowers  after Anthesis
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  Genetic improvement of  fiower vase  ljfe is an  important breeding target.  A  breeding program aimed  to

improve the vase  life of  carnations  (Dianthus cao,op1ryllus  L.) that carried  out  by repeatedly  crossing  and

se]ecting  promising progenies  was  effective.  Thus, we  developed many  carnation  1ines with  extreme]y  long
vase  life by using  the conventional  cross-breeding  teclmique. Selected ]ines from second-,  third- and  fburth-
generation have vase  lives that are  2,7 to  4. 1 times  longer than the control  cu]tivar,  

`White

 Sim'. The mean

vase  life of  line 108-44 was  23.6 days in 2003 and  19.1 days in 2e04 (414% and  341%  of  
`White

 Sim' flower

longevity, respectiyely).  All selected  lines showed  low ethy]ene  production in whole  flowers during senes-
cence.  1n addition,  the petals and  the gynoeeia of  three selected  [ines 908-46, 702-21, and  O06-13, produced
only  trace amounts  of  ethylene  during senescence,  indicating that the ethy]ene  biosynthesis pathway in these
lines was  almost  completely  blocked during senescence.  Although ethylene  sensitivity  ofthe  selected  lines
wasgenerallyhighondayO,immediatelyafterharvesting,ethylenesensitivityafterantbesisrapidlydecreased

with  age in the three  seleeted  lines. These lines becarr]e cempletely  ethylene-insensitive  or  showed  lew sen-

sitivity at the end  of  senescence.  Autocatalytic ethylene  production  by the  gynoecia and  petals of  the three

selected  1ines a]so  decreased on  days 3 and  6, respectively,  after  harvest.

Key  Words:  carnation,  ethylene  productien,ethylene sensitivity,  fiower longevity, flower senescence.

Introductien

  Theyase1ifeofcutflowersisoneofthemostimportant
characteristics  in determining their quality and  satisfying

consumerpreferences.Carnation(DianthuscaFlyopbyllus

L.) is one  of  the main  fioricultural crops  in Japan.
Senescence of  its fiowers is normally  characterized  by

a climacteric-like  pattern ofethylene  production; that is,

by a surge  in ethylene  production fo11owed by a decline

(Mayak and  Tirosh, 1993). The increase in ethylene

production is associated  with  the development of  in-

rolling  symptoms  in flower peta1s and  subsequent  wilting

(Halevy and  Mayak, 1981). Carnation flowers are highly

sensitive to exogenous  ethylene  (Woltering and  Van
DoorT], 1988). Hence, ethylene  is an  important
determinant of  fiower longevity beeause it induces

wilting  of  petals and  autocatalytic  ethylene  production
(Halevy and  Mayak, 1981).
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 Although  the vase  life ofcarnations  is about  5-7 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 ofethylene  biosynthesis, such  as  amino-

oxyacetic  acid  (Fujino et al., 1980), aminoethoxyvinyl

glycine (Baker et  al,, 1977), and  a-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 panicular, STS  is
widely  used  by commercial  carnation  producers to

extend  the  yase  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

earnations  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. Therefbre, a  research

breeding program was  started  at  the  National Institute

ofFloricultural  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 ofreduced  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  1ines
as  parental material.  We  aLso  investigated ethylene

production and  sensitivity  in se]ected  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 charaeteristic
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  ethytene  production after
anthesis  in carnations  with  long vase  life is unclear.

Therefbre, 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 andsetection

  To  improve the vase  life of  carmation  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  along

vase  life (Onozaki et al., 2001). Of39  lines 12 selected
first-generation lines and  14 seleeted  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 (l 1 1.0 days) were  selected, from which
six  to eight rooted  cuttings  for each  selection  were  made.

In 1999, 6 lines out  ofthe  55 progenies with  the longest
mean  vase  life were  selected  (the 

"selected

 seeond-

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  2] May  2001

(the last day ofour  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 (l 10.2, 11.3, or  i3.3 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
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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 Apri1 2003  (the
Last day of  our  eyaluation)  were  discarded. We  called

the 217 progenies that flowered the fburth generation.
On  June 2001, June 2002, or  May  2003, 87 with  the

longest mean  vase  life () 13.3, 14.5, or  l8.0 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 
L`selected

 fburth-
generation lines").

  From the  above  selection  process, 23 out  of51  selected

second-,  third- and  fburth-generation lines were  finally
considered  superior  for testing; one  selected  second-

generation lines, eight  selected  third-generation  1ines and
fourteen selected  fourth-generation ]ines.

PZise lijb evatuation

  Carnation cultivars  or  lines were  grown  in a

greenhouse by  fo11owing standard  production methods

and  harvested at commercial  maturity  (i,e,, when  the
outer  petals were  horizontal). Stems of  the freshly
harvested fiowers were  cut  to 50 cm,  and  the  two  lowest

pairs ofleaves  removed.  The  flowers were  then  placed
randomiy  in 4-L jars containing  about  1000mL  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 Toom  with  a constant  air

temperature of230C,  70%  RH,  and  a  12-h photoperiod
(08:OO to 20:OOh) provided by  cool  fluorescent lamps
(10ymol･m'?･s'i irradiance).

  In the  seedling  trials, all harvested flowers were

eva]uated  fbr 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
selectedsecond-andthird-generationlineswasevaluated

in 2001 and  2002, and  that ofselected  fourth-generation
lines was  evaLuated  in 2003  and  2004.

Mdeo  evaluation  ofetdylene sen,gitivity

  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  pToduc-
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  O06-13) weTe
chosen.  These three  lines showed  very  high flower
qualityandadequateyieldsofcutflowersfbrcommercial
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production, in addition  to a long vase  life. Thus, they
will  be registered  as  new  cultivars,  For the experiments
with  fiowers ofdifTerent  ages,  we  cut the stems  of  freshly

harvested flowers to 20cm  on  day O and  placed them
indMdually in 100-mL Erlenmeyer flasks containing
distilled water,  The  flowers were  aged  under  standard

conditions  fbr O, 3, 6, 9, 12, 15, or 18 days, then
continuously  exposed  to 10pL･L'i of  ethylene  at

23 ± 1OC in the chamber  by iniecting 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  oftreatment  to avoid  marked

changes  in the gas composition.  When  flowers did not
wilt  after  more  than 72h  of  exposure,  we  defined them
as  ethylene-insensitive  (no response).  Data were

presented as  the means  ± SE of  five flowers,
              '

Mbasurementofwhoie:fioweretlryteneproduction

  To  compare  the ethylene  production during flower
senescence,  measurements  were  taken when  senescence

symptoms  first appeared.  Flowers of4  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  23eC. After a  1-h incubation, a O.5-mL sample
of  the headspace gas was  withdrawn  and  iniected into
a  gas chromatograph  (model GC-7A, Shimadzu, Kyote,
Japan) equipped  with  an  alurnina  column  and  a flame
ionization detector to determine the ethylene  concentra-

tion. Data  were  presented as  means  ± SE of  the data fbr
five flowers.

Mbasurement  of etbylene  production  .fi'om petals and

  gynoecia during senescence  c{frer  or  withot{t  etlo,lene

  treatment

  On day O, the stems  of  freshly harvested flowers of

`Francesco',

 
`Excerea'

 and  702-21, 908-46, O06-13 were

cut  to 20cm  and  placed individually in 100-mL

Erlenmeyer  fiasks containing  distilled water.  The
numbered  seleetions  were  held fbr O, 3, 6, 9, 12, 15, and
18 days, while  those  of'Francesco'  and  

`Excerea'

 were

kept for O, 3, and  6 days and  O and  3 days, respectively.
The flowers were  then exposed  to either  O or  2 pL･L'i
ofethylene  for 16 h at  23 ± 1OC in the chamber.  Ethylene

production by the control  (ethylene-free) 
`Francesco'

and  
`Excerea'

 during senescence  was  measured  daily.
After treatment, the fiowers were  left fbr 8h  under

standard  conditions,  The  fiowers were  then  separated  by
hand into the gynoecium (ovary plus styles)  and  petals.
The gynoecium and  the  two  outer  petals ofeach  flower

were  individually enclosed  in 7-mL  glass jars and

incubated at 230C. After a 30-min incubation, a  O.5-mL

Ikeda K. Sumitomo  and  M. Shibata    p

 sarnpleoftheheadspacegaswaswithdrawnandanalyzed

 fbr ethylene  concentration  as  above,  Data were  presented

 as  the means ±  SE  of  the data for five replications,

                      Results

 Crossing andselection

   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

 fburth generation (SD=3.71), The  frequencies of

 fiowers with  superior  vase  life (14 days or  more)  were

 3.8%  and  10.59,6 in the second  and  third generations,

 respectively,  but rose  to 61.3%  in the fourth generation.
 The proportion of  fiowers with  inferior vase  life (4 to 8
 days) decreased markedly  in the fourth generation. The

 population mean  for vase  life increased by O.7 days from

 the second  to the third generation and  by 4,2 days

 between  the third and  the founh  generations.

  PZise lij2i ofcuttivans andselected  lines
   The  6 cultivars  and  23 selected  lines exhibited  a  wide
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range 　of 　variation 　ir　mean 　vase 　life（Tables　l　and 　2）．
The 　mean 　vase 　life　of 　

‘White　Sim’

，　the　control 　cultivar

in．many 　studies 　of 　flower　senescence 　in　carnation
，
　was

5．6−6，0days ，　whereas 　that　of 　23　selected　lines　was 　2．7
times 　longer　in．　two　independent　experiments ．　The　mean

vase 　life　of　line　lO8−44　was 　23．6　days　in　2003　and 　19．1

Table 　l．　 Flower　vase 　life　and 　ethylene 　sensitiVity （day　O）of　carnation 　cultivars　and　selected 　seoond −a皿 d　third−generation　lines　u皿der　standard．
　　　　　 conditjons ．

Cultivar　or　seleoし¢ d　Iine
2001 2002

Vase　life（days） ％
z Vase　l三fe（days） ％

∠
．Respo 皿 se 　time 　to　ethylene

　　　　 treatment （h）

Control　cul しivars

　　　　　　　　White　Sim
　　　　　　　　Sandrosa

　　　　　　　　Chinera

Selected　sec ．ond −gencration　line
　　　　　　　　702−21
Selccted　third−generation　line
　　　　　　　　85−11
　　　　　　　　81−8
　　　　　　　　925−6
　　　　　　　　908−46
　　　　　　　 903−45

　　　　　　　 908−43
　　　　　　　 908−44
　　　　　　　 006−13

6，0± 0、39
．9 士 0．9nottested

17．8 ± 0．8

20．8ti：1．218
．6 ± 1」

21．5 ± 1．520
．0 士 1．418
．9 ± L118

．2 土 L718

、0 ± 1．6not
　tested

100165

297

347310358333315303300

5．8 ± 0．31L5
± 0，711

．1土 0．7

20．2 土 1．，3

18．5 ± 1，417
．3 士 0．920
．7 ± L818

．0 ± 0．716
．6 ± 0．516
．6 ± 1．217

，0 ± 1．．42
．1，3 土 1．7

100198191

348

3192983573

．
10286286293367

6．9 ± 0．36
．0 士 0．314
．2 ± 0，6

8．2 ± 0．2

8，6 士 0．88
．0 ± 1．06
．5 ± 0．36
，8 圭 0．27
．5 ± 0、37
．0 ± O．68
．0 土 0．68
．2 ± 0．4

Values　ofvase 　life　are 　tlc　means ± SE　ofthe 　data　fbr　10flowers．
Values　ofresponse しime　to　e 出y】ene 　treatmenしare　the　mea 皿 s ± SE 　of5flowers ．
z
％ ，the 　percentage　of 　the　value 　for　thc　control 　cultivar，

‘
White　Sim

’．

Table　2，　FI．ower 　vase 　life　and 　ethy ］ene 　sensiしivity（day　O）ofoam ．ation 　eultivars 　and 　selected 　f（）u 藍h−generation　lines　under 　st跏 dard　conditions ．

Culしival　or 　selected 　line
2003 2004

Vase　life（days） ％
z V註se 】ife（days） ％

zResponse

　time 　to　ethylene

　　　　ぼ eatment （h）

Control　cutt ｛vars

　　　　　　　　White　Sim

　　　　　　　　Nora

　　　　　　　　Exc．erea
　　　　　　　　Francesco

　　　　　　　　Sa皿drosa

　　　　　　　　Chinera
Se】ected 　fourtlユーgeneration　line
　　　　　　　　lO3−50

　　　　　　　　104−
．
1．

　　　　　　　　．104−3
　　　　　　　　104−6

　　　　　　　　104−8
　　　　　　　　104−18
　　　　　　　　108−13
　　　　　　　　108−14
　　　　　　　　1．  8−40
　　　　　　　　108−44

　　　　　　　 218−6
　　　　　　　 220−10
　　　　　　　 223−ll

　　　　　　　 229−1

5．7 士 O．36
．2 ±  ．46
．8 土 0．28
．4 ± 0．59
．8 ± 0．5

．11．．1土 0．7

19．4 ± 0，71
．8．2ti：0．621
．9 土 0．720
．6 ± 0．821
」 土 0520

．2 ± 1．321
．7 ± 1．020
，1 士 1．0205

± 1．423
．6 ± L7not

　testednot
　testednot
　testednot

　testcd

100109Mgl47172195

340319384361370354381353360414

5．6 士 0，36
．8 ± 0．25
．5 士 0，27

．7 ± O．21
．0．1 士 0．711
．1± 0．6

16，1土 0．615
．3 士 0．418
．1± 0．816
，0 土 0．516
、9 ± 0．518
．0 ± 0，816
，3 士 0，516
．3ti：0．920
．1± 2，5

．19．1土 0．716
．8 ± 1．018
．7 ± 1．515
．5 ± 0．417
、7 ± 0．6

100121

．
98138180198

8336211191047

．
6

8．
728

 

299540371

22323322333323

6．9士 0．37
．0 士 0．67
．6 ± 0．26
．8 土 0．26
．0 士 O．314
．2 ± O．6

8．4 ± 0．57
．2 ± 0．89
，8± 0．76
、0 ± 0．510
．8 士 0．411
，3土 0．87
．6 士 0．38
．6 ± 0．77
．8士 0292

± O．46
．6 ± O．49
，2土 0，47
．4 ± 0．57
．4 ± 0．2

Values　ofvasc 　life　are 　the　rnea 皿s 土 SE　ofthe ．data　fbr　7−13fi．owcrs ．
Valucs　ofresponse 　t

．ime　to　ethylene 　treatment　are 　the　means 士 SE 　of 　5−10　tl　owe ．rs ，
x
％ ，the 　perce

．
ntage 　of 　the　value 　for　the　control　oulしival，

‘
White　Sim’．

N 工工
一Eleotronio 　Library 　
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Fig, 2, Whole-flower ethylenc  production during senesccnce  in 4 cu]tivars and  23 selcctcd  lines, Values represcnt  the means ±  SE  ofthe  data for

    fivereplications.

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.  Tnstead, the petals faded slowly
and  turned brown along  their edges,

Ethytene  sensitivity  and  etltylene  production  in the

  cuttivansandselectedlines

  The  diffbrences in ethylene  sensitivity  of  the  6

cultivars  and  23 lines on  day O (Tables 1 and  2) revealed

that `White
 Sim', tNora',

 
`Excerea',

 
`Francesco',

 and

`Sandrosa'

 are highly sensitiye with  response  times  of

6.0 to 7.6h. 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  Simi, `Nora',
 and  

`Francesco'

 evolved

avery  high level ofethylene,  whereas  
`Sandrosa',

 which

is known  to lack a  climacteric  ethylene  response  (Mayak
and  Tirosh, 1993), produced  little ethylene.  The 23

selectedlinesshowedextremelylowethyleneproduction

and  lacked a  climacterie  ethylene  peak (data not shown).

Changes  in etfp,lene  sensitivity  and  in autocatalytic

 etig,leneproduction  duringflower aging

 The  response  times of  lines 908-46, 702-21, and  O06-
l3 to ethylene  treatment  on  day O were  6.8, 8.2, and

8.2h, 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 fiower age  (Fig. 3). In particular, selections

908-46 and  702-2 1 completely  lost their wilting  response

to ethylene  on  and  after days 12 and  18, respectively

(Figs. 3 and  4), whereas  O06-13 showed  extremely  low
sensitivity  on  day 18 with  a response  time  of  65.5h.

  The levels of  ethylene  productjon from  the petals and

gynoecia during senescence  (Fig. 5) was  rapid  in
`Franeesco'

 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  O06-13)

produced  only  trace amounts  of  ethylene  in both the

petals and  the gynoecia throughout  the experimental

period.

  The  levels of  ethylene  production frorn the petals and
from the gynoecia after ethylene  treatment  (Fig. 6) reveal

No

Fig.

respense

  :. 70
  t

  : 60
  g. so
  e 4o
  g
  f 30
  :
  
"20

  e
  
'-' 10

  zz
  so
  }
  di3,

k DIIpmee

Zgos-4etw102-21wsO06-13

o369
    Dzys121518

  Ethylene sensitivity of  flowers of  tbree earnation

se]ections  with  long vase  life. Vulues rcpresent  the  means ± SE

ofthe  data for five repiications.



Japanese Society for Horticultural Science (JSHS)

NII-Electronic Library Service

JapaneseSocietyfor  Horticultural  Science  {JSHS)

ee#re･(J. Japan. Soe. Hort, Sci.) 75 (3): 256-263. 2006. 261

Fig.

A

B

C

4. Effect of  cut flower age  at treatment time on  ethylene

sensitii,ity of  selection  702-21 flowers. A, B, and  C were

photographed at O, 10, and  72h  after ethyLene  treatment began,
respective]y.  Left: fiower immediate]y exposed  to 1OpL'L'i of

ethylene  after  harvesting. Right/ flower exposed  to  1O pL･L'` of

ethylene  18 days after cutting.

that exogenous  ethylene  applied  to the carnation  fiowers
induced autocatalytic  ethylene  production in both the

petals and  the gynoecia ofall  cultivars  and  lines. Changes
inthelevelsofautocatalyticethyleneproductiondiffbred
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 O 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 cthylcnc  production from the petals and  gynoecia

    of  two cultivars (`Franceseo', 
`
 Excerea')  and  three ]ines (908-

    46, 702-21, O06-13) during senescence.  VaLues represent

    nieans  ± SE ofthe  data for five replications.
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Fig, 6. Changes in ethylene  produetion from the petals and  gynoeeia
    of  

`Francesco',
 

`Excerea',
 908-46, 702-21, and  O06-13 aftcr

    ethylene  treatment.  Flowers on  day O, 3, 6, 9, 12, 1S, or  18 were

    treaLcd with  ethylene  at 2pL-L'T for 16h. Values represent

    means  ± SE ofthe  data for tive 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',

 
`Candyi,

 
CTanga',

 
`White

 Sim', and

CScania')

 as  parenta1 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 of7.3  days. By  comparison,  the  mean  vase  life

ofthe  
`Sandrosa',

 which  had  the Longest vase  life among
the original  six parental cultivars, was  only  9.8-1].5
days (Tables 1 and  2). A]1 ofthe  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 O
was  generally high (Tables 1 and  2). Thus, the long vase
lives of  these  selected  progenies are  not  associated  with

ethylene  sensitivity  on  day O, but rather  with  their low

level of  ethylene  productiop during senescence.

Preyiously, when  we  screened  selections  515-1O, 64-13,

and  64-54 with  low ethylene  sensitivity out  of  39 1ines
with  long vase  1ife, 64-54 had the lowest sensitivity with
a  response  time  of  20.6h  to 10pL･L'i  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  cressing  and

selection  fbra  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 bybridu
(Whitehead and  Halevy, 1989), Pela,lgonium x  dbmesti-
cum  (Deneke et al., 1990; Evensen, 1991), Eustotna

grandij7ontne (Ichimura et  al., 1998), a  Portuiaca hybrid

(Ichimura and  Suto, 1998), and  Tt)reniafournieri (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  seleetions 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

ethy]ene  perception delays flower senescence.  Savin et

al. (199S) reported  that the  vase  life ofearnation  fiowers

was  extended  by  the  introduction of  an  antisense  ACC

oxidase  gene; the transgenie plants had a yase  life of8
to 9 days at  2 1 0C.  Similarly, Kosugi  et  aL  (2002) reported

that cut  flowers ofa  transgenic carnation  line (the sACO-
1 line), whieh  was  transformed by using  a carnation

ACC  oxidase  cDNA  in the  sense  orientation,  had a  longer

vase  life thap  had flowers ofthe  non-transfbrmed  plants.
Cut flowers of  the sACO-1  line had a vase  life of  9.5
days, versus  5.8 days for the non-transfbrmed  control

line at  230C.

  Bovy et al. (1999) reported  that the vase  life of

carnations  was  also  extended  by the  introduction of  an

Arabidopsiset"i-igene.Theirhighest-performingetrl-1

transgenic plants had a  mean  vase  life of24  days, nearly
three  times  that ofthe  control  fiowers (8.3 days) at  200C,

In contrast, our  selection  108-44 exhibited  a  mean  vase

life of  23.6 days in 2003 and  19.1 days in 2004; this
vatue  amounts  to 3.".1  times,  respectiyely,  to the  vase

life of  
`White

 Sim' at 230C. Thus, extending  the vase

lifeofcarnationbymeansofconventionalcross-breeding
techniques  appears  to be highly practical approach

compared  with  more  advanced  genetic engineering

methods.

  The  breeding of  cultiyars with  genetically superior

vase  life appears  to be a very  efficient approach  for
satisfying the consumer's  quality expectations.  A
significant genetic improvement was  aecomplished  by
the fburth 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.Literature
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花持ち の 優れ る カ ーネーシ ョ ン の 育種 とそ の 選抜系統 の 花に お け る 開花後 の エ チ レ ン 感受性 の 急速 な低
’
ド

小 野 崎 　隆 ・谷 川 奈 津 ・八 木 雅 史 ・池 田　広＊ ・住 友克彦 ・柴 田 道夫

農業 ・生 物 系特定 産業 技術 研 究機 構　花 ぎ研 究所 　305−8519　つ くば
．
市藤 本

　切 り花 の 花持 ち 性 は 花 き の 重 要 な育 種 目標 で あ り，著

者 ら は 交雑育種 に よ る カ
ーネー

シ ョ ン の 花 持 ち性 の 改良

に 関す る 研究 を行 っ て きた ．花持 ち性 向上 を 目指 した選

抜 と交配 の 繰 り返 し は，効果的で あ っ た．交 雑 育 種に よ

り従来 に な い ほ どの 優れ た 花持ち 性 を 持 つ 多 数 の カ ー

ネ
ー

シ ョ ン 系統 を獲得 し た．第 2，第 3，第 4 世 代選 抜

系統 は，対 照 品種
‘
ホ ワ イ ト シ ム

’
の 2，7〜4．1 倍 の 優れ

た 花持 ち 性 を 示 した ．特 に，系 統 108−44 の 花 持 ち 日数

は，2003 年 の 調 査 で は 23．6H ，2004 年 の 調査 で は 19、1

日 と，品 質保 持剤 処 理 無 し で 対 照 品種
‘
ホ ワ イ ト シ ム

’

の 3．4〜4，1 倍 の 非 常 に 優れ た 花 持 ち性 を示 した．全て の

選抜系統 の 花は ，自然 老 化時 に お け る エ チ レ ン 生成 量 が

少 な い 傾向を 示 し た ．系統 908−46，702−2LOO6 −13を 用

い て 自然老 化時の 器 官別 エ チ レ ン 生 成 量 の 推 移 を 調 査 し

た とこ ろ，花弁，雌ず い とも全期間を通 じて 諏 め て 低 レ

ベ ル で あ り，白然
．
老化時 に は エ チ レ ン 生合 成 が ほ ぼ 完 全

に rEま っ て い る と考え られ た．こ れ らの 系統の エ チ レ ン

感受性 は収穫直後 で は 高 い が，花 の 加齢 に 伴い 急激に 低

下 した ．特 に ，系統 908−46 で は 収穫 12 日後以 降，系 統

702 −21 で は 18H 後 に は エ チ レ ン 処 理 に 対 す る 花 弁 の 萎

凋 反 応 が 企 く認 め ら れ な くな っ た ．ま た ，自己 触媒的 エ

チ レ ン 生成 に 関 し て も，初期に は 生 成 能力 が あ る が，雌

ずい で は 収穫 3 日後以降，花弁 で は 6 日後以 降に 花 の 加

齢 に 従 い 低下 し た．

＊ 現在 ； 農業 ・生物系特定産業技術研究機構　九州沖

縄 農業研 究セ ン ター　839−8503 久留米市御井田∫．
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