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Rose(RosaltybritlaL)`AsamiRed'plantsweregrowninaglasshouseforayearandthepreharvestenvironmental

parameters, and  morphological  and  physiologica] parameters ofindividual  cut  flewers at harvest and  during the

postharvest period were  recorded.  Principal component  analysis  showed  interrelations between the parameters:
rose  plants grown under  

"dry"
 conditions,  i.e., high temperature,  low relative  humidity, and  consequent  high

vapor  pressure deficit, produced cut  flowers having de]ayed wilting  symptoms,  resulting  in a  long vase  life; cut

roses  with  a high transpiration rate  in the dark at  haryest cou]d  not  maintain  their water  relations  properly,
resulting  in a shorter  vase  life; roses  grown  under  

"dry"
 conditions  had small  stomata  and  a low transpiration

rate  in the dark  at  harvest. These results  indicate that humidity  conditions  are  key  preharvest environmental

factoraffectingthevaselifeofcutroses,androsesgrownunder"dry"conditionsdeyelopmorefunctionalstomata,
regulate  their water  relations  properly after  harvest, and  have  a longer vase  life. Multiple regression  analysis  to

predictthevaselifefrompreharyestenvironmentalparametersandmorphologicalandphysiologicalparameters
at haryest generated a  significant  equation  (Y=-O.0971･Xi+O.0242･X2-O.3275･X3-2.84792-X4-e.4859･Xs+
15.397, where  Y  is the number  of  days of yase  life; XrXs  are  the daily minimum  relative  humidity, ratio oi' the

stem  diameter ofthe  neck  and  cut  end,  stomatal  width,  water  petential in the light, and  transpiration rate  in the

dark, respectively;  R2  =O.618;  P<  O.OOI),

Key  Words: multivariate  anaLysis, preharvest environrnent,stomata,  transpiration, vase  life ofcut  rose.

Introduction

  Thefiowermarkethasattachedthegreatestimportance
to the appearance  ofcut  fiowers, such  as stern length, and

flower color, and  shape.  Recently, longevity has been
consjdered  of  great commercial  value  as the need  to

guarantee a ]onger vase  li fe increases.

  The  vase  life of  cut roses  varies  not only  between
eultivars  but also between seasons.  Cut roses  show  many

kindsofsenescencesymptomsthatreducetheornamental
value;  bent neck  and  petal wilting  are the most  common

disorders. Preharvest environmental  factors and  conse-

quent morphologica]  and  physiological characteristics  of

cut flowers influence the vase  iife, but their relations  are
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complicated,Thelongcvity,i.e.,potentialvaselife,ofcut

roses  primarily depends on  the genetic cbaracteristics of

the varieties (Ichimura et al., 2002; Mayak  et  al., 1974;

Mortensen and  Gislered, 1999), A constantly  high
humidity befbre harvest reduces  the vase  life ofcut  roses

(Mortensen and  field, 1995; Mortensen  and  Gisler¢ d,

2000;TorreandEjeLd,2001).Amongpostharvestfactors,
vapor  pressure deficit (VPD) and  atmospheric  tempera-

ture certajnly  afTect the vase  life ofcut  roses (Doi et al.,
2oooa, 2ooob).

  Techniques to predict the potential vase  life ofcut  roses

are  effbctive  means  to grade cut flowers and  guarantee
the vase  life of  fiowers bought by censumers.  First,

clarifyingthefactorsthatmainlyinfluencethefiuctuation

of  vase  life is necessary.  Most cxperiments  with

preharvest factors afTecting  the vase  life ofcut  roses  used

controlled,  constant  environmental  conditions  (Mortens-
en  and  ny eld, 1 995; Mortensen  and  Gilslered, 1 999, 2000;

Torre and  Ejeld, 2001; Torre et  al., 2003), except  for a

study  by Slootweg et  al, (2001 ) who  observed  a seasonal
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change  in rose  vase  life.
  Factors affecting  rose  vase  life can be separated into
three stages: production (preharvest), marketing  (at
harvest), and  retailing and  consumption  (postharvest). In
this study, we  cultivated  roses  in a glasshouse for a year
and  recorded  various  preharvest environmental  parame-
ters, and  morphological  and  physiological parameters of
individual cut flowers at harvest and  during the posthar-
vest  period in the vase.  We  analyzed  the interrelations
between the parameters obtained  and  the vase  life using
multivariate  analysis  and  then established  a mu]tiple

regression  model  to predict the vase  life at harvest.

            Materials and  Methods

  The pararneters prepared fbr the analysis
abbreviations  in this study  are shown  in TableandLtheir

Cultivationandpreharvestenvironmentaldnta

  Young plants of  Rosa bybricla L. `Asami
 Red' (syn.

`Rote

 Rose') were  planted on  rockwool  slabs  in a

glasshouseinOctober2003.Theplantsweretrainedusing
an  

"arching"
 method  and  drip-irrigated hourly with  half

strength  Enshi fbrmula nutrient  solution.  The glasshouse
was  heated to 160C and  ventilation  was  provided

Tablel.PTeharvestenvironmentalparametersandmorphologicalandphysiologicalpararnetersofcutro$csathars,estandpostharvestusedforanalysis,

Parameter Abbreviation Unit Note

Prehan,est

 DailyinLegratedPPF

 Dai]y maximum  temperature

 Dailyminimumtemperature

 Daily average  temperature

 Dailymaximumrelativehumidity

 Daily minimum  rclative humidity

 Dally average  relative humidity

 Dailymaximumvapordeficit

 Dai]yminlmumvapordeficit

 Daily average  vapor  deficit

PPFTem-MaxTem-MinTem-AyeRH-MaxRH-MinRH-As,eVPD-MaxVl'D-MinVPD-Avemmol･m'2oCoCoC%%%kPakPakPatotalot']5daysbeforeharvcst

average  of  lS days before hars,est

average  of  1S days before harvest

ax, crage  ol' 15 days before harvest

average  of  15 days before harvest

as,erage  of  15 days before harvest

averageof15daysbcfbrchnm･est

average  of  1 S days before hawest

average  of  lS days before harvest

avcrage  ot' 15 days bePore harvest

At harvest

 Frcsh weight

 Stemlemgth

 Stemdiameterofneck

 Stemdiatneterot'cutcnd

 Ratlo of  stem  diameter

 LeafArea

 Stomata1lcngth

 Stomatal width

 Stomataldensity

 Ratio of  stomatal  size

 Transpiration rate in the dark

 Transpiration rate  in the light

 Ratiooftranspirationrate

 Water potential in the dark

 WateT poteintial in the light

 Ratioofwaterpotcntial

 Brix ef  leaf

FWLen-StemDia-Stem-Ne

Dia-Stem-En

Rat-Dia-Stem

Arca-Lcat'

Len-StomWid-StomDen-StomRat-StomTran-DarTran-LigRat-TransWatPot-Dar

WatPot-Ljg

Rat-WatPot

Brix

gemcmcm,MCm2mrmmmMm-2%mg'cmi-s

 
i

mg･cm!･s'L

%MPaMpa%%

=LLDia-Stem-Ne'VLLDia-Stem-En"

at Dark Oi including guard cell

at Dark  O; including guard ccll

t"Wid-Stom'V"Len-Stom"

atDarkOat

 Light 90

='`Trans-Dar'V"Trans-Lig"'

at  Dark  Oat

 Light 90
="WatPot-Daf'1"Wat?ot-Lig"

at.DarkO

Posthan,est

 Maximum  relative fresh weight

 Daily transpiration on  the intial day

 Number of  days to maximuma  fresh weight

 Number  of  days kceping intial fresh weighL

 Number  of  days keeping intial water  uptake

 Numberofdayskeepingwaterbalance

 Rate of  decrease in relativc  frcsh -,eight

 Numberofdaysofyaselife

RFW-Max

DTran-Tnit

Days-FW-Max

Days-FW-Init

Days-WatUpt-Init

Days-WatBar

Rat-Dec-RFW

VL

%mg'cm't･day'i

daydaydayday%'day'iday

Calculated from a  formula (see Fig. 1 )

watcrbalanee=watcruptake-tramspiratjon

Calculated from a formula (see Fig. 1 )

I]reharvest parameters are averages  of  daily values  for 15 days before har-,est.
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automatically  when  the air  temperature in the glasshouse
exceeded25eC,  From  May  28 to September 20, 2004, the

plants were  shaded  by a layer oftranslucent  plastic fiLm

(permeability: 60%)  to avoid  severe  irradiation.

  We  set  thermo  recorders  (RS-11, Espec Mic, Aichi,
Japan) at a distance of2  m  along  the slabs and  logged the
tocal temperature and  Telative humidity (RH) at intervaLs
of  1Ornin. The  local photosynthetic photon flux (PPF)
was  measured  using  an  OPTLEAF  sensor  system  (R-2D
film and  THS-470 T-METER,  Taisei E&L,  Tokyo,
Japan), and  the data were  standardized  according  to the

value  of  a  PPF  radiation  sensor  (IKS-27, Koito,
Yokohama, Japan) connected  to a data logger (HR- 1 3OO,
Yokogawa,Tokyo,Japan).TheVPDwascalculatedfi'oin

the corresponding  temperature and  RH.

  We  used  104 cut  roses  harvested from March 2004 to
February 2005, We  conducted  a preliminary investiga-
tion, from which  the decision was  made  that the

environmental  parameters assigned  for the individual cut

flowers were  to be decided on  fbr 15 days befbre their
harvest with  the nearest  thermo  recorders  (Table 1).

Hdrvestingandmorphologicalandplp,sioiogicaldutaat
  harvest

  This stage  corresponds  to the time  from  harvest to

auctionatmarketbytransportation.Cutflowersatnormal

maturity  (the top ofbuds  dehiscing) were  harvested at
l7:OO. The cut flowers were  immediately p]aced in a

bucketcontainingtapwaterandcarriedtoourlaboratory,
The stems  were  trimmed  to 50, 60, or 70 cm  long and  to
the five uppermost  foliage leaves with  three  or fiye
leafiets, The base of  each  cut stem  was  placed in a

sterilized glass jar containing  500mL  distilled water

through  a  hole (1 cm  diameter) in the center  ofa  plastic
cap.  The cut  flowers were  kept at  250C and  50%  RH  in
the dark fbr more  than 12 h. At 09:OO on  the next  day after
harvest,thesize(lengthandwidth)anddensityofstomatal

apparatus,transpirationrate,brix,andleafwaterpotential

were  measured  for the dark condition  (Dark O). Then, the
cut flowers were  irradiated using  three-band fluorescent
lamps at 80pmol･m'i･s i

 fbr 90min up  to 10:30 (Light
90), and  the transpiration rate  and  leaf water  potential
weremeasuredagain,TheroomtemperatureandRHwere

kept at 250C and  50%, respectively,  throughout these

measurements.

  Thetranspirationratewasmeasuredusingasteadystate

porometer (Ll-1600, LI-COR, Lincoln, NE, USA)  fitted
on  a terminal leaflet ofthe  uppermost  three-leaflet leafi
For the measurement  ofwater  potential, a  fresh leafdisk
of  5 inni  diameter sampled  from the second  uppermost

three-leaflet leag was  placed in a sample  chamber  (C-52,
Wescer,Logan,UT,USA)connectedtoamicrovoltmeter

(HR-33T, Wescor), and  was  allowed  to stand  fbr 2h to

equMbrate.Thedewpointoftheheadspacewasmeasured

according  to the instrument's instruction manual,

  The stomatal  size and  density ofthe  adaxial  side ofthe

lowermostfive-leafletleafweremeasuredusingaC`sump"

method.Imagesoftheleafsurfaceimpressionsweretaken

using  a digital camera  (Coolpix 4500, Nikon, Tokyo,
Japan) connected  to an  optical  microscope  (model B202,
Olympus, Tokyo,  Japan), The  stomatal  size  and  density
were  calculated  using  Scion Image yer.  4,02 (Scion,
Frederick, MD,  USA,) softrvare on  a personal computer,

  A  tissue sample  (O.1 g) of  the lowerrnost leaf was

ground in a mortar  with  O.9inL  disti11ed water  and  the

resultingliquidwasusedtofindthebrix(%)usingadigital

refractometer  (PR- 1O1, Atago, Tokyo, Japan).
  When  the vase  life ended,  all leaves were  sampled  and

scanned  using  an  image scarmer  (FB1210U, Canon,
Tokyo, Japan) to find the leaf area.

Postharvestmorphotogicatandpdysiotogicatclata

  Postharvest parameters were  collected  during the vase
lifeevaluation,Afterthemeasurementsatharvest,thecut
roses  were  transferred to a reference  room  at 250C, 50%
RH, and  a photoperiod of  12h supplied  by fluorescent
tubes at ]Opmol･m'2･s'i light jntensjty, Cut flowers and
vase  water  were  weighed  every  day and  the daily water
uptake  and  transpiration rates  were  calculated, The  vase

lifewasregardedtoendwhenabentneckorpetalwi]ting,
i.e., loss ofpetal  turgor, occurred;  all cut  flowers showed
these  symptoms  befbre petal abscission  in this study.

  We  approximated  the changes  in fresh weigh  of

individual cut  flowers afier  harvest using  a  quadratic
fomn ulaagainst  thenumber  ofdays  ofevaluation  (Fig. 1),
andthen'`thenumberofdayskeepinginitialfreshweight"

and  
"the

 rate of  decrease in relative fresh weight"  were

read  frQm the fbrmula.

PrincipalconuJonentanaly,sis

  To  clarify  the relations  between the parameters and

vase  life, three steps  of  principal cornponent  analysis

(PCA) were  perfbrmed using  SPSS i3.0 software  (SPSS
Japan, Tokyo,  Japan): 1) preharvest parameters vs  vase

life, 2) parameters at  harvest and  postharvest parameters
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Fig. 1. Change in cut fiower freshweight during the posthars,est period
    and  related  paramelerg. 11ie values  are  represented  as  the

    percentage of  the fresh weight  on  the initial day.
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vs  vase  life, and  3) preharvest parameters vs  parameters
at harvest. Table 1 lists the parameters used  and  their

abbreviations.  In the PCA, the data were  standardjzed

using  a  correlation  matrix.

thiltiple regression  analysis

 Independent from the PCA,  we  performed a multiple
regression  analysis  (MRA) ofvase  life against  preharvest
environmental  parameters and  morphological  and  physi-
ological  parameters at harvest using  SPSS 13.0 software.
Anall-possiblesubsetselectionmethodwasusedtoselect

parameters.

               Results

Relationsbetweenpreharve.s'tenvironnientalparanteters

 and  vase  lij2]

 Fig.2A-DshowsthechangesinPPF,temperature,RH,
and  VPD  in the glasshouse, The  actual  temperature  in
winterfe11toaboutlOOCoccasionallydespitetheheating.

VPD-Max  was  high in summer  and  low in winter. The
vase  life (VL) was  longer in spring  and  summer  and

gradually decreased fi:om August to January (Fig, 2E),

 Fig. 3 shows  the PCA  results for preharvest parameters
and  VL.  The contributions  of  the  first and  second

components  were  51.5% and  27.7%, respectively.  In the
first component  (Fig. 3A), VPD-Max,  VPD-Ave, Tem-
Ave, Tem-Max, Tem-Min, PPF, and  VL  showed  large

positive eigenvectors;  RH-Min  and  RH-Ave  showed

1arge negative  eigenvectors  and  VPD-Min  and  RH-Max
showed  small  eigenvectors,  In the second  component

(Fig. 3B), the eigenvector  ofVL  was  very  small.

Relations between morpkological  andplonygiological

 parameters andvase  lijb

 PCA  was  performed for parameters at  harvest and  of

the postharvest period from cut  flowers (Fig. 4), The

proportions of  the first and  second  components  were

20.7% and  15.4%, respectively,  VL  showed  the greatest
negative  cigenvector  in the first component,  Tran-Dar,

Rat-Stom, Rat-Trans, and  Wid-Stom at  harvest and

DTran-Init and  Rat-Dec-RFW of  the postharvest period
showed  large positive eigenvectors;  Rat-Dia-Stem at

harvest and  Days-WatUpt-Init, Days-WatBar, R.FW-
Max,andDays-FW-lnitofthepostharvestperiodshowed

  ]oTA

 2Sta.-･

 20[tE

 
JsC.

 Iets'

 5

  e
  45O

 40L

 ]Se
 3oe
 25ts
 20'E

 l:
  5
  oge

 100:li'::

 50't':et

Rznge

aS.Psl!>

o6s4321o141210s642e

A. PPF

YVVirw ew

Minlillum

C.Relativehumidity  Maximum/

MinimumAveTuge

D.VPDMinimum
MaximumAverage

:'  "
   t'

E.Vasclifo

"eab-t  ..:t.  -

...  .'.'as:'.  s'

        : -e-e

.'
 s:--

   ---

.-e.

  Mat  May  Jul, Sep, Nov. Jan.

Feb. Apr. Jun. Aug, Oct. Dec, Feb,

               2004 2005

Fig, 2. Changes in PPF, temperature, relatis,e humidity, and  vapor

   pressure deficit in the glasshouse, and  vase  life of  cut  fiowers,
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Fig, 3. Eigenveetors orthc  [irst and  second  components  in the principal
   component  analysis  of  preharvest paraineters and  VL. The

   propottions were  51.5%  and  27.7V6 for the first and  the second

   components,respectively.
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Fig. 4, Eigenvecters of  the first component  in the principal component

    analysisofmorphologicalandphysiologicalparametersatharvest

    and  of  the postharvest period, and  vase  life. The proportion was

    2e.7w,.
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Fig. 5. Eigenvectors ofthe  first component  in the principa] component

   of  preharvest parameters and  morphological  and  physiological

   parameters at  harvest. The  proportion was  30.2%.

largenegativeeigenvectors,Inthesecondcomponent,the
eigenvector  of  VL  was  too small  to assess  (data not

shown).

Retations between preharvest parameters  andmoiT)ho-

  logical andpJtysiologicalparameters  at  harvest

  For this PCA, FW,  Len-Stem, Dia-Stem-En, Rat-Dia-
Stem, and  Are-Leaf were  excluded  because they were
modified  artificially befbre the vase  life evaluation,  The

proportions of  the first and  second  components  were

30.2% and  15,4%, respectively,  ln the first component,

preharvest parameters such  as  VPD-Max,  Tem-Ave,
Tem-Max, Tem-Min, VPD-Ave, and  PPF showed  1arge

positjye eigenvectors  and  RH-Min  showed  a 1arge
negative  eigenvector  (Fig. 5). Parameters at harvest such

as Dia-Stem-Ne, Rat-Stom, and  Tran-Dar  were  large

negative  eigenvectors  and  Brix was  a large positive
ejgenvector.  In the second  component,  the eigenvectors
did not show  any  meaningfu1  trend (data not  shown).

Miiltiple regression  analysis

  As a  result  ofM  RA,  five parameters were  selected  and

a  regression  fbrrnula was  generated as fo11ows (Fig, 6):

  Y=-O.0971･Xl+O,0242･X2-O.3275･X3-2.84792･X4
-O,4859･Xs+15.397

 (R2=O.618, P<O.OOI), where  Y  is,
VL;  Xl-Xs  are  RH-Min,  Rat-Dia-Stem, Wjd-Stom,
WatPot-Lig, and  Tran-Dar, respectively.  The  95%

confidence  interval was  ± 3 days.
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Fig. 6 Relation between the number  ofdays  orvase  life predicted by

   multiple  regression  and  obsen'ed  ones,  Y=-O,0971･Xl+

   O,0242･X2-O.3275-X3-2.84792･X4-O.4g59･Xs+15.397(R2.

   O,6l8, P<O,OOI), where  Y  is VL; Xl-Xs are RH-Min, Rat-Dia-

   Stem, W{d-Stom,  WatPot-Lig, and  Tran-Dar, iespeetively,  The

   thln lines are 95% confidence  intervals.

Discussion

  We  evaluated  seasonal  changes  in the vase  life of
`Asami

 Red' roses  under  fixed postharvest conditions

(25eC, 50%  RH)  for a year. Many  cut flowers had a short

(10daysorless)vaselifefrornNovember2004teJanuary
2O05  (Fig. 2), which  is consistent  with  the observation  by
Slootweg et al. (2001). The growing conditions  in this

period were  characterized  by low irradiance, low
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temperatures, and  a high daily miniinum  RH  (Fig. 2A-

C). Low  temperature and  high humidity resulted  in a  lew
VPD  (Fig. 2D).

  We  examined  relations between the preharvest envi-

ronmenta1  parameters and  VL  using  PCA  (Fig. 3). The
contribution  of  the first principal factor was  rather high
at 51.5%. In this principal factor, it is axiornatic  th at close

interrelations existed  among  temperature, RH, and  VPD.
High temperature and  high irradiance were  aecompanied

by low RH  and  high VPD;  such  conditions  should  be
referred  to as  

"dry",
 VL  also  showed  alarge  eigenvector

in this principal factor. In the second  principal factor, of

which  the contribution  was  27.7%,  the eigenvector  ofVL

wassosmallthatparametersc1oselyrelatedwithvase1ife

could  not  be detected. In the first principal factor, the

directions of  the vectors  (positive or  negative)  of  the

environmental  parameters suggest  that rose  plants grown
under  

"dry"
 conditions  produce cut  flowers with  a long

vase  life. Doi et al, (2000a) reported  that the prevailing
postbarvest vapor  pressure is proponional to the transpi-
ration  rate  of  leaves of  cut  stems.  Our study  shows  that

the preharvest vapor  pressure may  also  affect  physiolog-
ical characteristics ofcut  flowers. Befbre this study, we

expected  that a high preharvest temperature  reduces  vase

life, but we  detected no  negative  effects  oftemperature

onvaselifeinanyoftheprincipalfactors(datanotshown),

Motomura et a]. (2002) reported  that seasonal  changes  in
vase  life were  due to postharvest environmental  condi-

tions,andthatalowhumidityandhightemperatureduring

the postharvest period are rnajor causes  of  a short vase

life in summer;  therefore, postharvest handling (storage
andtransportation)efcutrosesinsummeristobecrucial.

  A  PCA  was  perfbrrned fbr the rnorphological  and

physiological parameters that were  obtained  at harvest
and  during the postharvest period, and  vase  life (Fig. 4).

The  contribution  of  the first principal factor was

considerablylow(20.7%),reflectingthecomplicatedand

unclear  interrelations between the parameters. However,
favorably,VLshowedthelargestnegativeeigenvectorin
the  first principal factor (Fig. 4), suggesting  that this

component  jndicates parameters closely  related to vase

life. Cut fiowers having a high dark transpiration rate

(Tran-Dar) and  large stomata  (Wid-Stom and  Rat-Stom)

couldnotregulatetheirwaterrelationsproperly,typically

shownbysmallDays-WatUpt-InitandDays-WatBar;this

trend clearty eoincided  with  a shorter  vase  life. Leaves
that draw water  from petals as  well  as  from vase  water

(Hu et al., 1998; Mayak et al,, 1974) contribute  to most

of  the transpiration of  cut roses, Generally, roses  open

theirleafstomatainlight,closethemindark,andmaintain

diurnal stomatal  transpiration rhythms  in a  daily light-
darkcycle(Doietal,,1999;Mayaketal,,1974).Excessive
transpiration at night  results in failure in the recovery  of

water  balance that worsens  during the daytime and  causes

bent neck  and  petal wilting  (Blom-Zandstra et al., 1995;
DeStigter,1980;DoietaL,2000a,2000b;TorreandFjeld,
2001).Previousstudiesattributedadeteriorationofwater

relations  to the plugging or  cavitation  of  xylem  vessels

caused  by rnicroorganisms  (Burdett, 1970; Mensink and
Van Doorn, 2001; Van  Doorn, ]995; Van Doorn and  De
Witte, 1991; Van  Doorn and  Suiro, 1996). However, the
seasonal  fluctuations in vase  life detected in our  study

were  un1ikely  to be caused  by xylem  plugging, because
we  used  steriLized vases, clean  distilled water,  and

identica] reference  room  conditions;  they  may  have been

caused  by congenital  transpiration characteristics  (Van
Doorn and  Dc Witte, 1997),

  Preharvestenvironmentalparametersandthemorpho-
logical and  physiological parameters at  harvest were

relevanttoaconsiderableextent(Fig,5),Theconnibution

of  the first principal factor in PCA  was  3O.2%. The low
transpiration rate in the dark just after harvest was
attributedtoa"dry"'condition(Fig.5).Plantsgrownunder

high humidity experience  no  water  stress and  may  lose
the function of  stomatal  closure  (Torre and  Pjeld, 2001).
Roses grown in winter  fail to close  stomata  and  show

remarkable  water  loss, resulting  in a  short  vase  life

(Slootweg et al., 2001). A  high, constant,  preharvest
humidity results in large stomata  ofrose  leaves (Torre et

al,, 2003), and  we  observed  large Rat-Stom, i,e., round

stomatal  apparatuses  in roses  grown under  low humidity,

  It is interesting that RH-Max  and  VPD-Min  were

scarcely  related to VL, whereas  RH-Min  and  VPD-Max
were  related  to VL  markedly  (Fig. 3), Therefore, a
"constantly"lowpreharvesthumiditymaynotberequired

to maintain  the stomatal  function, and  this point is worth
further clarification. The stem  diameter of  the neck  (Dia-
Stern-Ne) tends  to be short  at  a  high VPD  or  high
temperature,orboth(Fig.5),butvaselife(VL)washardly

correlated  with  stem  diameter in our  study  (Fig. 4).

  Leavesareasourceofnutrientmaterials,suchassugars
for the corolla  in intact and  cut  roses  (Nichols and  Ho,
1979), The sugar  content  can  explain  varietal differences
in vase  life (Ichimura et al,, 2002), As we  expected,  brix,
that refiects the sugar  content,  was  affected  by preharvest
PPF (Fig. 5). However, unexpectedly,  a  relation  between
brix and  VL  was  not detected in our  experiment.

Moreover, seasonal  changes  in brix were  relatively  slight

within  the cultivar  
`Asarni

 Red'. Exogenous  application

of  sugars  to cut roses  markedly  improves vase  life

(Ichimura et al., 2003), while  fluctuations in the

congenitaL  sugar  content  ofintact  stems  may  only  slightly

affbct vase  life.

  We  concluded  from the PCAs  that humidity is the key

preharvest environmental  factor affecting the vase  life of

cut 
CAsami

 Red' roses.  Roses grown  under  a  
C`dryi'

condition  can  have functional stomata,  regulate  their

water  relations  properly after  haryest, and  have a long
vase  life, Hence, we  tried to predict the vase  life ftom

preharvest environmental  parameters and  morpbological

and  physiological parameters at harvest using  multiple

regression  analysis; we  could  obtain  a significant  (R2=
O.618, P<O.OOI) equation  (Fig. 6). However, a 95%
confidence  jnterval for± 3 days is not  enough  to guarantee
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thevaselifepractically.Moreover,weusedanallpossible

subset  selection  method  to avoid  multicollinearity,  and

parameters such  as  Rat-Dia-Stem and  WaOot-Lig that
were  not  significant in the results of  PCAs  were  chosen,

Now, we  realize the limitations in applying  statistical

methods  to the complicated  system  ofthe  vase  life of  cut

roses  for estimation  and  prediction, For an  accurate  and

practical vase  life prediction, we  have to examine  more

competent  data processing methods,  such  as non-

parametric methods  and  mechanistic  modeling,  in addi-
tion to rapid  and  nondestructive  detection techniques at

harvest to measure  transpiration that is strongly  related to

rose  vase  life.Literature

 Cited

Blom-Zandstra, M., C. Sander Pet, F, M. Maas and  A, H, C. M.

   Schapendonk, 1995. Effects of  different Iight treatments on

   the nocturnal  trarrspiration and  dynarnics of  stomatal  closure

   of  twe  rose  cultivars.  Sci. Hort. 61 : 2S 1-262.
Burdett, A, N, 1970, Tlre cause  ofbent  neck  in cut  roses,  J, Arner.

   Sci. Hort. Sci. 95: 427-431.
De  Stjgter, H. C, M. 1980. Water ba]ance of cut and  intact 

`Sonia'

   rose  plants. Z. Pflanzenphysie], 99: 131-140,
Doi, M., Y. Hu  and  H, lman ishi. 2eeOa. Facters affecting  the water

   relations  ef  cut  roses  placed in different vaper  pressures. J,

   Japan. Soc. Hort. Sci. 69/ 517-519 (In Japanese).
Doi,M.Y,HuandH.Imanishi,2000b,Waterre]ationsofcutroses

   as  influenced by vapor  pressure deficits and  temperatures, J,

   Japan, Soc, Hort, Sci, 69: 584-589,
Doi, M., M.  Miyagawa-Namao, K. Inamoto and  H. Imanishi. 1 999.

   Rhythmic changes  in water  uptake,  transpirat{on and  water

   potential of  cut  roses  as  affeeted  by photoperiods. J, Japan,

   Soc. Hort. Sci. 68r 861-867 (In Japanese).
Hu, Y,, M,  Doi andH,  Imanishj, ]998, Competitive water  relation

   between leaves and  flower buds during transport  ofcut  roses.

   J. Japan. Soc. Hert. Sci. 67: 532-536 (In Japanese).
Ichimura,K.,Y,Kawabata,M.Kishimoto,R,GotoandK.Yamada.
   2002. Variation with  the cultivar  in the vase  life of  cut  rose

   fiowers, Bull. Natl, Inst, Flor, Sci, 2: 9-20,
Ichimura,K,,Y.Kawabata,M,Kishimeto,R.GotoandK,Yamada.

   20e3,Shortageofsolublecarbohydratesislargelyresponsib]e

   for short  vase  ]ife ofcut  
`Sonia'

 rose  flewers, J. Japan. Soc.
   Hort. Sci. 72: 292-298.
Mayak,  S,, A, H, Halevy,  S. Sagie, A. Bar-Yoseph  and  B. Bravde.

   1974. The water  ba]ancc ofcut  rose  flowers. Physiol. Plant.

   31: l5-22.
Mensink,  M.  G. J. and  W.  G. Van Doern. 2001 . Small hydrostatic

   pressures overceme  the occLusjon  by air emboli  in cut  rose

   stems,  J. Plant Physiol. 15: 1495-1498.
Mortensen,L.M.andT.Fjeld.1995.Higha{rhurn{dityreducesthe

   keeping quality ofcLt  roses. Aeta Hort. 405: 148-i55.
Mortensen,L.M.andH.R.Gi$]ered.1999.Influenoeofajrhumidity

   and  lighting period on growth, vase ]i fe and  water  relations of

   14 rose  cultivars. Sci. Hort. 82:･289-298.
Mortensen, L. M. and  L. H. Gislerffd. 200e. Effect of  air humidity

   on  growth, keeping quality, water  relations,  and  nutrient

   content  ofcut  roses.  Gartenbauwiss. 65/ 40-ZL4.
Metonnura, S., M. Doi, K, Inamoto and  H. Imanishi. 2002.

   PostharvestfactorsafTectingthevaselifeofcutroses.J.Japan.

   Sec, Hort. Sci. 71 (Suppl, 2): 415  an Japanese).
Nichols, R. and  L. C. Ho. 1979, Respiratien, carbon  balance and

   translocation ofdry  matter  in the corolla  ofrose  flowers. Ann.
   Bot. 44: 12-25.
S]ootweg, G., M. A. Ten Hoepe and  A. De Gelder. 2001 , Seasonal

   ehanges  in yase  1ife, transpiration and  leaf drying ofcut  roses.

   Acta Hert. 543: 337-339.

Torre, S, and  T, Ejeld. 20el, Water loss and  pestharvest

   characteristics  ofcut  roses  grown at high or  moderate  relative

   air humidjty, Sci, Hert, 89: 217-226.
Torre, S., T. Fjeld, H, R, Gislered andR,  Moe. 2003. Lcafanatomy

   and  stomatal  morphology  of  greenhouse roses  grown at

   moderate  or  high air humidity. J. Amer. Sci. Hort. Sci. 128:

   598-602.
Van  Doorn, W. G, 1995, Vascular ecclusion in cut rese flowers: a

   survey.ActaHort,405:58-66.

Van Deern, W, G, and  Y, De  Witte, ] 991 , Efftct of  dry storage  on

   bacterial ceunts  in stems  of  cut  rose  fiowers. HortScience 26:
   1521-1522.
Van Doorn, W.  G. and  Y, De  Witte. t997. Source of  the bacteria

   involved in vascular  occlusion  of  cut  rose  flovvers. J. Amer.

   Sci. Hort, Sci, 122: 263-266,

Van Doorn, W.  G. and  V, Suire. 1996. Relationship between

   cavitation  and  water  uptake  in rose  stems.  Physiol, P[ant. 96:
   305-31l.


