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                                Summary

  Effects of  pulse treatment  with  silver  thiosulfate complex  (STS), sucrose  and  theiT combination

on  the quality and  vase  life of  cut  Eustoma  grandifiorum  fiowers were  investigated. Cut Eustoma
flowers with  two  open  florets and  four buds weTe  treated with  O.2 mM  STS, 4%  sucrosc  and  O.2

rnM  STS  combined  with  4%  sucrose  and  kept at  23℃ ,
 70%  relatiye  humidity in the dark for 20 h.

The  yase  lifc of  cut  flowers  is considered  to bc from harvcst to when  less than two  opcn  florets aTe

subtcnded  with  erect pedicels. Treatment  with  STS  plus sucrosc  and  sucrose  alone  extended  vasc

life, advanced  bud opening,  and  increased  antliocyanin  concentration  in tbe colorcd  paTts of  pctals
rnore  than did STS  a]one,  These results  indicate that pulse treatrnents including sucTose  are  more

cffective  than STS  alone  to improve the quality of  cut,  fioret- bearing  Eustoma  fiowers  which  aTe

not  highly scnsitiye  to ethylene.
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                 Introduetion

  Eustoma  grandijlorum which  has many  morpho-

logical variations  in flower color,  size  and  shape,  due te

breeding, was  introduced into Japan about  70 years ago.

Physiological studies on  flowering enabled  year-round

production and,  thus, it has become  a  popular flower in
Japan. The  vase  life of  Eustoma  flowcr is known  to be

rclativcly  long (Halevy and  Kofranek, 1984; Ichimura
and  Korenaga, 1998; Ichimura et  al., 1998; Shimamura
and  Okabayashi, 1997), but there are  cultivar variatien

(Motozu and  Makihara, 2001; Shimizu and  tchimura,
2002). Because  long vase-life  flowers are  desirablc for

pcrsonal use  (Imanishi et al., 1992), postharvest treat-

ment  for cut  Eustoma  is considered  te be important.

  Ethylene was  shown  to be involvcd in the flower

sencscence  in Eustoma  (Ichimura ct  al., 1998), while

STS, an  cthylenc  action  inhibitor was  shown  to be
effcctiye  dclaying fiower scnesccncc  in many  cthylene

sensitive  plants (Woltering and  van  Doorn, 1988).

Carnatien flowers senescence  imrnediately aftcr  expo-

sure  to ethylene  (Woltering and  van  Doorn, 1988),

whercas  STS  de]ayed it dramatically (Uda, 1996).

However,  STS  treatment  did not  extcnd  vasc  lifc of

florets strongly  in Eustoma  because its ethy]cne  scnsi-

tivity was  reported  to be re]atively  low (Ichimuta ct  al.,

1998),

  Since cut  Eustoma flowcrs have many  florets and

buds  on  each  flower stem,  promotion of bud opening  is

Receivcd/ Avgust 23, 2004. Accepted/ Fe[)ruary 23, 200S,
'Cerrespondingauthor(E-mail/hirokosh@uffrc,go.ip).

as important as delay of  sencscencc  Qf  each  florct to

cxtend  vase  life. Application of  sugars  to cut  flowers

promotes bud opening  (Koyama and  Uda, 1994; Mor  et

al., 1984) and  pigmentation ef petals by increasing
anthocyanin  concentration  ([chirnura and  Hiraya, 1999;

Ichimura and  Korenaga, 1998; Maekawa  and  NakamuTa,
1978) while  extending  vase  life (Halevy and  Mayak,
1981). Sucrose treatment  of Eustoma  has been shown  to

extend  the vase  life (Cho ct al., 2001; Halevy  and

KofTanek, 1984; Huang  and  Chen, 2002; lchimura and

Korenaga, 1998). Howeyer,  extension  of  vase  lifc by

sucrose  trcatmcnt is less than  that by  STS in some

ethylene  sensitive  flowers, such  as  swcet  pea (Ichimura
and  Hiraya, 1999) and  Oaypetalum (Hiraya et ar., 20()2).
In thcse  flowers, combined  treatmcnt with  STS plus
sucrose  extended  their vase  Iife morc  than did STS  or

sucrose  a]one.We  investigatcd thc cffects of  pulse treat-

mcnts  with  STS, sucrose,  and  their combination  on  the

quality and  vase  lifc of  cut  Eustoma  flowers with  many

flerets,

            Materials  and  Methods

Plantmaterials

  Flowering stcms  of  Eustoma `Asuka-no-
 nami'  that

were  growing in a glasshouse from Novcmbcr  2001  to
June 2002 wcre  harvested from  4 to 13 June. Somc
florets and  buds  wcre  rcmeved,  Ieaving two  opcn  florets,
one  of  which  stigma  had not yet matured,  and  four buds.
Bud  lengths at  harve$t were  4,5 L+ O.1, 3.7 ± O.1, 3.0 J'
O.1, 2.3 t O.O cm  for No,1, 2, 3 and  No.4, respectively.
The  flower stems  were  recut  to 50 cm  lcngth from thc
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lowest opened  floret at harvest.

I'ulse treatment

  Thc flowcr stems  were  p)aced in distjl]cd water

(control), O.2 mM  STS, with  or without  4%  sucrose,  and

supplemcnted  with  200  mg.L  
i
 8-hydroxyquinoline

sulfate.  The tlowers were  kept at 23℃
,
 70%  relativc

humidity, and  in thc dark for 20  h. At the cnd  of  the dark

period, the  flower stems  werc  transfcrred  to vcsse]s

containing  distilled water  and  kept at  23"C, 70%  rclative

humidity, under  1O "mel  ･ m  
'2
 . s'i  light intensity and  a

12- h photoperiod.

Evatuation ofvase lijlr ofcutflo}vers, tongevity ofeach
  fiorets and  pedicel bending

  All florcts wcrc  observed  daily to notc  when  the

pcdicels became  extremely  bent. The display life of

epen  florets whose  petals fully unfelded  was  cvaluated

i'rom harvest te when  petals lost turger  or  pedicels
became  bent; the evaluation  was  continued  until  the last

florets wi]ted.  The  vase  ]ife of  cut  flowers was  detcr-

mined  as  the  interval from harvest to when  thc  number

of  open  florcts with  crect  pedicels was  less than two,
Eight cut  Mowers  were  used  per treatment.

Measurementofanthocyaninconcentration

  Vioiet color  parts ot' picotee petals were  collected

from one  floret at anthesis,  diced, and  immerscd  in 5 mL

of  methanelic:  1%  HCI  at 4C  in the  dark t'or 1 day. The
supernutant  was  decanted and  the residue  washed  twice
with  2.5 mL  of  the  same  solutien,  The  supernatants  were

combined  and  brought to 10 mL.  The  absorbancc  of

the solution  was  measurcd  at  530 nm  with  a

spectrophotometer.

Mea,surententofsugarconcentration

  Petals (O.3 g), exccpt  for violet  color  parts that were

used  for the measurement  of  anthocyanin,  were  im-

mcrsed  in 5 mL  of  80%  ethanol  at 75UC i'or 20 min.  After

cooling,  50  IiL of  a  2.5%  (vlv) sorbitol  solution  was

added  to the mixture  as  the internaJ standard,  and  the

samp]e  was  homogenized. After ccntrifugation,  the
residue  was  re-extracted  with  3 mL  of  80%  ethanol

twice. The  three supernatants  were  cembined  and  con-

ccntrated  to near  dryness in vacuo  bclow  40iC. After

residue  was  re-dissolved  in lmL  of  distillcd water                                             7

solutien  was  passed through  a Sep-  Pak  C-  t8 cartridge

(Mi]]ipore, Milford) that was  rinscd  with  2 ml  of

distilled water;  the eluate  was  evaporated  to dryness in

vacuo  below  4{FC. The  residue  was  re dissolyed in 1
mL  oi' distillcd water  which  was  passed through  a

cellulose  acctate  filtcr (O.45 ltm,  ADVANTEC).  Con-
stituents  in thc aliquots  of known  volume  were  scparated

by a high performance liquid chromatography  system

equipped  with  a  refraclive  index detcctor (Jasco, Tokyo)
and  column  {}f Shodex  SUGAR  SP0810  (Showa Dcnko,
Tokyo). The  co}umn  was  kept at 8crC and  eluted  with

  Ichimura

watcr  at a fiow rate of O.8 mL  
.
 min'i,  Peak identity was

confirmed  by tssing  authentic  sugars. Quantitation was

achieved  by using  pcak area  calculations,  relatcd  to

regression  curves  of  standards.

                   Results

Effect ofS7S sucrose  and  their combination  on  the  vase

  lijle of cut  flovvers

  Thc  vase  iife ot' cut fiowers was  cxtcnded  by STS  p]us
sucrose  and  sucrose  alone  more  effectivcly  than  STS
alone  or  thc water  control. Thcre was  no  significant

difference in the vase  life bctween sucrose  a]one  and

STS  plus sucrose.  The reciprocity  between STS  and

sucrose  in the vase  lifc of  cut flowers was  not  signif-

icant; sucrose  was  more  effective  in extending  the vase

life than  STS,  based on  the  two-way  ANOVA  (Table
1).Ilffect

 ofS71S, sucrose  and  their combination  on  bud

  opening

  Percentages of flowering in Ne, 1, 2, and  3 buds

increased with  STS  alone  but not  in No. 4 buds,

compar ¢ d to the control  during the vase  life of cut

flewcrs. STS  plus sucrose  and  sucrose  alone  promoted
100%  flowcring in No. 1, 2, and  3 buds and  a high
percentage of  flowering in No. 4 buds  (Table 2).

Effect qfS71S) sucrose  and  their combination  on  the

  bending  ofpedicels

  Thc  rates  of  pedicel bending in thc control  and  STS

alone  wcre  higher than  sucrose  alone  and  STS  plus
sucrose.  The time for bcnding pedicel was  delayed by all

trcatments, compared  to the centrol  (Table 3).

E07ect ofSrS sucrose  and  their combination  on  the

  anthocyanin  and  sugar  concentrations

  Anthocyanin  conccntrations  of  color  parts in the

  Table r, Effect of  pu]se trcatments with  S'1'S, sucrose  and

        theiT combination  on  the vase  life of  cut  flowcrs.

Treatrnent Vase lifc (days)Z

ControlSTSSueroseSTS+Sucrosc

S'I'SSucroseSTS

 X  Sucrose

 5.8 aF'9.1b12.3c12,9c

P=O.Ol16X

P<O,OOOIP=O.0738

Values  are  mcans  of  8 replications.

i
 Vasc life eC' cut  fiowers was  determined as  the  interval

 from harvest to when  the  number  of  open  florets with

 erect  pedicels was  less than two.
'

 Mean  separatjon  within  colurn  at  I'=O.05  by FisheT's

 PI.SD test
X

 Ana]ysis by twe-  way  ANOVA.
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TabLe 2. Effcct of  pulse treatrnents  with  STS,  sucrosc  and  their

      eombination  on  the rate  of  bud  opening  during the  vase

      life of  cut  flowers.

Table  3. Effcct  ef  pu]se trcatTnents  with  STS,  sucrose  and  their

      cembination  on  the rate and  time  for bending  pedicels
      unti]  tast tlorets witted.

Treatmcnt
Rate ofbud  opening"  (%) '['rcatment

No.1No.2No,3No.4

Rute of  pcdieel
bending(%)"Tiine

 for bcnding

 pedicel(days)

ControlSTSSucroseSTS+Sucrose75sg1OO100 3g75100100 o

 71'[oo100

13137575

ControlS'E'SSucroseSTS+Sucrose56.362,529,227.l 5.7 aY9.8blt.Oc102･

 bc

"Bud

 ]ength at harvest was  4.5 ± U.1, 3.7 ± O,1, 3.0 -  O.1 and

2.3 ± O.O cm  for No. 1, 2, 3 and  4, respective]y,

iNumber
 of  florets whose  pedicles bcnt lnurnbcr of  tlorets

 including buds und  open  florets at harvcst fer each  trcatment,
'

 Values ure  mcans  of  8 replications.  Mean separation  within

 celum  at  P=O,05  by Fisher's PLSD  test,

THble4.  Efi'eet of  pulse trcatments  with  S']'S, sucrese  and  their

      fiorets at anthesis.

combination  enanthocyanin  tmd  sugar  concentrations  in petaTs oi'

   Anthocyanin

  concentration

COD530nm.gFw'L)

Sugarcencentratien(rng.gFw'[)
Treatmnet

Sucrose G]ucose Fruetese ']'otul

Centro]STSSucroseSTS+Sucrosc3,8 ai3.8

 a6.9b7.3

 b

12a1.5a7.0b8.6b  1.5a

 1.5a9.9

 b1:,Ob

O,4 aO.4

 aO,2aO.4

 a

 3.1 a
 3.4 a17.1b20.9

 b

Values are  means  of  4 replications.  Bud  Iength at harvcst was  4.4 +  O.
"Mean

 separation  within  colum  at  P=O,05  by Fisher's P[.SD  test.lcm.

pctals increased significantly  in the sucrose  and  STS

plus sucrose  treatmcnts. However,  STS  alone  did not

increase anthecyanin  concentration,  comparcd  to the

control  (Table 4). Total sugar  concentration,  espccial!y

that of glucose and  sucrose  of petals was  increased
significantly by thc addition  ot' sucrosc  and  STS plus
sucrosc.  Hewever,  total sugar  conccntratien  was  not

increased by  STS  treatment compared  to the control

(Table 4).

                  Discussion

  In this study,  we  investigated the effecL  of  pulse
treatrnent with  STS  plus sucrose  on  the quality and  vasc

life of  cut  Eustoma flowers with  two  opcn  florets and

four buds. STS  p]us sucrose  and  sucrose  alone  trcat-

ments  were  effectivc  in extending  thc  vase  life of  cut

fiowers compared  to STS a]one,  but thcrc was  no

significant  diffcrcnce in the vase  life bctween  treatments
that contain  sucrosc  (Table 1). The effcct of sucrose  on

the vase  Iife was  greater than that of STS; the reciprocity

betwccn STS  and  sucrose  in the vase  life of cut  flowers
was  not  significant  by two-way  ANOVA  (Tablc 1),
which  suggests  that sucrose  independently and  strongly

affected  the  vase  life of  cut  fiowers, Ethylcne production
in Eustoma  flowers was  rcduced  by sucrose  pulse treat-
ment  (Huang, 2002) and  STS  treatment  (Ichimura et a],,

1998). Thus, extcnsion  of  vase  life by sucrose  trcutrnent

rnay  bc attributed  to a  reduction  of  ethy]ene  production.

Ethylene sensitivity of  Eustoma  flowers is not as high as
carnations  (Ichimra et  al., 1998; Wortaling and  van

Doorn, 1988). In cut  flowers, such  as  Eustoma  with

many  florets that have low scnsitivity  to ethylene,  pulsc
treatments with  sucrose  are  supposed  to be more  effec-

tive than  STS  alonc  to improyc  the quality of cut

flowers.

  Thcre have been many  studies  on  bending of  pedun-
cels  in cut  roses  that is called  bcnt-neck or  weeping.

Van  Doorn (1997) auributed  this condition  to the

blockagc of  water  transport  by air  bubble or bactcria in
thc xylem,  whereas  Zieslin et  al. (1978) reported  that

bent-neck  is a  result  of  the heayy  load imposed  by the

fiower bud on  the pedunce] and  thus, is rerated  Lo the

mechanical  strength  of  the neck.  In cut Eustoma flowers,
continuous  trcatment  with  sucrose  greatly rcduced  bend-
ing of  pedicels while  increasing their rigidity  (Cho et  al.,

2002). tn our  study, STS  treatment did not  reduce  the
rate  of  pediccl bending, but it de]ayed its onset  com-

pared to the control  (Table 3). This positivc cffect  of

STS  remains  to be elucidated.

  Cut Eustoma flowers havc  many  ilorcts and  buds on
each  fiower stcm.  STS  did not  increasc the rate  ef  floret
epening  (Table 2) ner  anthocyanin  conccntration  of

petals (Tuble 4), but purse Lreatrnent with  sucrose  alene

and  STS  plus sucrose  did more  than  STS  a]one  (Table 2,
4). Similar results  associated  high sugar  conccntration  in
cut  flowcrs, e.g.  on  bud opcning  werc  reported  pre-
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  yiously  by  Mor  et  al. (1984), Koyama  and  Uda  (1994)
  and  that on  anthecyanin  concentration  by Ichimura and

  Hiraya (1999) and  Ichimura and  Korenaga  (1998).
    Sugars serve  as  a  substrate  for glycoside residue  of

  anthocyanin,  but also  for flavonoid biosynthesis via  the

  shikimic  acid  and  phenylpropanoid pathways. Further-

  more,  sugars  induce genc cxpression  involved in antho-

  cyanin  biosynthesis (Tukaya ct  al., 1991). In cut

  Eustoma  flowers the transcript levcls of  chalcone  syn-

  thasc, chalcene  isomerase, and  dihydroflavonol 4

  reductanse  which  are  involved in anthocyanin  biosyn-

  thesis, were  enhanced  by sucrosc  trcatmcnt (Kawabata
  et al., 1999).

    In this study,  STS  plus sucrose  and  sucrose  alone

  extcnded  the  vase  life of  cut  flowers, hastened the  ratc  of

  bud opening,  and  increased anthocyanin  concentration  in

  the colored  parts of  petals more  than  STS  alene.  Thesc

  results suggest  that pulse treatments, including sucrose,

  are  mere  effectivc  than did STS  alonc  to improve  the

  quality of cut Eustoma flowers. Undcr practical condi-

  tions, the  vase  life of Eustoma flowcrs will  be affected

  more  by pollination or  exogenous  ethyrcne  than it wM

  bc this cxpcrimental  condition.  However,  it is still

  unclear  whether  sucrose  has same  effect  as  STS which

  inhibits flower senescence  induccd by pollination

  (Lchimura and  Goto, 2000) and  exogenous  ethylene

  (Vcen and  van  Gcijn, 1978). Moreover, combined  treat-

  mcnt  with  surfactant  and  STS extended  the vase  life of

  cut  spray  camations  mc)re  than  did STS  alonc  (Uda,
  1996). Surfactant is cffective  in improving water  rela-

  tions of cut flowers, espccially  those having many

  branchcs and  many  Morets, Thus, it may  be possible that

  STS plus sucrose  treatments in combination  with  somc

  surfactant  ceuld  extend  thc vasc  lifc of  cut  Eustoma

  fiowcrs morc  than sucrose  could  alone.
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チ オ 硫酸銀錯塩 （STS ），ス ク ロ
ー

ス お よ び両者を組み合わ せ た 処理が

　　 トル コ ギ キ ョ ウ切 り花の 収穫後の品質 と花持 ち に 及 ぼ す影響

清水弘子 ・市村
．
雄

農業 ・生 物系 特定産 業技 術研 究機 構花 き研 究所　3058519 　つ くば 「ii藤 本

摘　　要

　 トル コ ギ キ ョ ウ に おい て チ オ硫 酸銀錯塩 （STS ），ス ク ロ
ー

ス ，STS と ス ク ロ
ー一

ス を 組 み 合わ せ た 前f処理 が 切 り花の 品

質 と花持 ちに 及 ぼ す影響 に つ い て 調査 を行 っ た．切 り花を

小 花 が 2 輪 開 花 し 4 輪 つ ぼ み の 状 態 に 調 整 し，0．2mM

STS ，4％ ス ク ロ
ー

ス ，お よ び 両者を組み 合 わ せ た 溶液を

23℃，相 対 澱 度 70％ ，暗黒 条 件下 で 20 時 間 吸 水処理 し た．

切 り花の 花持 ち は 2花以 上 の 小 花が 観賞価値を 保持 して い

る期 間 と し た．そ の 結 果，STS と ス ク ロ
ー一ス を組 み 合 わ せ

た処理 お よび ス クロ
ー

ス 単用処理 で は 対照お よ び STS 単用

に 比 べ て 花持 ち延 長効果が 高か っ た．ま た ，ス ク ロ
ー

ス 単用

お よび STS とス ク ロ
ー

ス を組み 合わ せ た 処理 で は，つ ほ み

の 開 花率 と 花弁の 覆輪部分 の ア ン トシ ア ニ ン 濃度が STS 単

用 に比べ て 著 し く増加 し た．こ れ らの結果 か ら，エ チ レ ン 感

受 性 が あ ま り 高 くな く，小 花を 多数つ け る トル コ ギ キ ョ ウ で

は，ス ク ロ
ー

ス を 含む 溶液 に よ る前 処理 は STS 車独 処理 に

比べ て 切 り花 の 品質 向上 に 有効 で あ る と考 え られ た，
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