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                               Summary

  
`Kiyomi'

 tangor  (Citrus unshiu  Marc. x C. sinens'is  Osb.) fruit hcld at ambient  
tempeiature

 
and

humidity for onc  to two  weeks  (prestorage conditioning)  prior to storing them  at various  cold

ternperatures  and  humidities were  compared  with  fruit stoTed  directly without  prestorage 
treatment

to scek  means  of preventing rind  injury. The conditioning  treatment  increascd the occurrence  oC

rind injury as  brown  spotting,  while  symptoms  of  chilling  injury appeared  as  pitting on  fruit stored

at  1OC.Rind  injury occurred  ear!y  during storage at  12 
OC,whereas

 it deyeloped slowly  at 5'6
OC

 
,especiaUy

 under  high relative  humidity (RH). `Kiyomi'
 fTuit, stored  at 6OC and  >98%  RH

without  prestor4ge conditioning,  remained  sound  with  little or no  Tind  injury for 5 months  after

harvest,
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                Introduction

  
`Kiyomii

 tangor (Citrus unshiu  Marc, x  C, sinensis
Osb.) fruit are commonly  harvested in early  spring  and

stored  for several  weeks  before being shipped  to mar-

kets, During the storage  period or  aftcr shipping,  rind

injury semetimes  develops on  thc fruit, thus reducing

their comrnercial  value.  Maintaining citrus cultivaTs  at

particular temperatures  for several  days before low--

temperatuTe storage  often  reduced  rind  iajury (Hatton
and  Cubbedge, 1982). The influence of  storage  tempera-

ture on  rind  injury Qf  
`Kiyomi7

 fruit was  investigated by

Hasegawa  and  Yano  (1990), but they did not  include

prestorage treatments in their study,  Polyethylene pack-
aging  had significant  effects  to prevent rind  injury of

`Kiyomi'

 (Abe et al,, 1992). The  occurrence  of  the rind

iajury seems  te be correlated  with  temperature  and

humidity conditions,  but thc effect  of  these  conditions

has not  been elucidated  foT prolonged storage  periods.
The objective  of  this study  is to investigate the effect of

prestorage conditioning  on  rind  iajury and  te determine

appropriate  temperatures and  humidities for prolonged
storage  of  

`Kiyomi'
 tangor.
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           Materials and  Methods

  The fruits of 
`Kiyomi'

 tangor (Citrus unshiu  Marc,  x

C, sinensis  Osb.) were  obtained  from an  experimcntal

orchard  of National Institute of  Fruit Tree  Sciencc,

Kuchinotsu, Nagasaki  Prefecture in 1999  and  2000.

Approximately 440 fruit were  picked on  April 1, 1999.

Half were  transferred to 5 storage  rooms  which  werc

controlled  at  1.5 ± O.5 OC

 and  88 ± 3%  RH; 1.5 ± O.5 ['C

and  93 ± 5%  RH;  5 ± 1 OC

 and  84 ± 2%  RH; 5 ±. 1 
CC

and  94 ±  4%  RH; 10 ± 1℃ and  94 ± 4%  RH.  The

remaining  half were  placed in a non-air-conditiened

but well-ventilated  shed  for 7 or  15 days, a  conven-

tienal prestorage conditioning  method.  Then  they werc

transferred to the storage  rooms  as  mentioned  abovc.  In

the second  year, 150 fruit picked on  April 11 wcre

transferred to the storage  rooms  directly without  cQndi-

tioning treatment, StoTage rooms  were  controlled  at 1 ±･

O,5 OC
 and  >98%  RH;  6 ± O.5 OC

 and  84 ± 3%  RH;  6 =

0,5 OC
 and  >98%  RH; 12 =  O,5 eC

 and  86 ± 49L RH}  12

± O.5 
OC

 and  >98%  RH. At 93 and  94%  RH  in 1999 and

at >98%  RH  in 2000, fruits were  kept in jacketed cold

storage  systems  with  negative  air ions (2-8 × 10'ilcm3)

and  50 to 120 ppb ozone  according  tQ Tanaka et al,

(1998) to prevent mold  and  decay,

  The fruits were  weighed  and  assessed  for rind  injury

during the storage  period. Evaluation of  rind  injury

including brown spotting,  discolored stains  with  creas-

ing, and  pitting was  based on  the rind  surface  as follows:

onc  spot  of  6-20  mm  (slight), 2-3 spots  ef  20  mm

(moderate), and  Qver  4 spots  of  20 mm  er  one  of  over  40

mm  (severe). Shrinkage of  fruit surface,  which  some-
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times appcars  on  fruit hcld in low humidity but un-

accompanied  by disceloring, is net  considered  as  rind

injury. The  quantitative data on  moderate  and  sevcrc

rind  iajury wcrc  combincd  to determine thc percentage
of  injured fruit that have  no  commercial  value.

            Results and  Discussion

  The decay in stored  fruit frequently masked  rind

injury and  prevcnted an  accuratc  asscssmcnt  of rind

injury during the holding period, Therefore, thc data in
this paper were  tabulated, excluding  the fruit that were

infected by mold,  decay, and  stem  end  Tet  oTganisms.

Effect ofconditioning

  The fruit lost approximately  3 and  6%  of  their fresh
weight  thTough conditioning  treatment for 7 and  15
days, respectiyely.  Aftcr 60 days in storage,  most  fruit

preconditioned for 15 days developed rind  iajury, of

which  the most  frequent symptoms  were  brown spotting

(Table 1). A  small  percentage of  fruit without  condi-

tioning developed rind  lajury after storage  at 1.5 CC

 and

5OC.

  Rclativc low humidity of  70  to 85%  duTing storage

combincd  with  conditioning  treatment  to decTease fruit
weight  4.5 to 6.5% prevented rind  puffing of  satsuma

mandarin  (Murata, 1971). Prestorage conditioning  is
currently  a popular method  for storing  them. Hatton and
Cubbedge (1982) found that conditioning  grapefruit for
7 days at 10 to 21 

OC

 reduced  chilling  iajury. However,
Ogawa  and  Sakai (1979) concluded  that conditioning

had no  effect against  brown spotting  of  hassaku rind. In
our  experiment,  longer days of  pTestorage conditioning
resulted  in higheT rates  of  iind  injury of  

`Kiyomi'

 under

any  storage  conditions.  Thus, we  concludc  that the

prestorage conditioning  under  ambient  temperature  and

humidity promotes the deye]opment of  rind  injury on
`Kiyomi'

 fTuit stored  below 10 "C

 .

Appropriate temperature  and  humidity for prolonged
  storage

  Data  from the year 2000  tests revea]  that moTe  than

80%  of  
`Kiyomi'

 fruit without  prestorage conditiQning,

Table 1. Occurrence of rind  injury on  
`Kiyomi'

 tangor  fruit stoTcd  with  or  without

prestorage cenditioning  60 days after  haryest,

Storage tcmp.

   (oC)

Percentage of injured fruitZ
Storage RH

   (%)  Days  in prestorage conditioning  treatmentY

O 7 15

1,5 ±･ O.5

1,5 t･ O.5

 5 ± 1
 5 ±･ 110

 r, 1

88 ±,. 393

± S84
± 294
± 494

± 4

o.o

 1.85.8o.e15,8

 -x55.040.0

 -x

 -x

71.457,892.557.190.9

!
 Each  ya]ue  indicates percentage of  modertately  (2 -3 spots  of  20mm)  or  sevcrely  (over 4  spots of

 20mm  or  1 of  over  40mm)  injuTed fruit,
Y
 Holding in a  non  air  conditioned  but well-ventilatcd  shed  after  haryest on  April 1, 1999.

X
 Not  deteTmilled,

100

80zzs[

 60eeLea

   40

20

            o

Weeks in storage  7 12 17 21 7 12 17 21 7 12 17 21 7 12 17 21 7 12 17 21

Storage condition  leC,>98XRH  60C,>98%RH  120C,>98%RH  60C,84± 3tsRH 120C,86± 4%RH

Fig. 1. Changcs in percentage of  sound,  injured, and  shrunken  fruit of  
'Kiyomi'

 tangor during storage  under

    various  temperatures  and  relative  humidities, Fruit were  picked on  April 11, 2000 ancl  stored  without

    prestorageconditioning.

'SoundZShrinkageURindiniury+ShrinkageMRindlnjury
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stored 　for　21　wceks 　at　1 ℃ and 　98％ RH ，6cC　and 　84％

RH ，　 and 　 l2℃ and 　 86％ RH ，　deteriorated　with 　 find

injury　and 　shrinkagc （Fig・1）・Fruit　stored　at　1℃ devcl−

oped 　tiny　pittings，　whereas 　those 　stored 　at　1．5℃ in　1999

had　silnilar　symptoIns ．　Pitting，
　observed 　in　Gur 　study

，

was 　similar 　to　chilling 　injuTy　of
‘Valencia’oranges

storcd 　at　l．5℃ Cwild　and 　Hood ，
1989）and 　low

．tem −

pelaturc
−
stored 　grapefruit（Schiffmann

−Nadel　 ot　aL
，

1971），
‘Kiyomi’fruit　stored 　at　6℃ with 　84％ RH 　or 　12

℃ with 　86％ RH 　developed　severe 　rind　injury　during　thc

storage 　period；the　severlty 　was 　grcater　at　higher　sto エage

電emperature ．　The 　frequent　symptom 　was 　the　discolored

stains　with 　minute 　creasing ，

　RH ＞ 98％ greatly　reduccd 　the　occurrence 　and 　the

development　of　rind 朔ury ；the　reduction 　was 　greater　at

6℃ than　at　12℃ ．W 卜en
‘Kiyomi’fruit　were 　sto了ed　at　2

to　20 ℃ for　3　months ，
　thcy　developed　less　rind 　injury　at

the　lowel　temperatures （Hasegawa　and 　Yano ，
1990）．

They　also　reported 　that‘Kiyomi’fruit　transferred　to　10

and 　15℃ aftcr　storage 　at　5℃ showed 　severe 　Iind 　injury

incidence，　while 　the　fruit　maintained 　at　5℃ did　not ．

Therefore，　apprGpriatc 　temperatures　to　 reduce 　rind 　in−

jury　of
‘Kiyomi’ fruit　during　Proionged　storage 　seem 　to

be　about 　5−6 ℃ ，Kanlayanalat　ct　al．（1988）rep 〔｝rted

that　the　devclopment　 of　 rind 面 ury 　 of　hassaku　fruiL

jncreased　under 　70− 85％ RH 　as 　compared 　with 　90−95％

RH 　at　tomperatures　ranging 　from 　2　to　20 ℃ ．Abe　et　aL

（1992）demonstrated　that　packaging　individual
‘Kiy｛〕m ゴ

fruit　in　low − density　polyethylene　bags　delayed　their

deterioration　aftcr　storage 　at　5℃ ，Our　results 　show 　that

high　RH 　in　storage 　significantly 　reduces 　rind　injury　of

‘Kiyom ゴ tangor．

　 Fruit　 s［ored 　at　6 ℃ with 　84％ RH 　and 　at　12℃ with

86％ RH 　lost　approximatcly 　12％ of　fresh　fruit　weight

after　17　weeks 　resulting 　in　the　rjnd 　shlinkage ，　while 　the

weight 　losses　were 　9．8％ and 　4．2％ at　6℃ with ＞ 98％
RH 　and 　12 ℃ with ＞98％ RH ，　respectively ．　High　humid−

ity　in　storage 　effectivcly 　reduces 　fruit　weight 　bss　and

delays　rind　shrinkage ．

　 In　conclusion ，　ouHecommendatlon 　is　that　to　reduce

rind 軻 uly
，

‘Kiyomi ’ tangor　fruit　bc　stored 　immediately

after 　harvest　at　5−6 ℃ and ＞98％RH ，　These　conditions

will　enable 　the　fruit　to　appear 　fresh　for　more 　than 　17

weeks 　after　harvest．
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清見
’
の 長期貯蔵に おけ る予措の 影響と最適温

　　　　　　　　　　・
湿度条件

　　　　　 藤澤弘幸
＊ ・高原利雄

・緒方達志

果樹試験場 カ ン キ ッ 部　859．2501 長崎県南高来郡口之津町

摘　　要

　カ ン キ ツ
‘

清見
’
の 貯蔵中に 発生す る果皮障害 を防止す る

目的で ，貯蔵前 の 乾燥予措処理 の 影響およ び長期貯蔵に 適す

る貯蔵温・湿度環境を検討 した，乾燥 封昔の 程度 が強 い ほ ど，

果皮が 斑 点 状 に 褐色す る果皮障害が著し く発生 した．貯蔵温

度 1DC で は 低 温 に よ る ピ ッ テ ィ ン グ が発 生 し，12℃ で は貯

蔵早期 か ら果皮障害 が発生 した ．貯蔵温度を 5，6℃ と した

場合に 障害発生が．少な く，貯蔵環境を 高湿度 と す る こ とに よ

り障害 は顕著 に 抑制 され た．‘

清見
’
果 実 は ，予措を施 さず，

温度6℃，相対湿度 98％ 以上 の 環境に 貯蔵す る こ と に よ り，

5 ヶ 月以上の 長期間に わた り果皮障害を免れ て 貯蔵す る こ と

が 可能で あ っ た．
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