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Effects of Temperature and Cyclic Dim Light on the Quality of Cabbage
Plug Seedlings during Long- term Storage
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Summary

Cabbage plug seedlings were stored for 9 weeks at 5°C or 10°C under cyclic dim lighting (1.7-7.6 £ mol - m 2+
st of photosynthetic photon flux density with a 1h-light: 23h~dark cycle) or darkness. Shoot length and fresh
weight of seedlings stored in darkness at 10 °C decreased after a transient increase due to etiolation, while those of
seedlings subjected to other treatments remained almost constant during the storage period. Dry weights of all
seedlings, mainly in the shoots, decreased during the first 5 weeks in storage. The decrease in dry weight was
greater in seedlings stored in darkness at 10 °C than in seedlings subjected to other treatments. Leaf color of the
true Jeaves was maintained to a higher degree in seedlings stored under light than in seedlings stored in darkness at
both 5 °C and 10 °C. Percent survival after transplantation of seedlings stored at 10 °C in darkness decreased with
increase in the number of weeks in storage, but percent survival after transplantation of seedlings subjected to
other treatments did not decrease throughout the storage period. Head weight at harvest decreased with increase in
the number of weeks in storage. Light reduced the head weight loss of seedlings stored at 10 °C. These results
indicate that cyclic dim lighting is effective for preservation of the quality of cabbage plug seedlings stored for a

long period at 10 °C.

F—U—F:

&

EIVEKEIER L, SHEEOBBASEY 7 <,
DREB—FEHEICHTE DS, BHEEVI—HED
BHEEME L RHEEBRICEOTRAIEA TS
WHOBBEREMICLI->-TELE Y, BEEOSOERHIZIZ, £
NICRASHOHEPREEL LD, Hi, BEORKOE
Wicid, FEHCPBTEEENIREEEE. Z0LHUE
PN L, B ®ﬁ@$@%ﬁm%l5t
iE, TOREORCEHICHABN L, HAaETH
%ﬁ%?ét&@h@&ﬁb%%f%é(é@é,
1995). /b itizd, HEEZBAB O IICAJRELIR D &I

EofrgskwohTins

F e XY DVIVEEE #EET ChET 5 &, Bl
BRI AICONEOEERKBBLCREL, B
HBNBENERE DN B, WHKEBRTOHOEE
MR B0 EPHOEEEM S 5> A TEELL S (18
o, 1997;/phJii- i, 1997;1LTF 5, 1999). BofE

[l

200343 H 13 H %21, 20034 9H 35 SH.
*Corresponding author. E- mail: bunsei@affrc.go.jp

RS, FXGHERS, +» N v w Vs, BB

17

RERAH

ERFREEZ TUA I ETHBEBTELIEM/MONT
WA5H00, HONBNREPNELZBLHLTICHET
E30EFERE 6°CT 3AM (B s, 1997), 3CT
1 HBE (NES, 1993)NBEEEIN TS, KT,
RS (2002) 1, F + N EIIVREH % 10°CT 2:8EE
BU, BT & 2868 AREET HE E (PPFD)
0.5~10 gmol.-m™2 - sec™! 3% 1 HY47 0 1B DR
BCeHIBHTsZ T, BORRNMEIEhE &%
oMz Lic, 2ol &hs, KRERFELTHIEILHE
REJETCRE 21TS5 2 & T, T O W ORERIBH
sh, FEREEBOEENTEEICKE LELIONS.
FIT, AFETCEHF » RV 2 VERE OB %
9570, BERRE &M oMES L URIRFEHER
SoFEIITEFTOHEONBENGE LEME, EEOL
R, EEORREICRIZTEHEII > THEELL.

HEBLUVAE

FREEOCHESIUBMRBERS®
FENAONEHNRESLUCEYER
BRETxE

20014F 12 A 20 Hic & » NV 58 “£ % 2015 (¥ 4

ES -



18 et - REAME - W L3 - R HE—

y0yR)ETROBHARKEST (FEEL, Yre—)
EEDLI28R M UAITFELL. HREEETMEL
A5 RERN(RIEKRERISCCRE)TEE L, EER
10 B B & b B A ZERER 1055 FRKE 18 1o
BU/. 1248 (3% 358 ) IR E5IE Uk,
HREBXIIR AHEEE (5°C, 10°C) &WiEatRato
B (B4tL, BEE;D)2#EsAbE, 5SC-LK, 5C
-DK, 10°C-LK, 10°C-DRX 0D 4K 57, HiZ
1Ric>% 1 50BIPEfF &4 v F 2 X—4% — (LIB-301,
IWAKD N TR Uic. BIREFEGRIE, 24KR%/0
1R OERB T, 40WB/EENLIT (OSRAM FLAOS-W,
ZEBL )X IASTIRTUT o/ HICEIET 2 BE
i, PLAOfELYBE Uiy, JEEI S DREEEC
o TRy, EEEONKMEEIT PPFD
1.7~7.6 pmol-m 2 -sec™! TH - 7-. Wit IBERETEL,
BrEeid AR —EKEKAE b L4 BT & D EISHK
L. HERERNOEEHEMEEL 83% Th » 7. Frgh
a0 S LEAMB SIS MU A OIS LR ROF NS 9
EAOH R L, HOEEMOERE, BX, FEf, X
EHEMMOGHELAX L. EXRIMEISHOK
EEETOESE LA ERRE L E2XREIOVLTE
SR (SPADS02, 3/ )V% ) THIE L.
B2 FEEELFEIEOHEESLIUEK
BAEBHOBEEINEHEBOEFXS &
UPNEBERORBHECLREITRE
20014 128200, 2002418 108, 18 31 Hic#E
L, 35SHMEE UChrsassba L. did 3H 28
BETEOWEFN 9EM (12H200#E), 6BM (1A 10
HYgfE), 38R (1H31BHE )L, EB2TS,
BB ER 1 LA ULEHETITVWSC-LK, 5C-DK,
10°C-LX, 10°C-DR® 4:BX 47, LWIFhoig
TEH O IR FIER O ARZEL I 25 THEEPIOEE IR
FAECH -7 FEERTHER, 1X 15tkko 2REE LT, ¥
FRENFFERES (O ETEES JICEE L. &
7o, 2A21BEHBELCEEEFEX & U CREFICER
Ufc. AR 70 B ¥ 4 7 OWERITIHEEE & CDU/LEK
ZEAVWTN, P,0, K,0T24, 22, 24kg/10a%, F1c,
REEE L AKX 100 kg/10 a 2 2B HB T - /o, EHE 20
BRICRBEAABL, £/, 68 13 BICIE L TSR
BEr@ALELR.

ERBLUBE

FHEEEOCHES LUBRBERBHOD
FEL)LEHONEBHNRESIVEYEI
BRI

WHE S (1996) 35 L OERES (1996) i3 F + N &IV
HEERIREECHERIEL, FERENSLS
L, HHAER LU THONBHREMET L, FELHE
BBBIEEMELTVE. AERTH, BEFEL

EE 1.

HE, JhooWmELRRBOBERAIED ORI, TH
bb, 10°C-DR T, BHEE L CEX ARG
D94 cmd» SfrE 2:@HE IR 11.2cmic, HMAEIZ09g
o 13gicimL, 20, EFRNENL OO,
FEDPRENKE L DIcENL, ERELHETLL
(B1K). LH L, HoERRBARIEEBRICL > TH
Zoh, 10C-LXTIR, BX, £REE bR %ZE
CT—RICHEEB L. —Fh, 5C-LRESC-DX T,
EXPHEBEOHBIHENRED SO . T4b
b, WX & BT OE B 28 U TN DL,
ERBERIFRAAEETIZ0TIgIETLLEbDOD, £h
Vi —E B Ui, WREBEDS STEEE S L, &
BOBEIL » THRESIHI I N/, BRFELRS
DORNHRE Lo EEZ LN B.
FERGHER, CThORRX B SEE X TET
U, Z20#%IE—FIc#BE Lz (B2/). BRERBH
MBI RITTRHEREREIC L > TRUA D, 10°C-
LXiz 10C-DR & W EHEN G RS hicd, 5C-
LX & 5C-DRTid, EEEYEOHER ITHEND
S ot —F, ZEXORMEHE IR IEED
5RRET 9 2 EmNTED S fcdy, 12~23% OFH T
B L, EXTEERHN EFRREOZEIRD Shiah
-7z
BETCTHAREYT 5 EFFRIC L 5 ZIRILKEN 2D
BUHHC & » THFRTOHOENENBL 2D T, Bk
BEZEC UTHOMRERRF ST & (HES, 1995
Pritchard 5, 1991), & 3 i3, St SEREOHLEER
14

H¥X(cm)

HERE(g B

PR GA)

F1H WREEOHERE (5C, 10°C)b L ORI REOE
(S L, BR :D)AXEFERIcBIT S+ v~y VR
REOREROREN LGB RITTHE
Rich OFt I BB AR Y (n=9)



BE%HF. (Hort. Res. (Japan)) 3 (1) : 17~ 21. 2004. 19

90

80

70

60

£
L S0
E -+ 10C-L
B 40 e sCD
E —& 10C-D
30 -
HRE
20 N 5*@ E
E
10
0 | I | f ] { |

BrIEHAR (&)

F£2K WEREEOHEE(GC, 10°C)H L URIKRSLBHOEE
(BE: L, BE:D)FRERTICEI) 5+ v~ £ VERER
OEYE I RITTEE
HMrho#tiIEERZE 2R (0=9)

35 ¢

30

25

20

EEE

15 - —o- 5C-L
-~ 10C-L
- 5C-D
5 | -® 10C-D

10 F

0 1 2 3 4 5 6 7 8 9

SR GE)

F£3E HHREEOCHEGT, 10C)BLURKRELREOEE
(B&: L, BE:D)MEBFRBI S+ v~y v VEREHE
DOEMBITRIFTTHE
EEMERBEFRT (SPAD-502, 3/ 09 )itk A2HEES
R
Erh oI ENERE 2 RT (0 =9)

HLUTHIEEHETHYE 5 2 & T (Kubota- Kozai,
1995; H7E S, 1996; Wilson &, 1998), frEiF oM E
OETHIERE NS Z &a@EIhTHS. L, 10
CT2AMBERL I F + XY VB O EEHEYE
iZ, PPFD 10 ymol-m™-sec”! oEfETHEFFIN 3
bo®, 24EH%E Y 1M OB KB TREDENE
EFEEELORNWIEBTHONATVS (LS,
2002). T &DS, BRFFHBHICL BIEEROIER
K& > T10C-LROEEHFEHEN» I0°C-DRLD &

ol BEZLIIL L. FEBRTR, FXOEMEER
THFLEEOZIHED O, i, EHENMETLL
Bk SEE FETIcBLT, 5C-LK, 10C-LK, 5°C-
DX TCHRFEOADPEEL-DIZHL, 10°C-DKTIE
FEPETOEMEFENIEL THEEL L Z LIRS
Nl Eh S, FrRXVEIMKBETE, #BRIZE-T
BRINZFBENFHOEYERTOERRREZZ 5h
7.

AEOERMEIZODWTHSE, 10°C-DXDZDMEE,
BRI D 340 SRR SEE T 3K T L, £h LI
BAZEDENPEKEDHIHIEIRIREE S - 72 (B3
K). Zhicxtl, 10°C-LECiiEEME, R 9BE T
$22L 10C-DR &L Y EL #MERFENL. —F, 5C-D
RTd, EREIFHKIBEE T T2 18IKT Licoick
U, 5C-LRK T2 32& 5C-DRE DS HEEEIH, |
FRREX I B O THRBERIH I EAMHE KT =B
FTHIENTAD SN, EMEBEOE (B4R, At~
THEIBHOHIE, MRBIERF 2T S5C-LK
(24K, B)& 10C-LK (4K, O TIHIENMIIKRT 3
fErER LY, HEHSREICELOHLERDoIL
ot LML, 5C-DX(F 4K, D)TiE, —EoD3E
PEMLL, 10C-DX (£ 4K, E) TIIEERLENE
LU TENL.

INSDI ENS, FFEREEN STOBEICIERICK
> THRENIHI XN B, 10°Co & 5 5 HBINESWEE
THRRFGRBHETH Z ETREDSHTH EN S Z &5
Fhohi. i, FHREEES5CEUTHEREFETIE
T BRR T E L h - HEAEOEKT b RBIXFERI T
ISBEEINS I ERTH o, KB EBERBILEY
OHAEbRICL VBONENRE 2 EIEMR T2
nREHER &AL
TR FEEELAFEPHNOBESSTVHEXR

BAEBHOFEHITHEBOEEES L
UPNEBORRECRIEZIEE

B UEEROE MR T 3 IR OERICHE > T
EEE NN, EMBROJEEMHEDOERPEMBEDR
BRREECRBEICEELEZ AMENH > DT, ER
2T, BEAATSLTHEUBICEMUCEZHEAL
7.

% 20 H EoEERIZ, JAMEETE, WIho
Kb 100% TH - 7-h, 10°C-DR T, 6 BRETEKT
47%IAETF LU, SEMETE CIIERIRIELIc (F—5 4
B). EELUAEE, EHRMET U CHESEKBILT 5
7edb, IKEREIERED T (FEIE S, 2002), HrEMN &
DIKIREE, SRSHOEMCRHEIN D LRBBES IR
DT EMBEHEEIN TS (Preece- Sutter, 1991,
Sutter - Langhans, 1979). &ZEB® & 5 ICHERE I
BHESICHEEET 5 &, FHKEEOEKTLESN A
e X BEEO LREHFERE » THOERENEICHE



20 PERSCEE - TR AME - L30T - tREE—

F4R ERE (A) B LTI 98
Ho#F » ~ v VR EIH
ErRREE 5°C CRIKEEILIRSE

(B:5°C-L)
FRURRE 10°C TRIKEEEREE
(C:10°C-L)
B RS 5 °C TRIR LIRS
(D:5°C-D)
BRI 10°C TRIREES LI
(E: 10°C-D)
14
[ =z W 5°C-L 10°C-L
12 - " a a OsCc-D BH10CD
% 1.0 bcbc bec
= 08 [ c g
2
N
04 |
02 |-
0
0 3 6 9

HPERHIR (8)

EEE Fv Y R VRRIEOREICE T 3REGT, 10CT)E
HAR (3, 6, 9:ERE) OB X CRIRGELRE OF# (18
B L, BER: D) DINEROEREICRITTEE
128 205 (9:E/E), 1H 108 (6ERErE), 1H 31H
(3:BRHERE), 2H 218 (EFE)EEL, 35 REH
LTENZTh oS ZIIR L 2
LTOREXIZ3A 288 IcEEL, 6 H I3HIINELR
MhORIZBTNT 7y M SHRETEREEFD

e 2 EMEEXE. £00HIC, FELLEHIEZEEHE
IKZBEOKGDRbN, MFERRIEMLIEEZ ohk.
“hicxl, 5C-LKX, SC-DRBLU10C-LKT
iz, SRR L7z S C-DRO 1% EEEOHEIZL
- THEFE U728, BPdits A & 72 » CHEBET 5 #kid 68
BLUIERMEBEL-EERHOACOTHORICENTS
FHONEN -T2, O &, EEPERIEERE
BT L cHoRRS IR S h, HEZROEBRS N
Elsnil scBRTIEZEZSNS.

IV DEBREIC DT A B &, IR 10°C T
REBEEBH OEENED s, EBIFEEO 1.1 kgioxt

L, 10°C-DX Tt 3ARHTE T 0.8kg, 6BERIRTET
0.6kgiMEF Ld (85K), 10°C-LRTix, fgel
HOBIIZE S BEREDK T 10C-DR L H/hal, 9
BRI TH 0.8kg ThH -7, —F, SCTTHELIS5C
-DR & 5°C-LIX T, #BRE 3 AR CHEFERX
EED Sk, 6HERBRE S LU OB T34
HRENMETBEROZ L L VIET Ui, i, &FEPH
BN TSC-DRESC-LXTIREBEREICENAD S
NI - 7o ETES (2002) 13, BEEGEE 5°CT 2ERMNS
BT U7 F ¢ N VKB o B EH O LG R E
10°CTHBLcE & 0 155 <, FREEN10CTD
RIRFIERE A1T - 1 E B RFE O L » EROE
SREEN2ED BN EEFEDTINS. 51, BE
T 2BREELUCF » XY v VEREEHORKKIIER
BEFREESCT80%, 10°CTN%KTTAIEND
(Sato 5, 1999), FERFFHEHICL > THEFMITRKIL
PPEEE I NI E LT H, ISR L BII2h, &
72, HEBEINEWIECHORKMLMEERIEL KT
TR EIND. HOREREE PRI EZENE
WHIBEREBEORBIE LY, 2oBoERIIREC
WA ENREINTHS (BRI S, 1996). Thodl
Eh S, REBRITH T BHEERE O X REZ 3 EREIC
B 3HORKMMEEDEZ VPR DOER LY
BLTWB EEZONRI, Ei, BATNESELT, 3
HERETE L7z 10°C- LR OFEERE L 5 COMXICLE~RT
SN S D oD, GERE LU AR L0
SIERRNEN - bDD S COHK & DHICEENZE
DED SN SO DR, SHFECBL
TIRBHRE IS U TEEOEENRE LN, RIRTEIC
B TIEERE IO UCHIRSE B ORI/ KRE N



EEZEHF.  (Hort. Res. (Japan)) 3 (1) : 17-21. 2004. 21

LEERL TS,

UbDZ Eps, F+ XY VEEEHORPFRICE
WTRIRFEEES 21741, 10°CTEEL TS 5CTR
BIFELUH EAREICHONENRE PINE AT
x5 LBy ohi. MRFEEBH ORI, PPFD
1.7~7.8 pmol-m™2 - sec™! @ HLEBLHIES U ik O GRS
BHTHRONEIENS, FEECHREINTH R
FAOEET R ETHRATEIIENTETHS. F+X
VO XD BEFHOW L, REHOMESICNLMT
HB720, FRICET 3 aX MIHIARTNIER S,
LI EITREEOZE TR SR T X
MIRESRKBRINEDT, HEVWEBT DO WEET
FrREEES TR LR ONBTHSH. i, fF
e AHOREPEBICL - Tid, BIPMEEREICL -
TAFMEB EORBREENIIERBIZINE I ENDH S
(EFE S, 1996). MRFEEES I OL S BHEOBE
MERFBRELTHILBFRICBLEEZ OGNS,

m =

FFEEIERE 10°C, F7-id, 5CE LT, F+ XU B
RIEy = /K556 4t (1h BA 8 - 23h BEHH, PPFD1.7~7.6
pmol-m2-sec™), F7oid, BMEEZHOS &, IBERIITRK
L7z, HOEX EEKER, 10CEERTRERICE-T
— BRI U 2B ICE T Lo, oK TiRigiz—EicHt
Bl BHOEHER, WTFhoRBX bTIcEELT
KTL, Z0ETERER I0CERERPBOR L hKEH
51, AEOEEMEIZSTC, 10°CE bICFER & o Bt
RTaEmMEFahi., EMBOEFERI 10°CHEX TP
BB OBANCENMET Lich, oK TREFENE%
BUTKT LAY - 7. INEROBEKE I FEEROE
IicE - TIET L. 10°CTIZRBSHC & 0 FRERT A
BE L. UEoEREDS, MRIHLERHIE I0CTOE
BRI B O THF » Ny VKB O B RIS IR
THBEZENPESMER - 72,

5] B X #k

BHEE - EW E-TR—E - BKEET - BEERL - F0
ZE—. 1997. F+ RNV e LFEHORBITEIEE S &
UERBOETICRITTHE. TEBHADER. 38:27-
33.

BEEC S8 &-BKEET-EERL. 199 #ETi
B35 F v XY VB OROAETEL & EREOR
W& oG B, 65:545-551.

BERL-FUES-F B-58 F- g, 2002
NaCIfEFc & 3 F + XY =V B E OGERIH] - R
BOEses 71 796- 804.

INFEIR-IERELTE - WE 5. 1993 ToyIY—, F4

NYVICH T 5 2 VEREH OB R OET IR
RS BEFH. 62(51): 250-251.

S - ALEE  SEEE T 1995, HFEOERE LR
R, p9-32. HESH - NIEEE. wVEEEOKEK
T, B A

HIEEH - ARBHER - L2 - B EEE - JbeEn.
1996, FHETIRIRREIC & 5 - X VA S O £ B
B LUEEMER. AR 34:135-139.

Kubota, C. and Kozai, T. 1995. Low ~temperature storage of
transplants at the light compensation point: air temper-
ature and light intensity for growth suppression and
quality preservation. Sci. Hortic. 61: 193-204.

INNERR - EE & 1997, (KRIFRIC & 5 F ¢ XY 2IVEL
M OWHEMR. WESnhEGEE. 7 23-29.

Preece, J. E. and Sutter, E. G. 1991. Acclimatization of
micropropagated plants to the greenhouse and field. p.71
-93. Debergh, P. C. and Zimmerman, R. H. (eds.)
Micropropagation. Kluwer Academic Publishers. Neth-
erlands.

Pritchard, M. K., Hew, C. S. and Wang, H. 1991. Low-
temperature storage effects on sugar content, respiration
and quality of anthurium flowers. J. Hort. Sci. 66: 209~
214.

e - H B BRERIE. 1996, FESEF - VEEE O
BRI S 3 ERERCFEAM cEE L0
1%. B 65(51 2): 390-391.

Sato, F., Yoshioka, H. and Fujiwara, T. 1999. Effects of
storage temperature on carbohydrate content and seed-
ling quality of cabbage plug seedlings. Environ. Control
in Biol. 37: 249-255.

RS -/ B BERIL. 2002, (EREET OBERE
FRFE 4y Ry VEEIHOEE S L UREREIC RIET
B, KRS, 40:317-320.

BEEESE - K- BRERIL - EBESCE. 1996, F ¥ Ry
VBB ORBEESEE CRIZTRE. BEE.
65( 51 1): 298~299.

Sutter, E. and Langhans, R. W. 1979. Epicuticular wax
formation on carnation plantlets regenerated from shoot
tip culture. J. Amer. Soc. Hort. Sci. 104: 493-496.

Wilson, S. B., Iwabuchi, K. and Rajaocakse, N. C. 1998.
Responses of broccoli seedlings to light quality during
low -temperature storage in vitro: 1. Morphology and
survival. HortScience 33: 1253-1257.

W= fk- THEEY. 1999, F + XYV
HOD Active MA B2ETRE. BESM.  68: 1015-1021.



