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Effect of Retaining Basal Lateral Shoot on Total Soluble Solids
and Yield in Tomato Trained on a High Wire System

Hidekazu Sasaki, Yasushi Kawasaki, Ken-ichro Yasuba,
Katsumi Suzuki and Masayuki Takaichi

Summary

We investigated the effects of retaining basal lateral shoot on fruit total soluble solids (TSS), yield, and
bleeding rate in tomato trained on a high wire system. The TSS content of fruits on plants with basal lateral
shoot was higher than that of fruits on the control plants. There were no significant differences in marketable or
total yield of fruit or in average fruit weight between plants with basal lateral shoot and control plants.
Retention of basal lateral shoot might increase the fresh weights of shoot and immature fruits. The presence of

basal lateral shoot induces root activity related to bleeding rate and T'SS content of fruits in tomato trained on a
high wire system.

Accepted; September 24, 2012
Vegetable Production Technology Division
3-1-1 Kannondai, Tsukuba, Ibaraki, 305-8666 Japan
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1 XA HhDEYFER), FHERSHE

Z A4 #1 [Citrullus lanatus (Thunb.) Matsum. et Nakai]
77U AMEBEEEZEZ SN TS Y Y R T, HE
DR AT 7Y A OB HAE L TH A ()i,
2003). 1H#i 1{EDOREY T, M« HEAEEIRIES 505,
MEAEZESED 5 3D 1 RE LD, =Y 7 b, Hid
MR, hRT O T, R, S Sy & v &

T 470-2351  FAIELANZ AR ENT TR PR 40-1
S5 A R R AR RIF ZE SRS
* JUNM R ZETF S |~ & — KR « B SSRTZE frIsR

T AR AL E R EEMFE R CFK 234 12 H, #6807 %) ZHEIHEE - MELZLDTH S, ARG oI, HEBRH 39,121-
125(2001); [ 54t 70,725-732(2001); J.Japan.Soc.Hort.Sci.,70,69-74(2001); [ =W 2,35-38(2003); oJ.Japan.Soc.Hort.Sci.,72,497-503(2003)

IZBWTHRELK.
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UCTHEMTEE L, OB SR & ORI
b U7 (donl, 2003). HEZETEIEFH (BH) O
S H 5. B REMOSEEKR LT, £, H
WCBAAE « fEFEIIC @2 2R 5. A HHERIT R
25 ~ 30°C Ui 30 ~ 35°C), il 18 ~ 22°C (X 16
~18°C) Ths. ZHM, WhElfs, HEOBIERIZ
V. HAIZIZ 16~ 17 i A s h, BRICE
K Ut Blpidams, HiduiEiEciibh, 1k
Mt ) O FHIEA TR AR K &0, A TR,
DRI THTDON 2 AN UM, BRTRHESE
B TR — IR BUE IR 3 2 B pokEE T, 1 k%<
DEREL 1~ 2 RICHIRENBEAMNZ .

2 RANEEORREIIFEEDOERE

ZA 7, P21 FBET, HATHEEINATHS
T RO R TR F vV ICROTHEERNSZ L, B
¥EoPTbF 2w, b MIROTHERNZVLE
KNEETH S (RMKER, 2010). R A H OEFFHE
ik X OAEFER, WA 43 4D 40,600ha B £ U 120
Ht Eixmiciixigd U (HH, 1986a), AT 60 41
i% 26,400ha, ¥ LT 68 Jit, FiK 21 4Ei2i% 12,100ha
BLUB9FtETHY LTS (EBHKES, 2011b).
A A A E R B AR TERE S N B IR SRS, it
ARAREE THRE b REAILAE O P BoRRs & Pl T Pk 21 4
HIfETH) 2,900ha (X A 77 &3 FEHE DK 24%) &% <,
A 7 BROFIEHFE D LT b T, Mk
OEFER T, SEOMIZIF—ETHEB LTS Bk
FEA, 2011a). Z OMEFARRE M M~ b, A v UM
Aoy EBEA 0 O, sULYYY, 4F
I, Fa2aT7VIZROTE L (BHMOKES, 2011a), A
AR EZIC B A RESERELEHETH S, 1D
LRI IR 3 B T i R R S T
5ENH T &, EHRETHEETERORHTOZA
HOBREPERTHEIEERLTNEEDEEZZI SN
5. XoT, AL HHEFEEMERT B 00T ISR A
HERE, BBIE2LENHBH, ik R M
&0 o Mk N ZE M &2 AR R U 72 BRI A BER Al D 38 A
MWLETH 5.

24 HHEFEORHV OB E LTI, W, 4RO
WHiin bBERMBEZ 5B, HEM»SDERKE LTI,
RPN S FEZ  ORFERENERINE LD ICE -7
TER, TARZ ) =L EDOKHE « A AT A
OO TOPFRICAFTEL LI ICH -2 L, KER
AABRETETHPTICOERBZIZHFRLBNND T

XBZ &, REMNITHELTRRITH S oD BN %
&, EBIF oS (AW, 2002). —4, A
SOEKE LTI, BEEY @ mgilEic k3
HFEEROIKT & &b, EEFHORRLAEL P T,
ZA G EE T ORI S B 70w, T 0 g,
75 & DERAEREEMA IS 72 BB TIT S 7o BB
REEMBPNE L, REREONHEIZZ L 0%
EOEESTEIEENS, EBBHESBOSHTHS
EmBEFohS.

DX BRBOFT, 24 AEFEITENT RS
B OBIEEARD SN TS, fho B O RE;
EHOBRIEEITOVLTIE, @RV FEEFH LB
< MERBeEREE (B, 2006), o F I@maakiy (R
JH, 2004), mEFEREESEEGHEREHOIZ P PO
474V —F51v A7 LK B8R, 2006) EAFEAML
SNTWB EEBIT, ATy« BAEERIEEE « F5 5L

B —2 ZA7ONFEER: () iduie: () o
REEEICB T B IEERE
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WOWTHRHEBLOERBED SNTED, ZMHIEE
WTHIDE) BEEDL S ORFADBDLETH S, XA 7
MERARIE I B 1) BIERELRAOERED HEE LTE, A
HOFERH 5 NEMEE A0 rD &y EHFICHERIL
REAEHITR UTHNE T 2 MR 0B o —> &
LTHEEEZ OGNS (K- 1. SRR T, I
HBNINEEE LAHICHETTE ik, iilEEKk<
B LT, BRHMAETH S, T, AELLEIHF
(KD DERZE, ZHEOREFEHOIEEMBEN R4
D, HITOEEEO XS ITHEELBDID 6 NEETOE
EnPIECRs (M- 2). X517, #iiFvikE &k
THERENOYRNIZBEEMMNRREL Y, BRRAEFED
WERER O TES. £ LT, REEZVLPRy b
TZEPITHE 2 ST X O REAMITEN Y5700, H
O COHELREE LEESTLAEATELLD, R
FONWMEA RIS, 2o ilB0TE, REOD
Foy NRARREE, BEE, B bRFOMTUAREROIZ
IDHUTOEIRE L D bEN S EMREIh TS (B
I« A, 1975)

A A 71 ONERFEIEE, EEIR A HOT o 2~
REERETIThh, BARIRICENTHI I 104F3ED
BHTEADHEA TWB D, A 7 ORI S
H5EZDOMBRIILSDIMTHS. IhFET, WocH
D E ORI R EE S 2 &0 S BlLE A S OFFEE
B & 0D Ll D T H - ek %, (EE AR
DR EWEITOHUT OIS ITBD 5 21 A DftigkNICE
O BRI ERER E U TR TEMA L, HkEX S
BT, AR ORFEAEREEZD A Y v b (FF
) PRI ONTORBIYSIRIL A IR T 5 2 &0
DETHE, TIFEO M AU TE, AR RO
oy LR U THINE S D, hofEEAESREE NS
IEBHEINTLSE (K5, 2010) 3, HEUNERI
fEfrEs T, —RICEBE TR, REISHT 248
REEFOEMOIEL L, BEhhicktbo FTcEhiiy
DIAREDZEO T hENS T E &, fEOH LR
BERD 5 B ENIET O & I R 1T% 5 )
LS, 200 HERIZK > THRE S (AH, 1984). Lo
T, ALIAHEEE X A 77 AR D R FERFTED T IZ B U T
b, RERAI @A DA RA I $ 2 ZRITmA
T, KAREY DL « 53T DR ARG 2 LB D
3.

3 RAHDRERKXM - NEHHFEDIKR
ZA4 A ORERKPIRIZONTIE, HFuEEICEs

WTHEmMBORLE G - /5, 1942), REHEOK
# (NeSmith, 1993; Duthie et al., 1999a, 1999b;
Motsenbocker and Arancibia, 2002), #Hili% 5k
ROEE (AR S, 2002 HIX « 8K, 2004) , ki
PHEAEE, <V FDOEE (Sanders et al, 1999), #
HEEP<IVF, HERDHFE (Brinen et al., 1979),
e, SRR, AREBAROHAGEORE (KRS

1980), fERISPEAEORE (WA - P, 1987), &
Kenfd MR A, ERMEEOLE (085S, 2002),
<TIF R b RIVIEEDOKE (Tbarra-Jimenez et al.,

2005), b Y RIVEIEICEBT 28K EDORE CEHES
2005b), Hfi B &t @ % 2 (Locascio and Hochmuth,

2002), b ¥ xIVREEEIRERE IS B Ao, i,
MRS B OB (A « /B4, 2005), LML
D% (Nkansah et al., 1996), EHIFLHTHORB T
D (NeSmith, 1999) s hTns. Zho
Db, FHE - RE (1942) BEmMBESIRKEIFER
FHENMKECABE T E, S (2006b) AKD LS
AR IFEREEREMT 2D S &,
Ibarra-Jimenez et al. (2005) DSHEREEFICBIF 5 <L
F bRV K 2 RIHRINEOENE, MBS
HEOBENTIEFATET, HERY72 D OFEHPEIER
DOHWEIZELD, KLPHTE S Z &, Nkansah et
al. (1996) 7% ‘Baoguan’, Xinlan' O 2 ShEEDEEHK
Fprk A i L, INED & - 72 ‘Baoguan’ TGS
BRI, AHOEE B X UOKAMEEEA Kinlan® LD
bEDS I EERELTOEN, ZhsPio ido
BESR T, ek pe 1 B9 2 A A R 0 1 SEA -
BEtLcb D R2Y77 570,

—Ji, AA ANEREFE TR, R INEES, 1984a,
1984b, 1985b; ML 5, 2008) %, Hift « mAK (i
5, 1985a) HORIETFiRII>LWTHESh TS, L
MU, BB ICHET 2 EREFAELcbDELT
i, EREIAREITIREDIZBOLT, N ZANER
H i & P 3B B LB (R s b 5 & L sl &
ncTwd JIME, 1997 ©AT, Rk EKICER Lk
SR 2 BROPIEIZZ . & 51T, itk
b ST OO IO LTI, S h SRR
B CIe A A T B3 2 R & R FEIERPE & b U 72 4
FIhETHRESNLTORN,

U URBEDS b, 24 7 ERBRICMEEYS720 D
HREMAHEN DI, AU REEZNEST 2 A0 Y,
AARF P ITBNT S, SLEBAEICET 2 ER & RFENRE
KEIZOWTHFTEIN TS, A1 rTIR, EEE
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(g, 1981; i « k%, 1983 5 #AH, 1997), Huid
WK (RIAR, 1939, 1940 ; FIES, 2005a) ITBWVT
FEARM I R IR IR Y 72 D SR O BEINIHE > THM
THIEMHEINTO S, EHENH 5 —EL EE
B2 5 EREERBMAERT S L (EA, 1940 ; #KE
M, 1997), 7#&REOLLIT O FE i & R I IT 13H BB

finAH NN & CEH, 2005a) bREGEIN T3,

Ihold, REWREERE T 2 B0, Emk
DN OB SN U TG 2 08 hd 5 2 L E2REL
TW3HDEEZONS, A0V 1IRENTIRSE
D ONLIEAREFIC BT, KRl S I T oA BOER
T K% & (Photosynthetic photon flux density, LI T
PPFD) @ H- V¥ & FEED M &0 IEO BB
BAHONEZE (EHES, 1993), FHHEZEEOEIIZ X
BHRFEHDAERZ, JEH OEHBIHXDEEBR THES
3 U U7 ERSE TR & o IS EHER B At H 5
Z & (Cohen et al,, 1999) &, JEOERZMUK L 72 f#
MOBEEWEZRBLTNEHDEELOND. ARF ¥
BT, BEHE 15~ 25 FICHIR U 1 AT 1
~2 BED oIV IC BT, FEMBICED ST
WA & REBEOMICESOIEOHMBENRA SN S Z &
nEEIh TS (AH < KB, 1982) %, A ERE

2B B B & RN ARPEZ i L7 fli3iZ & A L7300,

MRS EHUE DR ORI OV T, ARF rICE
WTHENALT S FiFyl9 5 2 Lic kK DV E T
LU TIENSZ L, ABloEN IR RENESN S C
EBFBHEIN TS KK < I, 1995) LSk, Anw
v, ARTF PITBOTE MRS, #HidukEo Tl
BRAEPEICB T 2 HIR & R FERMEE R Ll h
FTHEShTHEL,

Ubo X512, R4 7 ONEER O REEREIZOH
TEABRAFE B 2 T & B 1 TRET L 7l
LAERNT EDD, AL ANIREREE ORI PERE %
fRIAS 2 72 ITid, HAKZ DO D%, i i BHs
% MR IEEREE & RIEPEYE & O BIR AR 5 L
MWHb., Fi, Aoy, IRF+E2E5DTH, HBEEE
FEICB 2 EIN & BES 1 72 BT oM RGREE 3 0
Bz 2 WFAERE O R B3 2 1 WL I B R 5
L, AAAILBTINoDHRER/S Z EICKD,
AA A DAL FTHD T ) B O A FER BRI &
BRCXx2bDEEZONS.

4 ZANDOREREY DR - HECICET 5HFE
DRk
FHAWREYOSEICE LTI, kTR, 3%,

&, BRMEY, TZEEY), STRHMEWS, TRHISRIEY
B THEZSHANSNTE D (Zamski and Schaffer,

1996), RZEMAKZ W I@IF b ZHITbh T3
ZA AT, MEOREDO 2AHITIREEDIZENL

T, RERKAOCEBRFE DI & LEZ Y v 7 1355

ThsE (Leeetal, 2000, 2005, 2006), DK

FOTBMRIFIMEE R OEEETH B L (Lee et

al., 2005), MEFMLOLEITE, REID EfioED,

BIZR S HEAIRFEEN O ¥ v 713 = DE L O BT
H 5 E (Lee et al., 2005), 77 ZFIEEMAK & T

BHARIE A D 1F 5 DHE U CTRA BRE D iR AT O
Z & (Leeet al., 2005), P bhXDHRAADITHH

HEKREVOEBEN L THWL I & (Lee et al,,

2006) MEHEHEIN TS, Ih S X RFIEKIAR Fiz

1oAHFHELSDTHD, REWEKRMEZHL TH

BHEY QLR « ABARE Ul R Y50, F
7o, AA A DONEEEHICB O TE, BREERPEONA

R DL » I DN THESNAHIFRY 2 50

V.
FUY)REEDS b, 24 A7 ERBITMEEY7 ) D

BRI DI, MU RIEENET S A0,

HARF v 1B T & RFENKIE DA HEY BRI

DWTHRLN TS, Ao rTR, REEAMICET
%A B PEY O W T O B IFR S BY B (Hughes et

al., 1983), RENDONAREY O « FEIZKIFT

BREPE RO OKE G5 - &6, 1983), AL
KUMAKEDOFE CRF 5, 1992) HFH~NLNLTH
5. hKRF ¥ T, TR T2REDITODVLTOY —
Z o v v 7% (Lee et al, 2009) DG Eh T3,
AA A R & RS A IR T R RL TR S h
a0 (FfE, 2000) A5, hooxtay, AR

FriIlBIAMMTE2AELTLIREDITONTHR

Alicdoddan GEi - &, 1983). Ll bED kS
12, A A A1 OB B B BREIEKI DA B EEY

DR » FEOHRIIRY eS8 ED S, XA AL

AR O L EE R EZRHT 220101, Zhsizo

WTOHMREZBS Z ENEETH 5.

b RAAICEITBEEEMEDIKR
ZA 71 OSEIRFEOFAMIZ I, FEMEDPE b B
ThB. ZAATHE, HIZOEREICBWT, 2525k
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IZRIDITIRD 431 CEF 135 TR kL] ko
TEATHRRS & P U Tl SR SE R A AR IR I e U T &5t
DM O BN SN S 2 & (RAR S, 2002), #K
BiXy PLEZE AT ZNRHFE « FHA 1T 5 &, Y
AWNHE « RRAZ B LT RBAEA & g U TRgEL « 3551
OIEERFR O AMN S 2 & (HIE « 85K, 2004) %
PG I TO S, SLERRE T B LTI, SRR
B2 203F 0| ofFERM O A ME T3 (H
L6, 2008) A3, HUIE W FRE & NLIARGRE: O 1E M & Lk
Ul A7 5, m Y BRI B 0TI, a7
U T ORI & MESERER, ST IR 72 0 HUNS & o
BIf% (3 « BIEB, 2003), 7R F + TR I
X BRI O BiAE CPH S, 2004), A B TOFEG]
2B X UMFEZICE T 2 B EFH O RO AM T2
PFEM ONJE S, 1990), EAIEPERAEIC & 2 Hud vk
Be T DREEL « F R O EZERE T O BifE, (EEEB O U
(&F5, 2006) L EIN TS H, IARRE: &
B oMo Iz oW TR, MY A VITET Bk
BEHIC X BEELBOYE (KA 5, 2010) 23 S
NTHWBDATHY, oY VEHEIIELTHIEFEA
EBIBIE D, ARFRITE TR, EEAROKR X OIET
DOHLIT VBT D B 2 A A DR NI B B IR
E LTk A MEM T T B 2 Eh s, fEEEICHE
LTRENEo KL 0 bR 2 ik b &
LD, BIEELOMITIEE L TR, EEERICLS
FHIAA S HIETH 5. REBOREHT BT 5L
BoWitH & L Tid, OWAS# (Karhu et al.,, 1977)
X BN (KA S, 20100, 26 3fFH (KM, 1986)
Ik BEHE CHA » A, 2005 ; &1 5, 2006), fE3¥
BEE =y (MK, 1994) 12X BEH Gl S, 2000 ;
AW S, 2003 ; Hi)ll « B, 2004 ; TN S, 2004 ; F
F e A, 2005) FBH D, AFEICEBNTHATHIL
DHBINODTHEICK LI ALETH B,

6 EAHFEDHERK

UboZ &x2BEZ, AETIE, XA AR &
MU WA I DO TR P2 OLREE, WIS R,
HB BEEY DL « S0l & RFEAFEDBIR, 75 5 NTHE
Mot ERA, Thoxd lig, BIFLEEED
HBIT B O TR O R FEAEFEREZH S it L& S
E L7, BRI, $F0RICENT, EREREE R A
71 DRFEMRIEICONT, BHREML, Sk, ki
DA RERERKNOERE P2 E, Jeb ok
B BRI K & 7B E R IRk L BR T 2

K& B THRES Lc, IRICITEIZB 0T, ALIRGERE
A A 71 ORERKIAD A RFER DV — X« v v 7 BR
EIRHT U, EAEALE O RS B IED LI~ EHRE %
oML, 2L T, VEIZBWT, XA FALKRER:
DRI FERFEIZ D0 T, MU WHEE & o iRz kT
Ui, PESEPEOMEA, SRl 21TV, Z OREEN S
NN DA A

7 AHARTHWBHEICDNT

AL TR 2R D © FEF2NUHE & T o ] % T2 72 R0
RlE LT 21T - 7. 2 OWIRIZRERICEH T 5 &
FEMRRFIER], BENRFRBII E NS T LITE 50,
AT TRZR» SN TORHEZEL LD T
[HREIEAW | e B &L, H7, EHOHIR
BAE - e ZEOYIRFIT L VDR OILIREEZL 5 C
EAERTHFEE LT B, [HALT) b 55, A
HTRHFERCETERD 2 VB OARBIZ>VLWTO S
MESL T ZHY, 2ol T w5 HiEEZHO
fo. 2 U, WMKROSZLEREEZBGETT 2B, #h#k
NS U TRk % 75 M B TRCIE S 1 T 5 321 R H 416
W7 4V L EZFE U THE LT 20 T, @ i Him
F13E O KF 150 2 ASHE B KB %V F — 0 HAL
Wi DDOBEICODVWTOHETH S [HHFEE] 05 HEE
EHOT, [FEOHREAHE] S0 RBEHO.
KX EEDFTEDBITHID, THEEITRBEOY
Z2 5 o Tt E REAT A 7 4 — IV FRE2 v 5 —
DFEARFEEIRE o I HBZESIR, IR FHIERBR SR
PR O RIFEHEEER, FWRPERFGEREVER DS A
IEEEER, RUMHILEEREVIEE v 7 —oIIEKR
i ZSCERLB L B3, 7, RO ZITICH
0, MEEAR, USRS, IR, mEFERK
fl, BFREACEVIIUMIIE SR £ v — O ERRIiE, R
BHBIUOT— R REIXBEE IV, C
ZICARLTOLE Y OES#AZRL BT 5.

I MEBERMHOREEKICHEERISTER

— T, AR O RIEPERE, P 2RI
X o TEHT 2 MEREOEBEEZT 5. I, BEA
SRAEBEITEHIT S T ZHBEAHET 1V
L (55, 1989) 0, [MIM&M T THER, k%%
HIHH L R CORA R E A NET 2 2 &N TS 5H
WRDLE AR ERE (K, 2003) BT TH
5. Iholcky, RO T TORILEEPL
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B R E D OFEHNCRAA T 5 C LT, BE
AR % SRR AR & O B TIRIT S 5 & &8
WREICIE B EEZ oD, AFETIE, KRR XA A
RORERKREEEPASMZTEZE5EMELT, R
FIEKI O SERBE L2, WELA Rk & B>
O CHE RN, L, RIEEE OB ERA L.

1 BREMVLOEE

T U RHEYNC B VT, ESEIRLICHE A U RED ST AR
MBI EN, AurTHREIh TS Gill « mff
1983 ; ‘FHE 5, 2005a). A A AITENTH, #HRHEIA
DRFEICHEST ZLENTED, —BIKELIHE R
IE B LERFEOWANARTERRICE DT, &S
P A U e RFRWAS RS RO RRICm s E3h
T3 (HH, 1986b) A%, BAEET—7»nH475
BN ENDS, RETE, FIHEREMSREFEKRICK
FTEEII OV TR L.

TR 244 GRE « R/E, 1942), A8 v
(FAR, 1939), A7AKF ¥ (FH « KEf, 1982) ITHWT,
R IR > TO BT TR, HERE & BE
FEOMIZZEOHBBBIED SN TS, & REMA
RI2 D EEARRETOEH ORI L 0o, HEKY7
D OIEROEmMBICERNEL, TORR, REHEIK
BARIZTT I ENTRINED, BEREMOENZELS
RIEE LA DO ZEME O BIR &2 R~/ R Y 7 580,
X o TARHEITIE, XA ANEREHTIB 1 555 RERL AR
FEICKTTHEIIOWT, RERERAOMEAK Y7 %
Mg EES TSN B2 &4 HME L THAE
T- 7.

a MEBLUAFE
1) HHSES L UHEE
avAAr hbEE& 25 GEEE) HEEKLE
247 ‘WE< v 7 ARE (KMER) oA
(PeSP 1) %, 75 RENTEHHN Lic, KIE3~4
Meo 1 %, 1999 4 4 H 22 A i @k 1§ 210cm, £k
50cm, 14AiZ GEAEHIE 95.2 ik -a™) TEML 72,
MERY 74 v (RS VT IR, LvavoA
F) T<VF L7, MlB s (o 1/2)
M7z TN, P,0; K,0% 1.8kgea” ZikifD »124T -
72, MAKBTNVFRICKELIDPAKT 2 —7 (A
TV, ToNTa—AR) TIT -7, KRB
O ZK — 31T/ L7e, @hith, AFE5~6MEL
TEEEROLL, 2K —KMEEMES S, —RAM

Ocm

210cm I

K—3 T#E1HORELEORAKN
— UMK 2 AT 1R ED

- A

»
_—

K—4 ZAAMEEEITBET 2 REZFOKT

B o3k Ul IR X~ ThE Uk, [BE LM
ki, %7 180cm ORI WCE 72T A V=D 5DD TFif
7ZOBICEE L THRAIC EFICHETI L, HREET1
fatk27z0 1REL, FREMET, WIFhho—RkM
BOH 3~ 58, 958~ 114 14~ 16 ik XU
18 ~22Hid 4FE L. BE, BEOEEIRZ, K&EE
HifL DA T v 7 LIRS BHE & L, HIBA
FTIT- 7. —RMELIZ T A4 Y —oHl E g IcHY T 5
22 HiTRIL L, fLEI~NTOfEKIZBNTSH
26 H~ 31 HOMNIZAT - 72, 15em fAIZH] - 7o A EEH
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WEBERINF THFYRITHALRY) Z2F LV VBV
EROTRELETEL, —RMUEOFETITH NI T A
Y—m5o20TFiFic (K- 4).

2) AEEE

KA REN D S 8 IAZ R, W5 H%, 20 H%IC
BEELTVEITNTOEOHER LEHEFHN L, L
T, REMEEE oMK, SEEAFERL T, EEBX
U225 &R & o Tl y = 0.447x (n =129, r*
=0.958, x @ BER X, vy D) ZERL, S
AAEE Uie (M— 5). W) 40 HIRICREANMEL, %
BHREMORE 12~ 13 RizonT, HRE, BB (B
TEWT I DMERE / BRI, ROBEE (ERASHVWER
EROCRRNOEERE TORES) AJIE L, BEE, 3
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K— 5 HE& & HEIEO R & SR O BIR
S ME< v 7 A RE
B o i [ml
v’ FPEREL

LEOHFLE» SHEM U RATREREES (74 4,
P-1) THE L7, F/o, RIFEREET - @Kz
T, HEmigEmiEsr (MEL, AC-440) THlE L 7:.

b #E

HAE RN TOFEZH B B REMAEE 5128
h, H3~sHiHERTH H14H, HES~11HHERTS
H19H, #H14~16HAERTSH 23 H, 418~ 22
Wi R Ts H 26 HTH » 7. #HERHEN TOEHWL
RIREARINE (SZH~UHE) D% N DRSO 741
5% LN, ImENOEEHHNRDZEZ 10%UNTH - 72
(F— 1.

2k 5 HixOEAR Y 72 0 BRI, BRSO
FEREML - (B—6). ThiEFZHs HRICENT
% 3~5 HiAROMIKTIIH 14~153EF T, HE8~11
HiBEROMATIIE20~21 EETUMLEMLTHE
MoteDITH LT, & 14~ 16 HigF R, % 18~ 22 fids
ROMEE TR DR 22 N T TIZEMBKTH -
o (=7 X913, HREMAFHNEEHREFLTD
KIEQRHMBEA TN 2D TH - 72, Wk 0
BITONT, KA5REALD M DAY 72 0 D 213
INS K 12 BRI AN - 78, ULHERE D BEHRE & 2 R EiNL
MENEERED -7 (K—6). %K 5 HEDHE 3~5
HigR, %8~ 11HiER, & 14~ 16 HiAR, & 18~
22 HiZG RO MEA Y 72 0 BEIAE S, NHEROEmED <
NZh 38%, 62%, T9%, 92% TH -1z, %k 20 H#E
Tid, %3~ 5 HiAROMAKY 7 0 BB IR
MR D 88% TH - 728, £ DD 35 FHibL D MEA T
INFERS D BEMASITIZIZRE L Tz,

IHE U 7o REDRER R AL — 21TR L, RFEH
FERMSENMTIERE L - 2. BB ICEEREALIC
XaEEASNEN T, RKIEBHE 3~ 5 HiHAROLH

F— 1 HAEREXORERAKOEZENORE SRS L ORE H4H&

AR Y 15 AR HE AN E
(f) ZA AR (‘C) (MJ+-m )
3—5  HA14H 64230 1002 (100) 501 ( 100)
8—11 5HI19H 6H28H 1010 ( 101 ) 472 ( 94)
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XX EBST L EERELTIN S,

ARERER ORGSR S, B OB X BN R A
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Y7o 0 RN, P RFEESHEINT 2 0285 5 2,
R 72 0 IR & bk U CRFER D ZRIT/NS 0
G532 (Brinen et al., 1979 ; NeSmith, 1993 ; Duthie
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3) AEEAE
() EECEEEEBHEDOAE
REERMO 6 H 12 B (52¥) 26 ~ 30 HZIZHI =)
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) —7 R-2D) EREFT U7, BREHHEH T L LTI,
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BENTWAD, 74 )VLADBMIBEENENIEERL
15720, FHEEORIERIC H 5 & O TR % ERK
L@ PWHEoRGORIENTiEE S (RS
2001). £»T, 74N LDBERNBERD 72D DM
RREERT 37D, N7 ZAHNOENND 7S BT
7 4 VL ERKHGEE (GEILKER, MS-42) ZEiE L
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ZREL, BEREBEH U BAWYO OB #
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(2) BEOKEREEDRE
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ERFDORE T v /N —NOHER B L ELQDOFEEDFE
FZENEh 30°CE & 500pumoles™ & L, CO, L, &
BEEHIBE L 2san » 72, SRIFIZ AR LED Th - 7z,

(3) REDHAE

By 40 HERICHRFEZHE L, RIEOE R LHEE %N
LT, BEEER, RIZOHFLED SR 2 RWH K &
BEEERE (7 3, P-1) THlE L.

4) EEmEDORAE

PRI SRR L A & 15 A A E D, SEm
Z AR (MWEL, AC-440) THE LK. 59 5%5~6
ARIZ DN T, ERM7 0 2w E X OEA k%
P 2 7o R A 4 IE U e,

5) BRIEZUYZXESLSUREREEEDET

AL OER AR H 4R (MJem™) & IUHERR (238 A&
U7 BEM R O A (m®s B 2 S RE I o825
Mz MJI- %D 2HEL,  Off% ik
RS2 ST KD RN 0 2oksE (M- ik
ERE UK.

FIBEIZ, BERLRI DA BEE (umolCO, m®es™) &
IR IC AR U 72 AT O B8RS (m®e 3T » S 3
W7z DA BEE (umolCO®s # o™ ZHEML, &
WHBITHET S 2 EIT X D E R Y0 REREE
(umolCO,* A HAL *es™) #HIH L7z, 2 KL TTH B
TEMS, TOfEE 2R U THREKY 2D A BOEE
(umolCO,» flfA Mes™) & U, fEIAY 7 b aa ki o R
&AL

b #E

1) BEBE, BEESICEKS-YERE

BN T DMK Y 72  $EfAs, LAL R¥EE, R
FIE B KO REREE R - SITR L, kYD
WA, R DE BT - TNE L 72 B A
DD Shvic. LAT (S BN < 78 2 1258 - T
Ufc, WIEE L, A% LA 52.9 K -a?, 68.0 fH{k
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7otz BRFEPEEIX 108 ~ 112 OFHETH b, A%
FEIZ & 2 OMIIZED S0 h - 7z,

2) EMOEEEEBSHE

WD, 75 AN O MR D 78R DK H
HHEE 34.4MJ m™ Th - 7. K FRAHE L O K DIEN
MOERBHEBHREZX - 15 1R L. WTFhoFkdH
FEITB O T HIEMOMK MITHE - TERAE B 4K
T U, BWEEICL 2 EAEoERHEEH G EOAR
/NS o 7o, BREEENE B 2128 - T, FAL
HOREMBEHHEOKTRENKE {122 H2R—D
Sh, FRICHRME AR b & - 72 158.7 i1k <2’ T
K FREAKRE OE RS Shi,

3) ERRIDOREHERE

9, PRFHOKERIC>WTE—9ITR LA M
EONABHEE R, WEEDOEI N TOTIEMO
Al e, HEHREZITORLETEIERD
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e 30- 120 6.0£1.7 ( 24.1) 0.045+0.013
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B EEX ORI FERAE A K — 17T 1TR L7z,
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BIBAfR MRS S hte, b b, FHAHEE % 52.9 ik
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4.46kg ~&EIFIFERH L2 - 8).
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iR Y 72 0 A BEPE R & BT O BT & WITE 3 He il B
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c BE
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SrEmPind, ZOREINSDED AR NKT
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MmotcbWWA B, ZORERE, WWEENGG 251260 -
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AR DAER, Bl E BT IR s JE U
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DOIERBIDOIEHAE D S B U 7354 7 0 2o\ d %
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L BREMROZELEE, FELTHEROZREDZER
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BEEERICE > TIHIFRESLENL B,
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ZRPA SN, FHEBEMEIZE, EREY 0L
FREIAKELS B MEANA SN (K—18). —HT,
A Y72 0 Zem b KOOSR E R & I E & o
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cal 5 158. T Ml ca NEWH B T LTk DK YD
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4 KEDEE
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FHohicZ &, HRAMDENTXZRELEKD
EOE, FEUTRERKIGIOMEAY 72 0 Sk o 7252
k- THELEEEZ SN, £, BEEOREIZ-
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MU, BEHFHOENP, LAIOKEMENZ LD, @
KM 7 0 BEHRE & RFERE OB (RURERR) 1ERNH
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AR LN T IR Y 72 0 BERIRE & REFOMITITE
IEDOMHBBIR D ST hs, 75 2 3AHEE ORI T,
AR 72 0 SERIRE & BEEOMGE (AYRER) 1288
BONBEEMND -T2, £ LT, BERHEFHZ 1 )L L
IZ K B EEHAAE H AR, #SHEADLA RABIEREE 1T X
% e A R B s X OMBEE R A S B 72 0 2ot &
DA ERERE L TREELOMREATE D A,

W b BESEE & B AR o/, Lko
T &S, SLARBREE X A 71 AR DRI RIEDE N,
BEE RIS E] U Tn DA, BRI H 5 RE D
HPAN TS 2 581 3 TR 72 0 RO E LIS
Lo THWIARETH 508, BBEHE -0 RBAE L, Hehitk
AR E B3 B EKO RFERRFFEZ BT 5 5512
3, EROZER L D 3R EMREL E RS L
7E S A, UK SIS AIREIC IS B b D LB X s,

I MEHEXAHDORERKRIAICEIFSH
SREYMDY —Z « LV IEEZ

BEICBNT, A ARFEOKRE I, RERKHO
JeA A R DR & 78 B ER M 7o 0 ERIRE & SO IED
FHBIRAMR DS b, AR 72 b 2R PR A FE R TIE
FREINE Z EMNREINT, BETbBR/ILERD,
—fRICEHETIE, RIITHT BRSSO o
B, @ErnicFho T Tlniis okt kEw % ED
HIhEns 2 &&, fEDHLIRERERDS bEh
7203 DI W RIFHITE B N END, 2 DDHEHRK
k- TRE 2 (M, 1984). RIS, 2 A 7DORHE
ODRESZ G, HROEREERE, B KED DR
NI « ABRIZEK > TREIN B E VR B, VIR
B2 A 71 DRI PERE A RE T 5 EIR A X D BAREIC T
5725113, REEKMDOEAE KEEY DR « /D kR
H, T8 bLNREREMORMBETE (V—REH) &%
BEE (YU BE) OMEMKRE (V—R v 73
) IZDWTHSMZT 208 NDH B,

RBEEKPO Y =2« v o 7lBEHSNTT S0
DA IKFEY DL « /P& RT3 2 FBE LTI, K
FOBHERMA (MC) PRERMME (PC) EHLK
My —H—EBENTH S, FRCKERDMK TS 2 °C
iF, MCITHANTRIMRENS 2HNH 505, BT
DOEHMATRETH 0, FEEROFEEFMITENRETOL
BIRED OFREIZ OV THEMAS IS &N TS
BRHEDDH B,

RETIE, AW VERBIICB T 2 REERG O 25
BENOEMREEPRIZEDOLIIZHFELTHEDOn%E
HoMizd s EAHMELT, PC =% -tk
O BFEEKI DA BBEY) DRI « 43 Ed % AT L 72,
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A AR, VERRRFICBI S IR TIRED
BT, 2~3KMHENT1IREDH BT 4~ 5 KT
T2REDHE, BB EWAE R RAET 2 BEIET
IThh 25650820 (Ff, 2000). AHiTiE, HiEH
FB oD BB & U T ORI & v D faE
N, FTHERKEEEREMNRIET 2 248100 T1
BEDITOOTHREET - 72,

a MEELUGE
1 HEmES L UREE

24k HBE< vy 7 ARE ZMEELTHOLEK.

1999 4E 8 H 19 HiZm v 7 7 — )Viki#a &2 T BIRicEE o

TCT2RENVP VAL, # 7 XENTER L.
BHBEIZKDAENAKL, ZODH%IFEC0.6dS m™ D
KEAWF AT OHEEITHE T 0.6~ 1.2dS*m™ D2
EThhAKLUI, 199944 H 17 HIZ, 775 Z=EANDHK
Ky — A (K- 21, F¥S, 1999 o3 v 77+
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IvTFMi D 2EkEER L, B ET - 72
B3 EC 1.2 dS*m™ O K AWMk & L, RFK;
B AE D T IS 2R o HE T 2 IR LS
A& U, BEIRE, FRAEARES ~6 FETHO LK
22RO —RME 2 &, —®IME 2 KL T E
Uiz, fhESE—kME L, ¥ 180cm O & I I IE
LSRRI NA THo2D) FTIFfz 0 bICEE L Tha
I EFIZHETILe, ZBRIAFTITO, 1A% 1
REOTNLOMEOFE 10~ 13 FHIHE R S & 72, 15ecm
Y] - 7o A IR & KIS AT 1 TR CFITRE A 72 R
VIF LV BEOVSEMOTREESZFL, U %EHT]

FEBZAFO—)LA5T=

/
[Uﬁﬁﬁ:k T S EI& ‘.};ﬁ;;ﬁ—m

K— 21 MKy — Moy 5+ oWmEX

LIcbDER U/ S 620 NiFiz, ESELZ—R
MK 125 28 Hi TR L, Z ORIk i RARERE
L7,

2) "CO, DEES L Uik

REERIBE oMK H %2#C, PCO, WEL AT - /2.
Zkr 6 ~8 Hik CRERRWMD, 21 ~22 H#%k (RHE
BERH) B XT38 ~41 HEE CRIEMWKRKID 1Y
3T55H29H, 6 HI0HBXU6H28HITZEhTh
4 AR E R, HREOH 18 ~ 20 % GERE LALEE)
BLOE3~55E GERTIE), HAERKDE 18~
20 B (MRS WA BATEE) B KU 3 ~ 5 5 (A5 AL
ThHEEE) 1T PCO, ZUF L (K—22). %k, M
s FED Z ORREER T O IE K%K 40 HTH 5.
PCO, AT A MELH & & 8130 ~ 161 00 1247 » 7z,
T &0 500ml =M 7 5 X 2 HCLIRMA 1 A,
BCO, BAM 3 AKDE 4 ADH 5 2 EABL, FhEh
ICE=Z— IV F 2 — 75 Ui, FUHEAD KD
WMPREE X, AERATRY ZF L 2Ny 7 THEL, PCO,
BMAMOE ==V F 2 =T 2K Ny 712 1R T Ok
LTEH L7z, 75 2aWIT 8g @ CHEGRREE Y &
2 (Ba”CO, 99atom%'C) % A, 1N HCI % 30 4+
MRET1RE%2D 8ml 275 2F v 7 U YT
ZTPCO, 2RESE, MHELE /R ZF LY
Ny 71275 ZAaNTHE LK PCO, #HEFITEAT B
720, BEAHOLT R 7 TT7 S A aNICHEETERL
7o, PCO, LB TRy 48 MR B21C, SLER{EfA 2 FBALAIIZ
T Ui (K—22). Ak, 7Y s Lk
PR, EERDHIALDFPHIZ DN TIZ, 4 FALE AL
DILEIZ & > TFIPBAELZ FIZE, BTSN T
5518 ~ 20 T PCO, # T 5D T, 20 HEiF [0
BIZE | 700, AL 5 20 ~ 23 BE | 135 20 A KL
7o (59 21~23 3] L752) 7%, PR EIN O HiPH %
ZOFHMOBIE Lic (K- 22). &KLY v 7vid
BT 2 BEMEE, ZoMoEAEE AR 70 ~ 80°CT
ek Utc, i RaUEHI R B Ve OF L8 /EfT, TI-
100) THH#FEL, FKRHEE (JASCO EX-130 CO,
TFIA =) TREFD PCEAEL (atom% excess)
%ME L7z (Okano et al.,, 1983). 7k “C1E{EHIZ
HIBALD PCRENHAREL D b LN T E LT
WaH, b5 PCO, MBI & > TENKE T BHHALD
VCHBENEE - ERLTVS, £HAiho PC 1
R, MYHEBORREEEHRE 40% EREL T,
KD X HITEHE L T,
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B—22 2A&MHNT1REDREEETO PCO, WHEBLLE LY 7Y v 7 ERALOD A B %

C O winmimt

UC A iR = M E X ARFEEHEX UC AL & °C fE1ER ) X 100.
ZLUT, UToRz X D UEZEN S D C OEiiH &% 1k, RFERTIEIFRIZK 2 "CHREIBEILE L,
AL~ D C SRR E RN L7,
PC LI (%)=(JUBEZE 2 By < 48 C fA R / LB %2 b R
ZEWIHK PCAAER) X 100 RIMERIIE H O RV IR O e O HER 2 [X] — 23 12
BC 4B (%)=( AL D PC A AE =/ BLFE A Bk < AU7. HEOREEITHE - THEDIA 2K O T E 38 m
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— 23 2AMNT1IREDFEEEICIBY 3 R REPKRE
R HH oD STARER B 2 A 77 DI Bz ) &
R <y 7 A RE
HEHT SE(n=4)
WM, Zky6~8 Hix, I, k21~ 22 Hi. ; #J4,
ZHy 38 ~ 41 HE

L7z, BEOGHES OB - THmLE., %
B IO HEIRERRYE 2@ L TIEEAEE
LU o te, & - T, RERKBIE ORI 2K D
R OBINE, RIEGCHEOIMILE6DTH - 72,
RERKEIN O EDE G, FFEH81%, WEEH
1%, ZMEHH 18% Th -7z, 10, 1213 RIUFEL I
FH2 9 5 BRI R D R IO ik O P HIT 5.4kg
ThoT.

RERRSRIAD PCERFEK — 24 1177, HE
B BB TIE, ALEEEED S 0 PO iR, FHEIE
KA LT66~91%, TR LAIENE T
BREPERIPAEBELTT0~90%Thh, EMFTELEOY
BRI KRB A8 LT °CERENEN - 1. HE
MR T, RERAR B Ko PC ik
RIT 83~ 8T% b - 72h, RIEIPKKLITIF 46%
IR T U7, &7z, MERECFSEE T, RERK
BB LK OO PCIEFERIE 75 ~ 84% & Eih - 1o,
REWREIATIE 519K Ui, WBEEBALI 2 inb
59, REWRPWO °CHHRFEI IR S &< 72 2 R
oo XX AR A

REPAEF O PCO, MEZELIA O K HALD PC 17
1A £ — 10 1R Ui, PCO, DMBRALIC b 57,
BEEKOIM S L OPlTE, "CHEAERIZREFETRD
B o te, RED UC FIERIE, PCO, OULEHERALIZ A
b o FREPRYIMITIR G &L, RERKTE 7203
KM TEBITIE T Lz, o "C f#fEiE, RHEEAL
A0l U TS RE LTI PCO, B 21T - 72 A 1T
0.1 atom% excess Pl & E» - 7. 4 BEC PCO,

'scozmlgﬁm

o ARFLEE B RERREME
- BRETUE B BERETUE

100

o0
(=]
T

PoIRmE®)
8 2

20

DL i L3
Co,MIRE A

K—24 2R TIREDHFEIZET 3 REEKRS
B O SRS 2 1 7 @ PC HRRR
fniEfETE~< v 27 A RE
W, =6 ~8HE, T, ZH 21 ~ 22 Hi% ; #M,
ZHy 38 ~ 41 A%

WBR AT - 72354, RO PC eI I AP T
b, BEEXPHTIRIZERL, BREREKKTR
EAL LIS o Tdp, o LR U, o PCAELE,
PCO, MLELHE & R Iz BIALE 3 % 28 T i m o
R Ufe, 3RO UCHEEREZ, PCO, IMEEMFIZ £ 728
B TH » 7 REERPI D 20 ~ 23 FEH ARV T,
BCO, WHIALIZ b 59, 1FIFEuTH - k.
REIE RN B 1 5 KL~ D PC 43R A K —
1112 U7z, BCO, IVERALIZ vind 53, RIEIE KN
A0l U CHLEEEE D S M o FATICERIE L 72 °C @ 90% MU
FRBEEASE SN PCO, MBRALIZ b & ¢,
RIEAD PC HEEEF, RERRTTR R B2
M S, PC OMADSELE, FFELKI A H
LTS RE Lo oirbh, HRM EoLED 51313
LA ETTbNE D - 7, BRERROIBITIE, FMHOEET
HREEB L AR O 2, 3KDOENEM T T
HotelEbdb, BHRE, WEREES, BIEIS
L osdig (8 20 ~ 23 B LUK ~ PC A
FaAmIh T, 0o ORES+ IR Ui I
Kk KORATR IO S OEMA~D “C O/ HLIF1E
LAEHBONTE S T,

c BE
B TH T PCO, DB TR ICEETH b,



30

LSS P Ea

125

£—10 2ARMIT 1R ED ONERERIEZ A HI2B T 3 PCO, MR 2 H % DK EBAL

@ BC 1AL (atom% excess)

FCO O iR 45 UL BRI

i ek G ek
- [0%:3 R [0S [RE S
F L (T S I i T T I 5 T I 1S T I T
G HLEL FH20—23 T 029 0.00 0.00 0.00 0.00 0.00  0.03 0.00 0.00 0.00 0.00 0.01
$520—23 ¥ L09 0.07 0.09 0.03 0.00 0.02 0.00 002 0.03 0.00 0.00 0.05
W13—19 #E 002 0.00 0.00 0.0 0.00 0.00 0.00 000 0.00 000 0.00 0.00
4513—19 % 0.80 0.08 0.28 0.00 0.00 0.00 0.00 002 0.01 0.01 0.00 0.01
@ 5—12 #5 0.00 0.00 0.00 0.00 0.00 0.00 000 000 0.00 0.0 000 0.00
5-—12 % 0.05 000 0.01 0.28 0.08 0.14 0.12 003 0.12 012 0.02 0.11
W1—4 #5001 0.00 0.02 000 0.00 003 000 000 0.00 0.00 0.00 0.0
Fl—4 % 0.00 001 0.00 036 0.00 0.29 0.19 0.00 0.15  0.07 0.04 0.07
WEATHLEY  @20—23 #5 0.00 0.00 0.00 0.00 0.00 0.01 000 001 0.00 0.00 0.00 0.00
F20—23 % 0.01 0.00 0.00 0.03 0.05 0.00 0.41 000 0.13 0.00 0.00 0.01
d13—19 %% 0.01 0.00 0.00 000 000 001 000 001 000 0.00 0.00 0.00
H13—19 % 0.04 0.01 0.02 000 0.00 0.00 0.59 004 0.19 0.00 0.00 0.02
d5—12 % 0.01 0.00 0.00 000 000 000 000 003 000 0.00 0.00 0.00
F5—12 % 0.01 0.00 0.00 000 0.00 0.00 0.18 001 0.14 0.03 0.02 0.04
1—4 % 002 001 001 000 0.00 0.00 000 000 0.01 000 0.00 0.00
FH1—4 % 0.03 001 0.00 001 0.00 0.00 0.4 000 0.12 030 0.17 0.17
FUES 1.33 032 017 1.68 0.21 0.06 1.21 0.24 0.16 0.70 0.21 0.04
£ 0.01 000 0.00 0.01 0.00 0.00 0.09 001 0.03 0.05 0.04 0.03
i 0.00 0.00 0.00 0.01 0.00 0.00 0.30 0.13 0.29  0.38 0.18 0.17

gl E w7 ARE
H]-224 2

TR, 68 1 IR, S ER21—22 1 REM, k3R -4l [ i

F—11 2KMTT1IRED OIVEREEER A A 2B T B PCO, ULEE 2 H %D BEBALD

PC LR (%)"
PCOMPEREO {7 Y 35 L OVILERIE )"
i S ARG N AN S ARE S B FhE

TS T T S T

FEME W20-23 BEO1L3 0 0.0 0.0 0.0 00 00 01 00 00 0.0 00 0.1
He0—23 % 3.0 01 0.2 00 00 01 00 01 0.1 0.0 00 0.1

HH13—19 i 0.2 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

$13—19 % 37 03 1.0 00 00 00 00 01 00 0.0 00 0.2

¥5—12 H 01 00 00 00 00 00 00 00 00 02 00 0.0

WE—12 % 04 00 0.1 1.4 07 26 06 02 08 1.4 01 1.8

Fwl—4 01 00 0.1 0.0 0.0 02 00 00 00 0.0 00 0.0

Bl—d4 % 00 00 0.0 06 0.0 1.5 03 0.0 02 02 01 04

AT F20—23 W 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 00 0.0
H20-23 % 01 00 00 00 02 00 L1 00 02 00 00 0.1
#13—19 # 02 00 00 0.0 00 03 00 01 00 0.0 00 0.0
H13—19 % 0.3 0.1 0.1 0.0 0.0 0.0 2.6 0.2 0.7 0.0 0.0 0.3

512 #0300 0.0 00 00 01 00 06 00 0.0 00 00

H5—12 % 00 00 00 00 00 00 1.1 00 06 04 01 08

Wil—4 #0200 0.1 00 0.0 00 00 00 00 0.0 00 0.0

Wl—4 % 01 00 0.0 0.0 0.0 00 02 00 02 1.0 03 0.9

90.0 99.4 984 97.6  99.1 95.0 90,3 97.2 944 B9.0  96.4 BY.6

. 0.1 00 00 00 00 00 05 00 02 05 03 0.7
H 0.0 0.0 00 01 00 0.0 32 15 25 7.2 26 4.9

it fé %‘EIJ_.‘?/)/ ARE

S BC AR AN = AL D P CTRAE it /AL BE A B P CTRAE L) X 100

'H-22% 5

T K i 5 75218 T REBR ORI BB T O AEEIC °C THE
WIS TBLRRER VAT E L EnTE S (%
5, 2001). i, WSy ZNO CO, B, ELR D
JERE PR QBB R TE R L, ZORE, &
ZIBIED RGO A ARSI M U7 - 72 & LT HH
AREITYCHEERIZES2ENHE S I LEFH/HREL. A
HMERT O, (AR X - T °C EE R 140 ~
37Tmge A" (F—=F7 W) Lo 20k, Zhan

I, TEe—8 H I, Y21 —22 B I, T8 —41 H %

BCO, MR D BREE R DENIT L B b DI D, W
HEONARESDOERIZLZ HDHRONITONTIEMHS
MTROL, - T, R THOUETRIE, AR
TO PC FE RS PC AL O B 15 el 2 47 5 Wb B s
HBHRBIZEE L, L LBENS, MWENIZE T
BRAEDN OSSN T — 1, REBEROFEL L
BIZ3icdnEEINn TS (Okano et al., 1984). *
o, PRERPERE B A REEY) D B4 E N DR RIT O



Wil SLRFREE R A F © RYLEFERFTEICBE S B BFSE 31

Tim L A5AE, BEICEITPRIC X 3 L BIET 540
b5, KETOLEREDD 5 BIFRICK > THE
SNIRIZOVTERFMTEZL, LALENS, b

MZBOTIE, &Y v 7 ICEBEINIOLERED D RIC
B Yy ORI 75 R, WA A 725
i\ ERABEOEMERT I EBREINLTL S
(Shishido et al., 1989; *X)7 « REA, 1994). £ L ¢,
Shishido et al. (1989) &, LB EHD Y — X « ¥~
7B ORI O I OfEEEE LT, ¥ v/ ~OEH
BOADSDOHEROEEGFRINELELTLS
Pe->T, kT~ ES BHKEHRE L ETHOA
i, AkBRTH O BIES PCO, O, FEE O
BEILEOME £1T5 BT, EBORREEMHITEWETO
FAREID ) — X« ¥ v 7 BREMNTT 5 kL LT
HFHTHBENZ D,

RBR T, FFEEAWAZE LT PCO, 208 U 7K
Wbz EEOMBIZLND 5T, 90%LIEDABEE
MR FICHE S i, FRTRFER PN E &K b 45
BOINS D - AR FRELHOSE TS, UBZE
M ORI NI RED D 96 % M EFIZHEEN T
W7z, Leeetal (2005) 1%, 24K, T1RED OHBIZ
WERFFIZ B O TR 15 HEIZ MCO, WE AT, A
H1AgIE,ERESALC DI B, FHEEsh
TeARRIZ B O TIREMITOPD 59 91% Ll Eds, Fi
MR E: S NI R TRIERIZE D 45 ~ 96% MHEKEIC
S EHFELTNS, £oT, DR ELRAH
D2ARMNTIREDEF T T, REFIRHERE
KZE L TEET 213 EAEDED A REN DR
By ThHBHI EMEIRBIhi, #-7T, HiET
M S DT UTe & D STk R 2 1 A TS 72 » Ehifg
PENETRIN B MA A AR IR EHEN I
[Kxn s Did, RERKBOCEKENDIZEAED
BEIZHBENE DO ENZ B,

KRBT, 28N TIRED IR BRADHRE
FREEY O3 HLE, RIEARIIZ M U TS A o LA
BLUOTFZENSITbR, HRED LZEE X O FhE
MoRIFEAETOA TN -7, Lee et al. (2000,
2005) &, 2AMENT1IREYOHITOFEIEZX A AicE
WT, ZHH 15 HRORANDOIEAHEY O S ELIZE R
OIS bbINITbh TS b D DS R Lo
ENOoNEOE L, WERK LOENRETBRRDOREE
HERFICARIRTH B EMBEL TS, K -T, 24401
T1REDDAA A TOWDEEREMERFITIT, WA REL
toESERRLTWSEbDEEZSNS., b b (H

Hoe BEH, 1972b; FH i o FifE, 1984; MIEF S, 2001)
Aoy G50« @i, 1983 KA 5, 1992) TiE, AR
ik O PRLOBENRFEE UTRADRAEKEH DY — 2 &
oTBY, KRTHOSNICZAA A TORICET 5
BREY O —Z « ¥ 7 BRI, Tho &R HAR
Hote, WEMT MPA D VIZ IR TTHRESQ,
RIEPWIT EOIEE A E DEEPHER Z R —0%
DIEDNEABEMIC L » TITOR T NIEE SR,
DD BENUT K B REGFHMTON TS ENZ 5.
ZA N TEARRD A5 69, 7 RE & MG R DR
TEXIBWBHETHEINAGANIZLEALETHD,
RIZBILTHRO Y — % « v v 7 BRDIER I N TS
bDEEZ LN,

UbkoZ Ens, 2B T1IRED ONKRERICE
12 RERKBIONEBLEI DY — X « & v 7 BfRIZD
WTRUTO &I IT74 5. RIEFRFENLRLIOERER
Yy THY, REERGEME L TEEKOLETOEDN
BRFEM O KIS s RE I HRE N5, —J, RFEEK
JHOBNDHARED D/ BLIE, 1ZEAETNTHEE
B Lo, SfTbh s, #-T, REERPORESL
SUMICET 2V —X « ¥ v 7 HAR, FhEn@ik L
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(V=) MR (v 7)) ThB LRSI ONIK.
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1HEICBOWT, 2R T1IRE VIR 2 RHE

ROV —Z « & v 7BBRICODVWTH SN LI, R

A 1 DNARIREEZ AT - T B BB TR, R IidbEg
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Bl—27 1AL T1IREDERICE T 2 HHEE
R EFHA D SEARERESE X A 71 DEAL RS2 &=
Sk #iE~< w7 A RE
R IE SEM=8)
I, k19 ~ 21 H#% %I, 32k 33 ~ 38 HE.

38 HERITHIM) 1T, FREEME TR, —RMUBZE T~
THEL, EREORMT LOFE 3 ~58E, 11 ~13 %
9 19~21 %%, %528~ 30 FEC "CO, ZMB L7z (M~
25). —RMIEZEME TR, FHOTFIER, Ahrd ko
F10~ 12, H19~ 214, FE30HOLTOhLMS
1AM ES & —RME % 6 ~ 7 55 L THO L7,
—IRMEE 2RI PCO, 2B U (K — 26). ALEIZ4
WALE b 2 KEIT- 72, 7B, HuicmED 2 oK
REI0]© D INHEINIZ 203 1449 40 HTH 5. CO, i %5
W HES 8:30~15:3012fT-72. 75 XAaWIT 6g
D C B RER N Y 7 L (Ba®CO,, 99atom%°C) % A
11, IN HCl % 30 ~ 60 53w T 1 024720 8ml 37> 7
FRAF v V) vYTMATYCO, #HAESE, THHE
SUERIX TIIEEEHAL T, —IRANBEEALEE X T 3 — R MEL
2R EB SRV ZF LNy FRICEZ— IV F 2 —

ZHOTPCO, Z8A LK., PCO, #HERITEAT 572
b, BEHAHOI TR T TT7 I RAaNITHEER LK.
ZOMOMEE 1 HEFBEE Uiz, PCO, B TH
48 gl 21, BLEMKR 2 ALy v S ) v Lk
(K— 25, M—26). V7Y 7 URIELR, ZHoH
PLOFEREIZ DN TIE, 18 & FARICE RALE P U ZED
FLEIT & » TENME L B 48, P12 HiL o P TR
L7 (K— 25, K- 26). &BALHIH >~ 7Iovid, 18i&H
BRICHZSE, B OB T, PC O ET - . BB,
KB T, CHAERDFEICHV 2 2REAARIC
FBIALD IR FEAROMEEE 7z,

b #HER
1) ERELE

SCO, MR ER L
-8 FI~5F
- F11~13%

o F19~21F

—o— H28~30%
100

a0 | == |

60 -

BoERFE®)

40 -

i 3
o, B

B — 28 1AM T 18 EDREED TEHE COo, L
FEBRIT B 1) B LI RE I o PC iEiiR
il it~y 7 X RE

R, Ry 19~21 H#% %I, =8 33~38 Hi%

RFENERIGIE b DRI D HZM R D HERS % [ — 27 12
U7, RERKBD SBIICHT T, Wk eko
I U, C O JAB O KB AR O FY) TE O BN
BRI/NE L, W EOBME I RIEEOBIIC X
5bDTh-7Tc. RERRBMOGZMEOHI AT, RHE
M T7%, MR 2%, FIELN20%TH - . 0B,
REEKREN O REDFFEDO FHHEIT 4.7kg TH -
7z.

RERERAREAD PCERE LK — 28 1R L,
AL, Kchhb 59, MEIEN S O PC KR
80% U LTH -7z,

REERERHI O CO, MELZELIS DK EBALD °C 17
EHAEER - 121CR L7, F 11~ 133, 519~ 21 3,
55 28 ~ 30 BT CO, MLEE U 7o 854, RERAHHI T
BED PCIEERMNEN 72, Zh5DHEAD PCO, ML
HTiE, REEREY TS RRICEFED °C LI
Motebo®, REPRPMEL~S EZOMIZIKTL,
B 11~ 13 BB XU 28 ~ 30 HEALE T I3 ALHE & Jlo
DOREIDEID PCIEAELDIEI NREL D bE» - 72,
¥ 3 ~ 5T UCO, LB L 7854, C AR I3 LBl B
EIROBOE1~3XMBTROMEL, ROTRTEHD -
fo. Fio, MhOMBEEAL & T, BRI
asm o Em sy s hz,

REIA P L ORI E 1T 3K~ D PC 53
FRAFK- 131U H11~ 133, 5§19 ~ 21 %,
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F— 12 1AL T 1 RED ORI R A /1 O FFHE °CO, EEIZ
B35 PCO, ILHE 2 H D KIALD °C 177E L (atom% excess)

PCO,MENIED AT B 35 JOMILELIEE )

FIEivA H3—5IE  FI1—13%E  GB19—213E  §528—30%E
Rl i i el ol i pH iR
H20—30 % 0.01 0.02  0.00 0.00 0.00 0.00 0.0l 0.00
H20—30 % 002 0.03 000 0.00 0.0l 0.00 009 0.17
#12—19 #  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F12—19 ¥ 006 032 005 0.19 0.02 0.03 0.0l 0.00
H4—11 % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ha4—11 % 017 013  0.04 0.09 000 0.00 0.0 0.00
F1—3 % 0.0l 003 000 000 000 0.00 000 0.00
H1—3 % 035 083 0.00 0.00 0.00 0.00 0.0l 0.00
BLEE 0.07 0.04 0.28 0.12 0.20 0.15 0.24 0.13
jic) 0.23 0.51 0.00 0.00 0.00 0.00 0.00 0.00
St w7 ARE

2 HE

2]-2
FHF19~21 #1210, ZF33~380 1%

g,

#— 13 1AM T 1R ED ONIRIREEZ A A O FHIE PCO, MBLIT
B3 PCO, M 2 A DOFEALD C 3B (%)

CCOMPEED N " F5 J ORI

il Fa—hiE  Bll—13%E  5519—21% 28— 300E

o fE P B P i Pl R

Ho0—30 #E 1.3 2.2 0.0 0.0 0.2 0.0 0.2 0.0
§o0—30 0.5 0.7 0.0 0.0 0.2 0.1 1.0 2.1
Hi12—19 1E 0.5 0.1 0.0 0.0 0.0 0.0 0.0 0.0
H12—19 % 1.5 5.0 0.4 2.1 0.2 0.3 0.1 0.0
¥a—11 A 0.1 0.2 0.0 0.0 0.0 0.1 0.0 0.0
W41 % 3.0 2.4 0.2 0.7 0.0 0.0 0.0 0.0
q1—3 1 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0
H1—3 X 2.5 5.2 0.0 0.0 0.0 0.0 0.0 0.0
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Fruit Productivity of Vertically Trained Watermelon
[Citrullus lanatus (Thunb.) Matsum. et Nakail

Shin-ichi Watanabe

Summary

Watermelon [Citrullus lanatus (Thunb.) Matsum. et Nakail is a major, high-production fruit vegetable in
Japan; its yearly production follows that of cucumbers and tomatoes. It is grown all over Japan, mainly in open
fields. Production of watermelon is declining gradually, mainly because of the labor involved in managing
conventional crops, whereby shoots are trained horizontally on the ground surface. Recently, vertical training
has received attention as an alternative system because of the reduced crop management labor involved. We
examined the fruit productivity of vertically trained watermelon plants, with a focus on leaf area, light
reception, and field photosynthesis characteristics. We also examined the source—sink relationships of
photosynthates during fruit development so as to characterize fruit productivity in vertical training. We
compared the working posture required with vertical training systems with that with conventional, horizontal
training systems.

Chapter II investigates the characteristics of fruit enlargement on vertically trained plants. Initially, we
examined the effects of fruit set position on total leaf area per plant and final fruit weight in vertically trained
plants. Two primary lateral shoots were allowed to grow on each plant, and one fruit was set per plant. As the
fruit set position increased, the fruit weight increased. Total leaf area per plant during fruit development
increased as fruit set position increased. Fruit weight at harvest was closely related to total leaf area per plant
at 5, 20, and 40 days (harvest) after pollination. We concluded that decreased photosynthetic production due to
small leaf area and competitive growth between the fruit and vegetative organs during fruit development caused
smaller fruits to develop when fruiting occurred at a lower node position.

Next, we investigated the effect of the pattern of vertical training on fruit weight in relation to total leaf area
per plant. In June-harvest and November-harvest crops, one to three shoots were allowed to grow and one fruit
was set per plant. In both growing crops, fruit weight was closely related to total leaf area per plant,
irrespective of the training pattern. However, the regression lines between fruit weight and total leaf area per
plant differed between the growing seasons. There is therefore a need to further investigate light reception to
analyze the characteristics of fruit enlargement in vertical training.

We investigated the effect of planting density on fruit weight of vertically trained plants in terms of light
reception among expanded leaves and photosynthetic production. Two shoots per plant were allowed to grow
and were trained vertically, and one fruit was set. Solar radiation on individual leaves was measured during
fruit development with an integrated solarimeter film. The photosynthetic rates of these leaves were measured
with a portable photosynthesis system. Fruit weight decreased significantly as planting density increased and

was closely related to the total leaf area per plant at each planting density. However, the regression lines
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between fruit weight and total leaf area per plant differed among planting densities. Fruit weight was obviously
proportional to both total solar radiation received and photosynthetic production per plant. The change in fruit
weight with planting density was attributed to changes in the photosynthetic productivity of the whole plant;
this in turn was a main function of the total solar radiation.

The results in chapter II indicate that total leaf area per plant could determine differences in fruit weight in
vertically trained plants within a certain range of planting densities or training patterns in the same growing
season. However, over a wider range of planting densities or training patterns, or in a different growing season,
the total solar radiation received and photosynthetic production per plant are likely to be more appropriate
factors than the total leaf area per plant in investigations of the characteristics of fruit enlargement.

In chapter I , we use the '*C-tracer method to investigate the translocation and distribution of
photosynthates during fruit development in vertically trained plants with one or two shoots and one fruit. The
percentage translocation of "*C from *CO,fed leaves exceeded 70% during fruit development, irrespective of the
position of the *CO,-fed leaves (except for the lower leaves in the plants with two shoots and one fruit at the late
stage of fruit development; the percentage was approximately 50%). Therefore, most of the photosynthates in
the whole plant were transported to the fruit. In plants with two shoots and one fruit, all leaves on the plant
were sources of photosynthates translocated to the fruit, whereas leaves on the non-fruiting shoots were also
sources of photosynthates translocated to the roots. In plants with one shoot and one fruit, all leaves on the
plant were sources of photosynthates translocated to the fruits, whereas a limited number of lower leaves on the
main shoot or leaves on the extra lateral shoot ( “asobi-zuru” in Japanese) growing from the cotyledonary node
were sources of photosynthates to roots. We concluded that fruit weight could be determined by total leaf area,
total solar radiation received, and photosynthetic production per plant, because most photosynthates of
vertically trained watermelon plants during fruit development were concentrated in the fruit.

Chapter IV compares fruit productivity and labor load—especially working posture—between vertically and
horizontally trained watermelon planting systems. Initially, we compared shoot growth, fruit enlargement,
light-reception characteristics, and field photosynthetic rate between vertically and horizontally trained plants,
each with two shoots and one fruit; a higher planting density was used for vertical training. The training
method had little or no influence on shoot growth. Fruit weight was significantly lower in vertically trained
plants than in horizontally trained ones, even when the total leaf area was similar. The amount of solar
radiation received by, and the photosynthetic rates of, the middle and lower leaves of vertically trained plants
decreased gradually with decreasing leaf position and were lower in vertically trained plants than in
horizontally trained ones. We concluded that the main reason for the production of smaller fruits on vertically
trained plants at the respective planting densities was the lower light reception by the middle and lower leaves
on vertical plants than on horizontal ones.

We then compared fruit productivity in vertically and horizontally trained plants with two shoots and one fruit
in July-harvest and November—December-harvest crops. Fruit weight per the amount of solar radiation
receivedby a plant in vertically trained plants was equal to, or greater than, that in horizontally trained plants.
As planting density increased, fruit yield per unit land area with vertical training increased and exceeded that
with horizontal training.

We used a working posture analysis system to evaluate the labor load in disbudding and topping work with
vertical and horizontal training systems. Vertical training improved the working posture by decreasing the
bending angles of the trunk and thighs; this was accompanied by a decreased “pain index” (Nagamachi, 1986).
The time needed for disbudding work was shorter in the vertical training system than in the horizontal one.

From the results in chapter IV, we concluded that vertical training of watermelon plants could improve

working posture and increase fruit yield per unit land area under higher planting density than with horizontal
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training, without loss of light-use efficiency.

The finding that most of the photosynthates were distributed to the fruits throughout fruit development
suggested that fruit weight or fruit yield per unit land area, or both, could be predicted from estimated solar
radiation. It also suggested that fruit weight could be controlled by adjusting planting density or leaf area per
plant, or both. We also found that the amount of solar radiation received per plant was likely to be a more useful
index than leaf area per plant for estimating fruit production with different training methods, especially when
light-interception characteristics differed widely (e.g. between the vertical and horizontal training systems
studied here). Use of solar radiation received per plant as an index should help in the development of productive
training systems for fruit vegetables in the field.

In conclusion, vertical training of watermelon plants increased fruit yield per unit land area under higher
planting density than with horizontal training, without loss of light-use efficiency. The vertical training method
is favorable for meeting the recent marketing trend for small, high-quality fruit and has the potential to

increases the areas under production in Japan, especially in protected cultivation.
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I Introduction

Daikon (Japanese white radish, Raphanus sativus L.) is eaten throughout Japan. Japanese people often eat
daikon oroshi (grated raw daikon) with soy sauce, nametake (Japanese mushroom), tempura (a traditional
Japanese dish of fried fish and vegetables), or grilled fish. 4-Methylthio-3-butenyl isothiocyanate (Fig. 1) is the
principal isothiocyanate in grated daikon. When daikon is grated, this substance is produced from 4-methylthio-
3-butenyl glucosinolate by the action of myrosinase (8-thioglucosidase) (Fahey et al., 2001). It gives daikon oroshi
its pungent odor and biting taste (Nakamura et al., 2001). The characteristic yellow of takuan (salted-fermented
daikon, a traditional Japanese daikon product) comes from a major degradation product of 4-methylthio-3-
butenyl isothiocyanate (Ozawa et al., 1990, Ozawa et al., 1999). Thus 4-methylthio-3-butenyl isothiocyanate is
an important odor, taste, and color factor in the cooking and processing of daikon.

Many investigations have found that some phytochemicals have chemopreventive activity against cancer.
Isothiocyanates are thought to be an important class of phytochemicals with this capacity (Nakamura et al.,
2006). 4-Methylthio-3-butenyl isothiocyanate induces detoxification enzymes in the HepG2 human hepatoma cell
line (Hanlon et al., 2007). It also reduces cell proliferation in a dose-dependent manner and induces apoptosis in
three human colon carcinoma cell lines (Papi et al., 2008). The chemopreventive effect of 4-methylthio-3-butenyl
isothiocyanate has thus recently attracted considerable attention.

For these reasons, an accurate analysis of 4-methylthio-3-butenyl isothiocyanate is very important for
evaluating the quality and chemopreventive effects of daikon. The prevailing method used to quantify
4-methylthio-3-butenyl isothiocyanate is gas chromatography (GC) (Nakamura et al., 2001, Okano et al., 1990).
However, not all laboratories are equipped with GC apparatus. For our research, we needed an easy procedure

using high-performance liquid chromatography (HPLC) to quantify 4-methylthio-3-butenyl isothiocyanate in a

R P Ve

Fig. 1 Structure of 4-methylthio-3-butenyl isothiocyanate.
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daikon extract. Unfortunately, reverse-phase HPLC with an aqueous mobile phase cannot be used to precisely
quantify 4-methylthio-3-butenyl isothiocyanate, because this compound is spontaneously converted into
raphanusanins in aqueous solution (Kosemura et al., 1993). To solve this problem, we developed a normal-phase
HPLC that used silica and an n-hexane/2-propanol isocratic mobile phase. This analysis does not need an
aqueous solution and enables powerful quantitation that is complementary to GC analysis of 4-methylthio-3-
butenyl isothiocyanate.

This work was supported in part by a grant from the Ministry of Agriculture, Forestry and Fisheries of Japan
(MAFF) Research Project “Breeding and integrated research toward enhancing consumption of domestic farm
products in food service industry”. We thank Ms. Takako Hayashi and Ms. Yukari Kokawa for their excellent
technical help.

I Materials and Methods

1 Materials

Daikon was purchased from a local supermarket. The organic solvents used in HPL.C were HPLC grade.

2 Preparation of 4-methylthio-3-butenyl isothiocyanate standard

4-Methylthio-3-butenyl isothiocyanate from daikon was purified in our laboratory. Fresh daikon roots (5.8 kg)
were grated in a food processor at room temperature and then centrifuged at 10,000 X g for 3 min at 25 °C. The
supernatant (4.4 1) was shaken with n-hexane (4.4 1). The n-hexane extract (528 mg) was applied to a
preparative HPLC system (Develosil 30-3 silica column, 250 mm X 20 mm; Nomura Chemical, Aichi, Japan) at
40 °C. The column was eluted at a flow rate of 10.0 ml/min with an isocratic mobile phase (n-hexane/ethyl
acetate, 92:8). The eluate was monitored by ultraviolet (UV) detection at a wavelength of 230 nm. The isolated
4-methylthio-3-butenyl isothiocyanate (341 mg) was checked by nuclear magnetic resonance (NMR) and mass
spectrometry analyses (Kosemura et al., 1993). The '"H and "C NMR spectra of the isolated 4-methylthio-3-
butenyl isothiocyanate in chloroform-d (solvent as an internal standard, § 7.26 and 77.0, respectively) were
recorded on an EX270 spectrometer (JEOL, Tokyo, Japan) at 270 and 67.5 MHz, respectively. The electron
impact ionization-mass spectrum of the isolated 4-methylthio-3-butenyl isothiocyanate was obtained with a
JMS-700 mass spectrometer (JEOL).

3 Measurement of UV spectrum of 4-methylthio-3-butenyl isothiocyanate
The UV spectrum of 4-methylthio-3-butenyl isothiocyanate dissolved in n-hexane/2-propanol (99.5:0.5) was
measured with a U-2810 spectrophotometer (Hitachi, Tokyo, Japan).

4 n-Hexane extraction of 4-methylthio-3-butenyl isothiocyanate from daikon

The method developed by Coogan et al. (2001) for extracting 4-methylthio-3-butenyl isothiocyanate from
daikon was modified for this study. The daikon sample was grated in a ForceMill (Osaka Chemical, Osaka,
Japan) to convert 4-methylthio-3-butenyl glucosinolate to 4-methylthio-3-butenyl isothiocyanate. The pulp of the
grated sample was centrifuged at 12,000 X g for 5 min at 25 “C. Daikon juice was obtained from the supernatant
by filtration. Juice (6 ml) and n-hexane (2 m1) were placed into a stoppered conical tube and then shaken
vigorously for 30 s on a vortex mixer. The tube was centrifuged at 1400 X g for 5 min at 25 °C, and the n-hexane
fraction was then collected. The aqueous phase was extracted with n-hexane (2 m1) twice as above. The pooled

n-hexane fraction was removed into an HPLC vial for HPLC-UV analysis.
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5 HPLC-UV analysis of 4-methylthio-3-butenyl isothiocyanate

The HPLC instrument was an LC-2000Plus Series System (JASCO, Tokyo, Japan). We used a Develosil 30-3,
silica, 250 mm X 4.6 mm column (Nomura Chemical). The mobile phase was isocratic (n-hexane/2-propanol,
99.5:0.5). The column was operated at 40 °C with a flow rate of 1.0 ml/min. The wavelength for detecting
4-methylthio-3-butenyl isothiocyanate was 232 nm and the data were processed with ChromNAV software
(JASCO). Quantitation was based on a 4-methylthio-3-butenyl isothiocyanate standard.

I Results and Discussion

A standard of 4-methylthio-3-butenyl isothiocyanate was purified from daikon as described in the Materials
and Methods section. Because 4-methylthio-3-butenyl isothiocyanate spontaneously changes into other
compounds in aqueous solution, n-hexane extraction from the supernatant of grated daikon is an important step
to avoid the loss of 4-methylthio-3-butenyl isothiocyanate, which is stable in n-hexane (Kosemura et al., 1993).
Preparative normal-phase HPLC facilitated isolation of 4-methylthio-3-butenyl isothiocyanate from the
n-hexane extract. Starting with 5.8 kg of fresh daikon roots, we obtained 341 mg of pure 4-methylthio-3-butenyl
isothiocyanate (trans form), as assessed by NMR (Fig. 2) and mass spectroscopies (Kosemura et al., 1993), by

using only two purification steps. This purification procedure thus enabled the large-scale isolation of

TH NMR
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Fig. 2 'H and "C NMR spectra of 4-methylthio-3-butenyl
isothiocyanate isolated from daikon.
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Fig. 3 UV spectrum of 4-methylthio-3- Fig. 4 HPLC-UV chromatogram of 4-methylthio-3-
butenyl isothiocyanate in butenyl isothiocyanate extracted with n-hexane
n-hexane/2-propanol (99.5:0.5). from daikon. Asterisk shows the peak of this

compound.

4-methylthio-3-butenyl isothiocyanate to be used as a standard.

We examined the UV spectrum of 4-methylthio-3-butenyl isothiocyanate dissolved in an HPLC mobile phase
(n-hexane/2-propanol, 99.5:0.5) (Fig. 3). The maximal absorption wavelength was 232 nm; this was therefore
chosen as the optimum wavelength for detecting 4-methylthio-3-butenyl isothiocyanate in HPLC analysis.
4-Methylthio-3-butenyl isothiocyanate was easily recognized as the tallest peak in the HPLC chromatogram of
the n-hexane extract (Fig. 4). The 4-methylthio-3-butenyl isothiocyanate peak was well separated from the
matrix signals in the daikon extract. The coefficients of variation of the area counts and the retention time for
ten 80 pl injections of a 51 nmol 4-methylthio-3-butenyl isothiocyanate standard were 1.9% and 1.7%,
respectively, thus providing evidence of the robustness of this chromatographic system. The detection limit of
4-methylthio-3-butenyl isothiocyanate by this HPLC analysis was under 10 pmol.

For the analysis of 4-methylthio-3-butenyl isothiocyanate, we developed normal-phase HPLC that used silica
and an n-hexane/2-propanol isocratic mobile phase. For analyzing 4-methylthio-3-butenyl isothiocyanate in
daikon oroshi, the n-hexane extraction step is very important to stop the activity of myrosinase and avoid the
loss of the target compound. Unlike with reverse-phase HPLC, the n-hexane extract solution can be directly
injected into this normal-phase HPLC system without solvent substitution. Moreover, this method solves the
problem of 4-methylthio-3-butenyl isothiocyanate being unstable in aqueous solution. We believe that this

method will prove valuable to other researchers studying daikon.
Summary

4-Methylthio-3-butenyl isothiocyanate is an important odor, taste, and color factor in the cooking and
processing of daikon (Japanese white radish, Raphanus sativus L.) and has chemopreventive activity against
cancer. Because it is spontaneously converted into other compounds in aqueous solution, it cannot be properly
analyzed by reverse-phase high-performance liquid chromatography (HPLC) with an aqueous mobile phase. The
normal-phase HPLC that we developed with silica and an n-hexane/2-propanol (99.5:0.5) isocratic mobile phase
solves this problem. It is a powerful quantitative method that is complementary to gas chromatography analysis

of 4-methylthio-3-butenyl isothiocyanate.
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The Amount of Residues Emitted from Different Types of Greenhouse
Tomato Production and the Review for Processing Condition

Dong-Hyuk Ahn, Hiroyuki Mukai, Yasunaga Iwasaki, and Akimasa Nakano

Summary

We quantified the residues resulting from greenhouse tomato cultivation. The amount of residue from 10
months' high-wire cultivation was 11.9 kg/m®, and that from 10 months' low-node-order pinching cultivation was
15.4 kg/m®. The amounts of residues produced from cultivation of several tomato phenotype(cherry, with
medium-sized fruits, and with large fruits) were similar, at about 12 to 13 kg/m®. However, the amounts of
residue produced from various organs (leaf, stem, and fruit) differed among cultivation systems and phenotypes.

We also examined the variations in temperature and in CO, and NH; production during composting of the
tomato residues. CO, was produced at high levels during composting. The pattern of production of ammonia was
similar that of the temperature variation of the composting residues, and ammonia generation was abundant in
the early stages of composting. The temperature of the composting residues changed with the season and with

the rate of mixing with sawdust.

Accepted; October 11, 2012
Vegetable Production Technology Division
40-1 Minami Nakane, Taketoyo, Chita, Aichi 470-2352 Japan
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Yield and Root Activity in Tomatoes Grown in a Low-truss Nutrient Film
Technique under High-yielding Conditions
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O OKFHRD) 1250 TEREL L B A JIIE Uk,

4 EEBRDSH

ERTHSNEERIIODVLTE, BRI -2’
B LU ‘AEGEANE Z2WT, WMIcRS L EEE
SNIZINBREE DY TN DHEMT U, HERIITH
B LU TICP #)tsmotsr#rii& (iCAP6300Duo, Thermo
Fisher Scientific #:#8) 2L 0, K, P, Ca, Mg, S, Fe,
Mn, Zn, Na ZJllE L7z,

m # R

1 i EESREOER

Ny ZWEERE R, BTN AT 17.3°C, I
YATIT6THY (M—11), REREILEH, T
—J CO, IEIE, HIT/~7 R1FFHET 402umol * mol’

001/10/14 2001711714 2001712714 2012701714 2012702714 20012/03/14

K—1 "Ny ZHNOKREREDZER
LR ECEESE, TR AR CO, e



LALICRNE 21¢:

BT 1) 5 NFT KBRS b < b O Ul SRR O i 77

WX LT, 2T 213 559umol * mol' TH D
14O RETH 72 (K—1TF). 27 XD CO,
B 13 H T 559umol » mol’ TH - 7243, 1 HOM
fu$m¢@6nm~m'mif'cmm%émru
7z (F—7EM). HBEIZ>WT Y 2D NREBRRII,
THIT N M 55.3%1xf LT, W AT R 53.6% T
Hoto, HELTHEREEDOEO S HAEETFHE SN,
REBEERZADSNEN -T2 (F—FEHMK).

2 NEDFFH

MBI OO TEIT Y ZITHARZINT 2 TRIGE
DT 2 MBS 0, LmiE T 40% B E O &
maED shic (K—2). R, 40U < BRE
HIEC BT, WEBEMESREOSERA 5 v 7 D
‘AEGEAN’ Th b, HITD 3.0f5TH -7z,

3 RRORESLUREMER
B — 312 d kHiT, HlHE
RIEEF KB I — 7 @©36ml/h K&,
‘No.147 ® 6.9 mL/h THDY, 16 MEEEKTIE 5.2 £
0.7mL/h CPFEME MR 2E, UTRHE) Th-72. —
B, ZWERETERKET CFhRKRKEI -7 o
7.8mL/h, #&iid ‘AEGEAN’ @ 15.8mL/h TH Y, 16
KT 11.7 £ 2.0mL/h TH - 7o, RGO DR
DOiEPEE, ZIERBETIRZ OFEHIEEITO 2.3 1% &7

D, WHEROES DX REA ST
thbtcholBEIZDHNTRE, HAKIEI -7 &

EIET Y X TR,

u £ ot

(g/BR)

1000

75 il HEI A

K— 2 Ri52EEICHET 2 NFT #5 ~< MURD

sy o 1] 7655

W ZUGEIE, O TR

AEGEAN O 2 B I >0 THIE Lz, AKhiRIZ 2 IS

Bi L EITBRBIICB L THE L ERZIED St - k.
— 5T, GPiZ ‘AEGEAN of» fekiga—2’

WHARZ 57z, BRREEE — 77 B2 IUEREETIRIE
TIZ AR SAIR BB U 7223, ‘AEGEAN
TRZDIIBERBYMETEE -7z (KH— 4).

220

N Z =

1 CO, LZREDEIR
CO, i R4 21K (2B b= b CHERES
8) il LRItk s & (BiKS, 2009), IR

w UL offffT

i E (mlL/h)

- :l'}
No. 53

No. 147

No. 82

CFHEAEE]

CEHERERIE S A

kB — 2
CFHk AR = -

M —3 HAZEBREICEITS NFT#E b~ b o
O i R[] 2508
RIS R 22 2R T (n=4).
20 :
LG
ok
15 F
C
:ﬁ" 10 F
W
g
# 5t
0 1 1 1
%2 THAT ZIL 11T
BEAEE 3 — AEGEAN
X— 4 ZINBREEICETS M~ bOSHRE XO/KFHR
D53

eI REZ R T (n=4) .
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T 449%, APURINE T 20% DINEHMAREN T 3,

o Z oMU FEREOHINIERNT 2 &0 EFHKS
NTn3s, ZoEE, ®ILCO, FRITXD, i
M3 H15H~5H 15 HD 10 B~ 17 KD, CO,
o Jifi i _EBR A% 1000pmol/mol (800 ~ 1000pmol/mol T
) VIR RETH 5. SRIOEETIE, F
¥ 559umol/mol & WD & TH D, KRS (2009
DM & D IFKOAS, BEREBRH OIS MR & LT
&, BkKES=—77, ‘CFHkRERI —7’, ‘CFHRKER
J, CFHERKIIEZ» 180T, 20 Zh, 57%,
55%, 75%, 27% CFHT54%) OHINEIESE SH
T3, CO, i DHRADHRIFIRENEEZ SN S
», BRSO OHmETO, WPERIE DN 20% & H
5 &, Alizenll EORINS 2 72, TR
15 & & OMENRIC X 2N O AREME (B 2514 5
L 34%DHEE) bEZLohk. 4%, hoodH5E
RO TEEMIZH S IZ T 20808 5.

2 REDREMEE L SIURENDRIGH

A oFFEE 6 »r HTh b, I 5.13
kem® T, 14EMT2/EEML, REOINENESH
e EET B &, EITHEET5.5~ 11.7kg * m”, Fi
T92kg  m>ONENLE SN, ZIERETIE89 ~
19.9kg * m? FHET12.3kg  m* DINENEH SN B &
e s hic, SHOHEREIFTHOADEERTHD, F
fo, S SITHYISEREERIEOBEAEFM T S itk
INERIIEIMT 2 EBZ o0 B0, A5 07 R ETIEER
T 100kg * m> ICHEZHEREH b, £DEEF, FRHE
ERED, BHEOBEELADTILITHNTES LH7I
LA T 20E DD B,

* 5 v 7 S REEEWIE AR O, BBk
M &I zn, AMFEHL 72, NFT KEERIZHB LT
ZEER L, CO, fiifl 75 & OBRBEHIfEIT KIS L TIL
WmOBMABR N - 7. —F, BITEETEIZNORE
MHIT o 7o, BIRIIZIR, SEETONRLE (£
UL/ H84T) AFHE L2 EZ A, BEKEBRMFA 1.5, 4
7 v 5 LA OO FERRR SR FE A 1.3 TH » 72D
2% L, AEGEAN 30 Th -7z, &5 V7 MM
CO, i 75 & o ZIEREEHI It U TULE 2 i & &
HHEMH B EEZ SN, BREHEOENIHT B IE
Bz H UMl HmETH 5 2 EAREnT.

3 BRELRRLOBRK
ORI 1, REBGERE b~ b o I #OEE A 20mL/h

fittTchsEMST 5 E (FE 5, 2007b), NFT K
Bt c K<, HiT Y 2 Th.2ml/h, ZNT X
Tb 11.7mL/h Th - 7. Z OfHIZEBSRE I HA~K
LRV A, WEMBEEOMK: (4 BIGE) HHERE O 1
WESE 0.1 ~ 2.2mL/Mm (FPEF S, 2001) ICHARTE» -
7z, HRGEREE I3, MOHDOKET Vv v I bR
N, THEEETRAET VY v VOIKENIHKAIE T &
Bl EBEIN TS, BRBEHICE O TIEER DR
FENEL DT ERINIE, KRTF VY v bADREIT
INS WD IHEROE FRELZVEZZL SN,
BRARIETOZEE, FIHROMEITRFEL TS EEL
525, Litni-T, BRELEROAEER, HEERY
TROMEIZEEbDEEZ ST,
BERAMUMTER, RENTERSI N 2IBEL
fiddt & CHREIPTITIEKIE LT A CGER, 1998), Al
LFEMNC X B PRS2 DAL A TERR S 5 7o DI IdHET
H5. -5 (A) ITRT LI, DINEREE L 1EITERE
T, Thehni HoREE & LREEzhThRER
ZHEM LD FEEENED SN DD, BT IZIFEBN
BE/RARED Sz, Thid, HEHNORE IR EE
HBIL, Hi B SR 5 v 2 %8 - TRALED DM &
MBI ENSEZLE, BYUBHRTHS. AlHlDFEER
BT 22N NT ZNOHEYIAD 1 #2472 0 O K E
FEOHESNEHMEERLIZOR, 1Y) DREDE
SOH LA S DORMLEY OERBEDOZ S EITL D,
1HRYM 72D DIRFR E L TOERNED - T2icd EBZ S
iz,

T/, HEEENRTZ hAKWLa—-2s &
‘AEGEAN’ OEERORBENSRKESEL SN &N

® “li (A) ® £ (B)
, X Tk .. o 1
r [ 1] - [ ]
& £
P o. & & °
§ o e - K
fr g gt
= ¢ @ > >
£ @ : i &% ]
= X
. ®
S (mL/h) e (mL/h)

K—5 b~ M EEEQ) BXCBNE B) & ik
& o B

@ : ZUGHE, O : JATHIE
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BT 1) 5 NFT KBRS b < b O Ul SRR O i 79

#£—1 ;< bOEFRDHEMZ (mmol/L,n=4)
K P Ca S Fe Mn Zn Na
BERBER I — 2 23.7 1.9 9.2 5.2 2.2 0.0117 0.0171 0.0303 3.4
AEGEAN 18.5 2.3 10. 7 3.0 0.0150 0.0184 0.0354 3.2
C0.01= ns ns ns ns ns ns ns ns
Sy

0. 05> ns ns ns * ns ns * ns

#oAHUTIRIC D AEEL Y, nsiyETIc L A EERL

5 (F— 1, BEROREEAESGD2HFEMREVE K AT, [WENEGOOT, WROEED, [

EZoNDBKILEDA I v OERES S HEE NS
W ICB O TRRICHOEW O EE R A -
BREDNE N &1F, REEBOPETEEEAbYE K,
BRELTORINEN ERIKGFET S EEL SN,
ARIOFEHRRTIE IR EOMRRESF TS LENTE
WhotcDT, BEIZEEZ 0N, ZINBREIZENT
i, BEKEE= — 2 12l ‘AEGEAN' T3 &2
34%% < (HITXTIX 41%Zh-72), ZoO¥MEEH
FAREH 72D OHHGEE L UCatET 5 &, ZIERED
‘BEKEE = — 27 H0.76mL/h/gDW TH % D24t L,
‘AEGEAN’ Ti3 0.94mL/h/gDW &7 0, 25%%h -
7o (BITX TR 41% 25 - 72). WOEEZE 7R3 ik
FEOHMNE, HXESREORMZZ T TR L, BAR
BEINRLODOEHEOFEVICOERNTSIEZEZSNS.
REHE Ic BT, BB, HEEEOS S 3
LEOABOHBES LR T 2 EELZSZ5M, TR
e s, ZIERETIE BRI -2 oM
‘AEGEAN’
Zhix, M ‘AEGEAN O pd st LT
WMOFE AL TSI EERLTO. 2D, £
Ut 3 E AL PE DIRR AN OB B E R ciThh, ]
ROBMP, HMBHEEZEYD 5 720 O ERE AR O #ER I
FbhTHabDEMERINI, ZOXHILAT U
FEIZE 1T 5 BRIFSERIIATIR (P85S, 2012) THRE
INTH3

RADIEMEE, H—FRITITEREPL SRR IC &
DEBIEINSFRMLEMIZ LR ZEEZ SN B, R
ANDFALEYOHERGEETH L LRI, L
MU, HMEEEDZ RS 2E IOV TR RB
BHOMANARE L, MOBRBIFZOMEREEZINHEORM
RSOV TR ABRFEMNICHRGET 3 2 L BN H 5.
WOFEENE R 5 58 RS (H

W~ 10%E < (BT TR % EM - 72),

AN IPEMEICER L TWA Z iR ah T3 (b
B 5, 2007b). EBGREE TR &R & D EOIE
OHIBIBR AR St h (P S, 2007b), Al %
WoKBEFERETRZOMERRAD SN hote (K-
5(B)). ThoofERE, EHEICE O TIROEE
DRI N D C EDBRFERREIH LU TOEE LD,
INEADHFEENEGE [ R"%E LT 5, —HT,
FAEEE Tk, RoiEtEo MR ZEN i, CO, fifl+
MRREHIE s &, B OBREERIEE I L, FLEY %
Bavd &, HEFITHERSE B I EED S OBENARLA
mhEEZ LT,

vV @ E

NFT BB ICB VLT, IR (CO, Mil® LU
MFE M) TEHY 5 LEITRENICHANT, 16 miED P
BT ED 40% 10 U, ERNEICREST 5 &, 4
MFELSEON, RkEOIEE/R LI CF BEKER
J Tb20kg*m*THY, 70 FRETHEINT
WAINEICHET 51213, CO, R OERE B L U,
TRIERIH O Y BEADSHTH 5.

ZINBRBE TR OEEDS & MRS Th 7o,
NFT RBIREE 12 B 0 T anFl ] 0 I & R & o
FHBIIIK <, Hel MBI o b TR 0 FFH %
MRS 125 SRS h, ZIEREICRSZ &Itk - THE
FIORILEY 2P EHEDO N E D EEIZEEL
Lhb.

51 RSk

1) Heuvelink,E.and M.Dorais (2005): Crop Growth and Yield.
TOMATOES,85-144.CABI Publishing, UK.
2) FIRIE (1998) : RO ZERKIK & FEENIRIK . AR D F 4L, 350
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— 352, HAEME, Hul

3) FRHEH « PESEE (1999) @ HEHEONE « FEMi . o
r9E, 8(4), 117-119.

4) PEFIHIE « BEEE— - [UAFE (2001) ; BRI & 2RE
Z ML RS < OB RREETH TS, AR
Nkt ERERR, 72(3), 385-393.

5) HIEFHHIE « PEFAIN « 1 2 RSEFD « FTIRE « S5 KT - ST
W17 (2007a)  WOFHlio v 7 7 —IVERHIZB TS b= hO
WEOHEE. ROV, 16(3), 119-122.

6) HUFHHIE o fi % RIEH « EFATIN « 3ARTEC « WllbEE « JI1IE
TEAE o R —RE « BIGFET o RARILKE « K 48 « wdhidsaT
(2007b) : A F V¥ BIUOBARME < FOIE, WEB LT
IR D ZE R, S MR, B, 76(2), 274.

) FEFIHIE « MR « HPIES « S RT T « LHBE o mTRAT
(2012) : P FOFERITEES EDSORERFLEET VTV
Lo NEAER. o, 21 (2), 39-43.

8) FEiE (2012) 1 A5 Vv FORIEY X TF L EHAHIE b= b
EEBNARE SRS 2%, Bk 355, 615624, B,
HH.

9) SAARBEE « BrRRERL - IBHEDEHE - MR (2009) @ BB b<
MR & B IT B 1 B AT IR AR o AT BiE A TR,
REWE B L O LR B OB, FEZEEUE, 8(1), 27
33.

10) B —HE « SEARTIC « 1 & RIEFD « B « &l astT
(201D : b= PERZBEEEHCIB I 22N 10 O A EREE
HIE T COMEERE SR MR, WEAUIH], 10, 85-93.

Yield and Root Activity in Tomatoes Grown in a Low-truss Nutrient Film
Technique under High-yielding Conditions

Akimasa Nakano, So Kaneko, Ken-ichiro Yasuba, Tadahisa Higashide,
Katsumi Suzuki, Satoru Kimura and Shogo Tamura

Summary

The average yield of 16 tomato cultivars was 40% greater under high-yielding conditions (including extension

of CO, enrichment and appropriate humidity control) than under conventional NFT conditions. The highest-

yielding cultivar was CF Momotaro J, which gave 20 kg m” under year-round cultivation. High-yielding

environmental controls must be introduced into Japan to give the high tomato yields seen as in the Netherlands.

Under low-truss nutrient film technique (short-term cultivation), root activity was significantly higher under

high-yielding conditions than that under conventional conditions, but the correlation between yield and bleeding

rate on each cultivars was not so high. These results suggest that the contribution of root activity to yield in

short-term cultivation was lower than in long-term cultivation on the previous report. Therefore, this suggests

that an increase in the amount of matter assimilated is the primary factor associated with high yield in short-

term cultivation.

Accepted; October 24, 2012
Vegetable Production Technology Division
3-1-1 Kannondai, Tsukuba, Ibaraki 305-8666 Japan
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Causes and Control of Blotchy Ripening Disorder in Tomato Fruit

Katsumi Suzuki, Hidekazu Sasaki * and Masayasu Nagata *

I #

[l

b b EBRPOEIIHTTHEHET S L, REDEDH
M d L 3ERBICEBRLICEBARREEL S
ZERHB. FERPHEAIZEOARRO TS BE KT
5 (HEES, 1993). HARRIMwEIND b < bAERE
T b M &7 > TE Y blotchy ripening disorder ¥
yellow shoulder disorder & M i+ Ty % (Sadik ©,
1966 ; Francis 5, 2000).

P2 PREFORVEERTH S Y IR OEEIIHRA
W ompucteiml, VaRyAESKIT 12CUTRY
32CULciflah % (Dumas 5, 2003). Y IR
REFIH 2 EGHRMAWEDO1>THHY, ELO
HEIEHER O Y 27 &2k S THEETERS & U TIPSR
EN T3 (Heber 5, 2012). HOARRDRAEZEK
LY ARy OEREMFTT B 70T, TOREEN

ZHSMIZULT, HYREEHR LS EBDLETH B,

BHOARRE, REXMLSKROEORENE—ITED
DT, B EEBOIE QAL R EEAL & 5 B
B —IZTRIET 5 2 EBZ . LAL, ThETA
H—lsE LIEBARROTA O Y aX &%
MUTBl3P I nicd, AMETRECAREZE R
KOO ) aRVEREJIEL, RENOAE—M
AL .

HOARREOEELZ T T L FEOHHENZ VI
o EmE O 5. BB O RILTHES B 7

2 R & B9 KR I IZIED A, H9E 0 KR
FEEREFOY aRVERIZZAOHMEMNS 2 2 EAUR
INTWHS (Helves 5, 2007). £, b< MREICH
S Ycs T, VaARVERBMETTAZ &N
WirshTnsd (Pék 5, 2011). F7z, REITY/3
EHARBEOARBERIITHLEI hERIET 5 &b
i, R E LT, EHTHEE M WEEMIC KR
BB O BRI O W TR E1T - 72.

REDO ) axvEREIMEICE->TRILD, FY 3
RUtESEbERSh TS (RS, 2009). MFEIC
Ko THHEOABRORAE IR ZAIREMEDH 5 70,
R DBREFMTOEOARRRAD MR ZIZDNT
B ETT - 72,

RIRGENL, i 73 RMOKEEECGE % #Et 3 5 92 B
RHEE TS EZAET 2E ) aRy < MEEARE
s v 27 LOBFE ] (2007 — 2009) O E L Tiib
Nt PFEOEMICH IV 7207, BER LTI
FX R vy — DRI E AR, AU SCRITEE < &0
L%,

I #MRELUVFE

1 BEARAREOHMANOUIRY, B—HhHOF Y,
W4 VEEDAELFREFRDOEHZE (K8 1)

b MEkERSTE CBRRERE — 27 (& F A M) &
FERME Rova—/ (MyHEH 20U,
20074E 5 H 18 HIZ T2 R VKA b L 4 (O 40

T 470-2351 IS BB SN R AR 40-1
L) Sk
« WS PE FERCANT T 76 AR
* ok TIPSR B L « S ETFSE AR
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mm XEX 50 mm) ICHEEREH (RZ M v 7 X,
HAOy 7w —)V) 2o THRE L, Hkd itk
JUEEL N LA 2 PSR A E Y X T L (HiT 5 R, =38
BT 70 KU —2L4) WiZ# L7, HEZUI 16 K,
WEI) 8 WEfE], ¥ Z W 30°C, Wil 25°Clca% @ L7z,
R4 HiRE T, WH 10 00K L. BFENED S
Nk, WEEP23°C, B 17°CEL, 2HIC1M
10 MK U7, 7 H#%D S, EC1.8dS*m 'D
Bl (N 7o R, ZZEBIRT 770 NY —L4) 2K

L, YA7TLHAD CO, D 1,000 ppm &7 5 K5I
WAt CO, Mt U7z, 6 A 15 B %2 S8 2 i
HOHN T RABENIIHRBE Loy )Y —IVRFTT
(90cm X 20ecm X 7.5cm) IZEM L7z, 15]d7ch 4K
Duy 7 —IVZAT 7% 2m BT 3FNIHENRT, £h
ZNOMBEE2UKR T OIRMLE L TTHE L .
EC1.0dS*m 'Ok (KESAWL, KET 7Y
T ) EERINAIKY 2T LT K D BT LTS L
7z. 6 H 23 ~28 HICHI{EL 8 H 13 HITIUHE L 7o L5
oT, EOARREEIRTOH LT U Bk
KEBE— 7" ORI SEHCRIFIAL, AR
e AL % & AL GRS ARTALD), £ ) — kL%,
RV a—Iv) OREMISEHEORIFHMESADBAR
ERAL A # lem X lem X lem O AFEKICHI O H L,
RAFICE EDTIAZHNF 2 —TITAN, FlEEENE
%, — 35°CTIRIEL .

BRI LIc b= MlBHCAEh B /om0 b ER
oy /A R, MHS N Gl s, 2002) %—
M LT, BRALB5IEAIE L T1% 7F e RaF v b
Ny BHD 2&8L 72 bV ICEO#BOELUMBL,
100mL IZER L7, iR om0 oo Ligicd
hatFEF, KHSDOKE CGKHS, 2007) %R
LT, @#HEAk”s o< b5 7 4 — [Shimadzu LC-
10A, Tosoh TSKgel ODS-120T (250mm X 4.6mm ID),
A % /) —)JV 1.0mL/min, Shimadzu SPD-M10A 7 # b
44— N7 L A#KHE 250-750nm] THHr L. 7w
07 4J)va, 7uua74J)vb, VAR, B—FAwvaT,
VT A v ORGE « EhlE, S eI V7o
VavZ A LBIOWHBINZARZ PVORIEIZKED
Totc. A7 —Ibid, FEMBEE RN E 0T,

MBI BIZEICE UREI S0l UMk %,
3% ZIVZIVTIVTE RE 1% /NTHRIVLTIVTE R %
U U BRIEEI T pH7.2 1% U/ EEHKR T 5 R EE
L, BE##E,4°CO 1% 4 X I v AT 2MEEL, =
5 =) =X (30% ~ 100%) THik, NS

)=l ETotl st FHA NICERLCK, K+
VEIRIC W Lz, IV bS5 27 o b— L (Reichert
Supernova) T@EYIF Z/ERL, BifEY 7 =)L L8R4
o (k) CTR TG L ok, EBRE TR
(HA® - JEOL JEM-1200EX II) THIE L7,

2 YIYRABEANTZZIVIRANWICL P REHE
NEBEARARELEICRIITHEE (&2
HOARIMIEREE B cRani., 22T, BE
IZH B EHHORBETRB 0, TIVIKAIVE

BHEO EEAEWET S X5 I A, B RERY
X210 iABEAN, TO®K, HOLRELEINE
S IMBEE AT - 70 (K- 1),

BRI LA 7 REEE, 3Kl (1 XX 7.5
m X 7.5m) IZHYIShTED, FlRD 1 Xl THIK
PR # I K: ¥ X7 4 (88K 5, 2011 ; Suzuki 5,
2011) ITXk 3 IkEH %, Mifllo 2 XETNFT & X7
LTk B 3 B 21T - 72,

BERES= —2" % 20084FE 4 H 16 HICHEMEL,
1 ERBRICHABRE EE Y 2T L2 AL —REH %
1T 7z,

5H 14 HITH 7 RIMEMNICH BB L, I H R &
WHHE Y AT L TIRBH 1T > 7. ERM D NFT ¥
AT L (Fyv¥=5 8, ZZE#ET 7Y N —L) %

M= 1 7V kAL THIE Ui REORET- & Bl

a~c: 20084 6 H 13 HilK#, d: 200847 H 7 HiRE
al b NORFEHLOBEL, b a &R UALETREIG
WEICX o S nc g, ¢ WEET VIR
THE L —IcUhA s 2 ANTRET, dic ERCRED
IR D BT

— D FYICES HEAM s 5 2B, W TV I kA Lk
BTRIZE > TWBEAL, C: BEHHXER N -ca vy
Y — M, L ESHES Y 5 22 3E, T B HESY
f:of:?‘}glﬁ



A

b= MRIEFOAROFEA LR &Rk 5 W% 83

FJH U7z, BRI ZF o —I L X x Vs a7,
NEIVDRIZHE & 5 EldF 2RO B4 THiREK
V= MRS, KIS XD ITMAEEST S ET/hH
BROBHEIVEEKRL, HOMRKARBRLL, 1 X
1.2m O/ RIVEZ 7 &EER vy NI 80 B3> HiZ 72,
BT O PHARE K & — %2 U TR A I L 72,
EC1.8dS m 'O¥#EK A7 R, ZZEMET 7

)R —L4) ANy FoERZ#HEhS » 7 (50 L)
ETEET AL I L (88K S, 2011 ; Suzuki 5,
2011).

NFT #Er D e, BPOLUAHARED T LEI 4 m,
ME0.2m, HEX02modOXRy K%, 1.6 mBET, #5
AimED 1 XEiH/ch 4RXFKEL/]. 5H28H, #7F
ZIBED 2 RXKEIZHEE L NFT ¥ X 57 LDRy K,
TIRBHW AT A 20 em BB TEML, 2 KICRED
3F#FEBI L. ECLOAS »m ' OB (KK SA ML
J, RET 7077 7)) ZHEELTHS NFT ¥ X7 A
IZHERS L 7e.

H1AEEOH 1 {EoBAERB A 5 H 30 H, % 24E
FEOHE 1{EOMIEMEHIZ6 H6 HTH . 6 H 13
HIZH 1 REORE (KX 40 ) %, 7H 4 HIZH 2
REDORTFE (FXE 20 M) %7V RA IV THELY
DihHzEANT (K- 1be). H1REOREETHS
~22H, B2REORFEETHI18H~8H5HIZIL
U7z, IHERFZD T IV I RA VT Ui L O
PInAAEALIZ DN, REEBRRIETH 20, #Hd
L RERBOEBARTHEnEMHAEL, 2 DOXHE
DH 1, F2RFIIBIIEOAROEGEZRL L,

Fr, TIVIKAIVOMDMNIERERT %, 6 H 13 H
11 ~ 12 Rpic B3 (TH9100, NEC =50 %A
U, 73 HRAIVTHE L2 BEEAORWERLEM D
FIRE A JE U7z,

3 REHRBUENEBEARICKEITEE (X8 3)

FEBR2LD, REETIVIRAIVTHE LESHE
BRI A LT, HAOARENHYTELEELoNK
W, b bR WEEM TR LR ERGE L 7.
TV IHRAINTENR LA, #LLE 2 A DMKN
B, MOBRFETRAERIES HEDRAERL ENRS
Nifew, WEEMBERY T X7V 2R Y KARE
G (a=FHR—/—=5 7 ¥ — b 20507FXZ,
R 50 ~ 53%) A L7,
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Causes and Control of Blotchy Ripening Disorder in Tomato Fruit

Katsumi Suzuki, Hidekazu Sasaki *, Masayasu Nagata *

Summary

We examined factors involved in the cause and control of blotchy ripening disorder of tomato. Lycopene content
was higher in red sectors than in yellow sectors of tomatoes with blotchy ripening disorder. Chromoplasts in the
yellow sectors had smaller lycopene bodies and more starch grains than those in the red sectors. We shaded
fruits with aluminum foil and then made a cut in the foil, allowing direct sunlight to hit surface of the fruit. The
incidence of blotchy ripening disorder was higher on the exposed portions than on the covered portions.
Thermography revealed that the surface temperatures of fruits exposed to direct irradiation were higher than
those of fruits covered with aluminum foil. The high temperatures induced by direct sunlight therefore likely
affect the development of plastids, reduce the lycopene content, and cause yellowing. The incidence of blotchy
ripening disorder differed among culture environments and cultivars. It was reduced by covering tomato trusses

with agricultural materials to interrupt direct sunlight.
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