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Development of Local Temperature Control Systems for Year-Round
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b~ b (Solanum lycopersicum L.) ZFT7 X 1) 7K
FEALVEER 0 i b AN g & S, HHIC BT 5 2011
FEOAERIIBLZ1IE6000HtE, HRTRDZLC
HRESNTWDLEETHS (FAOSTAT, 2011). b+~
FOUPZEL L CoFEHL, SHbkEICHRT X)) AT
0, 16 HAMBEICHER,PS T —T v 3INb 26 S
N7-mE, EoElEHRE L THASNTw EEbh
TWwa., 2ok, 17THEMErSEHE LTHYLR,
Ma—av ez y — A, EAAHOEHE L TR
FRIZFERE L CE&7/2. DA ENIILAEAICESRE L, M0
FBIERHE LTHEHE S Twizs, L L ToiE:)s
IBE > 72OIHREOWEAT, &K LIGO 72 DIEBERA
KETHDEFbNTwD (EH, 2010).

BAE, P MEOPEICBWTRIEELHED—
Dbk oTWwh, 2011EICBIT S b< FOREDFE
w1703 /5 t, HIFEMAA L 2080 fEMHTH Y (BIIKE
AftatEt, 2013a, 2013b), REEEY O EIFEAMIAH O H Tl
TRCKSE2ALIHE L T 5. HEEEEIBLZ
12500ha T, Z® 9 LD 6#E (7500ha) ASHiFE T
B CH L (BEMKEAREHS, 2011). b~ MEED
e LC, ho%EmE & L CEBO SR E
WV, Thbh, ZEZHTHEESNTNS Z LTS
No., Zhid, P IPREEZBEETREEND ), Hil
FTo) L =R L 2 HEMBPELINTNDL L
R, EHBEROTED)A <, TN OB HIEFAM O 5%
12X 5T, HIERFEE & WD TSR REIC 2 > T
BIEBREDVERNELTETONS.

COEHIZ, MY MIEGHA S EER, b L I3
W2 & miR £ T, B4 BB T TEE I A TY
LE¥ETHLH. I, b boEF#EEOEY)
fi L, Mgk OE R, FLTIREEZILDETS
RSB OHHIC L s THEHL TS, P~ MO
AEFFBICET 20781, <13 Went (1943, 1944a,
1944b, 1945) ©, ANTRR=E%H WG X 2
HERABRICL > TIHO LN TS, ZO/RRELT, &
DImEET L CERBOREZ IR RO & T, BRI
FEN—EDFRMHEL ) SEFMRESINL L, AFA
TV o TERBIRAR LS Z L, S T
EWHDLIEVPHENE R oTRD, 2O, B - A
I (1947), Wittwer - Teubner (1955, 1957), 7F # -
E (1962, 1971), ¥ -#rH (1971) & EoOWiRIZ L -
T, A GESESEMN, EFEAT-VBIURET, b

~ b OFEREE L REEEICBIT HEROBEA, LD
FMCAT DN, ZOMR, MG Ik o TEA D
AEIIHDLDO0, BiR25CHIR, &R 10 ~ 20CHEE
MRERRE E REEEICHEY THL I VWL L o
TW5, F72, EFAT—TUECIIME - TER MK
BANCZED L Z L, I X - CEHERISGEVDY D 5 2
EAOSFRERR S NIz, ST, ARk - PR (1962) 13,
17C, 24T, 30COKRET I~ M2 HH LT, TOHD
REOIIE R L ZCHET 2 RE A LBER, &
B3 EREONHE R LRI L, PHEEN S
CEEWLIZLTWS. ORI, KHOEED L
FIZE o THEINS L B T L, RIS & 5 Rk
L DFE & DIE 7, AROMIEE ORI 280 (b
M2s 10C EF-9 5 EMPIGREE B L 2 2 /5 128) 2°
ZF5NTwb (Atkin 5, 2000). ok, ik (1970,
1975) 12 & o THRABEY Ozt ORI 2L & MU FE
DIREFIRENE IO W2, X 0B8R RS 5
BEN/ $hbb, HNEREWORRAEARSY )
POBRLZIREL SO ISR L CIERE2IREL, %
I HEZ IR B 2O IR TERT 2 L) T
EChHDH, TIUIRICNC 2RI L 72 B BEY OBz
EBE R ARG L o T, TEONE K ED DR FE
AOHEFEE, EIROSH TIEEEIE S RES N, FOKR
B DSEI AT OIS &) A A A # ) 1C SO S
72T THHZ EDWS D E % -7 (Hori - Shishido,
1977 ; FHh &, 1977 1 F W - =46, 1981). Z D720,
BRI, MPRIEFEOIREE |25t 3 2 KA & (Hewitt -
Curtis, 1948 ; Nightingale, 1933), REEFH 105
BHZERELC, AhRo#Y) 2 7&ino i < &0 0imE
IZRET A 2 & T, 3D b REANDIEFZ R L ATV,
B, BEEDREAE L 2 WREIRRTEE T s L
T, WRURIHFE & REE RIS A2 B A2 2 D N,
ERSNICHERTH D 2 EDFEH Sz, 612, Bh
X E DR & S BL ORI OFE R 5, SRR CEEY
% LAERRE R ETHEAN DRI & T AL Y, KK
RCEHT 2 LMD E TRDL L b L) 2k
MHLMZENT, T2 kld, SR TEHT L &R
FHE L EREORED NI AT 525, BAO5HE
A L CTIROEFMET T 20T, W) EHRLIE
ZHIl, —h, BEKRTEHRTL L, TORFOHLR
ARITOT, RMIMMG L CREAEEE HERT
7oOIIE, BRI CTER Y 5 & OLEMEAES
FoNTDOTHD, UL, LIEORE L /-nEE
HGRIIERREE L L L CE DAL, BUEORE
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BHTHED COMGRICEDVWLREL o TV LHAD
%<, NGB EMA 7 b~ FOEERE T, X
SIS A IR BRI T EPERB SN TS, I TY,
“Split-night temperatures” & L C [ DIREEH )7 M
RESNTD (Gent &, 1979). ZOHFEL, EXH
EERREHE LR U CTh 525, BEHEEEOHIICE
HAEWREEEEM E 2> TnWb0T, 0
BED DO RFENOR Z AR 5 BT, EITORRE
HEEFEUIREL L, BEEIIRERERLRERZIE
BERITSHWREEL, REZETEI) T2 LT,
B EZ 20% OIREREE & OHIEIZHRII L TW5.

&2 E T Ao T, B OIRE %
(difference ; DIF) 122V T b OMENH L. L
L. DIF AREVIZEREOPRMEERIZL L 2D L)
525 5 —F (Gent, 1984 ; Gent - Ma, 1998), DIF
NS VI EREOIERIZIL L b v IHELH -
T (De Koning, 1988), fH[MiZ—3 L TWwZ\w., 20
Zehs, BIETIEDIF oBIZ/NE<, 1HOFY
IEDREPRENE V) ZEZDPILSLXFINTND
(Papadopoulos 5, 1997).

ITAEDREZE R ICB VT, MRROEEILSER, X
DR R BRBERIMASREIC R > TE TS, 72k 21,
t— kAR 7R (De Gelder 5, 2005), #ifE®EHE
7% & (Peet - Wells, 2005), {REEFREIRCEHHEEEEL AT
BEBENPHIESNT, BENZREER Z FOLITEAD
EAZZENELRBERNTHL., ZNE-T, 5FTH
¥EMAESHETH -7, LV EVEERETTO MY
MEFEDSTREE 25 2 EBIREEN TS, ZH3FES
FThE, HEMOEE L IRENOERE & A GbE
T, FFEAEICIT TS E T IRL WER OB S8 H3T]
REL 70 4. JEEAEIIERAT L - REONHE = O
Iz a0 me, EkpEshmic X 2EFM 7213
BRFFEA~ORE, BLO1EL# L EAOMKEIC X
LHBNDOEENGE, ZLOBEEZT LI LEHNTE
. WREZEOLEETH LA T 2 ¥ TiR, bHPEE]
NTEFOREMENZ &2, BEOIT X MK, &
MZRBEENUFETH LI &l WA ZEMTIC
HHD, AV a—F— |2k o CTREHIEOAL ST,
oG, CO, mEE, EKGEHRE CORA L -BREEHE AT
HbITWb, FEZ, CO,MHZITH 2 & TR DA
IR L, WwEHEME AT 5 2 & THiagt N OlEE -
AW TR L IH T 5, FHHEERE (Semiclosed
Management) & FEIZILD HFEDSTEAEIC 7 > TRIZE S 1L
7o, ZORR, HHEHNO CO, BEEDE MRS, b

EOMRAEN K 2 REDIHE = O RPN 2 B2 FE B
LTwa, HETIE, 495y FOHRMERKY:Y OF
EOIHERE, DAEO 2HEL LB TEY G,
2012). REONERICKELEDSOVWTVDLRELE
WeLTid, CoRERHEAEORESPEITOoNS.
F 7Y TIRARD L) ICEHBOEE 2 EGHICEH] L
TWBDIZRTL, HAETIEE L DEELEDIRED A%
WL, TOEEFELL T V5L RTHE S ICRIT
TWh7DTHLEEZLNTVS, ZOLH %, b
METL b~ FOLZNWEEOFERZHWE LT, £HD
BRI SRR 28 % A 2 72 SR RE O % T d B KB JeAI Y
T T3 oHfete (B, 2009), Hfr4# B & 08 fEE
TENC K B AEER O/ LIRS OMINE HIF L /2 A — 75—
FVbhTuv s VoERELE (RHS, 2007), 8
LRADVEBSINTBY, SHROMFERPERES T
W5,

BRIRHIESAT O T, BEICERT S L, bAETE
FAZ 6B BT, 95% DL L 2sE i, Tz &0
fLRBRELE 7o TV B (BK, 2003). L7225-C, JEIH
MitE DL & o> THEEREEIIRE (BT 5. 2L
X, 1970 FE RIS 572 2O A VY 3 v 7 IXBRE
BOKIBLEMERE, ZoEE LTHA2ET RV
F—HMr MBI SN2 e 0H 5 (B, 2003).
ZORER, AIBOERREHMEDL ) BT AL F—
IS, RERTHICE ST 20K
2000 4EAX F CTIEEAiiAE AME < 298 L 720 T, A
FHLEO L9 —EOHM & BT, AT A )V F —Hidir
OFHHEAIZHA L7z (RMKESBEHT, 2011). L
AL, 2005 4F-EA 5 FF O BEAEAL L4k & 72 F i o &
12X - T, MiRRAEFEICB T 2BEREMNO A Bl ik
A, BRI 45 oL A5 ¥ — Z BRIZIZ 120 oL %
2 5FETICEE L (BMAKEAREHT, 2012). €
D%, A BWMOMABII—FEIZTELZb 0D, BT
IZELF THWMIKIE EFLTETHwEDT, bv ME
FEHEOREPEBEENTWS, FOMEELT, T4
va v 7 OBIIEHPRET S NGO, B4 EOMkEEDS
REMIZHEELTWbe— MR TAEHEN TV S,
b — bR FIEREAN DR L, M/t O2ER T 7213k
ETHSH AT TIELHIM T 2% BETH L. BIE
ELTERETHVLOT, BEEOEEHIVNSVE W)
MEDH L. UL, {LEBREZFET 2BERE L
L CTHIIFEDMRIR E L CEEETH D), —EDEER 7
M MEEBSCSEELTLRE, BREATHZ N
(Fk, 2009).
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—, BRI S 5 BRI T R
EDdDH. WREOHFEELTIE, b= bR TICEoT
i ae N D % R 3 2 B A & KRS
BUZ X o THEGRNOIE Z KT S & 2 MG 5%
Ny BT R77 Y HADRERTHS. b— bR TIE
BREEIINZ CHIZ O EETH D Z s, ERMEM LT
ZHNFRAPMEECX 205, Mg, 9v=v7a
ANEBIZEBETHALZ L, SHIZHPOEHEIIEMD
KRETED70D, #7 vR EOHMOEN—FHORZE
e ZBWT, BENICAEDLRVE SN TS (K
2003). ZD7z2%, M~ b O TIXEH R & Ok
LA EKRE, BEHHTOE— MRy 7OEAILEN
T, —7), Ko sz FH L 72w E AU,
Mg, sy =v 7 ax b B EMTHY, H
HOFMLUEETH DA, KO- TRED LA
TAHOT, L FRRE S H#HT 2 681 e 5. 2
DT LY ERIZEEL <, BHED L OMFELAT
bNTw5b L0 (Handarto 5, 2006, 2007 : Kl 5,
2001 : b, 2009), HFE LR LTV,

1 B 7 BRI Bl O R A2 BWTIiE, T A Mo
Kev) HEM L FEFZ, CO, HEHE DI OWT D
MEZIZ Twh bOEOEBMKESREIZBITS CO,
PR ED 9 B, MiEZEA O 2 EE 13 45% LR T
B <, 1990 4FEEA B 2005 4B F LS 2 fELL RICE L
Twb (K, 2007). HEREBEILZRET L 815
CO, OHFEEOHINIL, HFHB T2 OREEED TR S
NTVEOT, HEZEOFHICIBWTY, ZoOMEIX
BN R REBEELRREE 2o T 5.

CDEHIT, WEREHMEEAMICZES b FOAREIC
X, I A MR CO, HEmOHIH TS { OEDTE S
NTW2LOT, BEHHOGEMELMREL, »oEAD
A b O, WHE AV F—OHIEB XU CO, HEi=
DHIRATTRE & 72 2 FHAMTOFASEDTH RD BN TV 5.
ZZTARMZETCIE, Y MoAFHEIRB L RERED
AT HRMEPTA T LI RL D LICEFH L, KRR
R I & 2T R WL & R T IISINR £ 7213
1 (SPTiRERIE) 2 k2 HWT, (EROMixEE
xRS % T L RSO REONHEER % 157
Ao, BAIZ MBI OHEZ AN F—OHNEZ ER T
HIERHEIZLT, MY FOEBREEDOIHERIZR
ETRBIIOWTHET T2 L L LT

TR AEFEZ BT 2 ImERIE E ORI, ket
W—ITIRF 725 H L, BIC L 2EL T 22T
ZETHAH. FOOIL, HAY 7 N OWMENLAE )T

ER (SFH - AFH, 1975 SFH S, 1976), 1EBRE OE
ADBGES ST E 2 A S, 2003). —7, fEH O
FERUGMIERALIC & o THRZ D, AF#EIRCEENIEET
LIE DI L > TR > T D. —fI2, Mifassd
A GETAO MR SES, Wb X OERRE, AF#EIRO
MEASE, IR TOERTHMEL IR, BAHE
MORERLCEZIHBWEE 2 XTI W EPHLN
Twh. 72k 21X, M~ bOfETIERE AN D & AR
Fatk2MKT L (Picken, 1984), EREMET T 57:0,
REOIER L KRB RITT. —), KEH oK
BT 505, b~ MIRERIIBIT 0%, #EE)k
Wiz R CIE, RIRAIRZ SCHREE TRT S TD,
REOPHER \HEN T VE VI REDH L (HF - %
I, 1986). €070, WMEREELZZITRTWEMEE
FTRILCIR, - AL, BEEDS R )12 Wz
R R RIH 2 FT b2 & T, MikehoiEx
Y—ICHIE T 256 L R TO R VWA AV F —TH
BEOREDONHEEIHOND EHIFEINS.

S B 2 imERIE R LT, ST RICER T 5 &,
MU O IR LR N R OIREE & 137 L CHIE2ST] RE
R b, IMEBENEEOIRE & IAT L TRl 22 iREAS
et &N &7z, /2% 21X, Lingle - Davis (1959) (&
RIS DIREE % 50 ~ 85°F (10 ~ 294C) DT 4 BeREIC
G TEY FOAEBEREL T, BOISOMRE TR
Bk & BN S NS Z L 2R L7 F2, B
5 (1962) ZEFATF—IJICLk @R OZ/LERL, &
B 2> TEY 2R ORE I T35 2 & %2
LI L7z, BEE - 210 (1968) 1E b~ MIBIT AR
DIREOHERFFHY R L, BELZ20~30CTEEVR
T, 2 &) i E 2 RROSE O EF TR S
HZrxRL7z 5 (1968), Shishido - Hori (1979),
B L U Gosselin - Trudel (1983a) &, RO HEE DZE
B~ FNOEFBICEELZRIZTILEEXERLTED,
IEANEEOMEZIT ERBIIRE L BVDS, —ED
WERHLI LRI TS, P MOEFISHEL R
VTR O OFIENC & 2 AEMZELE LT, R
DA BFED HEOfEE (Bugbee - White, 1984 ; 377 -
REA, 1994), RoOEFE (Morgan - Ohaire, 1978 ;
Tindall %, 1990), kB L U5 WINDOIEE (Gosselin-
Trudel, 1983b ; Nkansah - Ito, 1995a), HETHf& DB
(Nkansah - Ito, 1995a), JGEMOMREIRE SN TH
) (Nkansah-Ito, 1995b), S5 DA HRENIZ L -
T, REOPHEROWINCEN L LEZOND (BEDS,
1991 ; Gosselin - Trudel, 1984 ; £ % A& - #AR, 1989).
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L2 L, HRIEOREOHIEC X 2MOABAHEEIZOW
T, RoAFRES LK - #5500 BE IO &
% BWEIL%, F, BRI OWTOHEIE
RA72575v, £ TARIZE TR, T#EELT, EFE0
EiRICBIT S b~ DOWRBORFREH, MEe L
T, AFOMIRMNZ BT 2 B JFHT I 2 i % 470
RO BB - B E ST 2 HEY
WEREZT) L E L

WIZ, EHOWERTLICERT 5L, DOETH
BENTWS M FOREIZZLHIRLIET Y ETH
D, EEELICERT 5%, $habbato LTidk b
MY T 2 EOMES TR O L) IMFET S, 20
£ BT B AR B & I S (R, 2007).
MY POFETIE, ZoftiRMESE, KDY oML
T 2 1 R THERTH Y, FoFIR25 TS
L EOFFREC L o THET 200K TH L (F
K, 1997). Zoa. EEOKE T L LR A
WIZEHELTWADT, [ABRICIREZ fI#E$ 5 2 &5
fELEZoN5. 22T, NgEEVETE, XHOKE
HIBEBTEAERE (LUF, ZTHEEES) ORPTZimE
HIBHEIZOWTHET A 2 & & L. ETEIO BATR
FERIHIZ B9 2 IFZE I3 T2 <, M= MIZBI LTI,
LS (1999) AR OEIKA V72 4bRE~ O 25
FHZ Xk o C, fEMEIFEREIE L L2 & E2HRE L7261
HEDODKRTHLH. —F, EOMEUEI/NE A FITTIX
W OPRDOIENRDH Y, 7T v EIFEIN D EiEDE
THE ORI 2 FIH+ 5 2 & T, WESERE IR 5187
DOURBEERE & B LT, Bt REDIL
HER OB, HET AV F—OllEE EICERH B 2
ENREDHLENT WD (S, 2005 ; £#E - L&, 2010 ;
ARG, 2007). L7zA > T, b~ M THREBEOMED
Bonsd EHfFsNG. FZTAETIE, NVEE LT,
HEOEIRMICETHRBZ RPrmwHL, VEE LT,
AR ORI AL 2 BT NR T 5 2 & T, RE
DOIHER I RITTHEICOWTHET L2 E L. F
72, VETIE, R BEEICET 2 HEHEE & O
RFNZONWTEFIRD L & LTz

R LOVEBNCE 720, THRETEW 72 b R Kb
R R 25RO S BB A I |2 < KR
5. Fio, RWIEEITHICHY), BEZIYSETHN
7o IERIHEAZ IR AL L BIF S ¥ ISR LT,
RIFZEICR L CTE L OIS R THEV ., REZEFEMREOF
FRIZL2 S ML E L BT 5.

I EFOE5RHBICHE T2 REOHERAE
SHPROEM E YR RIRAZYE
BILUABPHREICRITTHE

a #

Fv FTIE, BEFoERBICHREOMRE % 25T 126
oL, WHLRVWEGE L A TERE R L)
L, FERESRESN, REQONHESEIWEINT 2
CEPESINTL (EES, 1991 ; Nkansah - Tto,
1994). 512, REBOEE % 20C £ THHAL 2854
REOPHERLEMT 5 2 EPHERINTND (4 K-
AR, 1989). MIHORATH 2w E (LI, Mg L
FI)IL D b~ P OEFRAE & REOIE = OB,
FA BGEE o m B (Nkansah - Tto, 1995a), Wik &
AW I o B (Klock 5, 1997 : Nkansah - Ito,
1995b), & U E RO 12 X 2 RO R EE O
KTOBANZ LD EE 2 51 (Klock 5, 1997),
WAL 26CHHED IR & EZ 5N TS, LA LEA S,
IS HINC & B RO EFRIREER RARIREDOZALIZE L T
AL S5, BRSO EREYE O &=
TRERI R ZALIC O W TS Tk R, €2 TRET
1, BIEE DY N~ P OINAE IS RITTREIZOWT
ORBEMAAFL T L HIWE LT, RS HO A
WX BB DT & RFIREEOZALB L UHRIZB TS
TR R T B O & 0 R S T & BB L2 B 5 2
lZ¥spz k&L
b #RSLVHE

1) HEBE

P boBRRESE — 2 (¥ R MW (BR)) %,
20126 H1I5HIZ, "N—=3IF%F 254 bxFEL L
728K+ LA (29cm x 59cm) (Z#EFE L, 25/20C
(B /i) DANTRRENTIHABMBEH L. 20
%, TH6HIZH 7 AREN® NFT (Nutrient Film
Technique) NXv» NFIZBHE L7z, F7 AREF, ZHiRE
25C TR L7z, Bl o &=L, BiaEi 1g 472
WoFEodes (ugeg') T, N:82, P:15 K:134,
Ca:55, Mg:12, Fe:13, Mn:04, B:03, Zn:0.04,
Mo : 001, Cu:001 & L7z, @ HL, NFT Xy R
WML TS5 HRICHI L7z, Bl oD 25T DL
it sl RO 7R LF T — (LX120-
EXA %I, REISEA (%)) H B L, i oim A
C KNI A X ITHHL 72, s N 14 HRAT -
7z. NFT Xy FIZBHL 72k LR RBusH % L %
WRTIRIX & L, BUsesAIX & i U7z, HIs KL s i)

[
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Mo HPEERIE 308C, &\ & RIRERIE, The
N 383T & 247CTdh o7z, B A 0 H I3 1 3AR
WHIKX T 247C, ®HIXT337CTH -7z

2) IROEFFEMES SUREH EBOEMEDATES

&

WG HE OGO H, 7THB LU 14 Hix (B
EHIL, FRENT~IMH 10~ 12KBL 13~ 16
) 2, T ofEEITo7:. 30D, AEEED
RED 1L LT, WMEEZME L7z WEEE I,
BE1IAEDOETTEXUML, FHEZID BEWIOLIZ
Z OGN BARHR 2 D AT ¢, Wik %z 10 45
HL, 1B 720 o ilis (geh') ZRo7: (RES,
2008b 5 L5, 1995). &2, & < F&E L 2RO —
# (01 ~ 06gDW H24#) % 30C, 500mL OXFEEHH
WIRELC B L 2D O MEDOHERE (mgO,smin’)
#WEFEEM (D55 %, HORIBA (%)) %MW CHllsEL
7o, TOR%, BELZREZILY B LT, 80C DOtk T
24 WDl bzl s &, ZoHWELWEL T, Roiz
W L7 ) OIFREE (mgOeg'DWemin') % 5 L
7o, R EE & ARDIFIGEREEOWIEE, 900 ~ 15100
OMNAT- 72, Zofk, WEM EFHIZFTT T, 30C O
FRBRIZAN, ABWEM DL REZ S ¥ 720 b |2 E %
ELT, RORUS L IR EH_EFF O EHEE (RGR)
wRD7z.

RGR (day’) = (In WpnW,) / (t,-t,)

ZIC, 4 I XHRAH B s HL B 4G 2 H
BERL, W, iZZF0lEo s L IR0y E
(gDW) Z7RT. FREIZ, t 13t EORERICBIT 5
RIS LR HEH A R L, W ldZ2o L 2ol
Y LIIRowWE (eDW) 2R3, s E &)
DI HREDFANL 6 SUH, ¥WEE RGR O 8
AT - 72.

3) EROEESZE

it HR X & B EI X2 BT, B L B 44 0
H 7THBLO 4 AL, BEMERE, Fh2NS
TEAE ORI T 80T DRHIRMEIZ A, 48 el DL hEz
Bz 2ok EBRABLEBERLT 20odrs
50mg & = L, 6.7M Ol 10mL & 30% ot Ez bk
Fok 2mL Mz TmE L, BB R L 72 InEiix
~A 7 apsfEiE (START DAL <A VA =¥
2T (BR) T, BXZ 180T T 20 4me L
72, 20O, 200mLICER LT, BEK 7T A5
GHTEETE (SPS7T700 B, HYNA F27% 4 v A (FR))
#HWwT, P, K, Ca, Mg DtHEiEE (ppm) % illE

L7z, #HonzigEn»s, ik lg 47200 P, K,

Ca, Mg »tFE &= (mgeg') %R/

N OIEHEEEOHEIZIE CN I — % — (JM1000CN I,
VA AT ATR (BR) RHWI Al & FERRLC,
W&t Lo BEE L, oS 50mg 2
w L CCN a— % —NTHRBES 72 BREBEICHE - T3
5 NO, Om & WlE LT, WEHEE 1lgHb72) DN
THEERE (mgeg!) ZRo7

4) IRONE IAA DEEFHE

MOF—F T VEEIZOWTHRHET S22 L2 HME L
T, WOFHE 1gB72) DA ¥ F— )V 3-FlE (IAA)
R WE L7z BT L RO 1gFW 2 /& L
T, WX EFRAR T2 3MEEToME L, Dobrev -
Kaminek (2002) & Matsuo 5 (2012) O JFik%x 52
LT, UTFIORTFIETIAA OG5 %17 72
OB BHZ, 10mL o il i (100% £ & 7 — )b K

100% X =75:20:5) &, “C CH#kL7-IAA %

W EE#E & L CT50ul Nz, 4CT1HEEE L /2.

(@ 7000rpm T 10 430 rHE L <, RiER Rz B L
7z

@@ F &2 EEOO M 5mL # iz, 4CT
30 rEiE L7z

@OLEROEFEMOFIET EE B2 B L, ERR@o Lk
BEAEERE LT

GIMO EM4E@EESE77 140 % — (OasisHLB
200mg #, Waters, Co., Ltd.) 12, L@ TERE
L7z by A 2 gl S 7z, i X L7,

®LELEGOD7 4 Vs =12, ELOOHMIE SmL % 8
SHT, IAA OEFE N @B % BT 72

OLFZROTHEILL 72l %, TNARL—% —%H\T
40C CTHE[E L 721, IM @ EERZ 0L CIEm L 72,

@IMD EfzME /7 1)V % — (OasisMCX
150mg &, Waters, Co., Ltd.) 2 L@ DEHE %
Wi ST, Wl BERE L 2R, bmL DAY J —
)Vl & T TAA OF F 5 8 & [ L 7z,

OFLER®OTHINL Z2#E#E, TNKL—F =% HNT
40C CTHZE L 7214, 1% OFEME 3mL % iK1 L THE#
L7,

W1% OFEfE xS 727 4 V¥ — (OasisWAX
60mg %!, Waters, Co., Ltd.) 2 EFREO@ODEW % @
#7212, 3mL D 1% FERE & 6mL 0 100% 2 ¥/ —
W% B S 872, il 9 R CEEE L 72,

OFEBR L X 5 7 —VORET (100% A5 7 — )b @K :
100% FEfE =80 :19 : 1) 6mL % LEL@D 7 1 )V & —
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(2l ST, TAA OF N LB &\ L 72,

@EFROTHL 22 IAA GFiEE, =KL —5—%2H
WCA0C THE L 7274, 80uL OBl (K - 100%
A 7 =) 1 100% HiElE = 80 1 19.95: 005) WA T,
15000rpm T 10 43t i L0 ik L 7.

QL@ THELN LEAMEE BEEEs O~ N 7T 7
BeEniriEiE (LC/MS/MS : Prominence20A B, &
# (BR) » 3200QTrap #, AB Sciex, Co., Ltd.) #%
T, TAA B O TAA JEEE % NTZHE & o [LEg
XD HE L7z

WIAA BREDS IAA GREE RO TH S, WOHFEE
lg 4720 ONETAA & (ngeg'FW) %Ko 7.

5) IROWREDREFE
FRIS HLE B AG 14 H #2102, bR X & AR IS X 2
5HEMR O BRigh 5B &% 3em L OES) %

FRILL C, FAA i (100% &)V A 77k K 100% BE

1 100% =% / —)v : K= 2:5:45:48) THEIEL7.

FDtk, 70%, 80%, 90%, 100% L% / — )L TFAA

WEr Ty /=) VIZEHRLT, 77 /vy 7100 #i5

(Heraeus Kulzer, Co., Ltd.) TWM L7, @il /-

Ws, 370b—2%2HWTEZ 2um O 2R

LT, MVA T Y70V — Tyt ik, Jerififii (CX41 7,

T VSR (BR)) CHITHABIZ L, GEAHw L7
FX, FNZENABEOYFICOWTBIRE LRE LT o
7z.
c &R

1) IREBMEBOEBT S LUROEEZFMEICRIZTIR

AR DR

WoOYEL, WRBGSALERFG 7 HERIZBWTD,
M HRBRIZBWTY, MR EREGHRKX E OB TEL
BN hol (K-1A). F7-, xFHEIX, B
HX &b, RBUGHLMEMG7 Hi%, 14HEE, HE
A B 1o THANL 72, Mo RGR 1%, RIS H
BLERRRLG 0 ~ 7 HIRIZ B\ CHRIBG EIX 0 )5 SR R X X
D E Ao 7278, RS HLEEAG 7 ~ 14 HRICB W T
&, XX SRS EIX & OB THEZZIZRD S5k
oz (H-1B). F72, "HBXEBRBGHIK L I,
MBS FLERBAE 0 ~ 7 HA2 5 7~ 14 HRIZ 2 T
O RGRIFMET L7z, KT RGBS HX 0T A%, K
X LD KE o7z W B EL, BREs HL B
67 HRIZBWT, BIEEEIX O A3 R IX & [T/
o 72hs, BIEE HULERRAG 14 HiZICBW T2 D&
BOLNhoTz (K- 1C). F7z, MERIX, HREEEE
X &b, WMEBEGHLEEGT Hit, 14 HkE, HER

1.6 0.5
14 LA O B .
@ 12 [ RS i‘” i
W L0 S 03 |
R 08 %
g 06 | - 02
B 04y = 01 f
02 |
0.0 0.0
25 ~ 05
c C ' D
m 20 T g 04
§ 15t g 03 f *
N * &
= 10 | S 02 |
= I -rj = 0.1
0 0.0
0 7 14 0~ 7 7~ 14
RS> i RIALTR K HRIG W AT A 3K
-1 1REMEMOEEICRIETREDALLIE L AHNERBOHE

A RoEE, B o RGR, C: # bz, D # 1o RGR

B ORI IAR R = A 7R (n=8)
* MBS K D AEEKIESY TEPHSHZ LERT
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BT BIE - THN L 72, # %80 RGR 1%, RIS
HALHBMG 0 ~ 7 HEICBWT, WX & REEHIX &
D CTEDFRD SN 7278, RIS HLBLEIE 7 ~
14 HRRICBW T, REGHIX O F2RIRIX L) & o
7z (K- 1D). 72, xHEXIZB 2 H 150 RGR 1,
RIS HLHRBIE 0 ~ 7 HEED 5 7~ 14 HEII»T T
T L7228, MRS HIX TR B ELEE R4 0 ~ 7 H
%6 7~ 14 HIZRII T TELIERBD Sk b o 7z,
R, MRS LR 7 HERICB W T, 14
HizlZB T, HEmHKO B PIEX L) mrorz
(B—-2A). 7, HRXTRHEDEHEL TLEILL
o T2, MBS HIX ClE, MREBUS IR LG 7 H
%, 14 s e, HEDTRMT 2 120> CHEF 2B L 72
RO R L, ARBaEHLHEBL 7 H%I2B\WT,
KR X & ARIBUS HIX & OB THEBE LR AZITRD LN o
7o, MRS EVLEERG 14 HiRI2B W T, Rigas )
XOFPEEX L) Ero72 (K- 2B). 72, MHRIX
ERUEEHEIX &b S AL RS 7 H &I L <,
14 HIZIWZHA L7,

14
*
12 A oxmx
= 10 ¢ m R HIX
A
24|
g
=
0.7
06 B
:\05'
=
W E 04
?E 03
D%Tpno.z-
<= o
@ 0.1 F F}
)
0.0
0 7 14
FRIE OV AL B 3%

K—2 HERE (A) EROFEREE (B) ICRIFTRIE
DEHNE & SHLIERBORE

B O MERRAR SRR 2 2 RS (n = 6)

* CtHREICE ) B EKESY TENHL LR

2) BEREBERONE IAABBICRIZTIRIBAHD
7 -

RO N OERIZOVCITALHEL X, Rk o 5 AL
HEBE TEILIZB O SN o7 (F-1). BOPD
G, R HLEERG 7 HIRICB W TIE, MK L
MG HIX & OMICHE B R ZITFRD b h o 7205, 1]
B HMLELEI 4G 14 H R I2B W T, RIS HIX o 5
SRX L WEEI o7z Fi2, FEX T, B
WHLE H kel L C b &I L o 72Dk
LT, RIEHEIX Cld, BRI LG 7 HiRI2B W
TS FVLEBAG 0 H R & N THEISHEA L, R
WHLBE G 14 HRI2B W T H RO @280 5
7o, MOK OE=IT, BEGHMEEGT7 ARICBW
T, BIESHXOBARIBIX LD L kofens, s
W 14 HRICB WL, MRX ERBEEH & o
HELREZIBO SN Loz Tz, MBIX T, R
HHLHLRIAE 7 A2 B W, ARG HILELRIAE 0 0 1%
ERTHEIZHA L7228, RS HLIERG 14 H 1%
BT, RESHLERLG 0 HiA L AR R Z TR
LMo rz, WG HIX T, HEERL T &=
DEBELREAZRD SN ol RoCa s MgDE
=X, W EIESomn AR L, REBGEHLEERLG 7 H
B4 HKEED, REGHXOEHRIX LD &4 7%
Motz Fiz, MERIX T, RBEGHLERILG 7 H %I
B CHRBGE HLE LG 0 0% & _CTHEICHM L
M HALB B 4G 14 H 1258\ TH RO @ 25380
Lz, —7, MRS EIX ClIREEE HILEE H #askt s
LTCHEmDOELITRED SN ro 7z,

W EHO N oG, REGHLBERG 7 kL 14
HZIZBWT, IR EREBGHIX & ORI E R 2T
RBOLNLpoTz, F7o, RHEXTIE, B8EHLEE R
167 HRRICBW T, BREuGELEBLG 0 HiR L e TH
B L, B HULB LG 14 HERIZB W Th Rk
DEAATFED HIFZAS, RIBESHIX Tl, HEARGEL
THEROEELZEERD SNL ol EHOP
K OERIL, BB ELBERLG 7 Ot e 14 O E b,
HHE X EARIBG HIX OMICAE B R ZITRRO LNk o
7o F7z RERX, BBEESHIX & b, MG LR IG
7THBBWT, BEGHLERG O HE L v EL L, W
s HALEL B G 14 H I B W T H RO @ A58 5
N7z, WO Ca oEEI, GHHEBMG 7 HitE 14
HEIZBWT, HUSGHIXONBREX L) b EEICE
rofz. F7z, IR TR AL H #2568 L <
bERIILALL dr o 72DIh LT, RS HIX TIZR
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F£—1 REWMEFOESEEICRITTIREDSHNIEDEE

BAOGH WOEE (mg - g'DW) HE#OER (ng - g'DW) 1 #2720 O &% # (mg - plant?)
ERg N P K Ca Mg N P K Ca Mg N P K Ca Mg
0 WEX 418a 87a 322a 52b 74b 394a 59a 5l2a 165c¢ 56a 1432a 220a 1785a 564a 208a
7 MEBK 373a 83ab 234b 120a 97a 351b 47b 414b 159c 46b 3549b 489b 4061b 157.3b 495b
BHBHE 434a 72bc 330a 45b 72b 330ab 50b 404b 186b 56a 3281b 445b 3386Db 1493b 488D
14 %X 388a 82ab 324a 130a 92a 350b 48b 409b 160c 45b 6729c¢ 958c 7662 c 3008c 909 c
BESHE 410a 62c 350a 53b 65b 379ab 54ab 383b 215a 54a 807.2d 1127c 7864 ¢ 4268d 1124d

FE—HHNTHER LTIV 77Xy MHIZIE Tukey DS EILEIZ L ) AEAKES% TEFHLHZ LEx%RT (n=28)

BaEHE H B o e & O ICERITA IS 72
W RO Mg &1k, SHLEEGT7 HkE 14 B
BT, UG EHIX Ol R ERIX L) HEICS o 72,
F72, HRX TR LR 7 HRICBWT, 1]
ARG 0 H it & _THEICHMD L, AREasH
MLPREAE 14 HZIZ BT RO B[ 255D 7z 28
HISESHIX TR A HDFE L TOERORFERZLIERE
OOLNLD o7z,

I DR e R L E A T A b7z, 1R
D OFSEEE, REBEEHILERILG 7 HZICBWT, w
FTNOEG SRS HOFMIZ L 2 EIBDO N Lo
7278, MRBEUGEVLEERAAG 14 H 2 OBBSHIX I BT 5
N, CaBXU Mg&E=lL, HHBEXoEns L) EE
124 <, PLRKOEGRIIHBX EBBGHIX L O T

BhEIRONLho7z. T2, WINORETD
AR, BUsm X e b, HUsUR LB LG 7 B, 14
Hfzl, HEDRRMET Ik TNl 7.

ROMA TAA EEICE LT, SRR 7 H IS
BT, B HXOFTPHRX L) EL oy, &
HLFRBEALG 14 H A TIERTIRX S RIBE HIX & OMICH
BREERO L2/ (M-3). £, HEXTIE,
HEREEIZ L ARONE TAA &8 ICZLIdEO 5N
Ao 728, BUSEHIX TR ALE LG 7 HER I B W T,
WHALEBIE 0 HE X D RIS L, A LB G
14 HE T, WHLHEELE 0 H ik & H CUKREIC F TR
B L7z &I IBONETAA E# L RGR & ORI,

B IEOMBBEmRsRD bz (K- 4).

3) IROANEBAEEIC R IF TIREISEHDRE

ROBEWTE OWRE X, BRIBSHIXD, FRX XIS
PICERLTWwz (K- 5). 2OHT, REOBEKD
FICHETH - T, HECHIEDOFEZEIZOWTIE,
HHAE O TEIIED LN o7z,

d E%
P M2 RIET

i DD W

=

o

T, B/ iz

35
? 0 | ) O HR X
o BRAGA HIX
& 25 |
- b
it . b
@ 20 b
< T
< 15+ [T
H
£ 10
S
Boos ¢

0

0 7 14
FRI D ENALBE B L
K—3 ROAEIAABEICRIFTREDSHLE EGH
WIBHBOZE

X D EERR SRR MR 22 2 RS
BARDTINVT 7Ny MEIZIE Tukey DL EILEZ X 1) A EkE
5% TENHHZ LERT (n=23)

35

30 +

25+

20 +

15+

10 +

RONEIAAE & (ng-g 'FW)

5t

o) g
AL
[ORE
AL

0

0.2 0.3
R ORGR (day!)

-4 1RO RGR EAE IAA & & & OHERIRERF
DR & BRI FRIE S 2R §
* L HEREES% THBDH L Z L 2R

0.0 0.1 0.5

40/23C THRE T 5 &, 26/22C THEF L7 H & bR T,
RALla vy sy oA, FEHGEEB X OYCEBOREDMETY
T 5 2 LR ST A (Nkansah-Ito, 1995a). 72,
0C L EOSIRTIX, ZN L D IRWEIR & T RGR
PETT LI ENBOLNTWS (Gent, 1986). #HH
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K—5 ROEHEBEEEICH (T BHEME

A RIEX, B AREGHIX

AR HILER 14 H 2 IZERICL 72 MR o0 SRS W (5% % 3o L 72
Co @ J¥fg, X :KER, P AlEE  Is o HIALRIBR

A= )N— 50 um

B LT, B/ ImAS32/26C ¥4, 28/22C &1t
N T OB EAMET L (Sato 5, 2006), 34/20C
TIE30/20C L R TERFORTAZEDEN TS
(Sasaki &, 2005). ZNHDOWEFIEIRS LADLEL
&, H RN 308C & 7o 7 AREERIZ B B iRER
1E, MY ol OEBIBIRICKE 2B ERITL
EERICEBREELTSECTOIC T A aERTH o 72
bo LRI

R ESEFICRIZTEZEIIOVWT, P FTIE
40/23C O SR TRIBURE A 30C 04, [ LRI T
RISRIE AT 26C OB E L ), A BHEE & RFEDLE

BOPKTT 52 EPEO SN TS (Nkansah - Tto,
1995a). F~ FUSOIEYTY, BSWEBIRE TOAE
PRI 25380 & 725 13 £ v (Benoit - Ceustermans,
2001 ; Du - Tachibana, 1994 ; He &, 2001 ; F - 1@,
1996). F 7z, RimIEEER TIE R WAS, 30C 2 2 51R
WU T, 25C HifARDARIIREE & TR I
il &4 (Tindall 5, 1990), REQNHEEAIMET T2 2
EBMBNT WA (Gosselin - Trudel, 1983a). Z® &
I BBIEIES LabEs e, RERIZBIT 25X OM
WiREE (1 HPT337C) &, B @i E v 2
L BOCHE) L VEr-720T, MEX TR
BENFEE L TWob DRI N —T, RFEBRIC
B 2 RBUs X oBIERE (1 H¥HT247C) i,
Tl & SN HIRBIRE & EhTwnb 25CITiED o 72
» T (Klock &, 1997 ; Nkansah - Ito, 1995a, b), ##
WIS HIX ClE, BiREEIREL TV Lo/ EZ L
nr.

WIgs HA RO 4 F R HE S 5 %) KX, Nkansah -
Ito (1994) O#MEIZ—FK L7z (K- 1A, B). 512,
< POWRO RGRIFMDFEE L & HIZHA LT Z
EDEE SN T W A2 (Pressman 5, 1997), 2 O#k
L, RBEEHLE O H ORI > TR O RGR 2¢
BT L72AREBROMR L —F L7 IS HLB G 7
HiZIZB1F %, RE@GHX oM Lo A F I (-
1IC, D) 122\, BET2HIRITR L5 %25, 1]
WIS ELER . X 2 — I R RE A b L AR 2T 20Tl
LRI N —J, TOROM EEO RGR &
KX LD Eh o720 T, HIEE RO HEE DB
MB LNzl &3 58 WIRDOIEHEZ EDRO A
- RO FoRE L TREZ o720 D EE R
b7z, ZoEHIE, Nkansah - Ito (1994) OREE %
FTRTLbDE R

WV R BE & AR O NI B 1L, R o A HUE M o R
ELTHHENEZ LD D (FE S, 2008b ;5 L
5, 1995). ROAEHFEEOM EIE, KE#S ORI
AL (Klock 5, 1997 5 HET S, 1995), AR s
2BCTHRAIETZ 2 EPHBENTWS (Nkansah - Ito,
1995b). T k&, ARIFEERT B\ TR HI AL
G0 HBE2 S 7 HIRIZ2T T, RMERX & REBEHIX O
DI EEEAEIN L 72 2 & 1%, ARBRGEHLELR4G 0 H %
ORI, BAHEMD 220X ML AZZITT0 AR
BCThh, ZokT7HMTNFT KBHIBIMEL, AL
AMPSHE L7200 TH D LRSIz F7, BEE
LB 7 HR 5 14 HERIIHD T TOROIFRERE
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DAL, MOEFIZ L Z2WRGEHOEEORT 2, £
ZRTH B EEZ NIz, KEBROROIPILGHREE L, X
CHEZE LMo — AR L THIE L T b7zo, )
DA R HE D (3 E PR EE O B\ i O E & 2V
TL, #RE LT, WONEEEIET LzDTIE R
MEHERE SN

b~ b OFESEEERIBIRE &L OBRICOWT, B
40T, K 23CORIMIZB VT, TED Ca & Mg D& (T,
IR OIRED 30C D& & ) 25COBHED T H % 7
AT ENPHESIN TS (Nkansah-Ito, 1995b). F 7z,
25C Dif# 2 5IR CORSE T, FROK RIS S
Tw5 (Kabu* Toop, 1970 : Tindall &, 1990).
LOWEL, REBROKBRE—HLTVD. —F, B
oy EMUTIREE & OBE AR L RIER S5 %
V. RFEERTIE, o Ca & Mg OF®EITH LEICBT
LAER L FOMNER LI Eh S, WEHHKX T,
Ca & Mg OR» &1 EEF~NOEEIMEE I N TS D
WL, MEEXTIEZoEXAl o TIER <, RNo®k
FESHEA TV L IEEEDE 2 bz, "IRXICEBT 5 H
EHON & Mg &ED, HEZEBRIZE > TR L7200 Y,
WSR2 & % b BRSO RS Ok ds, AT
DNl TH D RSN,

WoONAEAIAAGEICEH LT YuAf XF X F
(Arabidopsis thaliana (L. ) Heynh. ) % HW/-HWF32 T,
WO EZEET 2L Z EATREN TS (Novickene &,
2010 ; Ohashi-Ito %, 2013 Pitts 5, 1998 ; Wilson 5,
1990). oL, MOMNAETAA S EMRDORGR &
DOIIZTE CHIBE DD S NI REBROME R L~ L, b
Y MIBWTE, ROWNETAA PROBEEMEEL T
Wh I EPHEREINT.

ROPNFIZREIZEE LT, MUsRE & O BE M % Re L
TSI M7 5 A, F—F ¥ VAR ORERTEEIC
EH$ 22 v as X5 2F %72 TH S 2012
ENTwb (Deng 5, 2012; Ohasi-Ito 5, 2013). L7228
T, AREBRICB L RBEGHLEL I & 2 KESEEOEE
(X, ROWETAA EEOWEMAE G L T 2 W REMEAS
Ez bz,

Dikxy, BEERMIICBIT5 M~ boREEAENI,
RoAEFEROM B2, RONA TAA &&0—k 2
Bl EEI L, ZNODMMOAE R AL E % et
TOREREE LT, N ZAuLE LSS # ERA~ o
B ARE VAR L, i oA B E 2 5] &k
Z LT R aRMEAVR SN,

I XZFOEKEHICHTHIREOBMEYE
MESPROET EREDIFEE(C
RIFTEE
a

b~ b ORIRO BT 20 (PUF, ARSI & #25)
W& B LT, WEMYBEREWEOE&&OZAL
(Ali 5, 1996), SEERED O HRZFEOZE (527 A,
1994), WoAFMRHE (Tindall 5, 1990), Wik & 3%
S E OB (Gosselin - Trudel, 1983b), HETmifE &
T AR OHENN 7 Vs E T 5 (Hurewitz -
Janes, 1983). L2*L, TN 6O, 25CHITIZH
B S L7208 2 RO T C, ARG ARIR S A AR e L
THARZBZETH D, RWEUR T TOFEFGIED 2%
V. BREOIERIZOWTY, RKIERSMT ToMRE
IR & o THM A RIZT 2 HMEDH D D DD (Jones
5, 1978;0rchard, 1980), A+ Thwv. 512,
MR £ B AROTER 2 ZAIZ O W TOHIRIG R Y
72H 7w,

AFBOMIEIIZ BT S b~ b oREINRIC X 5, RE
ulne L7 - JRRE A A = AL 2SI T, 1
BETHAN, BEFEOSENICHBIT A REESHOBIZE0
SNBR LT A E, —EDROURE G % 1
LPIZT 59 2 TCIHEWICEHERMR LS. 72, 56
N7ZEIRE, R L SHEMASE DY b~ FOREC
172 2 ISR EE RN OB ZE D 72O O FERER AR & L
THMOTEETH 5.

Z 2T, AETIE, AFOMIRHI b~ b O N
WL, EI R L L CIRO ARG L RO ZAL,
REH FHOEE B L OESRIU OV THREL, &
Mg e L CEMDTEEB L OREON R 2 AT
LTkl L7 72, IEIZBWHARS, EZEOER
B pREsEI L e L, SO ZboEW &
HLNZT BT EE LT
b #MEHLVHEE

1) #HERE

P o BRKERE -2 (4 X AFEW (BR)) %,
20124E 11 H 16 HICNN—3IF 254 P CTHRELAZT2R
LIV b LA (29cm x 59cm) ZHEFE L, 25/20C (/& /
Wi ORSMEEEY A7 A (B (79 A,
MKV KV —2 (#)) WCT3HEHMEW L. 20tk
123 7HIZH T ARENO NFT Xy FICBEL7:. 7
RERERAROREEZBIE LT, 3OO RIEL
BRI, HK015% D 4- 7 aa 7« /% VEERE (75

[
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#l b~ b bh—>] HEETSE (B) © 100 fif

eMFELL. MY MNIEIRELOARFE2HREZKL T
0 L7z, 7 AmE 3% 25T TR L T, wmiEkK

TSRS IERE * W T ST R - 72, Bl oS
M, HEB g4V onEOEE (ugeg') T,
N:164, P:31, K:267, Ca:110, Mg:24, Fe:21,
Mn : 06, B:04, Zn:007, Mo:002, Cu:002¢& L
T, 2N 1 AR AT LA ARSI AL 13,
NFET Ny FAORH & FRICEMG L7z, Ry » 7
OPFICET I v 72— —%KiE L, BEEOmRED
ISCUITIZ 2 % EhNS A & 9 127k E L7z, AR
HUIHEEK T (201344 H 26 H) £ Tfro7z. NFT N

FAEEAE L 7ok 0P 50%, BRISIMEALEE 2 | 72w B X
&L, MR & e LA BRI ALE R T oo =
I 162T, i 315C, wIK59TC TH D, Krae
TR TARIBINIRIX C - 203C, K 166T, *HRX T
F5142C, RIEK58CTH o7,

2) IROEEEFESLVIRE EEDOEMEDRITE H

JUREDIVERED S &

HOSANRALEEBRAG 0 H (3 ~ 4 3E0), 7 H (4 ~ 5 1)
BLOU2LH (7T~9%M) RIIBVWT, 12464 Ot
ALT, UToHELIT- 7. AHEEOREN 1 2L
LT, TEEFEBIC, HEELIELL. RIS, B
DR SEE L 7Z2HR % 25T, 500mL DR IZRE
Lo L <, TELFEKIC, ROZYE 1g K7
O OIEEE (mgO,eg’'DWemin?) 2R 7. 2 b
DOEAEILTRTI:00~12: 00 DIAT- 72, ZDF%,
e EENZA T T, 80C € 3 HMEzIEERIC AN, TFE
& BRICARRT R #E (RGR) %R 7-.

3) ENERORE IAADEEFZE

RIS X & ot FR X 12 BT, ARSI AL EL B A4 O,
TBIU21 HiRIZ, ZNEIURE# B % 12 k3D
FREUL C 80T DEZIERIZ AL, 48 HFfI DL F#2MEE S 272,
Zot%, TEEFERIC, 2B lg472D DN, P, K,
Ca, Mg OtHEEE (mgeg') %RKw7z.

MOF—=FL VEEIZOWTHET L2 HE L
T, MOFEEE 1g 4720 O IAA &8 (ngeg) ZME
L7z, MRSOINRIX & IR IX I B\ T, RIS B A
O0H, 7THB XU 21 HZIZ, 3EMET DML 72, TAA
O & AT T E & [FREIAT - 72,

4) IROWEDRERZE

RSIR AL B 4G 21 H #2102, *FERIX & AR X 2
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JEL HARTEHELWAEFTHHIHEZ 5 2 L2085 S Twn
% (Hurewitz - Janes, 1983 X7 - REA&, 1994). C
NHEOPMELIEL LAbE L L, RERIZBITL2ER
X, EARREREESRZ 2138 Tldh vy, e ok
HHRICKE LBEL RIZTOILE o Tho720 D
eI NS T/, MEUREICOWTE, MEXTIX
ZLWRIEREE T TIIREI 520, RIKRERE T
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Development of Local Temperature Control Systems for Year-
Round and Stable Tomato (Solanum lycopersicum 1..) Production

Yasushi Kawasaki

Summary

In recent greenhouse production of tomato (Solanum Ilycopersicum L.) , techniques to realize year-round and
stable productions are desired for higher yield and commercial use. To achieve this, it is important to overcome
suboptimal temperature conditions, such as high temperatures in summer and low temperatures in winter. Heating
or cooling air is a practical solution to this. However, the initial cost and energy consumed are shortcomings that
need to be addressed. Therefore, a new technique is needed to reduce energy consumption with low initial cost.
The sensitivity of different parts of the tomato plant to temperature differs. In this study, therefore, we focused
on controlling temperatures that resulted in temperature-related injury in the more sensitive parts of the tomato
plants. If temperatures experienced by temperature-sensitive parts such as shoot apex, flowers, and roots are
controlled locally, energy consumption can be reduced without loss of fruit yield when compared to conventional
temperature management, under which ambient temperature in the greenhouse are controlled uniformly.
Therefore, we cooled the root zone under high temperature condition in summer and heated this zone under low
temperature condition in winter to reveal the influence of local temperature control on the root zone. Furthermore,
shoot apexes and flowers were cooled or heated to clarify the effect of local temperature control around the shoot
tips.

In chapter II, we describe the cultivation of young tomato plants in a hydroponic system with a cooled nutrient
solution by using nutrient film technique (NFT) under high temperature conditions. This cultivation method was
used to acquire information about the physiological and morphological effects of root-zone cooling. We investigated
plant growth, nutrient uptake, root activity (xylem exudation and root respiration rate) , root indole-3-acetic acid
(TAA) concentration, and internal root structure. The root-zone temperature was maintained at 24.7C by cooling,
which is considered the optimum temperature for tomato plants. The air and control temperatures were higher
than this optimum (30.8 and 33.7C, respectively) . Root-zone cooling increased the relative growth rate (RGR)
of roots compared with the control, followed by increased RGR of shoots. Root IAA was positively correlated
with root RGR. Root-zone cooling increased Ca and Mg uptake, as well as root xylem exudation and respiration.
It also advanced the development of the internal structure of the xylem near the root tip. Thus, possibly by
increasing root activity and root IAA, root-zone cooling promoted root growth and nutrient uptake mediated by
the development of the root xylem, and thus, further improved shoot growth. These results suggest a physiological
and morphological mechanism of growth enhancement by root-zone cooling under high air temperature conditions.
These results are detailed in Chapter II.

In Chapter III, we detail our study on the physiological and morphological effects of root-zone heating. For
this, as an economical option at low air temperatures, we grew tomato plants on an NFT hydroponic system
in a heated nutrient solution. We investigated the effects of short-term root-zone heating after transplanting
and long-term heating until harvest. We measured short-term plant growth, nutrient uptake, root activity, IAA
concentration, internal root structure, and long-term fruit weight and dry matter distribution. The minimum root-
zone temperature was maintained at 16.6C while the minimum air temperature (5.9C) and minimum root-

zone temperature (5.8C) in the control were lower than optimal. Similar to the results reported in Chapter II,
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root dry weight and RGR increased after 7 days of root-zone heating, compared with those of the control. This
was accompanied by increased mineral nutrient uptake and xylem exudation. These changes may explain the
increased shoot growth after 21 days of heating. In roots, development of the epidermis and stele, including the
xylem, was promoted by heating, in contrast to the effects of root-zone cooling, which promoted only xylem-
specific development. This could be explained by a lack of correlation between root IAA concentration and
root RGR. Although the proportion of dry matter distributed to the fruit was not changed by root-zone heating,
individual fruit size and total yield were higher than in the control because of a higher total dry weight in the
heating treatment. Our results suggest that root-zone heating is an effective low-cost heating technology at low air
temperature because of its effect on root activity, growth, and fruit yield, but that the mechanisms may differ from
those in root-zone cooling at high air temperatures.

In Chapter IV, we detail the experiment where we tested a local cooling system that cools the air around
flowering trusses and shoot apexes at night by using a heat pump with a hanging air duct. In order to reveal the
effect of the local cooling system, temperature conditions, and characteristics related to fruit yield were compared
with non-cooling treatment. Local cooling reduced the night air and surface temperatures around the flowering
trusses by ~2TC, but did not change those lower down the plant. It resulted in increased pollen viability (measured
as the proportion of pollen that accepted an acetocarmine stain) , fruit number, and individual fruit weight, and
thus marketable fruit yield. These results show that local cooling alleviated the effects of high-temperature on
tomato during summers in greenhouses.

In Chapter V, we detail our investigation on the influences of local heating around flowering trusses and shoot
apexes under low air temperature conditions. First, we used a small electric heater to provide local heating around
flowering trusses and shoot apexes, and examined differences in surface temperatures and fruit yield. We measured
the surface temperature of tomato plants using thermography, and examined some characteristics related to fruit
yield. Tomato plants were grown using two local heating treatments (“high,” with an average night temperature
of 13.0C at the surface around the shoot apex, and “low,” with a surface temperature of 11.5C) under the
lowest night temperature of 8C, as well as a control condition, with a surface temperature of 9.6C. The surface
temperatures of shoot apexes were increased by the local heating, although the lower leaf temperatures were not.
Pollen viability, fruit set, and intervals between flowering days of adjacent trusses were improved by local heating,
although cultivars appeared to differ in their responses.

Second, in order to develop a more useful local heating system, we examined the system with air ducts hung
above the culture beds supplying warm air to shoot apexes and flowering trusses, and clarified the economic
and physiological effects. Differences in the vertical distributions of surface temperature at night, fruit yield, and
fuel consumption were investigated. As a result of the local heating, the temperature of air and plant surface in
the upper part of the plant at night were slightly higher than the corresponding temperatures recorded in the
control, where conventional air duct on the ground was used. However, the air and plant surface temperatures in
the lower part of the plant were considerably lower. The commercial fruit yield when this local heating system
was used tended to be greater than those in the control because of a higher ratio of intact fruit and fruit weight
after exposure to local heating. Fruits grown by local heating had a higher ratio of locule tissue. The local heating
system used 26.2% less fuel per unit area than the control.

In this study, we concluded that local heating in winter and cooling in summer on root-zone and around shoot
tips were effective for greenhouse tomato production. If these techniques are combined adequately, temperature
injuries can be alleviated with lower costs, and this will contribute to year-round and stable tomato production in

greenhouses.



