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MFEDEFRR L O

fERk: fERK (flowering) TR FAE 2 b B E ~D R EAAH O L EFRT D, BRI
DT T IRNE T T T IVINESE S ZETH S R TR R 2 b B E ~
DEIANE Z 0 | ESHEOREN B SN THEFNTE D,

MBI oAbl BRES BRI & o THE RO I 4 B 28 A2 il & 4 2 AE Rk 5 (Flower induction)
% EZTENZ NS L THEFRIEZ S < 1K) & 72 2 fE3FFHE (floral
evocation) & 720 . fEEFIAKA B4 (flower-bud initiation) L 5 Ik H]
ZAEHE 46 (flower-bud differentiation phase) & &4 5,

MBI EW: LMok, EFFREZ, EosmE. B, fEp. HEL, ML
X ENENIT L FEL, EF LB OHE LIERIEE TITE DI
26236 28 (flower-bud development phase) & E# 1 5,

BAEW: EE O 0FE 1 EHENOHEEO 2L E TIZE 2 R % 5L
(anthesis phase) & E#*T 5,

WEFE SO M T, R (600 nm-700 nm) LR (700 nm-800 nm) @ kb
(RIFR ) Zi&= L, XZ2MPIETREDISELZRL TR BWRE 4
BFEHETH, ZEBEFEG (SAS: Shade avoidance syndrome) & RS,

PSS: MEESRIL T 4 b7 v AARTEMERL (P) EIEMRL (Ph) OFHRENER L X
FUP &P DRI S W CHH L% 7 ¢ k7 v 256 F# (Phytochrome
phytostationary state) & FEUN, PSS LBERET D, 7 4 b7 B ADSRE 2 &%
TDHEPMD PrllZ b L, PSS KREL D, i, BRONEZEZT D&
Pr b PiCZ L L, PSS S/NE K 7%, PSS A/hE W& & kR BUS 2535 E
Ihd,

PPF: St & pRIC A #h 722 3% =48 (400 nm-700 nm) D&+ K2 KA WRA L E TR
(Photosynthetic photon flux) & FEOY, PPF & BSGE L. HAZIE umol m2stTH 5,

DLI:PPF ®— H OFEH L %2 H A% 6 & (Daily lightintegral) & FEOY, DLI S BSFD L
HALIZ molm2dtTh D,

DLIpie: B O W E1 (400 nm-500 nm) OEEFHRO —H ORBEE L L T, DLIbwe
LI L. BT X molm2diTh b,



DAS: #&ff1% H % (Days after sowing) 1% DAS & HEFE 9 5,

DAT: 4LEE%% H % (Days after treatment) (% DAT & BSFE9 5,

EOD #LEE: BHEA# T BF (End-of-day) (% EOD & W&FE L. B T W O HEER o Y6 IR
Stz L% EOD ALHEL & IR5,

B/R tk: #H e (B: 400-500 nm) & JR€E5E (R: 600-700 nm) @ k3% BIR Lk & BERE
95,

R/FR tt: JRfaE (R:600-700 nm) & =R (FR:700-800 nm) ® k3% R/FR kb &
4 5,



v NI, HERPCEEE SIUTER Y | IR TR BAFEREN L, BARENICEIT D1 &
1% 2009 ANV T— A Y72 V4] 8.3 kg L XL TuD  (FAOSTAT, hitp://faostat.fao.org) ., k
~ ME, BRFEEEEOSH EIEROOESTH Y | JAEARE L ZEIRRISRO 5TV D,

U, b~ FORESEHCHATEVEIR (70~120 AR T 1~4 BEREOHZDORFELIFEL
FREAR K Z LT, JAFRNARETE HIRESREEER ShTnd (2, 2006) , KBS C
I, Y70 RTINS B, @V IS TR 2, 2070, < OEBNEL
720 | Flf A SBRESEEAHARD LEL b, KXo T AR A N CRERIICE 2 ARET D g
WD, Fiz, AYE 4D 5 BRED/ NG ZTERT 5 & IS T 5 F TORIRNEL 725,
Fo T, T EEAEESCT 72O, 25X MM ZIER L, & LIEBREE COEBTAT—
UBNEATKEEET 52 ENNETHD, IHIZ, EOMET, FEEHOEER S ONTHE;
HETIRFOUL RS JOMVEICR & B 5720, MEN—EOREHI BT 2 K2 iAT 5 L0
IEIRT, THEE Suvbil, HOBEIIFHCEETH D,

LLEX Y| KBS CREAME L 2N A BT T OEAEREIZIT, LUFOEANET Hits,

D AR= R TSR ARERAN A VD Z &
2) HUBHEE THEBAT —VailEE 52 &
3) A E R R LENNAEET D T L

ek, WAEIZAREERIR LoD AOHE B CAESNTE T, LovL, AT ANOBREESAR
BI—721212, BOREIMibR, FFECRIEC L 0 RGBT 572012, RN —
BN B2, E VST AFE T Cllmin B e b 2 L ERNHE 5 Z L3 L) -
72o M7, ZIETEAEEICATICEFRIA Uieh o= 28 & LT, wIliREDO A =2y La
A RBENT L BRI EDT =0 T ax MREn e BRXUBWE R A EETE LY
TV AR T LR ERFET BD,

1990 AR He, FAREIC N TCA R D PRSI R AR RE S A7 2SBRE Shuiz (BTE, 1999), P
PRI AEPES AT ME, ZEEC N TS VD Z Lic k0, i, Kile P oLtERES
KRS 5 2 L3 TE, ANUABFE LD bEEBIEZELL L, D OREMITH 2 ARET H 2 &
MATRE T D, 7272 L, BUETIR SAUTWD PSR ARPE S AT AIATE 4 KD 5 BIRREE D/ NGy
e B OB CAEPET D DITIHE L CND 03, B A= ADRN=0H LIEDBIET 5 £ TR
AT =V OEATZRKIEOAEFEIIIARE TH D,

Z 2 CRBEIE MO APETIZZ < ORE, BEH (—KEE) ([CPHBTEAERES AT bz,
Bl (CRES) ICARETONT 22N 5L (18, 2006) 23& 5 T% (Fig. 1.1),
— BB IO IREEICHEEA LT, B AR— A TR BRI 21T 5 7=, S\ RIS EEC



2 OHEBET DUERH D,

BRSO b~ FEE T, wAERE L, BB R 25 (19T - B, 1992), 7=,
R LIEITrnSod < SRR E & 72 L, ES OB EE AT L BT D @
AH,2011), fildi, b~ NEOE LIBEAELEEN AR T5 & EgICREL FHNNETX 5
72T LAFEYSTZ 0 OIUE IR TE DMty d 5 (F1ED, 2006), L-T, b~ hO&E
B APETCIY, B L EEAAERENOMENEE CTH D, DD, —REEBIOIKEEHD
BRI 2 N DB D D,

BTN D 1 DIZHBRRE A HHET 5 FIEN T D s, SHERO R TR, JeiE & fe
DRI RE U THICER L, S E S ERRBIERSUGNC R E KIFT (4K 2004), &
IVEIIT RN G- LT, — IS, HEIGUV-A T, HEMECKILOBE, S5
OIENGEE e LI 5 7 4 b he v AEFEACEME, A Y XACREDS 2 ) S N m
DI EDHBIVTN D, IRENEIREIZFRD T « ~ 7 v MIEEFED D | HEEITD s

(101~102pmol m?s?) "CHIFITT HEBENERIR L | gy 7aw g (~102pumol m?s?) CHTAN
T OENESIEN S E S EREERSUGE T /I LTW5, BIIE, L, AREE LR
ek (RIFR H) 20z L, A MR Lo L TE Y BUEREZG L9 45, =
AVEREERS (SAS: Shade avoidance syndrome) &9, v RA XFXFTlE, 74 hZabziL
TR 2 5 & | BED B2 L CEAMiER L, Mt &5 (Franklin and Whitelam,
2005; Wollenberg et al., 2008) , > 171 X+ X FTIIRIFR ZHIKTHDH5FHDO 7 4 v/ sdH b
74 b7 aABEN LR ESNT D Z LI K VBHRSUR 255 5 (Hendricksetal., 1962;
Bulteretal., 1964) , BHESUNIRHBIAAREAD 7 ¢ F 7 0 AARTEML (P) LTEMT (Pr) OAERIR
fi& (PSS:Phytochrome phytostationary state) 23EZE & S, 7 4 b7 B ADSIRENEEESE T 5 & P
B P lTZb L, mAREOIEEREZ T D L Pe D PAEME L., & S EATHERARICHEE KT,
7o, P CIERFHZE TH DN, PrldEITNCIBWT P~ o72 0 (AR . IRA 1S6H]
WiEZ RS> TV o720 3% (5 (Fig. 1.2),

HEF D RIFR Hold, RIFERZFHIC L > TEAEET 5 600, 1.0~1.2 DFiFA Th 5 (L5, 2004)
D3, REMIRETEIN D RIFR 1 E01~0.7 TH 5 (Smith, 1982) , &> T, BEESIS & 75ES 5 720121,
RIFR tb% 1.0 K VIR T 20BN &5, i, PSR ARES AT L THWHILTW D BEEDELT
D RIFR HI3#9 9.0 T, —KEEINC BT CRIERISZ ST 5 2 L1720y,

AR L7z 860 | BHESUGIIIEMEIMEET S LW\ ) BB R AEEICBT 5T AU v 3B D
D3, AERREEET D5 A Y v FHEIHILTND, b~ M CIESRERE & AFlR R DRI THiu T
D12, B LEBEOBHEIICE 2 (HEI W THEEE ML - BESHEIT L QD Lo T, —KEH
ClE, AERAEARET 572 DIZHS L IEFEIZ T DA DM TRHE RO N AR S5 K 5 2tER
BEHEZTTO, 26 L EREICRT D IEFGERI LG CIIER 2 P1E T 5 7o DI S SRR 23RS
HRUWNCODONERERIZAT S 2 & T, @i BEREAEENATREIC R D L& 2 bd,

iy, ZIREETIX, BIREEFIH LI AT ATIT O 72, RIS U TNy AN K%
PI—7o BBl L L5 LT 5 & ZEOMDEEEE DT =0 7 a A FAE K IR R0, I,
Z OB LT, FEEOHHT WA, BEEPED 5L Bz, RAMHLD OAOKIRS



H7e EOBRBEAFIET 5 Z & TN R L TR 7S A H S U7 R PEREEHIENC B -5
BREDREANATION TV D, JRFTEREEIIHE “IREEIDEAT D Z LA TEIUL, K= 2 F TRzl
SIRHEPED PRS2 % B 2 B,

1.2 BEEWFE

121 b~ MEHONIEA T =K

k=~ RO AR TR, BRSO ‘Micro-Tom” IZBWOREE F CRERER X
OVEBRRREDMIERE CEH: 5, 2005) <CAREEAED 7 ZPERER (238U THRE N T8 L {EEAE
BEAAME T (B, 2005) . HENZFARTH L7 V7 N7 v AOBGZEERE S b~ b
Cry2-OX FRIZHNTHP AR & 0 2R3 LOBIEA I S (Gilibertoetal., 2005) S50 EN B
0. HERBOE b~ hOEBFEHICTE D Z LAVRESD, LovL, v ROWIEEA =X LD
HSTI BB SV TR, BEICRalEe B OE., JefEds JOWIHD) 134
HTH 2,

UTAE, PSRV AEPE Y AT AOWRE LT, ZRE THOW DI TE I AEEETI b TiEE
TSI LED & HIWTAFFEA G E > T, LED IFRFEDIE DA AN TE 5720,
YA AR L TR ORE 2 55 L9,

DL ERE 2T, LED ZHWEgEE LT, BWKERZAIIED [HEW OIS A
T = A LD BT RF 3 2 MBS OBIF ) ORGRE [BSEEOITEA T = X LD
B & R TR DBHZE | A3 ERK 21 4FEEN PR 25 4REED B o AT & L CTIToMTz, Z DR
MED HEEOOE DL, b~ MEONTEREVR. BN TEAEREN S LU - BT 200
B A G A FEBYATE L OILE T K T 21T\, TEBEIRK & R & DRIR 2 fiEIA9
HZEThHD,

INE CTOMZERRAHISERD &, AL (2010) 1EUV-A £7/2013 UV-B 25 2 & C,
R~ N OAARBAEE R OB R T REIEOMZFE AL L, S L - T M~ M OREREH
M hEnsdZEamLi, SHIE (2011) X, HE LRt LED ZHWT b~ MaxERT 5%
A B LED (B—7 K, 405n0m,450nm, 470nm) F7-1377 LED (E°— 2 % &; 640 nm, 660 nm,
680 nm) O EAMFRSHCIE A AT & VD5 L AT b~ MNEOX-BEOAFNEL | LED
LR LED A GO MEN DD EHE LTz, 512, R 200 pmol m?2 sT DA, D
BEIARAER AT B 12O H A6 E 40 pmol m2 s LI FRRI-d RETHH LIS LT, £
7o, G R K DEMEOFENIZETONET LY COEARS L TRY, W om
DUV Y R T ORBUE b iR S 7= (Matsuoetal., 2011), 1 HRIRREEOHFSE
Tlid, AR 25 pmol m2st LA B & L7=#57R 6 LED OIRAE FTIE. HE RN MEEIHIT S
KT LML, &b, REKOEGNEL 2DIFE, KEAMGHEENHA L, 5 1E7EE
AIERIME T4 5 L& 2007 (4,2012), 20X 91T, HEN b~ MEOFERGL, E£MhER
O 1 IEEE AN MIE TN LN/ 0 oo 578, b~ FOAFERSHI BT —IRE



R IRE OSBRI TR E O SR A T 720,

122  JRpEREEHIEE

RFTEREERBNCIX, RFTeE. REER. Rt E0dH 5, RFnETIE aFavI oo
TEEDFRAT LOBIEDIEE (NI15,2007), b~ FOR Y NEEIZHEIT AHEMHEIC L D ER
B IO (KT 5,2012), 722 EHE S C05, JRFMERE T, Motk zixtimaic X5
ADFEAAE GRILD,2012) 7 7 0 EONNRIZ X 5 A T T OREEHERS JOWIR (FEfkE S, 2008) |
fEFH KORIEAEONNRIZ X 5 M~ hOE R LU0 RFEOM | (#Ril6,1999), 72&
DHRE SN TND, FHZ b~ N T, BREAMREONRRIZ X Y . BIHEICET 2 BE)EfE S &
WHHERSH D (Wl 5,2010), R TIE. ~~ MEZE~OREC L 0 LA J UM
DOAREMERS S SCD  (FEE, 2011 (HELA, 2012), LosL, RIFERBEIENEZ KB EISEAL
Tl | FOERBUTITEED TR - T D,

Suzukietal. (2011) 1%, AWML & [FERO IR B EEREZIT> TH Y | JRE LED OIFREEDS 22 pumol
m2 51 FE 721375 LED OYEHREEAS 33 umol m2 s17C 6 B 5 8 BEL 16 KD 22 Wi & U7 HIERE
DB HTIETHIE Uiz, ZOREE, BT @ LED )t TR L 0 K720 | Rk LED ML T
RIRX I /NE 7 o7, Suzuki et al. 13 RIFR FLOZB(EAY b~ M OFBEZIHIT 5 & B8 LT,
L2 L, LED iKW EITHIRX L WK /2o TERY . EEDIEETH S Stem/DW (KTHh

DIFEHRLTNDZ L&) ZRIT 2 &IPSR BIRMEZS 72, ZOREEN D, Suzuki
et al. DFEIAEZIBNT, AT RIZAR Lz B LED SREISE S, BEREOS RN L,

= MEORRESREME T L, ZMERH S EB 2 6nb, LoT, ZIREWICHIT 5 /ET
FIYECIX. LED SERORREIC X 5 B OB 2 E 832 MER S D,

Hernandez and Kubota (2012) X, b~ bOATAER THIRE LED #iYEOIEHE % 55.5 pmol m
261 —ET18h B L L. LED OFAIEEIA % 0-16%I 2 LSBT, SHIC, e —T &
T, BFEEFEEE (DL Daily light integral) % 8.9 mol m2d?® & 19.4 mol m2d1¢ AE L7z, Mlc &
T, DLIE36molm2diHN L7225, b~ FOMEHRIIFE S 72 B oTe, —J, #ELeVn &
DLI XM Tl L72AK DLI X L W #2207, i L 25 EHD DL (DLlywe) D7EITH
KT06molm2dt7Z 72Dzt L, BT L D DLlpe DZET 24 mol m2di7Z -7, L-T, Zk
BHICBT 5 RAHETIE, ZEHEZIHET 25T 2RENETHDH Z LAVREINLD,

BZOMYE - @mil - 20 N, ZIREER, NI MR EET 2 00, IEOHEINITA
BT, BEIEE L REOMIGHRERH 5 LGS T0D R D,2009), €D, EFIHN
FEOEREMNENEEZ DD,

= hOATZAEFIZRNT, RIgaH (15°C) 217738 ¢, B (7:00~19:00)0 DOHHENIC
Ko THAFR LV b HEOAFIMEE SN D —J7, &K (19:00~7:00) OHENIHL BOAEEE
Wil 2% L OBERSHD (KF5,2012), EHIZ, AFSH (2012) LB HHOBRHOHBANZ LT
BRI 2 i LT 5,

HFRMOMEIEE LT, e — MRy 7mELA, Z38mANE fWiEnmE ey R R



77 R IARIRIC L ABEAAL 7eEnzFonsd (B1EDH,2006), b— MR 712k
WHEIE, BINHEPERKTH L0, ML 20 E T 2 RTEEZITH 2T r=v7a
A MR TCE DAMREMD D D, Fiz, BRE — MRV T TNY ZABROBBEEAT I %E, NT A
DEPADENZ 72 D DITR LT, HEIRHED /PG E Tlk, AU A BT HITH 2 &
WTED, UbELY, BFEOKEH TIE, EXb— MU 7L 2 BHORFG RO 1T 9
BENRHD EVZ D,

13 HH

ARFFENZRN UL, — KB IEM% 20~25 B £ CRASEIE AR AT L CiThh, 6 1 1tk
DIEHE AT — I L FEEREIN 3T Hivd, KB I3EFE% 36~45 HETHTU A
TIThi, F LIERORE AT — I HEEERES L BIE T bivd, Lo T, TNENDER
AT =G UT BB R D B 5,

—KEE Tl EREOBIIE & LIUEEAEN DR T NEETH S, FELAEENFEIRHCMET %
v N O AR N RN R AR R ) D AR R~ U TR Bl S 4L, TR S L
TEACSFIRED SR « S b DAEEERGEIN AR X 0 A0 ST [RUEEER O /3Bl A SR X 0 18
FHIEDOFFTRERDZLIZEY, 5 1 HEEEAEIME T2, &2 CARIFEO—KEM Tk
LED ZMWT, B EINTfER A Rt S5 2 & | T%%%%uﬁﬁ%ﬁb@ﬂ%%lﬁ%%é
BN FSEDZE2ANE L. (2%,

TIREE TR FEEOSET BRI, RN R (Bl AIE, R ASHE) OAOKIRS
72 EOBRBEATIET 2 2 & T, RN L TR R A B LT RTEREIE A1T 5, &
ZCABIETCIE, AL HEARIBIT D ZIREMICBW T, EROMIE L FOREEZEET 5 2 L%
HEuE L. DG T2 JRpEREafiiEE 2 Biss L. S OINED R & 78 D 720D _IREH 04
BHEEIN ML T D 2 & & L, SBIT, NBREEHIEI DD a X haaR L, A28
DY A ONGEARE T 5 2 & TEMAOTREM 2 L. (B3 %),



(A) First nursery (B) Second nursery (C) Cultivation

Nursery period 20-25 days 15-20 days
Developing Flower-bud Flower-bud Anthesis
stage of first differentiation development

flower truss

Floral Flower-bud
evocation initiation

Flowering Flower induction

(Flower formation)

Fig. 1.1 Flow chart of the nursery method of the combined use of a closed seedling production system as the first
nursery (A) and the use of a greenhouse as the second nursery (B). Cultivation (C) indicates a tomato
cultivation method with a low node-order pinching system and the developing stage of the first flower
truss.

Red light

n, )
Pr —_— Pfr ----» Photomorphogenesis

5
Far-red light \

Dark reversion

Dark destruction

Fig. 1.2 The changing of Pr and Py forms of phytochrome by red light and far-red light.



F2T —REMICRT DB T I E SRR

= FOKIEA =X LOHRITH FE D EFES TR LED ZHWCT—REHTT 5%
A LED SR i 7 i ARSI DS IR T 5,

BEEDOIIZE T, FRIEIFMER JOMEREIHT 25 2 LAV Sz (Matsuoetal., 2012; 4
14,2012), LovL, FEETRENOIRA Y FIZET 2 BRI L CEMICIERT 220
A ST, F72, H LED LR LED LISAOR Eod LED SoEAENEMER L OYE
U MAFFT R OW TR CTh 5, KR, EARESL (FR: 700-800 nm) |3 S 2355
5HZ é: DHIHIVTWD, —IZ, MRS FESND &, ERBLOEEIMEES D Z &
DENHI TN D,

R~ MZFBWT, EOD-FR (MRS THREOEIHIE ORISR (2 L 2 RfEEhR, 72
O HBHAR S DFFE) R HALTUNVS (Lopez-Juez etal.,1990; Tuinen etal., 1995; Chiaand Kubota, 2010) ,
EOD-FR | IHFHIBHAAIRATIO PSS ZAK F S5 Z N TE 5720, —IREE DA TN FIZBWTHE
DNCRHEOGZHETE 5, L L, BEHEOMIE T, ﬁﬁk%ﬁ@@“éﬁ EIDALNE 25T
20N, Ko T B TR I RBRROC A FRET 5 &5 2RI 5 Z Ll kv | fERkAE
HETEDDERGET 20D 5,

LLEX Y AW CIE, Bl 16 Wi JOWIHIK TR ONRBREEHIEIC L 0 . —KER
O b~ MZBT 2P EOH® D\ WNIHE A RET 5 2 2 B E Uiz, ARED 2-2 fiTid, B
] 16 BT 5IEE B LUYEHREN b~ FOAEBICKIETELHE L, (EREMIET 5720
DRI Z R Le, 22T, [BR 2-1] X0 [ 2-2] <Ti3. &~ LED 2T,
FOND b~ N OZBRICENIERZ RETO0ERR L, £, [ 2-3] 8L [#8k 2-
4) S, 6 BRMIEE LED % AV T, Ffa LED LR LED LIS RIkod LED YAt b~ b4

IE AR LT, 238 Cl%, EOD AUEET b~ MOSERRAIE B, &5 1 b/ E2ET
%::1!6« THZENTELONETR LT, [k 2-5] TI&, % LED, 7~ LED 36 L UYEFRE LED
Z T, EOD SRS MEREs L ORI RIT 8 Fia Uiz, [BR2-6] Tk, B 16 IF
MDYEERBES L EOD AU 2252 5 2 & T, BT 3 2\ IR T IRF ORI O YEERBE )
FARAZ E ORI A RIET Ol Lz, 55 2 TR 5ROV T FREo# v
Th b,



- R, T T AT i
o FRELEDDFEIEEDN
[3k52-1] ;Z;’g&:&ﬁj@%‘iﬁ PR iy _ SR LED
iy FR GLED DR BT £ o
() TFOLEDDRIEROEEDT iy — # RELED
o 6] EALED DR AR E It & , . 224
[3t8:2-3] ﬁfﬁﬁg;ﬁb:w;@%@ DY G EHIEMLED
o 67 JEIRILED D YEHR Z A , N ,
(o) STOSHMELEDDLEEI ey~ eemimmLeD

G T RS R o> B
[34502-5] C— i EOLED RS REN  — Wiy 0 CLED ARG

P R LED. iEJRt4LED

BRI 16RFf DIz IF B E 5 - 2.3%0
B S O T EIRELED., B
[3ipo-6) DIRILBEVIIIIE TRORNE ) wymsy  LED. AELED,

Mo HE7ppe— 7K EDOLEDY:
N MR RIE T

IR LED




211 PASRIEAEPES AT A

AW THER U2 PASHANS AL o A 7 A, TEERFRFBIR = A ERHA T % ¥ o /S AN
(A 35 F£ 46 47, AR 139 & 54 43) (ZHERER S PRSI AERERRSChRR (Fig, 2.1) & L7,
FRNTIE, BEAED 22— 80 ) 7BROREMN 1 BV 2 —/VE T2 BV 2 —/bkE S L, K
BEBRBED LR AN ATRE L 72> TV D (Fig. 2.2), 2011 4ED B 1T 4 BEROMIDE Y 22—z ) =
a—7vaiiz (Fig.2.3), BUERDE Y 2 —/LORHEE LTI, SO TESOE & A5 (2o
NATREIC A2~ TR Y . FMIOFRNCERE SHiz > RAREGZ & T, eI &35 M & o2
HHICHREICE %, £/ HEEMIIMAE X2 T DD EARV SN LI2k Y, &S Z2ilEid 5
ZLMAREE fe o TRY . ABOEATEKE A AR TE B,

2.1.2 Light Emitting Diodes (LEDs)

LED I&, EifAiid L FET 28R TH Y | BRFELHNTIREADIH ThH 7273, 1990 FARELE,
ko LED, ML H G LED 3 X OVH A LED 23BR% - ffnfb S, Wiy 7 74 b, BRSO
FRIASCIE R DO AGE(E 570 EZ ORI E T ETIEA > TD, LED 232D X 9124 < ORLHICEA
SHVCET A & LT, BAFORHED T B b,

1) FBE

2) FNEDBMUOIEPUT AT/ E W

3) AR ICEMSNERD N

4) FEIEERD S ORESED DTN T2b TG CaV RS B D
5) WREOREENIGEHD

6) /VLARGINTED

7)  RHRRFOERAV D720

ZDXHITLED 1, EROIERITIT I R > TD, BifE, —RIRBAH O LED I281) %
Kax MepsEA TR Y . BESTFICBW TS, M1, MRl 2< OfBR~D%E
FE R SN2 R T 5,



22 HEB LU RIE T

221 RS I OUE

2211 fEAEY

MR b~ N BEZS (Solanum lycopersicum L., ‘Reiyo’, (BK) V& DHx) & LT,
72 RV b uA & AU L, Lt (7 9& LS A7, Yro~—ik ((R)
ZFEL 1B/ VRIS SRR L7,

2212 MmROBRELSAE

&A% H 4 (DAS: Days after sowing) 73 3DAS & CTA v F 2 X—4# (MIR553, /XY =v 7 ()
T Table 2.1 DSAOREER F TR A L, HEF LTAEM 2 BDR OIS APES AT LT L
Too A 2 F 2= HND COp JEFEI X FBRBIAARETHI 850 umol molL, FHxHZAE 3K 50% CTH -7z,
FRERH OBREES T Table 2.2 & L7z, 3DAS 7> 8DAS F ClIAstsT (FHF32-EX-N-H, /37
Y=y 7EL ) FTrHEZREREIE,

D3AKIE 3 DAS 25 F-HENEERH L72 7 DAS & TldukiEik & L, 8 DAS /b illiii& TRFE CfF:H
TR K~ 2Bk 12 A V)5, EC 1.2dS mt pH 6.0) ZJEMEFA/KIETEZ T2, DAKE, &
%2 AMIZOS U LA &L, TOHLBAMILIU ML A 252, TR TRIE T2 1Y
LA LUz,

2213 JHIEEERLOEEEH

22131 %E. WHER L OEME

XRIIEE L DR AHEE TOR S W35 Lo b3 E ToR S, 3§ 1 HiE
R D5 1 ABEDIERR £ T“O)E S, 5 2 HiHRIEEE 1 AREOERD O 5 2 REED R £ T
DRI LEFR L (Fig.24), EITT VL F22 W,

22132 FMIBVAME, HAER LOWHE

ERERIA RS ORI R B 37 7R (AW320, (BF) Fitl/erRy) CHRIlE L7-, #i B
(REE, B E, M NEVERE, HURERE, s, FERE, XEE, SRS K
OSERM I3 Tl L7, BE33ES LA GhEo b & L, 3 oy = — b3
ZHLO PRONTZFR D L & LTz,

AREIERS ., BRI OER K OSEIC/ T THEIC AN, 1R 80°C DIEIRZRAN (MOV-



212F (U) , XY =v7 (#R)) TT72h RSS2 1%, B2 T LT,
WSRIILL T ORE W CEE LT,
R (%) = (M BStecyEE SRR E) <100

22133 AEEEIS L UONSPAD fiE

AEEHIE, EHEN Lom L EOAEEH L EFR L, BRIZKVRE LT,
SPAD fill%., ¥Ehka5Et (SPADB02PIus, ==H 3 /L% (BF)) T, Tz T 1EEL
528 A 3T OE LA 7 a7 o VEEOEE L L CEE LT,

22134 FEmEfER LOVEEER

HEEREOREIL, fREE L T OMOZEIT TT AR LERITIAT 232 A3 % F TR 1A%,
BEFFEAIE Y 7 =7 (LIA32 for Windows95 ver. 0.373, [1IA) (ZCHlIlE LT,
PEEERIILL T O A AW TRE LT,
HHEH (mgDWem?) = (e HErifs)

22135 Stem/DW

Stem/DW 1%, (EA 1 B EOE TR 2 LI K VEROEE (I 2006) & LTHEL
Too PHBHRIEAPES AT MZBWT, bv M BBE % BT T CABIE & [R5 Cikbs
L7234, Stem/DW 1£0.23-045 mmmgt 271 L7= (FBHIH, 2011), ABFFE T, KaBRoOsBRX
THEZ LT,

22136 & 1{LEEA TN

55 1 AERAE ARSI TRACINE Lo, 55 1 B AESENT L1386 1 bR Aok LTz
ASTEDIENL T, 5 1 AEFEO/MERNIME LIATERIC K-> TR ES (1)1, 1982), ARFFETIE,
5 LIEED b T RO R A hEDIES 2T VX v~ A 7 mAa—7 (VH6300, F—x A

BR) ZHWTHEIE L, 20 DAS UETHIUTIER ML L TS Z L 2hgE L7z (Fig. 25), €0
7o, NEAF% D 20 DAS 7> H— I AT FICBEN L, 56 1 (EEAS 2 B CllE L
77

22137 JERBEORIER JIOEE HE

HARALEET R (PPF: Photosynthetic photon flux) OIEIL, SeE T 9 (LI-190, LI-COR
Inc) &7 hA—% (LI-250,LI-CORInc.) (2456t L, i o b DH)EREDS PPF ~ZHi

11



ST ElE G- T2, FRRBRIX O b LA b 12 SSCREIIL, b LA BT HEED ) PPF %
FRE LTz, BEIR T Cladsim EOWSREED /T Y R E W6, WIROTFRHAN SR & i
THEMZ, HH R LA ZEFEHRID IZ 0 EHASHE, 2 HBXITAELAD h A 2 NURZ T,

FHIRDOPRDTR/VF50A0 (300-800nm) (F, Z0ehidit (USR-45DA, 7 Ak (F) %
FAWT Lom BIETHIE L. ZOME B R TR ERDT-,

JEENAEFRTIEL LT, FEAEFEHOFES BR ), Rt mRraltodls RIFR
) 1Tz, 74 b a2 PRREE  (PSS: Phytochrome phytostationary state) % fv 7=, Ziuh
IR (N & Fig. 26 1”97 ¢ b7 1 A28 HusaifE  (photochemical cross section: m?
molt) (ZF2 T Sageretal.  (1988) DALV kd7z K1), PSSIFET 4 M7 B A&EIZHDDHAR
SR ¢ o a LB (P) OEIGZRL, PSS DIEAVINIWNEE, 7 ¢ b7 o2& (Py)
ML RIS SHE SIS,

800 800 800

PSS=(ZN ,0,)(Z N,o,+ X N,op,) * Ewh)
300 300 300

o, : the photochemical cross section of P, (m? mol-t)
o the photochemical cross section of Py, (m? mol-)

22138 At

BIER L OBEEIEH % Tukey-Kramer 5% VT 5% L~V THE LT-, BEICITRERZG!
B 7 b (Excel #&F verd0, BF) —=3) ZMH-,

2214 [38r 2-1] FR€0 LED OFRIEEDS b~ FOAFIZ KT TR

FIRIE, BEEAOEET (FEA FL: White fluorescentlamp) &, Fat & R 2 TN ENIDETE S
U ATAT 47 (KR #HHO LED /33 v (RE 35 cmx104 cm, B —2 K ; 450 nm, 660 nm,
HHRELED) O3 5HWE (Fig 27), #ABXIIER B) L R) OZFNEND PPF (umol
m2st) % L7-FL150 (B40R45), B75R50, B75R75 15X UNB75R100 O PPF /3 ¥72 2 5BRIX %%
I}, LED #BAX D BIR HiTZ 24115, 10 BE 0075 & L7 (Table 2.3), AlEUEH L= YR T
ISR EONFRED /T XK E WD, HIROFA[F L OVEAI SR AR E T 5 &3
W2, fEH R LA ZEFEHRID IZ 0°HHASH, 2 HEBXIZAEAD LA 2 AU 272, #BRiT 8 DAS
725 15 DAS & T 2 WA A i U7z,

2215 [ 2-2] FrE LED OFRFEICEN b~ FOLEFITRITTRE

JelE, (AR 2-1] THIWW=HERE LED % 2 5V 7z (Table 24), PPF 3150 pmol m? {27
% & OICERE LTz, #BRXIT, JEHO BR b4 0.1 (B15R135) & 1.0 (B75R75) & L. {KBR tt—

12



18 BR tE 72138 BIR e~ BR 2> 7 b &, ZNENOREAM: FIE < R (122h, 116h,
100h, 74h, 48h, 22h, 6h BL0h) %% 52 LT, MEHFOICEZHE L7z 8 KUEDRERX
BERTE LTz, ARIEH U7 R T Cldskbs i EONIRED/RT Y 2RKRE N0, JERO TR
FOEAIT SR AR ET 5 L3RI, #H b LA ZRFEHAID IC 90° MRS, 2 HBEIZELAD b
LA B NFVEZ T2, #kBR1E 8 DAS 7>5 20 DAS & CHL7p 2 YR - fiti L 7=,

2216 [#Br 2-3] 6 IEHIER LED OmiReatEN b~ bOABIZ KT

FIE, B —2 ) 405nm, 465nm. 530nm. 595nm. 660nm LT 730nm @ 6 EElER
LED »<%/L (40 cmx70cm, Fujiwaraand Yano (2013)) % v iz, ARBRIL. KRB HEEFORRENLE
BREEA BT 27201, FEO IR EHEOREIERE A S B2 Uiz, NTATO KB MKED
TEVRPNCERBEIIE Cl, FAEREE 50 ym2 & L7235DAS @ b~ hialt (GEmFERE LAI=4) %%t
Sl L, 20134F9 H 19 HIEFOPHERIZ, B Fb @S 20 cm OREENONEREE 2500
HFIEHCHIE Uiz, T ORERZ2 FUC N RS T PPF & 150 umol m2st & 725 X 9 (2R L 7= (Tabale
2.6andFig.2.8), #BRXIL, mAREE (FR) % 4 KMECHEIL, FR 24 CH v b L72 FROpmol m
251 (FRO [X), #E% L RIFR b & [RIFRAEE & L72 FR 50 umolm?s® (FR50 [X), BEAN® RIFR bz
ABXE L7z FR 100 pmolm?s? (FR100 [X) 35X TOVFR 150 pmolm?s?t (FR150 [X) & L7z, #llRi3HEFE
#% 8 DAS 775 15 DAS & THE/2 5 EER A Jiii L 72,

2217 [k 2-4] 6 P EAIEAL LED OYSREEN b~ hOAEBICIET A

JelIE, (38R 2-3] THIV - 6 IRAHIER LED % v V-, SRBRIKIT, #3%m bicdksi) 545 LED
DR A% 50 umol m2 sTIZERE L, 4 LED Z AU L= (ALL X) &, ZhEhod
LED % sUkT L7V AEEX. (470 nm X, -660 nm X33 L 0-730nm [X) & L7- (Table2.6andFig.2.9).
#A0R1% 8 DAS 725 20 DAS & TH 7 2 B A Hi U7z, SRR OBEEIILL FICEE TS

SBR[ 6 Kl LED Total photon flux
i 405nm  465nm  530nm  595nm  660nm  730nm  (umol m?s™)
ALL ON ON ON ON ON ON 300
-465nm ON — ON ON ON ON 250
-660nm ON ON ON ON — ON 250
-730nm ON ON ON ON ON — 250

13



222 FERBIUEE

2221 [38#% 2-1] FR€4 LED OFREIEEDS b~ FOAFITKITTRE

HEIENS—EOSG, R, Wik LOMEFREIZ B75R50 [X, B75R75 [X35 L UV B75R100 [X.
THERENA O Te (Table2.7), Lo T, FRENEITZFMEIZEL RITSRNEEZ D
i, —75. (EB X ORI B75SR100 [X >B75R75 X >B75R50 XA L 72 HIEHEIA - BT~
D, TAUDBEN EN T LI K D HEBICHE S RREDER ThH L B2 b, ZDZ &
X, WWE, WEREB L UOERORIECH S Stem/DW 23 B75R50 (X2~ C B75R100 X CAEIC
KEL pol=Z EMBERT B,

kN~ b OPERIIEE, EAREY, REYE, FEEOIAUR T 52 LA BTV (Tuinen
etal,1995), X(MRIT, HZHRETHL 7 4 N/ aLE A LT, RONEITERENEZHT D
Z LR RWRCROGT D 2 ERBILTWD, DFE D HEIEHIREN D M~ OEMEA M
HlT 2R B3, FREIEDOZAPEIHEDIIIHF B AR D L/NSNWZ L 2R LTS, F,
FHOE LSRN X D EMEOREITZEF OWNETRL Y O EES- LT, W 2oy
N Y U UESREG T OFRBUKTE L, ERARET AT O L ) o GAGREEI IR EYE T
THOEFLVEWEHE LTS (Mastuoetal., 2011), LA XD FREEIC L2 MEIHILE
L VFWMERTHY . HIRE LED OIREOYE ., REJUZ X 2FMPENMIIEH x5 &
Bz bk,

2.22.2 [8% 2-2] #7rta LED OFFRF L EN M~ hOEBITKITT A

X F13. BI15R135 &5\ B75R75 O LED ¢ FIC R HHNICEIR R < . BEFEEENAT
BHHIFEEL, FMAEH LR L XPR L ORIROEOME (7=-0.89,P=0.003) 7374 b L7z (Table
28and Fig. 210), LT, [ 2-1] OfiRE G5 &, FHRE LED WG, HEto
MkH S b~ MEOEMREZHIE L T D Z VRS,

i RO L, B15R135 ORUNIFRHIZM R GERIX TR & 72 oM A~ L7z (Table2.8), h~
NI 25 RO EFIERIE 450 nm DR T 0.72,650 nm DR T 0.92 Té % (McCree,
1972), Y- T, FRESUTFEHRI VWIGEYS 20 OFARGEE CEAEGIER) NEEERE TH
%, TEERTRRROMZE (F4F, 2012) TlE. B15R135 %7213 B75R75 OYEAET h~ N OHAIEEH
FE4S 7 0 OFSEEROEE ZRE L, ARz (umol CO, m2sYumol PPFm?2st) # % L7
£, B15R135 T 0.021, B75R75 C0.018 L HH Sz, ZONEHEIEOMEEHWT, Zih2ivd
B/R LD FREH] 2 3 U CHIxDE AR (B15R135 OISR 122 h OXAKEOFRE 1 &
%) HHEMUIRER, Fta R & AR E (B15R135 DORUNIFHIAS 122 h ORMEORESR A
1&95) EOMICIEOFER (=0.70,P=0.05) 734 bHit7e (Fig.2.11), &-7T, BR tIFTEREREKIC
ELERITTHOO, b~ MDA NI LS TN T LAVRIB ST, AFEIZEHT Dt
BEAEINE, [F CYEEREE IR\ CORINAEHE CRIi L7 b D TH 5,
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5 L AEEAESENL L, FEEEDS 87 mg OFRBAIX T 9.4, FAHEDS 66 mg DFBRIX T 106 L7210 |
ZNHRBRX NS B GRS bz (Table 28), Lo T, 15 DAS T 5 b~ NMEOH FEzL
WS 20mg LA ERE WG L IEEEAETNLT 1 3E0RLS 225 2 E DL E 2o T, AT
W U7 JEBREE NI i ORI R E < VBB LU AABENIAMKL 7e o 72 (K, 2005; BE4%, 2012) .
Z OFERIZ, FULPEM OMEE R X DA RAEiYGER (Sachs and Hackett, 1969) (2 & W G T& %,
ZOERIT £ D & A BT DI, R RPEEEME AR ORI, BRI —EDFRHL
FEMIDSER S IV D IR D D, DT, [AULEMOEENR L L 725 L8 L IEEO M EETD
RIS 720 | B 1 AEBAEIENAMELS 725, WM &5 1 AUBEAERENII IR ERA DM

(r=0.77,P=0.03) NAHbN7= (Fig.212), F7=. & 1 LEELLN OEERE TR I BT
5~8NDEIHIZH D | RELRZEIHA LN D T (Table2.8),

VLR Fikt LED OIRAYE T Tl EMREIIHFELOMREREIZ > TRES, 3 1 EE
NI E ORI X - TEALCT 22 D Z E BB E e oTe, KoCL B 16 BERICRT
DB, BREREOEEEZ R T2 L 2ICPPF 25 < UL, ZMEEIH Laen s, 511
AT RN T D ZENAREE 2D B2 biD, 272U, 3B LIEEEAEM ORI NE
Wb, 8 1 RSN BT D723 < ORARENLETH D Z LIV RE ST,

2.22.3 [k 2-3] 6 IEHIEA LED OmERENED b~ OB KT 25

FT. BT OKERICRT DRENEREEE N FTO—REWIGHT D720z, ~Y
ZEEEATO, BEEPEEREE A IE LTz, TORE T AERIFO M~ MEFI AR < |
FEERF DR E 20 em (BT 2EEEND RIFR X 06 LA L 72 ~7- (Table 25), imAREEIE
TRENE X 0 EOFEELI E N2, BEENO RIFR ESEE% EX VIR L, PSS METF L7ZE%E %
b,

ANTRGETIRE R AR EE 50 #R/m?) ORFEPDEREE A BELL . ERECEA T L
G T CIREM BT TAER, (5, WilEl XL OEMEIL, £ To FR X (FR50 X, FR100
XFBLOVFR150 [X) TFRO XKL W AEICKEZRY (Fig. 213), = RIFR Fhod FR150 XD b~ R
IHMERIFR LED FRO K & R TE LR L2 (Fig.2.14), —J7, 8 L {EEAEFENICITRRBRKH
TEDRLIIL ST (T—H1K),

A U~ AUTHEWT, PSS 3 0.77 fHifABE & U TR 72513 EHERISIC & 52 MR os s
MREL Teofe CHAED,1996), ABRIZISIT 22T D FR IS PSS 130.53-0.72 72572 (Table
25), LT, B (16h) (ZF1F 5 PSS 130.72 LA T ChEaSIS AR5 5 Z LoV Sz, LA
FXV, TREE CTHESNDIKRIFR L (04-11) FCIREEMIGZFHET 5720, — KB Th
SO SR ZATINT 20BN T EAVRIB ST,

5, “IRBEO T ZTBNT Y, B A— A TR B BRI 21T 5 72010, mE\ s
ETE OEEBR T HAMERDH D, TOLIBRFHETO M~ NEHE T, BEBXEREL, AEF0Y

—PEHEL 2D (HY - B, 1992), F72, fERE Lizgiddhinsod < BB EAE & 2L, &
Tt DERIEEAE LTI BT 5 (AR5, 2011) . AFERFESR )G, AL L FIFRE D RIFR
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11 (FR50 X) LAF T, BARHRE FICBWTHBEINIFFESN, b~ MIfERTHZ &0
HERlSILD, Ko T, BIETORVEIEEE T O KER Tl (ERZMIET 572012, 7’
HAEMIEL, RIFREEAZ 11 KV Ed T, b~ MO PSS % 072 LW KEL THMENRSD EEZ
LD,

2224 [k 2-4] 6 JEHEE LED OYSREN b~ b OAEFICKIE S B

WEDAEF OFIE T % SPAD fids JUMLEEREIL, -465nm X35 L TU660nm X T ALL X & H_T
HEINEL Ipo7- (Table2.9),

FHRE LED OIRAN FCIE. BT SPAD filds KOMIERA K& < TR0 H 5 Z L3
BnEleoTnD (M4, 2012), Lo T, -465 nm XOEDAFINEIIHFONOAMIC L D8l
EZBND, )7, EOREAIIIRERNET L DY A S IA =208 ->TEY, (K RIFR LTl
PSS TRE S0, BENOHYA R A =2 DS, BEOREE DM 415 (Carabellietal., 2007)
HRIRFFGEIC OB RS ERFICHTOR T ) DFIET N—T712 K- C, 6 JEEMEAEL LED /3L FIZE
W bv NOFEZZ~A 70T VAT LTZRER. A DA = U RS VBRI 703 R

XCCIEmE RIFR Eb (1.24) O ALL IXIZHATEDREIH SN2 L EZ HBiLd, S HIT, -465nm
X5 L 0660 nm X3 ALL [XIZEHE~T PPF 73 50 pmol m2 sHME < | (B BSFIR O ATEErE % 2
bbb,

HER LUEIRRIZ-465nm X (PSS=0.72, H {41 umolm2st) NEREBRX OHF Tt K& 72
v, -730nm [X. (PSS=0.83, Ffa)t: 87 umol m?st) Thet /NS o7 (Fig 2.15), [k 2-3] OfE
Horn, PSS 23 0.72 LA FIZ7e BB R SH D Lo STz, AREBRX TIE-730 nm XLIAME
A CPSS N0 LA T7Eo7z, Ko T, ERIFR I (94.6) 0-730nm [XIZFUNTIE, FRA W] <
. b= NEIEER LgdoTe, —J5, -465nm XIZEMR A3 5 IR X CH v | PSS
NOT2 THHT-Z LIk, /AT 4 e bBLO V7 b7 a AOMAEEHZZIT T, X
ENRDIEEINT- LB BT,

5 LAEEAAREN, SRR CHEREITA DI o 7203, 660 nm X Tl b < 7 HfH[7
BHHTE (Fig. 2.16), ARkt LED FCIE b~ hOTERHEERIG T SFT OFRBIEIN L (FEA,
2012), ZOFEFUT. JIREIERIC K DFERROEEEERT 5 ORRISEIC L 2 AERARSYEGT) .
7, AR LIoRBRER T Ok, M OMMENKRE | B LIEEEEEIMEL 7eofz (FA,
2005 ; FAAY, 2012), Z OFERIT, [FULEED OB G K 2 A RARRYEGL (Sachsand Hackett, 1969)
IZEVEASID, AR CIIH R & 5 1 LA AN & OADHBITA DR -7z

(F—=2W8), LaL, [k 2-2] OfERG, 5 L EEEEFEMOENT, & OFEDRED
ZR (JE) NN EBRLNRNT EAVRIREIN TS, Ko T, ARBROFFHICIT D EMED
ZETE DORUEIZZE L TRV ATREMED SV RIE S 31D, ARSI BT, 5 L IERE BRI T
BN, HOWRAARLD DR CTHER A RET 5 Z LITE L e B 2 b,
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2.3 AR TR R OB E B I RIE T2

231 MRS I OYE

PO IBDBEERAT, IET AT 22 Hi L [FIRRTH 5,

2.3.1.1 [k 2-5] BRI TREOERIH O 5 v — 2 R0 LED YRRV AEF I T

JEIRIE, B —2 3578 450 nm 3 K 0V660 nm @ LED 3L 22 oo [EfBR 2-1] B L O [k
2-2] LRILHERE LED) BIOE—27 2 730 nm @ LED /<3 22 > [k 2-3] BL O

[FR%r 2-4] LIFIU 6 BREAEE LED) v, B (16h) o OB PPF 150 pmol mr
2l BRIAA01  (FEYE: 15umolm?s?, JREE: 135 umolm?st) & L7, #BAXIX, EOD MEAL
HEX (Cont) &, EOD MUHRX & L TE—ZEDS 450 nm @ EOD-B [X, b—7 &A% 660 nm O
EOD-R XF L O —2 K3 730 nm @ EOD-FR [X & EOD #ELLERX D Cont. D7t 4 [XA5%1T 7= (Fig.
2.17and Table2.10), EOD YRESFDSARIE, SCHkE (Lopez-Juezetal., 1990; Tuinenetal., 1995; Chiaand
Kubota, 2010) Z&& L L, WA THE (116 h %) © 20 min 7217 %725 LED %t (okE
50 pmol m?2 s1) DOYEIR FIZE) L7 (Fig. 2.18), #kliRiX 8 DAS /75> 20 DAS & TR 5 EAL
PRAJi L7,

2.3.1.2 [ 2-6] BT @ BIR b K OMAMIE TEEOERIE D72 5 B — 27 K E0 LED YeRagN
MR RIF I

FRIE, B =27 R 450 nm BLUN660nm AT AT 4 T () AHLED 22 fFio [
Br2-1] BLO [R5 2-2] LRI UEFREGLED) LU —27 &3 405 nm, 470 nm & CCS (%)
HEOFEFE LED (ISL-305x302-VVV, ISL-305X302-BBBB) . t"— 7 i3 730 nm o LED (2.2 #io>

[F57 2-3] BLO [FABR24] LRIU 6 R LED) Z vz, B (16h) o tiEegeft
I% PPF 150 umol m? s, B/R kt730.1 (B15R135, H At 15 umol m?s?, 7R 135 umol m?2st) I3
F 10 (B75R75, Hta)t: (B) ; 75 umol m?s?, AR (R) ; 75 umol m?s?) & Uiz, BRI,
EOD f4LEEX. (B15R135 F7-1% B75R75), EOD MLHEX & L CE— 2 A% 405 nm @ 405 nm [X.,
B — 7 RN 470 nm D 470 nm X, E—7 %K% 660 nm @ 660 nm X35 LN — 2 K28 730 nm
D 730nm XDEF 8 XZi%iF7- (Fig.2.19and Table2.11), EOD YeMRSFDSEL, [F48k 2-5] & [FAlkk
& L7, #BRIZ 8 DAS 25 14 DAS F TR 2 B A i L 7=,
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232 FERBIUEE

2321 [ 2-5] BIIKES TRFDEIRFRI DI 5 v — 7 IR D LED KRB A B RT3

Sageretal. (1988) DYtEFHAMAREEIL, 7 4 M7 m ATIBT DI (Photochemical
crosssection) &MV, HETHNOLET 4 M7/ B AREIEDHIEN Y b u & E/~T 7 1 b
7 1 2P (Phytochrome photostationary state, PSS) %5 E 3 5 HiETHh D, 74 b7 B LDEK
WRIIE 750 nm, YRV NT 450 nm fHETH 5728, AAUEX D PSS |3 EOD-FR [XC 0.13, EOD-B [X
T 056, EOD-R [XT0.89 £720 ., E—Z7 R 730 nm OijRea LED @ PSS (/&7 (Table
10),

X, WiERS L OEEEZ, PSS 23 BV EODFR KTk L 7220, ERORETHD
Stem/DW (% EOD-FR X Tk & 72~7= (Fig. 2.20 and Table 12),, {5, PSS 7% EOD-FR X|ZRUN T
VY EOD-B XIZHs1T %%, MiilRds K UMHIIRIE, Cont. (PSS=0.87) & EL~NTHEZALTED D
Nienotz (Fig.2.20), K-, O IIERE L CH AR L OWRE LED % v =84 Cld, EOD-
FR QBRI L - CEREAET D2, HERB I OYREO LED Yz L% EOD MU Gzt 21
HELNWZ &5 ARG D EOD YU TREFRSUG A 7558 S5 72IZ1X PSS % 056 £ 1 /)
ST HMEDN DS LT,

5 1R NI CER R DR -T2 (Fig. 2.21), Xk~ T, EOD YHEE I k
~ M OTERAEHE L7\ 2 EVRR STz, ZTRETOWEICE D &, B/ TIE. EOD-FR 4L
FUIIBIER KO RAE L2 b O, HPROBEZELTZHD, EH0 bREL R -7
DORBHY | ZOISENEDMEYFED DT L > T2 > Tz (FEKS, 2009), UKL,
AERO b~ b A TIE EOD-FR PIZEME AT 2 b DD 1Bt L7222 L VR
3V ghye

EATYRMEORBREE R (P94, 2012) TI&, B (16 h) HotBREEDY A3 Cont. &[F L
BR 0.1 (HFE: 15 umolm?2s?, #REAE: 135 umol m?st) FC, b~ MHOBELIIBR 10 (F
3 75 umol m2 51, ZREASE: 75 pmol m?s1) TRV &<, B LIEEAATE L CIHEL otz 372
bbb, AR Contld h~ M OZEMER L O A IEHET 2 BRI 2 10E L CRRE LT,
iz, EOD JEHRAHZ Ko T ContiZhe~T, MR A2, HDOWIIMEZRtET 2 Z L3 T
UL, EHROSBRBEHIEN AR TAEFHIEIC T 2RO 7 =2 7 a2 MEARET 5 2 LA
ARETH D, oL, EOD-FR WL b~ ROIERA R L7222 T2 <, Cont X W {ER L7z,
o, b~ NEWICBT 2R TIX EOD-FR AU E L R B2 bz,

2.3.2.2 [7B 2-6] BAHA O BIR Lbds K OMARAK TRFOERE DR/ 5 B — 7 R0 LED SHREH

ARIRITT A

ZAFRX D PSS 13 730 nm [X T 0.13. 405 nm X057, 470 nm X C0.61, 660 nm X C0.89 &7
V. B — 27 730 nm OiEF R LED @ PSS 13/ &7vo 7~ (Table2.11),
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R, BT OE (B15R135 3 L UVB75R75) (ZREFR7e< . PSS 23 H 1KV 730nm X Chx b
KErpotz (Fig. 222), ko T, AakBrgft EOD-FRAWE (PSS =0.13) (X7 1 7 v L &1GME
A (Pr) AOAREMAL (P) 1AL, EMRA(EELIZ B2 iz, —J7. PSS 23 730nm [X|Z
RUNTIERL Y 405 nm X (PSS=057) 311470 nm X (PSS=0.61) (Z331F 2% ElX, EOD MELLHX

(PSS=0.85,0.87) & LEA_THEEIRD LR -T2 (Fig.221), 74 b7 BB P25 Pl
BT D5 & P D Prl I8 T 2358 ClE IR RIS SARNERIS TR D 2 b,
74 b a MBI A HIEI IO BN B D, L, MR A 20 min 25 30min
WIER L, 2061 % 50 pmol m2 1725 100 pmol m? s TVt 7 A 5 < L7z EOD ALEREF:
HIFERIC, EOD-FR ABEDL MR ZABE L, oOTEIZ L% EOD PR TIIE MR 2Rt L 72
ol (F—2I%), LoT, BIONERE L THEABLUWRE LED &MV o84 Tl EODFR
WBRCIIZA R AEET D Z L IXAMRECTH 503, EOD-B MW ClIZEME 2Bt ¢X 7, EOD Lt
(BT DRSS AR PSS 13056 L W /hSWZ EAVRIR ST,

HI#1 B15R135 @ 730 nm KIZH51) XM EHE (6DAT DX E & 0DAT OXEE L 7% HECH
o721 H4720 OffEHEE) 1% 9.2+0.4 mm day (25 L, B B75R75 @ 730 nm [XIZ81) 5% Aih
FifE13 5804 mmday? & 72o7-, )7, EOD MEBRXIZ%9 2 M EHNNEE (6DAT IZk1) 5
EOD X DZE % EOD AKX DEE CTEl - 7 M RAT R A R F6E) 13, B B15R135
@ 730 nm X723 1.58+0.07 (ZxF L, B B75R75 (23517 % 730 nm [X13 2.67+0.06 £ 72, EOD-FR
RV & 2 2R R . BRI E 5 BT5R75 00575 B15R135 (Z TR TH -7, 41
1%, O U U USRS T ORI R ONA TR L Y LAREZR EOFRVE T L o
TIDAN=ALEFIS 2 Z ENTEIUL, S W I 2 2RI 5 )
W72 % EEZ BiVD,
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24 fE=

KREETIE, ZPER L OMERICEHT DA B = XL Z AT 572012, HIRE LED BL 16
WEAIEA LED % T, A 16 B 5 5 VTS THED 20 S 0eEREEAHIE L, k< bk
DAEBIRIET AT LT,

AR OMIERE R D, HARE LED 254, ot &R 2 IET 5
ZEARBEINTND, T, BFOFEBRGIHCRWGEE LT, HEYE 75 umolm?st—E L L
T AR 6% 50 umol m2 s17>5 100 pmol m? s F TR L7 & Z A, DR X388 b 57
Dotz M7, 51 EIRRITE e DEANHR LT, ZHUTBRENE < 7o o 72RO RRAEEE
LD bD7EEEZ LN, Lo T, HELITMIRICES L, RO E ORI X )
FTCWD Z eIz,

WIZ, BRIA—EL LIcROFEO AR EL 8 KETHEI L7 & 2 A, ARG EEN
RELRDIZE, ZHEPIHISND Z ERPALIE o7,

LD Z &6 FENCOMRTEIIZPR 2T DR+ Th 5 2 L BT vz, s, 15
DAS (28115 h~ MO EEFEED 20 mg DL ERE WS 5 1 HEEAEAERENI L 1 BEAKL A2
D ZENHBINE o Te, 2O T EDE AEHFMEDBIGET DITIE, R RDSESE M2 R OREIC
RS —EDRULEEMDSERE SN D LIER MBS D Z ERB 2 bz, Lo T, —KEEH
IZRWT, HREEZEL L2, SEARIGHE LI REOEDEEERE L LY, lEERIEET 5t
BRI AAT 5 2 & T, ERARETE D Z LV STz,

F7o, ROIEROIEDOZRET 4 b7 0 WOIEA I =X LEHMA LT, IEREMETE B
AT S0, 6 WEFHERO LED % HWC, mIRENEEOHE S 5 WIIRFEDOWE D LED
HOFEEZLY RIFR bAZE 272 24, RIFR LN 12 LT T, 74 M7 o 26 FEfE (PSS) 73
0.72 LLF & 70 20, FMPREAMEE S, BEESIEIFHESND Z ERH BN o7, LinL, &
1 {EEEAENITEL 22 5P, BRI S oTe, ko T. ARSI R A2 £
VYLED JERTIER RIFR i 1.2 K0 @ e, mVEHEEE Th-> Th, RHESUSZFHE L
ZEDPHLMNE ol Fio, I TREOEIRTER OER ALK (EOD-FR) ToORBRfER A -
Th, ERIEERI I DVe oz, BLEXY | fERMIIEZ B E Lz b~ Fo—KEHIZHIT
L PSR AR PE L AT AT, R E ST N TR CRBRBERIE A1 T 5 _&E TIIRN 2 EAVR
Sz,

PLEXY | RO L Aot Thlaaftid 2 & PSRRI AET AT MZBIT 5 16 I
RAHAD YCERBEHIEI T, MR AT 5 720 DFHEIE 75 pmol m? s TIERZEtET 5 72D
IREIEEINZ - HR 6 LED % VT, PPF 250 umol m2 sTREEENEY] CTH 2,
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Table 2.1 Common environment conditions of

germination.
Dark period 24 hd?
Air temperature 26 °C

CO, concentration
Relative humidity

Not controlled
Not controlled

Table 2.2 Common environment conditions in a close

seedling production system.

Light period

Air temperature (Light/dark)
CO, concentration

Relative humidity

16 hd*
26/19°C

1000 pmol mol™
70%

Table 2.3 Treatments in Exp. 2-1.

Treatment

FL150 (B4OR45)
B75R50
B75R75

Blue light Red light
(umol m? S'l) (umol m? S'l)
40 45
75 50
75 75
75 100

B75R100

Table 2.4 The spectral characteristics of the light sources calculated
from the spectral energy distributions of each light source in Exp.2-2.

Characteristic

B75R75

B15R135

Wavelength range (nm)

Photon flux (pmol m~s™)

400-700 (PPF) 150.0 150.0
300-400 (UV) 0.1 0.0
400-500 (B) 753 15.0
500-600 (G) 0.8 0.4
600-700 (R) 73.9 134.6
700-800 (FR) 0.7 14
B/R 1.02 0.11
RIFR 109.59 98.78
PSS* 0.85 0.87

* Phytochrome photostationary state. PSS derived from phytochrome
absorbances and photochemical cross sections of Sager et al. (1988).
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Table 2.5 The spectral characteristics of the light sources calculated from the spectral energy

distributions of each light source in Exp. 2-3.

Sunlight within

FR treatments

Characteristic the canopy FRO FR50 FR100 FR150
Wavelength range (nm) Photon flux (umol m?s™)

400-700 (PPF) 150.0 150.0 150.0 150.0 150.0
300-400 (UV) 9.4 3.0 3.6 3.6 3.0
400-500 (B) 35.1 35.9 35.9 35.9 35.9
500-600 (G) 59.8 62.0 62.0 62.0 59.8
600-700 (R) 55.1 52.1 53.8 55.7 53.4
700-800 (FR) 134.4 1.2 49.2 98.5 148.8
B/R 0.64 0.69 0.67 0.64 0.67
R/FR 0.41 42.17 1.09 0.57 0.36
PSS* 0.60 0.86 0.72 0.62 0.53

* Phytochrome photostationary state. PSS derived from phytochrome absorbances and

photochemical cross sections of Sager et al. (1988).

Table 2.6 The spectral characterisitics of light souces calculated from the spectral energy
distribution of each light environment in Exp. 2-4.

Treatments

Characteristic ALL -470 nm -660 nm -735 nm
Wavelength range (nm) Photon flux (umol m?s™)

400-700 (PPF) 233.0 185.0 185.0 230.0
300-400 (UV) 15.2 14.9 14.7 14.9
400-500 (B) 86.5 414 86.6 86.8
500-600 (G) 84.5 81.7 82.5 83.0
600-700 (R) 61.8 61.7 15.7 60.2
700-800 (FR) 49.8 499 49.8 0.6
B/R 1.40 0.67 5.53 1.44
R/FR 1.24 1.24 0.32 94.63
PSS* 0.72 0.72 0.55 0.83

* Phytochrome photostationary state. PSS derived from phytochrome absorbances and
photochemical cross sections of Sager et al. (1988).

Table 2.7 Effects of light quality on the growth and development of tomato seedlings at 15 days after

sowing (DAS) in Exp. 2-1.

Stem

Hypocotyl

Internode Dry

Percent

Number 4 . Stem/DW
Treatment of leaves length length length weight  dry weight 1
mm m
mm)  (mm)  (mm)  (mg )  ("M™MI)
P150 (B40R45) 2.5a* 53.5a 36.6a 12.1a 56.0b 9.0b 0.97a
B75R50 2.3a 46.8b 34.8a 9.7a 515b 9.4b 0.93a
B75R75 25a 48.4b 352a 11.1a 57.3ab  9.8ab 0.85 ab
B75R100 3.0a 49.2ab  33.3a 11.7a 68.5a 10.3a 0.72 Db

*Different letters indicate significances among the treatments at P<0.05 with Tukey-Kramer's test (n

= 6).
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Table 2.8 Effects of daily light integral of blue light the growth and development of tomato
seedlings at 15 DAS in Exp. 2-2.

Node position of

BI5SR135 B75R75  DLlye*  oem DrY " stem/DW _first flower truss
O ® moimiay o P mmmg?) Coefficient
(mm) (mg) Mean .
of variation
122 0 6.6 743 a** 87.1a 0.88 94b 5.6
116 6 7.9 720a 74.9 ab 0.98 9.8 ab 6.8
100 22 11.3 58.2b 65.1ab 091 9.9 ab 6.1
74 48 17.0 542bc 71.1ab 0.77 9.7 ab 7.3
48 74 22.6 57.0bc 67.3ab 0.87 9.9 ab 5.0
22 100 28.2 50.7bc 56.9b 0.90 10.3 ab 7.9
6 116 31.6 50.5bc 67.0ab 0.76 9.9 ab 6.8
0 122 329 490¢c 65.6 ab 0.77 10.6 a 7.9

*means daily light integral of blue light . **Different letters indicate significances among
the treatments at P<0.05 with Tukey-Kramer’s test.(n = 6).

Table 2.9 Effects of light quality on the growth and development of tomato seedlings at 16 DAS in
Exp. 2-4.

i Percent
Leaf : Specific
Dry weight (m
Treatment I\;L:mber area SPIAD y weight (mg) leaf weight dl_ryht Stem/DVY
of leaves value wei -
(cm?) Leaf  Stem  (gDW m?) gnt  (mm mg")

(%)

ALL 3.4 33,5 358Dp° 87.1a 538a 26.0 a 10.1a 0.77b
-465nm 3.5 31.1 31.0c 67.8a 45.5ab 21.8b 85b 10la
-660nm 3.5 351 29.1c¢ 73.8a 47.6ab 209D 9.3ab 0.91 ab
-730nm 3.0 28.0 40.6a 63.0b 40.3b 22.4 ab 8.4b 0.81 ab

. different letters indicate significances among the treatments at P<0.05 with Tukey-Kramer's test
(n=6-18).
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Table 2.10 The spectral characteristics of the light sources calculated
from the spectral energy distributions of each light source in Exp. 2-5.

Characteristic

EOD treatments
Cont. B (450)* R (660) FR (730)

Wavelength range (hm)

Photon flux (umol m™?s™)

400-700 (PPF) 1500  50.0  50.0 2.0
300-400 (UV) 0.0 0.1 0.0 0.0
400-500 (B) 150 487 0.1 0.0
500-600 (G) 0.4 0.7 0.1 0.0
600-700 (R) 134.6 06  49.9 2.0
700-800 (FR) 1.4 0.2 03 488
BR 011 8178 0.0 0.01
R/FR 98.78 314 177.14 0.04
PSS** 087 056  0.89 0.13

* indicates peak wavelenght of LEDs (hm).
** Phytochrome photostationary state. PSS derived from phytochrome
absorbances and photochemical cross sections of Sager et al. (1988).

Table 2.11 The spectral characterisitics of light sources calculated from the
spectral energy distribution of each light source.

EOD treatments

Characteristic V(405) B (470) R (660) FR (730)
Wavelength range (nm) Photon flux (umol m?s™)

400-700 (PPF) 43.0 50.0 50.0 2.0
300-400 (UV) 7.6 0.0 0.0 0.0
400-500 (B) 43.0 46.3 0.1 0.0
500-600 (G) 0.7 3.0 0.1 0.0
600-700 (R) 0.3 0.7 49.9 2.0
700-800 (FR) 0.1 0.3 0.3 48.8
B/R 130.11 69.41 0.00 0.01
R/FR 3.54 2.16 177.14 0.04
PSS** 0.57 0.61 0.89 0.13

* indicates peak wawvelenght of LEDs (hm).
**Phytochrome photostationary state. PSS derived from phytochrome
absorbances and photochemical cross sections of Sager et al. (1988).

Table 2.12 Effects of EOD-light quality on the growth and development of tomato
seedlings at 15 DAS in Exp. 2-5.

Nuber of Leaf area Dry weight Specn‘_lc leaf Percent dry Stem/DW

Treatment leaves 2 (mg) weight weight (%) L

(cm°) (GDW m?) (mm mg~)
Cont. 3.1 21.4 67.6 b* 19.0b 8.1b 1.17b
EOD-B 3.0 20.7 70.5b 20.1ab 8.6a 1.16b
EOD-R 3.1 22.2 68.4 b 18.8b 8.0b 1.19b
EOD-FR 3.2 22.6 86.6 a 20.8 a 7.8Db 142 a

*Different letters indicate significances among the treatments at P<0.05 with Tukey-

Kramer's test (n = 18).
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Fig. 2.2 Basic module.

Fig. 2.3 New basic module.
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F2HNE R

FIHHEE b

Fig. 2.4 Definition of stem and hypocotyl, internode length.

I

Fig. 2.5 Flower initiation. (1; Flower bud, 2, 3; Leaf primordium)
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Photochemical cross section

300 400 500 600 700 800
Wavelength (nm)

Fig. 2.6 Phytochrome cross-sectional area of Pr and Pfr forms of phytochrome for wavelengths ranging from
300 to 800 nm (Sager et al., 1988).
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Fig. 2.7 The spectral characteristics of light sources at PPF 100 umol m?s, The photon flux was calculated from

the spectral energy distribution of each light source.
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Fig. 2.8 The spectral characteristics of the light sources calculated from the spectral energy distributions of each
light source in Exp. 2-3.
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Fig. 2.9 The spectral characteristic of the light source calculated from the spectral energy distributions of each
light source in Exp. 2-4.
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Fig. 2.10 The relationship between blue light integration and stem length of tomato seedlings in Exp. 2-2.
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Fig. 2.11 The relationship between relative amount of photosynthesis and relative dry weight of tomato
seedlings at 15 days after sowing (DAS) in Exp. 2-2.
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11.

Node position of first flower truss

8.

10.

9.
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y =-31.063x + 12.086
R2=0.5917

0.00 0.02 0.04 0.06 0.08 0.10

Dry weight (g)

Fig. 2.12 The relationship between dry weight and node position of first flower truss of tomato seedlings at 15
DAS in Exp. 2-2.
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o
o

baba

i | 1
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Fig. 2.13 Effects of FR quantity on the stem length, hypocotyl length and internode length of tomato seedlings

at 12 DAS in Exp. 2-3. The vertical bars indicates SE (n=6). Different letters indicate significances

among the treatments at P<0.05 with Tukey-Kramer’s test.
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Fig. 2.14 Effect of FR guantity on tomato seedlings at 12 DAS in Exp. 2-3.
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Fig. 2.15 Effect of light quality on stem elongation of tomato seedlings at 16 DAS in Exp. 2-4. The vertical
bars indicates SE (n=6-18). Different letters indicate significances among the treatments at P<0.05

with Tukey-Kramer’s test.
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Node position of first flower truss
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Fig. 2.16 Effect of light quality on flowering of tomato seedlings at 36 DAS in Exp. 2-4. The vertical bars
indicates SE (n=8-19).
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Fig. 2.17 The spectral characteristics of the light sources calculated from the spectral energy distributions of

each light source in Exp. 2-5.
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8 h

20min 7 h 40 min

0 BN -

16 h PSS=0.56

B15R135 _ ﬂ + EOD-R
PSS=0.87 \ PSS=0.89

PSS=0.13

Fig. 2.18 Treatment schedule of Exp.2-5.
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Fig. 2.19 The spectral characteristics of the light sources calculated from the spectral energy distributions of
each light source in Exp. 2-6. * indicates peak wavelength of LED (nm).
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Fig. 2.20 Effects of end-of-day (EOD) blue (B), red (R) and far-red (FR) light on the stem length, hypocotyl
length and internode length of tomato seedlings at 15 DAS in Exp. 2-5. The vertical bars indicates SE
(n=18). Different letters indicate significances among the treatments at P<0.05 with Tukey-Kramer’s

test.
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Fig. 2.21 Effects of EOD -B, EOD-R and EOD-FR light on the node psotion of the first flowe truss of tomato
seedlings at 36 DAS in Exp 2-5. The vertical bars indicates SE (n=8).
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Fig. 2.22 Effects of EOD-light quality on stem length of tomato seedlings at 8-14 DAS in Exp. 2-6. B15R135
(A) and B75R75 (B) were set at 16 h of light period. Vertical bars indicate SE (n=6). Different letters
indicate significances among the treatments at P < 0.05 with Tukey-Kramer’s test. DAT means days

after treatment from 8 DAS.
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FI3E IREMICIHIT D JRETEREERTEA A KL ORFBNEI KT TR

31 #=

TREH T, FEROREIG UTNT ANSERA L —RBERICHIE L L 5 &35 & 250
WEEEDT =2 7 aX MREL DTV, W, ZORBEICK LT, FFEDOLRT B, B
TENER) P (Bl xR, BRESAAHL) OAORIRSIE e E OB A HIET 2 Z & Tl
X CRIERAZREE 2 B U7 RPTEREEHRIEN Z B D0 A A T T D,

I OARETIR, B, SOt . VAR EOBREER AR E U AR A V-
WEHEAT 1o, “IRBBIHND AT R I THERFRE TR ORFTF v /32 (6f# 355,
HHR 1395 ) & EBRIREFRERILOCET (b 38.0° | HURR: 140.9° ) (Cd D KBRS T 5

CATF, TERNTR LG AT R) & LT, ZRENDO AT AOHHT 3.1.1 Hids LOV3.1.2 i
\ZRE T2, Fiz, Tt AN AT THER AT AR TSR E <, LT b~ FofoE
ToCHh, FiEBRe LTHIEH L,

JRPTEEHIEN . R & R EE1T o7, AP Tl 2 2 mORBRERASE L L,
h= MEOMERD LB LOREIEEZ H9E LT, HRf LED ZWTHPET5 2L Lz, ™
FHARETIL., Rt — MRV 7% ANWT, E=— &7 N TR OZEM A, %27 Fo%
/N B OFEEZE R AR E H LT,

AREETIE, 3.2 BiTAZFD LED MYz o T, 33 BiCEZEDRFNGEF L O LED #iticonC
Rk U7z, A2, e [RBRr3-1] & LT, KRB HEFORIENEEREN b~ M OAEFICRZE
TR A Lo, iz, [ 3-2] Tk, ATRE=ET LED Mo iiEzammat L, [34% 3-3]
Tl N ATEAZED LED it a1 To7-. BT, BIC [FER34] & LT, ZIREWNORE
PNHEEREEAS b~ M OAFICKIETELZHE Lz, wic [RB 3-5] Tk, EFRoRmnER XL
OLED Mt atT-72, & HIC, N AE AW IREEHRBRO N 2B L, RENEEFHE L,
F7-. LED Mtz 2 a X R &R L, AHANZEAT 5556 OIESEEBE LTz, &3 FICE
F 5 BNEICOW T TREDE Y Th 5,

Kk, — KB —KEE WA B i
- KO IREWICBITAEEENE AR A E . 7
[ﬁ%&ﬂjﬁ@%ﬁ AT INDTA — R
ANTERRRICETD KB EHO e 1|55 A g
(38321 LEDHD A~ boohizic Rz 0L B MEVERIRIE - pepy 3o
B
rgnaa) SFEOLEDHIIO MR~ BRI A . -
(RUBR3-3] oo ol BT Dt % O EEkR
- oy EEOIREWHICBITOMENE PSR £ . o i [
[FABr3-4] o AT INTTA TR -
S SEYAER 3 N SRVASEN NI | e < "
[%i‘\:.%ﬁS-5] E%‘O))%HT{TJ%%J:ULED%ﬁtz) Eﬁfﬁéiﬁ:{mﬁi’iﬂ? /\]7;( O :':‘%I/‘IE_‘

AEBBIOREN I RIT T AT I
P IRUR EERAR LTl YIRS TREREF
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311 TERNT A (KEEHRARE) 15)

TFHER AR AR O X ¢ o/ AT AREIZERLY » FF A M ANT 2 (FHER AT R)
MBHY . FehEmfE 144 m? (108 m, BATX 18 m, & 3 m) DO N7 ANOIANHRE T (B
120cm X fiE 240em X = X 70cm) % 2 Hi%iE L7z (Fig.3.1AandFig.3.2A,B), #E&MIL, EiRiE
BLOFEMTIT vFRT A NVL (277 V=2 AGC Z Y —rT w7 (), M ESEARY 4
L7 4 VRT7 4 VATh Tz, KR E LT TR B RORE & H6IC 2 Beg & EFOMIE
DB FHT BT, 2 il 2 BOWNEREE D —T > GESEREM OBEEEE 55%, FRIBHERM O
JEFE 15%) . NIRYA RO —7 U kE S, AFTIHRRIC, BEFECIEER L, ~v X
WIZIE, MIZAREE & b — MR T ROZEENGRE SN TR Y . EFEOMEB S, AT
VIR R A A Flh S H 7,

THERNY A TOZREwIL, RERAOR L (Bratit, ¥ Afy BF)) 2Lz -k
BmARy b (BE£9em, haniAiy ) IC1HETOBEL, 8H0ORY b FLABIW
~ VTR b LA (ha R () I 1EBRKIZe b (2B b L) & Lz G
BESORMY), BE ANV ALRIEATANIZ, £X12m, 1803 m OFE > RZE#E 1.2m T4
FIRGAEAIANCELE L, KBRS OmZEM L, KBRS ET o7 CRAfEEE 4 Bimd),

312 Wiz ~T A CREGSERI A EY) T5)

BRI EIENLOTITIZIE, BWKEEAZREOMIE T vy =7 N RV R AE D 72 O DS
BRI EEE ) 23T 5720, Rk 24 4512 7200 m2 ORFAFRYIZERL LY FF A MR 2D KM
R PEIRERIG MR S, ZOE7 0y =7 ML, RAAKRES OIS 510 F =
BEO b~ FOFHERERB & @S AT MU KX 2AEEO R RIS T, Seimi7e i 2455
AL L, ZOERAET T2 DFEIIEETIT> D, A TIB LN~ FTERHENZ
AVEIL L K] & FEEENZ NN 2 KA TR Y . M~ MI—RE WIS APES AT
LOWHT 7 A® (ZZRET 77V FU—2 () &, ZREMICTERELHW-, FmE (Lo
M\ R) OB THER AT AT L2 2 50OKmfE 288 m? (0 9 m, BATX 32 m, #Ff
EA5m) T, #HEUF BELY mXHE27T mXE X 08m) Zrdbichiz~> T2 Ak Lz (Fig.
31BandFig. 32 C), XA L L CHlifilidia biFXoRE & IMMZEmIZ 2 B & RIF oMz E
DT BT, REORIZEIHR RN GRE SAUCURD o 72720, EEBIETEER T R
EARTNE Do Te EHERI S A2, 2 OIS —7 o GEORHEM OB 55%, PRIATEM
DHENER 15%) . FEIOWNIEY A R O—7 UAGRE S, AR CIHRRIZ, B Claeic M
L7o, IEENICIE, MigaEREE L b — MR 7O TR E SV TS, AWFZE CldsEH
L7phaotz, AZETIRREIEFERS L O CO MMM A A Lz,

ILGERT AT A COZRERIL, ZKEMAOR T (FEikit, #¥fm ) 2L 2%
BrEARy b (ER9em, bIa NI () 12288 L, #E70F12 20cm fRRIC A
v FEEWT IRBH 21T 72 GRIEEE 50 #Rim?) , B EICHET DRI, [FIRROAR T,
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PRIEFEA 1728 m? (B 54 m, BATE 32 m, & 45m)) THY ., KB HEaBRIZ DN 2 Tl L.
IREBSE 21T o 72 GREZREE 8 #Rim?)

313 PSS ARES AT A (NTOWAE T35)

THERFE=FICR O X v L/ Ao D PRI ARPE S A 7 AT A 2.1 FilFld L,
BREZSAN1T Table 3.2 12~

IR EEERLTCTIC 6 2 PRSI AR S AT NEE T T A0 (CHEMIIET 7Y FU—A ()
W, BRBESIHT Table3.3 (R, T 7 AIFAL — AU HH & QD PRGN A e S A
FOThD, TUNTHEICSEBEEM, KB Lo RUEER ., Sl EEE s 5, AR
FECHWEET 7 AL A BEOBFEMT, 1B47=0 'L b LA 48 LHICIE 16 BUlGrTEED & D
Eolo, MFRTAGEICT 6 IINEBUTHAAE I, AR AT COREEZ S — LS E T\ 5,
KT, BV b LA KRS, WIEETEER IS 2 750C 1 [ 10 min BREDOREKZATH, '/ R L
A JERIEICZER 2 b7 ROV LB IE LT 5, ZE/IL 7 7 v EFERA DN — LT 2T,
BREL U723 DIRFEHIEA4T 9, COMEFIEIIL CO R L VAR L, COMREDHiEE4T 2,

38



32 &R0 LED #AVEF R L ORI KT

321 IL®IZ

AHICIEL, AZFOREW T LED fiDEEATV, b~ MNEOERZBAILSH, Stk ORFE
EHMESESZ L A2BME Lz, B 3-1] & LT, ElREHERR LTI OERE T A 2B T,
AR 2 KB H ORFENEREE 2T L, BRIRUGE T &SRR Lz, ZORRESEITL
T, EHREWHIT 27200 FEEZRGE LT-, SHIZ, FEMICED LED Mok bt
TH70I, [3BR3-2] & LT, ATRERET b~ O FAEECHDIET 2 HiE & MAEE T 5
TECTHRRAAT o7z, YL EORERAWE 2 T4 hEs KOS [k 3-3] CHEML 7,
F7-. B8R 3-3] Tl HFENMIMZ TREZRT 2D OREN AT 5720, FEltd—EL
U724 ORI 2 2 AKYEICRRE L, LED DS b~ M OAEE R DN BRI T 8%
T LTz,

322 MEHSLUYGIE

3221 HEHE

MR b~ N CBER BRRRRE—27 D AN 409 BEOY BEZ (Solanum lycopersicum
L., ‘Reika’, ‘Linka409’ and ‘Reiyo’, (#F) ¥ % D% %, ‘Momotaroyoke’, % A Flili (BK)) & L7z,

BEE 1T R OMEENECTH D, TERFOMBRIN AT AT AT VS (F
TIELSHAT, Yo~v—fEE BR) &, ILtTOE T 7 AT EE L (-7 ™,
=ZERINET 77U RU—2 (R) ZFEL, 72 8L M LA D1 B/MI LRI ORI LT,

3222 —KBEM

FEHE% H 24 (DAS: Days after sowing) 73 3DAS & TA »F =X—# (MIR-553, /XY =v 7 (k)
W (Table3.1) T 26°C DR FTHIMIZE U, L2 LA Z AR OPASIE EPES 2T MK
L7, A & a_X—H N CO, IRFEI T SEBRBIAARF TR 850 umol mol, AHxREE 34 50% Th -7,
Z D%, 3DAS 7S ALK (FHF32-EX-N-H, /X7 Y= 7 BT (BF)) F T KB ZIT-7
THERFZ AT 7o KRB OB % Table 3.2, [LUTthT Cf 7o 7o — IR B i OERBEGM % Table 3.3
W™,

23/u7KIE 3 DAS 755 F-HEANERH L72 7 DAS F TldukiiZk & L, 8 DAS 75tk THE £ ¢ H
AR (R~ ZHEE U2 A V)5, EC 1.2dS mt pH 6.0) ZJEIEHA/KIECTH X T2, MAKERT, fFRE
#%2BEIZ05 U hLA &L, ZORIZIU bAoA E2 527, FRROERIEEZ “IREEISH,
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3223 HEHEBBLIOETEHEE

32231 ERBEHIE

AT ANOKIR, FEXHRE, CORERS LUYREIL, K5/ — ROK T bEE LT,

FEEAN ORI OEWEHFRT 572012, ZRENORE L G F 25 20em EORER
HLUONZIAZES 5) 12 0.1 mm T A S L O Em A o= ~ (CHS-UPS, TDK

(BR) , FSEE £5%RH, JE#HIFE: 5-95%) %V -iRimE 4% Uiz,

K LB LOBEENO M EBREEI IR T X B 28 OMHIE AT~ 7=, HIEEAHIIAMEAR
FEOREE I EBRRPEL L LT, PERTS (1994) 13, GaAsP 7+ hZ A A — REHWT, A RHEE
N OOBE EHRPE 2 ROV RSEE L B RTRECTH B LS LTz, ZhaZBIZ LT, GaAsP 7 4+ bk
FAFA— R (GLU8, a7+ h=7 2 (1)) ZMHW=,

74 A A — RIE, EEREFO PN #EGHIOERIC K ERARAETH 2 & OB
R LI EFE D TH D, hFE Lftﬁaﬁfﬂiﬂaiﬂé GaAsP 7+ hZA A— R, 47
JEREEEAS 300-680 nm, AZIEEAYE) 1.66 mm?, FEENK) 160 mg,  HifffiAY 600 FICTH Y | /IR CIRE:

O N E B Th DT, LR THEGHENTE D, 74 NMAA— REELERT—D
Bl A AR T T Hjjﬁ TR T Do

HIEAIZHIT 5 PPE (I pmol m2sh) (X, /7 APNIZERE L7= L1190 (LI-COR Inc.) @ PPF LA
HERTOT 4 A A — ROWIJEE (VeimV) OBRIRZRADSHRDT,

I = 62.604*Vp

AR THINZ T o+ b F A F— RIZBIT HIREREITH0.1~+05 (%PC) TH Y | IRERFANED
BD, LnL, 74 MA A — R L [ARREORELREA A LI KA HNFHE, IREE 2 i
/e THEAMICRIATE 2 LRESN D720 (BIWS,2011), 74 hFA A — ROIREK

TR LItz
B o HEFT—Zah— (GL2200rGL820, 7'F 75 w7 (BR)) (ki L. MIEmIX 60 s [
THIE LT,

BN L OBEEIN O AR e (USR-45DA, 7 o AR (FF) ; MS-720, HEHLR5H
BR) ZMWTHIE L=,
(3452 3-1] ORIHHOTEL, Eoi=CEudE (MODEL6114, ALY /<~ v 7 2 () 2T,
IR FNBHE S 15em T3 A, mS 50 cm T3 AL 10 FHIHE T 5 RO AR & HIE Lz,
il U7 B URUEE H L FRAMED & D 72 oK 7 rEJ & FEE S CRULHEZRIE LT,

32232 AHWHALHEHLEL
ABIAE IR EEBRAAIR & TIRE M TRACER (R ORRAE T) . FHiOHEIiMHR., 5
(10 mm LU EOALEE) | 26 3 2835 LU 5 3D SPAD il (7 11 7 ¢ /VREERCEEFRIREL DFRET) |

TRHEIIAR, AR DA, FNCH RS LU 1 fEFAEESENLE LT, Stem/DW (K TH D
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FEER LTS Z L aRd), HIER CEDES) BRUNMIREZRIE Lz, BARNZRHIES LU
BEFRITE 2 |ICiR LT,

BB OERNEFS L O EH B OVEHED 2% Tukey-Kramer’s test % FHV T 5% DA H/KAET
RE LTz,

32233 JARGHEEDOHIE

BATIEIRE S 72 0 OJCE RO L, #EADGARRHGIIELEE (L1-6400, LI-COR Inc.) ZMHW\T
HIE U7z, MIEICIE LI-6400 o HENHERERED 1 ->TdH 5 Light Curve % V7=, Light Curve 13-
HAFRHEAROAESIZ AN BHERETH 0 | JIEEAT O HIREE THA L THRD T D, 1) FRFRFHIFH]
LU LR LAEBREB SIREEZ TR, 2) mRAADRRDRET 5, O &H baii/z L
7L X OMEETE L, HEIRISROIGREEICI T DA ORIE 2 BItE LT, ARFFECIE. &
FrF DR 4 1208, SR BRI 2405, ZEMREE 19%IZ3GE LTz, 5 3 B el NEA LI-6400
DOREFADTF ¢ 7 NTHeAx, EBIAERTIC PPF 200 umol m2 s 25 &SGR 245k 2 12 P2 I
H L7z, PPF 1500 umol m? st CHARGHREDZEE L=, Light Curve Z Hv T PPF 1500, 1000,
500, 100, 50, Opmolm?st DIETHARHEAME L, Je-YeamiRaEk Lz, £, SeHhE
FRHRR 30T B BRI D YEARRAE ) 25 -l L=, 37ebbh, HATFAA R X EERhE
DENHDOE Lz, JIET v o NTiAT 52550 CO, #EEEIE 500 umol mol! (ZE%E L, ZURIE
20°C, FHXHRELIZ 5004 & 7250 K oFE L, [BR3-1] <ix “BE & ‘v An409 . [
3-3] T VAN 409, [FER34) TIT BB AMWCHNE L7z, [ 31] Iconw ik, B
5 2T CO % 800 umol molt, &% 15°C & 25°C (ZZ8% L CHlIE Lz, KRBT
e ([FA%7 3-1] 35DAS, [7i 3-3] 40DAS) IZ&EA BHET D) D 3 HEds LU 5 %4 1 Al
SOHE LT,

32234 = A MENTE JOWEEHT

(357 3-3] 12D\ Tid, SR ESZRICHE 2 AR ERM Uiz, BT, BRI E i stke Lo,
ML LT, gz a e — Mo 7R Ny 7 0V F v —0azy 738 (FanvFl
B OBR)) B L7, EEL TR0 HIRIC, —&ICH 3 B Lo 2 AR L Tl Lz, [k
3-3] DT ANT A F b, Z0%, FRALTRENOIRICE 1 055 3 REDIL
AR LT,

LED OWEENLY T2 T _RU—n (T A% (3168, HEEE KK)) 2T, it (=
=FAVETTE B, FEF) COREAZFREI L, 24 K] ¥ A ~— (TB31P, XY =v 7 (#F))
TLULh ST EE25E0 1 BOAE/EEZIE Ui, EXEHER L O R~ N ORRGEMikE I SCHkE

GEM, 2008; #EAD,2010) Z&H L, E&EHE 20 FKWh, b~ HHRGEmRS 230 Fkg & L7z,
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3224 [k 3-1] £ZF0 KB W BT DREENEREEOfRYT

ABRILILICHT N A TIT o, SefilT BER . ‘D A 409° BROY BERRRE—27, & L7,
TIATC BN L2V 2013 7 12 4 28 H (23DAS) 76 KB 2{T-o70, KB
Tk, EEBEFEREOREMIL 15°C & L, CO, i FHf%o% EfEl 600 pmol molt & L7,
FERBEOREE T Fig.3.3 |T~d, JEERBRIIIETFmobmS 80 cm (28175 3 M
EZFER 1 (Top) OHBRE L U IS F DB E 20em (ZB1T 5 3 SO EIEAFEE (Under)
O & U CTRIERS LOE M Lz,

TIREHBALARF 2013 H 12 A 28 H (23DAS) & “IKEHHE RO 201441 H 9 H (35DAS)
\ZH B HRDAEBRE AT o7,

B B

3225 [ 3-2] NTAKSREICKT D KB EHO LED fiDEH b~ FOZMRICKITT

R TR OBTIE APES AT 22 -, SRS A & Uiz, R UERBE T (Table3.2)
B L2 & VT 25DAS D Bkl AT o 72, KORIEIAHIES JOWEHIC 25°C — & & L7z, 3R
XiX, 8 ARDIFFNE TAHHD v — 7§ K73 660 nm DIREAZ A > LED (PPF;200 umolm?s?) % FJ5
\ZHREF 7= (Cont.), 6 ADHRA7 4 > LED (PPF; 200 umol m2s?) & 2 A0 b—7 523 450 nm
DOFBT A > LED (PPF; 100 pmolm?2s?t) % FHFICHRET L, ST MEEE Mg E L
X (HEE~OFHE LED #iEX; Top X)), Top X &R RO CH 2 JA M5 L LizIX
(POEE~DOTH 4 LED #EX; Middle [X) . 4 AD#REZ A LED (PPF;200 pmolm?st) & 4 KD
0.7 A > LED (PPF; 100 umol m?s%) & F I ZHU L72[X (-+53 70 5 (4 LED #ifit: L 72 X, Top+Middle
[X) OFt4 XKEFITTz, HIRET b~ hORRRICAbE T ZRE LT,
AERBRAAEE (25DAS) 2> BALEEH%L (DAT: Daysafter treatment) @ 0, 2, 4, 6DAT (2, %k (%
i BN SRR E TORS) B LUOKHIOR S 24 6 Rl Ui, sBROMEIILL FICEE T,

— HEfieoxg

ARE . Thm ek
Cont. — —
Top O —
Middle — O
Top+Middle O O

3226 [ 3-3] 470 LED MO GHREN h~ FOAFI KON RIF 52

PERIZILTTT N A TITo Tz, dmFllE D AN 409" L L7z, M7 7 ACT—IKEm Lizm & An
T201442 A 12 H (28DAS) 76 KB &1To7, KBTI, IREREFEEOREREIL
20°C/15°C (WHNRE) & L. COhE At EfEl X1 800 umol mol* & L7=, [, BAMI& 13 LED
FRURTREINZ R L, 7D 19 Ke & LT,
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MEREEOMIET [ 3-1] & FREDHIETIT 72,

LED fiti%, & —7 KM 450 nm OF @ LED & 660 nm O7R(A LED OF v 773 1 : 2 ORET
ATV D HEIRAOEETE LED (DPT2RB120Q33 40 /7, CIVILIGHT Shenzhen Semiconductor Lighting
Co., Ltd., TERSTHETES): 33W, EFEHEM:40000h) %7 BRIXIZ 4 AG%E L, 20cm [fEIZE - 24
Wy N ABREKIGUT, B LD NSRS L7, MR, 23 DAS 725 40 DAS & TfTo
7o

BRI L, PRI B A2 G 75 pmol m2 st —7E THR(A LED O Z T L, pliE AT
UT0D PPF 100 pmol m? 10> P100 X35 & UYPPF 200 pmol mr2 10> P200 X7 & ONZ{HT L7~ LED @
P B AR E L7 PO X L UMRBIg LA RRE L 72V X (Cont) & L7z, #f% & LED DR
A & ONEBIHRITNX & HIZ 15em LD L 5 ICEICEDLE TR EZ6 HZ &2 10em 7o
SAFRE Uz, BREEE 7 B S 12 R KOV D 19 FE T 11 hdt & L7z, A &K
DRFEEED PP A3ATI /K Tl 10 om ST 63 5. S & ¢6EAS 10em, 15em B8 L 0 25¢cm

TR HBIAARE & 44 TR R > (LI-190and LI-250, LI-COR Inc.) % 2 W CHIE L7z,

LED FRBAZE HFRERHC BT 23850 F 705 15-30 cm O & THIE L72IRAZR R Eo BEED
FRIEERIE, A ENTORWG S, 09 FREZ -7, LED ORDEIRE TIL, LED FBIZRED
5 10 cm BB Z 31T A ) PPF 13 P100 [XC 10717 umol m? s 72 5 ONZ P200 [XC 211+60
umolm?st 725 7=Mzxt L, LED HRAAZRE D 15 cm BN 7= A& 2351 % ) PPF 14 P100 [XC 99
£16 pmol m? s 72 5 TNZ P200 [XC 19746 pmol m?st, LED FEHAZRE)G 25 cm B/ iEIZ IS
(%) PPF 1% 71227 pmol m? s 72 5 TONZ P200 [XC 107435 pmol m?2st L 7p o7, T OFER)
o, LED HHHZREN L OREE (x: cm) & P100 XOMEGRE (Ipy : pmol m? s1) & DBSRIFIKL
nkiz,

Ip1 = -0.4133x2 + 7.5333x + 177
[FERIC LED FREIAZRED 5 Ot & P200 XOMIIRE (I : pmol m? s1) & DBHRH KL 0 KD
7=,

I,z = -0.08x% + 0.4x + 111

S ZTRET L QWD EIRIE R~ B OB TS O ORI S & | A
TONFRE T ED T2 (Fig.34), b~ MOXMEHE)S ZREHWIM (2014 4F2 A 13 H) D 2
H 28 H) 123 DI SGIR & ik & ORFREZ KD, RERID Ipy BE D e 2R LT, EHIC
BRERID Iy BED I (ICHFEEOES (P100 [XC 0.75, P200 [XC0.38) #%# U C, LED OF &
ERH LU, £ T ANBFICE TN FEROEIGIE 25% L E L, #E% ED PPFI20.25 &
FREAZR I EoD IO EIRR 0.9 43 U CRVE Lo B OHELEZ R L7z, FIZ LED
OFENE L AREOFENRELINZ THEAET 5 Z & T, lEAMEO AR E AR (DLl
Daily light integral of blue light) %% L7,

TIRE AR 2014452 A 12 H (23DAS) & TIREEFES TREO 201442 A 28 H (40
DAS) 24 8 BRDAERME A T o7, S BT, EMZIZHIT 20 (T3DAS) 12, & (RES
ORERRET) . B Q0mm LLEDOAEER) | HEmAs, SNCIOAMAE, AR E, 458
BRZHE Uiz, B4 LI FIZRE T,
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323 FERBIUELE

3231 [k 3-1] £F0 KE MBI DHEENEREEONIE

TIRBEEHE TREOREEN e O ONTRRE HIZ36T 207118 L OSEE O FIRGHEIT, BEE
PBEEHLTH LT e TH0Ims L F7E o7 (7 —4 %), Shibuyaetal. (2006) i, 19-23DAS
DR~ b BEKER ZHV, SRE O LT & DUWNIACES DS OKGEHIE 21 T > 7R, $hE
FOZHEHNE T OAEB DT MO ZHEHE T & 0 (et S, S4BT H OLEMREDS T
R PRI olo i LD, Fio, BIED (2007) 1%, PHEHRIMARE S AT I CHES L
% 700 BRIm? 75 1600 #Rm? 12 < LTh, Kt 0.3mst 226 0.7 msHZFfiT 2 Z & ¢, B—T
EDOEN MY NaA B CEIZEMELTND, Lo T, 4%, BRENOBIEZESR B2, K
TS COIREL) DA RROHH & e > T BT UE, KUhiliE AT 5 2 & TRIRS CO &
DNTOEEMR TR EAFETE D EEZ BID,

Z DD~ AND PPF % 162 pmol m?2 st LK< (Table 3.4), DLI (% 7.0 mol m2d?7=~7=,
Z ONERBEI, BHSTREAPES AT ADOWT 7 AND DLUTHAS & 2550 1 DfEi L 7a-T-, BE%

FEONERBIIXETHERY | PERES S — 2 OREE CIIE L7 RED e b IK) > 72 (Table35),
BERERT—2 12T 2B THE L TW=Z &b, BESEFNERTHS LEZ DI
%o LLEORERD G, AT % LED fitidds L% PPF 100 umol m? st L) ECHURT %
LT T AT REE T DHEREED PPF250 umol m2st L-yUZW#ETE 5 B2 bz, £ 2T,
RO 2 BRI E L2546, Bk 3-2] CTHYET 5 J71k% /it L=, Hemandez and Kubota
(2012) D&MD, ~NTAER (DLE8Imolm2d?Y) THARE AT 5729121, DLy % 24

mol M2dH AT MENRH D L E X Hivd, K- T, FEEE 60 umol m2s? ui’éﬁj‘n‘fé LR,
ZZ2C [ 3-3] Tl AU ROGREOFHPFANIC /2D L 912, FEk 75umolm?st —E &
IR LED OFYEIREE % PPF 100 umol m2 s 4 5\ & PPF 200 umol m? s @ 2 /K UET

(uﬁﬁ 3-2] OFEFUTIEESN LED #1795 Z &l LT,

KB W TREOAEFR T, FOCOHIMED 0 AN 409" TR, ARES LU EN

BERER=—2" TROLKRERD, VAN BL BKRRE—2" OEFN BE LuE
T2 (Fig.35and Table3.6), X512, ‘W AN 409" 1% BEE XV EARRE D EH -7 (Fig.
36A), I T, BmHMNES TEH L) AT [FER33] Tix ‘W AN409 ZHATHZL
L7,

s, ‘BEE 2B 55 3 EOEE A RGERIL, KiR%E 20°C 7>5 25°C 12, CO i 560 umol
mol™ /%> 800 umol molt|Z[f] k&85 &, PPF 250 umol m? s T L% 30%[a) Ed5 Z L AVRIE S
7= (Fig.36B), . [FRBR3-3] DT 2 TIT 5 KA R ClIAUR 2 IR 200C LA
25X I, COz/EEZ%EH,ﬁ;E]EP 800 umol mol BA k272 % K 5 IZHiliET 5,
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3232 [ 3-2] NLA&EITHIT L KEEHO M~ ho LED it b~ FOFPpRIZKIFT
B

BIEZEG L LTz Top+Middle X6 L OERE AAHED HEEA RIS & LTz Top KOXERE
1%, Cont. (ZHARTHEIDNS o7z (Fig.37), b~ MAOEBRIHENIIHFEADI G THD (7
£,2012), b~ MIBITLEMEIL ZBEEOT 4 F/aber V7 M7 abiffm Licy 77
MR- TSN TV D, BARRITIE, FHEGCIREND M~ bV Y U R RSO
WBUTBE RIE L, ZPOIEHRIOR LY Va5 2 8T, ZMEZMHIT 2 (Matsuoet
al,, 2011), Lo T, ARBREEEND, HFE LED (L A4 (Top+Middle X3 LW Top X) 1%
BEHIO b~ N OEMEZIHI T 5 Z LGN 72572, —J7, Middle X TIIiYElc L 5%
TREAIHPNFIIERD e o T,

AT, TIEE (B3 DD CO0M7 e & DTl A =T, HEE CREGE) oxG
FASHE (RILBEECEEDIE SR YY) 2S5 Z 205 (Lake et al., 2001; Thomas et al., 2003;
Jiangetal., 2011) , I, AT OO T 7 ADNEIANE REIFEHAET 2GS EIL. AT Iy 7
T (Systemicregulation) EFEHEN TV D, LAEX Y., b~ FO TFAEIZIT D ERREHROHEHH]
ZHEYE LTS LED #iDEEAT %6, MIANICKIT 23 A7 v ZRENC LD . B
OFIR ORI EAEEOSCERMEREMR -, FEFEDOFE, 5 2 FEHEICRT HIEREER E o
WL R DD L B2 Dz, UL, FHIORSZHE LI E A, 552 BEfHED M4
EAEREE L= Middle X% 1 8ids L O 2 HioR S1E, Cont /b T/ NSy MEAIA B HALTZ
723, Middle XOMLOETT Cont. L 0 W EilIA HIZen -7 (Fig.3.8), T726, MHE~D LED
HtIZ X A EIROMEIHIESI XA DN LRGN L e olz, Lo T, h<h
2B A B EISE T, ZME I ARAE L 72 EOT 7T T ERBEGRE S Lo
Shiz, PEXD ., sESAHTZMDEdg & Uiz Top KOZEER L OEiREIE Top+Middle [X & (7]
FTHY, HEOCTEHRMC LED #DEETT O WG, FEAT — VAR AEEEL Mg LT
HZENEFE LNEEZ BN, £2T [Br3-3] Tld. M LED AT 2 HIETITHI 2 &
L7,

3233 [k 3-3] 470 LED MO NGHREN M~ FOAF I L OMEN T RIF 52

B (7:00-19:00) (23T BT ANOKIRE CO EEEIT, FRENKD 20°C 732 5 NI 800 umol mol-
1L @ Sl A R L= (Table 3.7), BE% FI2351F % PPF 12 P100 KT HIE< . P200 KTk h
o7z (Table 38), P100 XORRELFMEEENTY AAND Al bHUT< | AEBRXIZ A~ T P100
KIZ AT 2 EIREDFERBERI D 7 v 37 4 VLT BT L > GESIL T RIREMD B o T2, KR
& FERRE I TR N & BREN CIRERRROE A 7R LT,

P100 [X33 L OVP200 KO ESE Cont 33 L OVPO (XL W AEIT/NE72 0 | FRZ P200 XIS 55
5 SiDEEHR T Cont. & Eb X THEI/ N 2257~ (Fig.3.9), ZEfRHE1T P100 X C 1.7cmd™, P200
XClacmd! &7poz, RSO DL i% P100 X35 X OVP200 X C 6.3 mol m? d1 3351068
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mol m2d®, POXT39molm2dt, Cont.CT4.2molm2d! 72V, DLlye & ZEMEHE & OBMRIZI
BB (=0.96,P=004) 73%Hi7z (Fig.3.10), ZOFERN D, LED G L 2 HEtENgs
b~ M OZEMEZIH LIz B2 bz, IHIZ, ¥EIT PO X <Cont.<P100 X.<P200 XD
JIECRE S, %28 TR 2 #FIZx LT Stem/DW N EIT/NE 7257 (Table 39), L7z23->T, &
FERONBRERNIER 2B I35 Z LR TE T,

P100 [X:35 X TN P200 KO EEEFEIL Cont. 33 LOVPO (XL W/NE 700, REEFII R E 72 ~7- (Table
39), —MIT, FHNIEL LIAEA CIIEEZEIRT 2 Z bt Tngd, Ko T, fiaXick
WCIE, B LORETIYIRL & 7e o772, BRIV NS <, EWEL eolo B2 b,

BED SPAD fEIEH 3 HER KO 5 B2 L $12 P100 (X35 L OVP200 (K CHHRIX L W A EICK7E -7

(Table 3.9), SPAD fEDHHED NS/ NSUGA, SPAD fEE 7 ma 7 ¢ )V EE & ORI R
FIRIIZRO e E03d 5 (Rl 5,2010), 5, SPADfEE 7 mr 7 )L alb kb & ORI CITE
OFIBEA MRS S AL, KA BHSRED S T TIE L L CTHIITH D LS Tnd (Rl b, 2006),
LoaL, 26 3 BEOHNTZERIFTYS 72 W ONERGHIE ZIE USSR, JeAREES 1% SPAD fEDR H K
VPO K TREVERAIAA DL (Fig. 311), HENEZMED 7 V7 N7 v MNIBEDOEFETHLT
v kv T =rReran 7 4 VOAESKREET S Z L3 E STV S (Giliberto et al., 2005), &
ST, BENEMIE L2 LIZE 7 un 7 4 VEEET TR, Ty b T =0 EREBIR L
AREMED R STz, T U R T =0 B EHHETIE, 72 M T =0 PRENEE S L,
TR O R 2 BRI RIS 575D, 7 r a7 VOSERIERAME T L, 5RO iRy /-
D OFARGEEIHE TS5 (Inada, 1977; Goto etal., 2014), L7-23->7C, SPAD fliE Ak &
DOFBENHBID TR O 2V OFENLETH D, H, AT 5 M~ M, HaE.
R L O I T TEotids LOBMEERRRY 72 OYCARORE A HIE L, BEOEERR A S
INZT DRRGEN B D, 7, ABFZET b~ Ml 25 e U CEROREREIT> QD72 BEE
HERAERDD L0 | BURONERRE 1A #He T2 Z LN HEETH D L& X, FEEARERT L
A IRy

Hit FERZ)ERI PO X <Cont.<P100 X.<<P200 XDIE TR & )>>7= (Table3.9), Fik st DLI
13 PO X 155 mol m? d1, Cont. T 16.8 mol m?d?, P100 X C 18.3 mol m? d135ZTXP200 X C 23.6
molm2dl7=~7-, LI kXY, 458D LED #EcBV T, b~ MEEORESSCES L,
~ M ORRAMEE S,

TERES DR ORAZISIT 2 4F Tl BRI GRRIX ] TN DAV o Ty, BEEE,
WYyEElE Cont.<P100 [X.<P200 DIIETK & 72 DA A HiL7e (Table3.10), S HIZ, FAHEINE: ((Fz
W) = (ERE R LI O EETRZA ) — (IR E B TREFOM A/ E)) 13 Cont. T 18.74,
P100 XC 227 g 3L TP200 (X C 2389 &7eo70, ZEEMFHIE Cont. THRE <, P100 X35 LUV P200
X C/h&nodz (Table3.10), LAEL Y, ZIREENIZIHIT 2D LED fiERIER% D < b Ok
EE ST 572 T BERBICHRT DEDONT X 2/ s 5 b ahd, £/, Bl
I, P100 X33 KL OVP200 KIZHs1) HAEZEOFRE DS Cont. L W #EA TI Y | BIER LONERE L3
MEHI B, P100 X35 KLY P200 XORFEZ G e Oz EIL Cont. L VK&V MERIN A
7= (Table3.10), L7=23-7TC, LED #iYEZ L » THEFOREMEESND Z LAVRE ST,
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I Cont. <P100 [X<P200 [XMIIEE 72 1) . P200 X% Cont.?> 1.8 £~ ~7- (Fig. 3.12),
-~ hOEGEES (230 Fkg) %3 U7-fER, Cont. 23290 FI/EE, P100 [X7% 353 FI/EE, P200 X723
526 M/ik & FEH &7 (Table 3.11), 4 AR LED % #kT L7234 OIHEE/J1X, P100 [XT 93W,
P200 [XC 134W 7257, 11 hd* > LED FUHRAHIC 17 AR 2500 C, WEE/ &I 174 KWh
£ 251 kWh L7potz, EoT, 1472V D LED 0T =27 a R M, {EEHIEICERE:

(20 FI/KWh) %3, 4 480 LED CHERRATHEZR 56 £ CEI-> T, P100 X% 6.2 FI/f%, P200 [X74%8.9
Mgk RSN (Table3.11), Lo T, FiT DI EICLY 31%DT =07 aX MR TE
oo AFRBRICHWZ LED OEsFEmIL 4 TR CE o7, MRS IERETE M) DRI RUATRE
MA%EISDZ L THRINTE 5720, ZOLED & KB OMHMMEAT 254, F41EC1H12h T
17 AMOMIEEITY &, FAQHEERTE 52 Lic/e s, LinLl, AARBIHTES TR, L8t
Vi MROER S CEEHRI ONERRAINT Lo T, T RANIZIRARR B0 FHmo B %44 10 4F
ELTNDZ e, — AR R CORAZRHRE L TV |, IR=EO X 5 &R - sl
BREMTHL L EBETH L, MAFET 10 F2B2TICHED 5 2 LRSS ()
[L5,2014), L7=h3 >, MAAFEE 10 47 L U CRiiEROE 8L Z VT AT 5 LED
DA =y VAR MBI UTRER, 17 Ak & 7 -7 (Table3.11), LI EX V| LED fGIc#N5
R k& b NOBRGEHIEED D OIS ZFHHET 5 &, ContlZxt LC P200 XDHIZEHITE 72.4% & 72
v (Table3.11), &M LED Mt CrRidtERm A EETE D Z L ARHT 5 Z LN TE T,
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33 HEORFNER L OLED AR L ORISR KT T2

331 ZL®IC

KEITIE, BEFEO KEE CRIGER L LED #Ea{TV ), b~ MaOELEBIE L, &
BORFNEZINSE L L2 HNE Uiz, [RBr34] & LT, THERFREEFAIIERI OB %
¥ U RADTFEERNT AZEBNT, BB 5 KRB W ORENER AT U, BRESGE T &
MERR U, ZofRES2ZIZLC [RBr35] Tid, BRe— MRV 7 E W REER X
O LED ZHW A TD 2 & & Lice AT AICAS L2 BH7Y LED BTG D720,
EEEAFOZVERTIL, RFHDEEREE B0 D FHICAT O FIRIENEN LR SN D, Flx
(X, BIHIFR D PPF500 umol m2st & L7536, BEl DD 256 0 CE E TR T bl
HT DA DOHAREIT AT 5% 5 (F—20), =2 T, [ 3-5] @ LED itk
BEE T D EHICHET 52 Lz Lz,

332 MEHSI UL
3321 RS
NI b~ NiLFE BEE” (Solanum lycopersicum L., ‘Reika’, () V-1 Z D& %) & Uiz, 72 %
v LA IR E Y (T IE LS XA, Po~e—EE (D)) AFEL 1 'z 1k
TR LT,
3322 —KBM
328 L FEREDHIEE L=,
3323 HIEHEBEB IR EHEE
33231 BREEHIE
[54% 3-4) |12B1T HBEEIEIL 32231 L REEDSTIEE LT,
[ 3-5] Tid, HEREORIEIZITERE B GEC TN HE S 100em) ([ZRFTNES D X
L RFTERE LIXOD 1 SIS A e (ML-020P, DLkt (BR)) L RERN CGEES ST
D HEE 15em) ICARBRX OFE YL 1 4032127 1 PPF & 24 (SQ-311, Apogee Instruments
Co., Ltd.) Z&XE L7,
o HIT—F#uh— (GL2200orGL820, 7777 w7 (KR) 28k L. HIEEIX 60 s [HFE

THIE LTz,
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RN L ORI O HARIS R (MS-720, S5t (BF)) ZRWCHlE L,

KU OPET, BUEiEET (MODEL6114, HAND /<> 7 A (BF)) ZHWT, ¥ 7 Mk&
H LI oO@ S 15em THFHABRX 7 1, 10 BHEIIE T 5 BIOSVEARRTE 2 HIE L7z, i L7z 2aUa,
WEHE, FEIAED B 5 7 DA M ORI A IE LT,

33232 AEFPHAE KGR

BRI KRB HPIARE & TIRE R TRAC, 2R (LR AE ©) . FHiOHIHE, 3
%5 (A0mm LU EOAREHD | 5 3 #5365 LU 5 5D SPAD i (7 v v 7 ¢ JUIREEDFRAE) | ASHEHIAE,
NN DR, SRS LU 1 (EEEARALE L, 4 8 BRATIE L7z, StemDW (K
THHFEER L TWD Z L 2oRd), IR CGEDES) BRLUOWMREREE L,

ARBRX OEPNEF L OEEH H OVEHED Z2% Tukey-Kramer’s test % FHV YT 5% DA E/KAET
FRE LTz,

33233 ARGEEOHIE

32233 L[REkDFFEE Uiz, WET ¥ o /\THAT 52250 CO #=EIE 500 umol molt [ ZF%E
L. XRIE28°C, FHXHEEET 50%R14 & 725 K O e L7z, [ 3-5] Tid. NN X (RFTaER
L. LED#t72 L) & NLIX (RFWAER L, LED #tH V) 76 4% T X LITRD, 3 1E
DEEDOFKME & B ARIEMNRE L, IREEE TRICHIE L=,

33234 = A MENTE JOWEESHT

(305 3-5] 2o\ TId, 2013428 A 13 HIZEM L7z, T ANIZR S 12m, 1 0.3m DfEF~
v R 1.2m T4 FFEde il L, EhEE, 1801Z 81248 kE L, AT ARICH D 45
OFEEy RO S B, SO 2 TN KB BRRAAT o7& B L, T AN, — it
DORIEREAEE)GRE ST Y 9 A 22 H & CHRHZED 80%I272 5 L H ITHIBEMEZ1T 57,
AN AN BEDY 0.75 KW m2LL B & 22 o 72 Rf, B —7 2 (DR B55%LL 1) 7% 8001 Jik
SNDHRIFRE LTz, EHL TR 20 HEZIZ, —FITH 3 F5 Lo 2 JEAFR L Thil Lz, AR
WAL LT, b= b b=y (AFPEEMREH) 100 (ARG 2 S AEIC VSR BITE LB 1 [A]
Wi L7,

LED OWHEEHOHEERL LU= 2 hOikFI$3.2.234 LREED LS Lz,

3324 [k 3-4] EZF0 _WREEIZBIT DEEENEREEOMRAT

BRI TEER N A TIT o T2, TEERFOME S APES AT 2 C—IkE m L7 %2 VW 2013
6 H3H (19DAS) b IREHEZITo7T=, /N7 ANKIEMN 27.5°C LI b, FAXHEEED 70%LL T
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(272 o e BRI A VEEERH 30 s TiTo7, s/ AL (REZEhifR 15-20 pm, (BK) FEDWT
9B) [THEF Y R1FIC 16 fl, IRENIZ 64 D 7 RVHEEZRE SAVTWD D, Fhrv T
FICRRE SN ) VAR U, e —T (DGR 55%) TRIREEN H SRS 0.6 kwim2 LU E
L7p o T2 RRIT, BO%ICHEIRS LD K ORRE LT,

BREEMIE T A PN Fig. 3.13 1R T,

TREHBIMARFD 2013456 H6 H (19DAS) &6 A 13 H (26 DAS) |ZE B LUSEE L,
PRI & BRIDRERI 431 T4% 36 BEAF54 L=,

3325 [#B% 3-5] AAER L ONLED fith’ b~ FOAEF R L OUEI KIE 2%

R TEER N T AT To 7o, TEERFOSRIE AEE L AT A C— B Ll 2 VT 2014
F8HA4H (25DAS) 1o KRB EIT-To, N AWNBHED 0.75 KWIM? LA & 72 5 T2 RfIZ,
WA —T > GEEER55%LL 1) 723 80%IZ IR & D X HakiE Lz,

BRI IRAHA RS L OV LED it a21THh7e0 7= NN X & LED fitDH%1T -7 NL X, J&
FnRDIHELTI8-7- CN X, LED #itd K OVRfnE %1772 CLIX L L7z (Fig.3.14A), B
HIE$ 2T Fig. 3.14 B (21,

JIFA R b — MR ZIIRERES) 11KW DR R A 7Y — 7%y -7—2 (NGP54T)
E L. 25°C OFET24h HEfEE L=, b— MRV 71T, WEEINBLZ 376 kW T, A&
WAL mE mintiZoT, X7 MIEEEU T EOEIDICEE L, # 18 E HmEDSRE T L O
WZE%FH L7 (Fig.3.14C),

LED #fiei%, B —2 KM 450 nm O LED & 660 nm OFR(A LED OF v 773 1 : 2 ORFIET
A TN D EIRAOEETE LED (DPT2RB120Q33 40 /2, CIVILIGHT Shenzhen Semiconductor Lighting
Co., Ltd., EMTHETE/): 33W, EFEFF: 40000h) 20l E L, £afBRIXIC 4 AG%E L. 10 cm [HIR
IR 24 Ry N RERAEXGUT, BEE T D EHICHBE LT (Fig.3.14D), JUfEx, EMRE%
P22 H I 75 pmol m?2 s & R 150 umol m2 s TR 4 em Bl L 7=k sifHir o
PPF 225 umol m? s (272 % K O \ZFE L7z, HSHRHHIZ 7 gD 19 RFE T 12hdt & LTz,

TREE OBREEHIEIL, 26 DAS 725 35DAS £ T 17,

TIREmBLARE (201448 H 4 H (26DAS)) L “KEmFE THRE (201448 A 13 H (35DAS))
(24 8RO AEBEEF T 72, PBROBME A LI FICRET,

BRI BT LEDAG

NN —
NL
CN
CL

OO |
Ol O
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333 FERBIUELE

3331 [FABk 3-4] HZED WKEMIZBT DHEENEREIONIE

201346 H 12 A5 6 H 18 HO KRB IS 5 145 PPF [ ZHUAIT 124 pmol m2 st s
94 umol m? s, PH{HIT 117 pmol m? st & 721 | PEfflES L O IR 2 R L7z (Table 3.12), H
D PPF 3 bIRWMEA R LT JHRIE, N AOEEIC L2 2RTH D LE2 bID, T72bb,
7 4 hAA A — RERE LT RO EFII AT AOBM REITHED) BHY ., BREEIE
STWZRTREMN & 5, FHIEZENAZV G K H Tl BIOSFT CHIE L7 L h kD7 + F &2 A
A — ROEE DENRE ST (F—F0K), 5, FRIZIIREEDEEE S TW272o, Il
TR PP 230000 MBI A BTz, S BT, HEHIT & o CRIEIEEFE ORI A MR 2L
L 72BN E R TR O AR KO ESIES B TR Ly Kozt B2 bz

(Table 3.12) , FHXHEAE T, BRI L OVEHICTREV MBI A Hav, LIXUIX 95%LL EOfEZ 7~ L
7= (F—&W%) . iU, FEEOZEEDAIKIED b LA & D\ NI L5 DFRFERIC L 5%
BB Z Dz, — M EFERHE IO SR REET 5 A3, 95% LA EDOmFERHEEE FCld, ARIE (1R
HAROIRZEIE) (12X ZENAKD DR 720 | KISV NS <720 | SABCEEME T2 (K
IR, 1985), Lo T, HZEO RKE W CIIBRER L OKHEHZTT O LERH D, 2T, [ 3-
5] TiX, MBI T BRESER & Kl Al Bk e — MR 72 O CRIE AT 5
Z &zl

6 H 18 H 81 12 Iipds JUN16 IR THIIE L7 AIE /U I8 1T DI RAR A Fig.3.15 36T Table
313 1R T L, B LD RIFR HhiE 1.0 PLEZ S 7= D%t L BEENERE 0.5 LA R I T L Cu /= (Table
313), — T, EARGILIIAREOE X D BEOFESFE < . BEEPRTO RIFR MK T2, 71 b
7 v LYV (PSS) 1PEHIC 0.61-0.65, HUHITT050-0.60 &72Y, & HITHHEISAFHE L TV
AREMA E D -T2, Lo T HEO TREHICEOTYH, BEENISRENE L OFOEOMEETT
IWEND D,

Fig. 316 % Fig.3.13 (/R L7z b~ M A VG & BN 0T 723568 0 36 BRO KL Dm S /51hi%
FKLTEHY, 6 H 13 HOMRTIL, HD b~ MEFIZIIT 5O FE L om SITiAc i ~T4
cm Evo7- (Fig. 3.16), S OFKITIERER L OGIRODOTIVRZEmNEE L TWH D EEZD
N5, FRZ, IR TIE, DIF (ISR L BEISIR L D) NIEICKE L 725 EXhR2EET 5 2
EMEIHILTEY  (FK,2005) . FFREICE W SRS TIF 5 Z e cEiul, ERERIET
X LA B D,

AW E T2 D7 A A — NITERARGER S5 L D72 o7, BiE L EREE
N CIER R 720 (Table3.13) . HIEFEEEICREN A U A s o7=, UL, 6 A 18 H
DERASFIOFXDERE (ZE3) o BFAEX 016 (IZxt L, 74+ F¥A A4 — FTIL 015 725
7o (T—21%), £oT, 74 MA A — NZBT HERBEICREIT W B2 67, b~ M
TEORBRPEIREEIL 6 A 12 B> B CREfflAs 033, HHI230.35 &72 0, 6 16 H D H 4 CREfl
BIOHMN L B2 017 7Zo72 (Fig. 317), Lo T, BEFCEIT 5O HHOKETIZBN T,
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BEEN ORI | BEAPICHDET DB H D = LAV S -, £ 2T, [#8k 35] Tl
BEENINS  (BEE Fo IS %) LED fitd 52 &Lz,

3332 [k 3-5] AP KOV LED ffiens b~ FOAFR L OUGEIC T T2

JRFTRERIZEBT HEEN GE T DR E 15em) OFERIEHIT, KUBEORERIZFS
%N ANOIFH RS 3.1 m st O, CN X 0542025 m st L ONCL [X 056028 mst &7
D, NN X 0162009 m st35 L UNL [X 0.1520.08 m s {2 THE< 7272 (Table 3.14), &t
DEEIUR, ERFEEEIU NS 25700, KARB L ORBEEI TS ED B2 6D (R
1%, 1985), h—~ N OMEZED ARG TATE 0.3-0.6 mst THRAIZ/R Y (RIK - EJ11,1970; Kitaya
etal, 2003), FAWLL RICKGEEE DD & AKFEKDILHBORRE A R F 0 1 & TR R & 72 0 |
BENAKDDME T L, ZRALBREDME F92 2 & T, CO238 K UVKARKDIERI /I35 AR = &
0. AR K UOEHGHEME T2, PR Z To 7ok 0, RO E L 003 6 fEiTo
S, JRPTHNCIER IR R SR Z AT, SRR 4941593 mst 72572 (F—4 1K), fh,
AR HT DIHBORE H LN % 18 fEATE LA ORI, JeARISHE T 2 KO
FIZH Y | EERKEHITE 7o & B 2 bie, Fio, ERiE o556, b~ M OREROR,
WIS (FE,1972) LW HOENH D5 Z LD, b— MRV IC L DB TR A% T
N RRORRER ORI TIEIN L 7= ATREMESS 2 B b,

FEEN OFFHREEIT CN XTC NN XL D) &y i a1 7L S 72 23 AR EE 7 ME - 72 (Table 3.15) .
17, CL XD 3, RISMCIIE Lot o & Fes T, AR 5%REEm < 72>
TWLZENHLNERD | CL XOFXHRE, MEcHEE, fE (VPD) ([SRRENELTEbD LS
Z Bz, BEENO HIEESIRIL CN XCNN X & T 1.9°C i<, CL X CNL XIZHA~RTHY
¥)0.8°C [k ~7= (Table3.15and Fig.3.18), LA EL V| b— MRV I L 85I LOBRIEEIEN
bol-bEZ bz, Lo, LED AKX NL K38 L ONCL KTl #EHiEX O NN X3 L TVCN
KIZHAT, HYT1-20C FEEEE < 7272 (Table 3.15and Fig. 3.18), ZAUTRIMAEIC & HIRE
T & [RIFREEDIREE FR7Z 572, PERBROFER, JHFTNEIC K 5 HEER0R 1°0C OE IR
FRARE TR A AT SRS, AFHRRARE | B2 KIE L. SR B O R T R X H
D EMNNT 5 Z EMHLNE RS TV, LIzad-> T, CL XKIZEIT 2 mpnE & LED fiYtozhk
ITENENDFENFETTT D lREMED B o T2,

AR CTITEZFD 8 AFANINT A TIREm &I To72Z L b bV | AR CRIRDIERIZHE
<. VPD 3K E7po7z (Table3.15andFig.3.18), Z DL 5 a5 FCIE, RfLa 7 X U AWK
&L, BHHELE L KREL< 2D FBHED,2010), ZABCEEIL, JENORFIKZERIE & SEO/MI
DKL L DZENPRE 72D EHIINT 5, —MZ, VPD BSREE 5 & BE 3L RIFhE L,
HNT T BRZINMaD Z EDRHBITND, ZOFRIE, RS KRDDIAKZINDLL K T 5
ZET RALBPAL, JEBRGEREER JOBORIGHE DK FIZ L 5 &2 bivd, ARBRICKT 5
FHHAD VPD 134538 BR[X T 1.0 kPa UL 72 ~7= (Table 3.15), 1.0 kPa LA 0> VPD Gl 34l sz A
FLRREEIZH D & & (T o —T 2V 2 7,2012) SARGEER J OERIGEE DMK T LT
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ToFREME SR o T, FTo, ZEMEHEIINN X T34 cemdl, NLXT32cmd?l, CNIXT34cm
dl, CLIXC24cmd? &72Y | DLl 3ATRER K D D7eWAFo “EE ([R5R3-3] ([2ki) 5%
R I 372 LoD Cont. T 2.1 em dt, #ftd D 0 P200 [XC 1.4 cm db) (2Tl iRl
R LT, Ko T BEFO ZREE CIIHLIRO R Z1T o7& LTh, AF0_KEH
(CHAD L MEH RN E L, EETDIRIBEDRE Th 72 Z LAVRIB Sz, 7721,
AFERXUZIIT HRIRS° VPD & F R & OICFHBIRIRIT /< (F—X 1K) . 2FBRX TX(H
RERET DB T Clddbo7o b DD, ZOEENIFHTHIZ 2> Tz EHEIEN D,

LG TN 15 em (SALET DREENO PPF X CN X3 L OVCL X TNN KB LUINC X &
¥ 20 umol m2 sTEREE I MERIN B U | FEAS T D 100 em (IALE T HEEE o PPF X CN X
BEOCL X TNN KB EOINC X LY 7 umol m2 sTEEEE S MBI D V) . AR IR 5
X TREZR-72 (Table 3.15), JRPRRERICIEL, HEFZEHIOEI IZ2T 47 MHAGREIILTIY |
ECEEAYHIEL U CREENICAST L7 FIEMA R &7z, LED YEotRAHE BIZ 7 om B 7= (4
FTC 225 umol m2st 272 % X DIZFE L=, LED 13 EAICHIDE L CD 728, PPF U3 5T
@ PPF ZIE L7-FERCTlE. LED SEXOBEEN PPF I ZIEMDEX & 3 umol m2 sTEEEEDZE LA
Y qWAVIREY

e L7-a BRI (NL KB LUNCL X)) S L7 alBaX. (NN KB L OVCN [X) ORIICi:
BB LOMHRRICE W THERZNA DIV (Fig.319), BEESL (BRI 72 B ONTHEEN

(& 20cm) @ DLy & 2R & OBIRIZ, BEEN (=-0.89,P=0.11) X V&SI D DLIgwe & 21
F Lo (=-097,P=0.03) 23F <. AESRFTIIO DL lE, NL X35 L TOCL KT 4.7 mol m2d*?
BELOB0mol m?2dt, NN X T42molm?2dl, CNXT43molm?2dt7=~7= (Fig.3.20), Z DfEH
26, LED #iYGZ & B HEE~OFELEDOHEMA b~ Mg OXMEZIH L= &5 2 vz, LA
EEo BEETOO0 EFMEC L > T, B0 RKER CHRIEL R 5 EZIET 5 Z L ASAT4E
ThHDZ EDRESNTN, BEE LS FHHIC L - T, HEEOFEEA IS W2 5 HvhEs
FNCEMREZ I CE D B2 b,

LI1-6400 D AT A AV CHAZERIFE Y 72V ONERGEEZRIE L, HEADEX O NN X LD
HIFEXD NL XIZI1TF 53K & O I8 T DXL A R 2Bk L7255, PPF 100 umol m?
511D RE VI, REOBEZIT DG AGHE XM X CEE ORI 2 A HOEREIZ A~ TREb
-7 (Fig.321) ., BEDOHEARIFRT, FEOROOIE Y TIREL | HNDIAE Y TR s TR
AT EDEBITUVS (Terashimaand Saeki 1985, Terashima, 1986), ~iulZ. 1) FEDOREE FOFH T
SDOWIERNE D, 2) 7 av T 4 VOME S D UNTRFEMEDE N X 0 ARREN N ED S, 72
EWFRE LTHIT bID, WIRSIVIEUIEGRUITHIA S 20T, i & Himl 2 BR7e < [F L
HHRE 72 DA CEROIEAIMTOILD Y, FEOBIZEDAEZ TNDHTD, K EETHROWIENLE
boTLEI DT, KEHENLDD, £z, ARk WRIHHR & ERIREERD (23 255k A
DOFEERFN I —TIIR 2D, R D IEE Y T & Xk, N H DIEHAN TR YEEZ1T D,
FANOZERKAED 2 < DIEWIN LT LE D flR, TN & 2 ZERHMADIRIN T & 2FREITIR T2

(Terashimaand Saeki, 1983) , & B2, BIERHADOHEILE U TldR<, Zaa 7 4 vH7=0 OXE
FOHEE A Lol 9% & L RN I DEERKARDIZE S 23, 58 N CONERGEED RV (Terashimaand Inoue,
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1984), Lo T, —fERAITIL, HAROM E& B & LT-5A0E, BEOREITHDE LI 03 =iy
BHHENRD,

PULEXY | AHOBWEZTIE LED (2 L 2#DEEAY LED &I & 2 B0 EE L v /ha<
HZEBBEZLNDLN, AR CTHWREE T D EHICHET 275l ZEMERHIITS
<, HEHEIRBIRN=D, B LD THICHET 2 HEOTREE LB 2 b,

< M OKEREOMEH R IZBW T, 2HE CTRIMEH VX (CN XIBLOCL X) &/F
FrnFE7e LK (NN X LOYNL [X) OICA BT bived -7z (Table 3.16), LED #fitd
DX (NL XFBLOCL X) & LED fifit7e LXK (NN XKEB L UVCN [X) Cid, SPAD fEFR LU LHEE
\CHBIRZENH B, LED fitdh 0 X TRE o7z (Table3.16) . 7=, EEDIRIETH 5 Stem/DW
IX. LED #td ¥ X C LED fit7n LIKIZHARTNSUMER B D, G LA ERD )3
P BTz,

% L6 L O%E 2 JEEOBIE R IZRFAES Y O CN KB L O CL K TRFAEZ 2 Lo NN X
BEONL KIZHATHEIE L, BB 47z (Table3.17), (EZED /M EEEE I ZEHERA IR < |
1 SOFEDIHEB R L KDL G B, 1962; @ffiD,1973), K- T, JFAFaEIC k> THERET
FEOMIRIZETE SH, BRTEDMIH S - LB 2 biviz, i, LED fitdh v o NL X & CL [Xix
LED ##t7e LD NN X35 LONCN XIZHATIEFED S iR A Hiviz (Table 317), Lo T,
DA RAFEIC L DB Z T TN D b D EEZ b,

RERIOIEFIEDOFER, RFREH D O CN KB I CL X 1 FY47- ) OFEAREITEF 1
RETRIE LO NN KB L ONL KIZHRTRERD | BRI CN X TRk E 72->7= (Fig.3.22
A, 1ERYS7-0 OFFIE, 5 1 B TILLED fikdh W O NL X T, 552 FE TILLED fitdh v
D CL KTk E72-7- (Fig. 322 B), 1 #2472 0 OWEIIERBEHIEI 21 74720 > 72 NN XIZxf L
T, BREEHfEZTT 72 NL X, CN KEBLUCL X TR &R DHmAA LN (Fig.3.22C), LLEX
0 AT 2 EFO ZREE T, FFE LY LED #ta1T5 Z LT EROMIE
BEOWEEINLAD S Z LA LN E T,

INEE NN X <NL X<CL XDIEE 721 . CL KIE NN XD 1.2 (50U E- ~7- (Fig.3.22C), k
~ hORRGES (230 Fkg) %3 U7-45F, NN 25 245 FI/ER, NL X725 288 FH/EE, CL X2 293 4/
BREEFH &z (Table3.18) , 4 AD LED % kT L7855 OIMEEI 1L 134W 72572, 12hd™ @ LED
FERGIRFTH]C 9 HIRJWWE S5 DT, LED HEICHE D WA B 1&IE 144 KWh &7p o7z, Ko T, 1HE
BV DLED OF =273 A ME, WEEIEICESEHE (20 FIKkwh) ZF T, 4 KO LED T
HEA L7 32 B THEI-> T, NL KBXONCL X LED 7 =72 A ME 9 FikEFHESnT-

(Table3.18), AFABRIZ V= LED DE&FIL 4 FHFEICIE 7=, MRERIIER ) HAER
DIITHE 2815 Z L THRIHTE 5720, Z0 LED % " RE M O848, F41ET1
H12h TO HRIOEEETTY &, FIBERATE L2 L1025, L, BABIATESTIL,
LiER, 7y MOEM L CESMEM ORI L > T, [ BICIIRAgR R DFHho B #
Z10 ) L LTNDZ &R0, BRI ERE COMHAZRHE L TR0, IRED L 9705
i - ERERRIFCh D 2 EBET DL, MAFEIE 10 FEB2TICRAS 2 Z LR Sh
TW5 @L5,2014), L7=A3->C, MR E 10 45 & U CRIMERIOEEEEZ VT, ARBR T
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#7925 LED DA =y /La A MR LIRS, 375 MikE 72 -7- (Table3.18), LA LKV, LED
ML 2 A hE b~ b OBRGHIED B DIES ZF RS2 &0 NN XIZH LT NL KB EH
13—1.3% & 720 . NN KISk LT CL KOHEERIZ 0.7% & 72 -7 (Table 3.18),

AFRBRCIE, L ARD LED %47= 0 TG LIRS D 72l o 72728, R EORREEINV NS 7p o
TeEZZbIND, I, 4 KD LED THERTREZ A 56 #R & 94U, HIAR=RIE NL [X T 8.0%.
CLIXTO99%E 7%, RPMAIREICIT D 3R FHRIFAT - TR, ks 28 FHxihd &
DhENEEZZ B, ARBHIFOER T, Rt etz Bz b, £z, 3
ORI NS o T FIR E LT, AR CIS T 2 BIIRGEAY 35°C ORI %~ 72

WELEZ b,

T DI FCRBEETRIRIC J > TR L, B RGHREE % & < MERF T DIREESDMAET D 2 L350
SN TW5, b~ FOAEBFET /L TOMGRO’ (ohnesetal.,1991) TiE., KRR A HWTC, &
FOREZHEE LT D, KURBHHE 13, KIRAEARROEIRITN S/ B G RGEREED & Of
RO 50 ER LB TH D, TOMGRO™ Tid, 28°C LI EDOXIE T TIE, YAHRGHE XA
ANZH L, L% 35°C THARGHEN 01705 LFtik L CW\D, Lo T, 35°CLLEDOKIR T T
X, b~ MEOREMEE > TS ARt R < RFTEREEHHHION AR D/ hy - T ATRENEDS
B, bbb, AR R R B ERIRE 1-3°C K F & H7223, KUEAY 35°C LU RERH
NSNS TBREE N2 072728, ARSE CHIRE S 2 R O SR3G D e o7 B2 5
o,
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34 WS

ARETIE, ZREEICBW TR A N ORI BB 2T D720, A5 D WNEE
ZOKREIFIE U TRPBRRRIE AT, b~ hOABFR I ORSRINEIC KT T AL A L,

BANZ, AZ L HETENTHORENINOBREIER OV EERE AT o 7ofi R, AF Tt
BREROUEEDS, B CIHRRER KONBREOUE P LETH L Z L PAbNE ol Flo, &
AR TEBC REWM AT 72w D L <ER Ulc, ZORRITETZENS RNV &I K D78H0R
%5 L OBEREPDEERBINME RIFR Hl2 7 b 2 S K BREERISORFER PSRN &5 2 Hidz,

I, AF=D R i CIIRFHDL R LTz, HFEMDEZZMRMENZIRATH 5 LAUE L.,
NLRGENTHARNCEF G LED it a1 T o 7ok R, iR afhio EHECE G LED it Lo
DOZEAEIRFED PAEECHDE L7 AT eGSR IRICAE L5 6 L AR OfEZ R L
Teo Ko T 1ERBIIEAZ BRUE LT2%rE, LED fDGIIRES b BEECHDE T 2 L BN EER S
Nz N RIZEBWT, KL CO IR Z I /e BBl ZHilfH L7z BT, FHa)t% 75 ymol m? s1C
—EE L, JREE 2KHEE LT, BEE LD ML LTSRS, BRR G AR R
XCEMEH S, EENBIESNZ, Fio, SERESEORRXIZE, HOMER LN,
TERER ORI L OUNEZ N S, LED el s a2 b & b~ hOgsH B FHE L7 HEEsR
1L 724% L7020 Z LGN E TR T,

HZEO“KEE Tl BEOEEMENREWEEZ, RFGEORBRE T8 A, RFGEIL
N~ FOATHRRACTR 8% T L, WEAINT 5 Z E0 e Sz, UL, RFaERET
TIHERZIET 5 2 LN TET, AR L0 BEEOFIMEEORENRKE\ 2w, LED it & BT
MR ARG DED D D LB 2 BV, JHihF & LED it 2 G o8 7ol 2 ik,
FRENIZI1T D BIOEEIRIRAS 31.3°C D & & | Japitam T, BIEAEND Z L2k 1 198y
720 OEEIIEZ D HOO, WESINTRIAD R T, )7, BEE T LORAFLEL. 5%
WD Z L7 METE DD, PIRIIEMELAIHI LoD, b~ MNIOREARES Y-, S
BT, LED #fiEX T, AEFOHNZL < 720 | IHE L7 BN L, INEDSEIN L7, LAl
HIRZBT 2 SRR O 2 xR AT TN E Do T2,

T OIEEBOREEN IR K> TEAb L., B RO 2 m < MERF DIREEMAET 2 2 L A3
HNTWD, v FOYE 28°C LI EOER T, JEEROREIIHAIRIIZRED L, X% 35°C T
HAROHEILO &7 b L SNTWD, Lo T, 35°C UL EOSZIR T CIE, M~ MEDOEMEE
STWDATREMEA S < . RFTEREEHIBIONRDY NS < Zp o T ATREMED RV, WU, HIFED RTER
Bahlimx, BEENICIT 2ORIED 35°C L VIRWGAIZIRITH Y . MEIIIG U CllEn
BRES—T e EOFIRXRES LT VER S D LB 2 D, ZO T, RnER L ONLED
AT UL, KT A N TR AFENS ATRE & 72 0 | JRPTERBEHIEINC K DR OHEINAS FAAD
HEEZBND,

57



Table 3.1 Common environment conditions of germination.

Dark period

Air temperature
CO, concentration
Relative humidity

24hd*

26 °C

Not controlled
Not controlled

Table 3.2 Common environment conditions in a close
seedling production system in Chiba University.

Light period 16hd*!
PPF 250 umol m?s™
Air temperature (Light/dark) 26/19°C
CO, concentration 1000 pmol mol™

Relative humidity 70%

Table 3.3 Common environment conditions in a close
seedling production system in Yamamoto town.

Light period 16hd*
PPF 250 umol m?s™
Air temperature (Light/dark) 25/20°C

CO, concentration
Relative humidity

800 pmol mol™
Not controlled

Table 3.4 Measured environmental conditions” of light period
(7:00-19:00) and dark period of the greenhouse in Yamamoto
town in Exp. 3-1.

Light period  Dark period

PPF (umol m?s™) 162.1 0.0
Airr temperature (°C) 19.7 16.6
RH (%) 57.7 61.8
CO, concentration (umol mol™) 641.0 515.3

* were measured by the meteorological node. The measurement
period was from December 29, 2013 to January 8, 2014.
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Table 3.5 Measured environmental conditions of each canopy in Exp. 3-1.

. PPF of light period Relative Air temperature
Cultivar 2 1 o o
(umol m”s™) Relative? humidity (%) (°C)
Top Under Light Dark  Light Dark
Reika 138.8 59.5 0.43 62.2 62.2 17.6 15.2
Linka409 157.5 57.1 0.36 58.7 57.5 17.4 15.2
Momotaroyoke 113.9 53.9 0.47 62.0 61.1 17.3 15.4

 PPF of the Under divided by PPF of Top.

Table 3.6 The growth and development of tomato seedlings of the different cultivars at 23 and 35
DAS in Exp. 3-1.

Total SPAD Specific leaf Percent
cutvar MU et koot SO g - Semo
(sz) 3rd leaf (gDW m'z) (90 9
Reika 55b* 139.4 b 41.1 0.52b 8.4
Before Linka409 60a 160.8a 40.4 0.55 ab 9.2
(23 DAS) ' : :
Momotaro 6.1a 164.5a 44.2 0.70 a 9.3
Reika 74y 4368 36.5 1.35 18.5 9.6 0.42 x
(A:;te[r) pg) Linkad09  B1xy 4544 380  1.40 185 91 035y
Momotaro 83 x 397.1 37.0 141 19.7 9.3 0.38 xy

" different letters indicate significances among the cultivar at P<0.05 with Tukey-Kramer's test (n = 8)

Table 3.7 Measured environmental conditions” of light period
(7:00-19:00) and dark period of the greenhouse in Exp. 3-3.
Light period  Dark period

PPF (umol m?s™ 239.5 0.0
Airr temperature (°C) 21.8 16.0
RH (%) 58.8 61.7
CO, concentration (umol mol™) 868.3 565.4

? were measured by the meteorological node. The measurement
period was from February 13, 2014 to February 28, 2014.
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Table 3.8 Measured environmental conditions of each canopy in Exp. 3-3.
PPF of light period
Treatment  (umolm?s™®)  “Relative

Relative humidity (%)  Air temperature (°C)

Top Under Light Dark Light Dark
PO 230.8 77.5 0.35 59.0 60.0 21.2 15.0
P100 2175 1279 0.54 60.0 59.8 21.0 15.3
P200 2419  136.5 0.49 53.4 59.8 21.8 14.8

? PPF of Under divided by PPF of Top at 12:00-13:00.

Table 3.9 Effects of supplemental lighting on the growth and development of tomato seedlings at 40 DAS
in Exp. 3-3.

Specific
Numper Totalleaf  SPAD value  Shootdry oot i Stem/DW Number of

Treatment of leaves area (cm?) weight (g) mm mg’™) Flower
3rd leaf _5th leaf (gDW m?) 97 buds

Before (23 DAS) 5.8 232.6  45.2 0.54 14.2 0.31

Cont. (40 DAS) 9.3 769.7 359ab 34.3b 3.47Dbc 23.6b 0.12a 5.7

PO 9.0 698.3 34.1b 37.0b 3.17c 23.4b 0.13a 4.8

P100 9.0 666.6 36.7ab 41.5a 39lab 3l6a 0.09b 5.4

P200 9.1 640.3 37.6a 43.2a 424a 36.4 a 0.08 b 6.9

* different letters indicate significances among the treatments at P<0.05 with Tukey-Kramer's test (n = 8).

Table 3.10 Effects of supplemental lighting on the growth and development of
tomato plants at 73 DAS after transplanting in Exp.3-3.

Stem Total .
~ Treatment  length c’)\lfLig?/: leaf area Dry weight (@)

(cm) (cm?) Leaf  Stem Other Total
Cont. 94.1 17.3 2100 11.6 6.9 3.7 22.2
P100 96.1 17.0 2228 11.8 7.0 7.8 26.6
P200 96.4 17.3 2460 12.9 7.2 7.9 28.0
Coefficient 6.4 15.2 29.2 35.5 29.6 87.0 31.8
of variation 1.7 8.3 14.4 18.3 18.2 49.8 7.3

4.0 5.6 14.8 10.6 11.5 34.1 12.6

Table 3.11 Effects of supplemental lighting on the cost and yield of one crop in Exp. 3-3.
(1) Sales of  Costs of suppemental lighting

Treatments tomato fruits  (2) Running (3) Initial (1) - (2) - (3) Increase (%)
(yen/plant) (yen/plant) (yen/plant)

Cont. 290 0 290

P100 353 6 17 330 14.0

P200 526 9 17 499 72.4
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Table 3.12 Measured environmental conditions” of each canopy in the greenhouse

of Chiba University in Exp. 3-4.

Average PPF

Average relative

Air tempaerature

Treatment (umol m 5'1) humidity within  within canopy (OC)
Top Under canopy (%) Max. Min.  Ave.
East 124 26 86.8 341 189 236
Center 94 (94)” 78.5 33.7 186 235
West 117 22 85.5 37.3 188 244

 The measurement period was from June 12, 2013 to June 18, 2013.

Y was measured by the meteorological node.

Table 3.13 The spectral characteristics of light sources were calculated from the spectral
energy distribution of each mesurement point* on June 18, 2013 in Exp. 3-4.

Top of the canopy

Middle of the canopy Middle of the canopy

(West) (East)

Characteristic 8:.00 12:.00 16:00 8:00 12:00 16:00 8:00 12:00 16:00
Wavelength range (nn Photon flux (umol m )

400-700 (PPF) 950.0 450.0 100.0 250.0 90.0 10.0 50.0 49.0 10.0
300-400 (UV) 52.4  29.0 7.7 9.9 55 0.7 33 28 0.6
400-500 (B) 2295 1156 279 508 21.0 26 115 11.0 2.5
500-600 (G) 3366 1594 352 931 359 39 215 200 3.9
600-700 (R) 3839 1750 370 1061 331 35 169 17.9 3.7
700-800 (FR) 370.3 168.1 348 176,66 80.6 83 744 614 95
B/R 0.60 066 0.75 048 064 075 0.68 0.61 0.67
R/FR 1.04 104 106 060 0.41 042 0.23 029 0.39
PSS** 0.72 072 072 065 060 061 050 0.55 0.60

*indicates Fig. 3.13.

** Phytochrome photostationary state. PSS derived from phytochrome absorbances and
photochemical cross sections of Sager et al. (1988).

Table 3.14 Average air speeds of each canopy were measured from heights above the culture bench

of 15 cm at 27 DAS in Exp. 3-5.

Average air speed of each mesurement point* (m s™)

Treatment

1 2 3 4 5 6 7 Ave. +SD.
NN 0.25 0.10 030 014 0.09 007 0.15 0.16 +0.09
NL 0.11 0.08 0.08 020 008 023 0.27 0.15 +0.08
CN 0.49 0.36 039 041 034 076 101 0.54 £0.25
CL 0.64 0.59 040 027 043 046 114 0.56 +0.28

Z Measurement points indicates Fig. 3.14 (C). Average air speed of outside was 3.1 m s™ when

average air speeds of each canopy were measured .
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Table 3.17 Effects of local cooling and supllemental
lighting on the flower-bud differentiation and
development of tomato plants in Exp. 3-5.

First flower truss

Second flower truss

Treatment Anthesis Number  Anthesis Number
(DAS)  of flower (DAS)  of flower

NN 43.6+0.6* 3.9+0.4 51.3+0.4 3.3+x0.4
NL 44.1+0.7 4.4+0.3 51.4+0.5 3.7#0.5
CN 45.7+0.6 3.5+0.4 53.1+0.4 3.6+0.4
CL 44.7+0.7 3.5+0.3 52.1+0.6 4.5+0.6

*AveragexSE. (n=14-16)

“Table 3.18 Effects of supplemental lighting on the cost and yield of one crop in Exp. 3-5.

(1) Sales of

Costs of suppemental lighting

_ Treatments tomato fruits  (2) Running (3) Initial (1) - (2) - (3) |nC(r)/ease
(yen/plant) (yen/plant) (yen/plant) (%)
NN 245 0 0 245
NL 288 9 38 241 13
CL 293 9 38 246 0.7
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Fig. 3.1 The schematic diagrams of the greenhouses in Chiba Universiy (A) and Yamamoto town (B).
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Fig. 3.2. Tomato seedlings (A) in the greenhouse of Chiba University (B) and tomato seedlings (C) in the
greenhouse of Yamamoto town.
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Fig. 3.3 Schematic diagram of the second nursery system (A) with the measurement points (B) in the greenhouse

of Yamamoto town in Exp. 3-1. The photo sensors were placed in No.1-6 measurement point, Air

temperature sensor and relative humidity sensor were placed in No.5 mesurement point.
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Fig. 3.4 Relationship between the distance (x: cm) between the LEDs and the growing points and light intensity
(Ir1 and lIpz: pmol m? s1) from LEDs light (y) in Exp. 3-3.
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Fig. 35 The stem length (A) and internode length (B) of tomato seedlings of ‘Reika’, ‘Linka409’ and
‘Momotaroyoke” at 23 and 35 DAS in Exp. 3-1. Vertical bars indicate SE (n = 8). Different letters

indicate significances among the treatment at P < 0.05 with Tukey-Kramer’s test.
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Fig. 3.6 Photosynthetic-light response curves of 3rd leaf of tomato seedlings of ‘Reika’ (A and B) and ‘Linka409’
(A) at 35 DAS in Exp. 3-1. They were measured by the portable photosynthesis measurement system
(LI-6400, LI-COR Inc). \ertical bars indicate S.E. (n = 3). A: Air temperature was set at 20°C. CO;
concentration was set at 560 umol mol?, B: Air temperature was set at 15°C, 20°C and 25°C. CO;
concentration was set at 560 umol mol* and 800 pmol mol™.
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Fig. 3.7 Effects of supplemental lighting on stem length at 22-28 DAS in Exp. 3-2. \ertical bars indicate SE (n
= 6). Different letters indicate significances among the treatment at P < 0.05 with Tukey-Kramer’s test.
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Fig. 3.8 Effects of supplemental lighting on interrode length of tomato seedlings at 28 DAS in Exp. 3-2.

Vertical bars indicate SE (n = 6). Different letters indicate significances among the treatment at P <

0.05 with Tukey-Kramer’s test.
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Fig. 3.9 Effects of supplemental lighting on the stem length (A) and internode length (B) of tomato seedlings at

40 DAS in Exp. 3-3. \ertical bars indicate SE (n = 8). Different letters indicate significances among the
treatment at P < 0.05 with Tukey-Kramer’s test.
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Fig. 3.11 Effects of supplemental lighting on the photosynthetic-light response curves of 3rd leaf of tomato
seedlings at 40 DAS in Exp. 3-3. They were measured by the portable photosynthesis measurement
system (LI-6400, LI-COR Inc.) with an air temperature of 20°C and a CO; concentration of 800 umol
mol™. \ertical bars indicate S.E. (n=3).
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Fig. 3.12 Effects of supplemental lighting on the fruit yield of tomato plants after transplanting in Exp. 3-3.
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Fig. 3.16 The plant stem length of tomato seedlings grown at different positions of the cultivation bench of west
side and east side at 19 DAS and 26 DAS in Exp. 3-4.
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Fig. 3.17 Time courses of relative light intensity measured by the photodiodes at each measurement point on
June 12 (A and B), and 16 (C and D), 2013 in Exp. 3-4. The relative light intensity was PPF within
the canopy / PPF over the canopy.
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tomato seedlings at 35 DAS in Exp. 3-5. Vertical bars indicate SE (n = 8). Different letters indicate

significances among the treatment at P < 0.05 with Tukey-Kramer’s test.
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Fig. 3.21 Effects of supplemental lighting on the photosynthetic-light response curves of the 3rd leaf of the

adaxial side and abaxial side in Exp. 3-5. They were measured by the portable photosynthesis
measurement system (L1-6400, LI-COR Inc.) with an air temperature of 28°C and a CO, concentration
of 500 umol mol™. Vertical bars indicate S.E. (n=4).
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Fig. 3.22 Effects of local cooling and supplemental lighting on the fruit weight (A), No. of fruits (B) and fruit
yield (C) of tomato plants after transplanting in Exp. 3-5. Vertical bars indicate SE (n=14-16). Different
letters indicate significances among the treatment at P < 0.05 with Tukey-Kramer’s test.
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