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H1E
1.1 WFFEDHE &
1.1.1 ENOAEZEFEOFTFELMAG

L2 ETe B AR CTIXERE O KRB LR TS, 2072, By B & O
ICHBEEFD, BERF KO ARNTNLIE S TELYT LA TAT 4 —ar DEREDHEE
SIATEY, 2017 4F 1 AT ' AT AT 40— a Bl T iz (2457 @4,
2017) , BT AT 4 —a i, I EE S T OTC (over-the-counter) = 34 (— % A
AL B L OB E E KAL) 2 22 CEREBE TOZRBEEZ DI L, EFEHER
DI=DIZY T YA EDREFERMEZFIH T 528 BRAEFICKEAR LI ENEEND (Fn
M5, 2016) , ZNVHDHERRIY ST T4, OTC [ L ST OB L7 D A HK D
[ N A E S 3N D N D (JRAEG7 A, 2017),

Fio, BARTIE, @EMEICE > THAVER T TR LS TS SR RAER
EDEIMLTERY, HEITENZNLOIEFICHEN THHIEN/RENTWD (514, 2013a) ,
ZDID  BIVT AT 7 — a2 TR BEIRBUG T IV THEE T FE O 234
AU TWD (B ARG A S8 AI 2, 2017) , FEBRIC, FEF LA PEBRERETRA (B4 57
B4, 2017) 128 5L, ERAEIE G &L T S AU 513 5 3636 L UVESE O A4 pEA BRI T F
¥4 A IS5 (Fig. 1.1) .

BIE, HARENTHE SN ETEDO LT, SN B O AILFL TWD, i AAFE
DF7RBEFRGTTITTETHY, 2014 F12IE B AT S AEZKF RO 80%7203 1 [E7) 5
DA T 7= (B ARG A SKRAFI 2, 2017) , 04, PETIEE AR OELEIZLD
BRI A b 1952 % B EL TSRS YD b~ A0 OB EES OV HH I FR <>
BUMIZ LD B SRR O B E oo | AR OERbIZE D AE R RIBIOAGE DS
I§72 E NIV AT OB DS m s L T (3£, 2011) , E612, TEIENOFE B LUK
KO FEHHINL TV AFKEFOME RIS TS ORI, 2012), £ D728,
FIEND H AR~O KGR O NIZRHETHLEEZ LN TN,

BE, AATITFMEY OFEEL 0207372012 Y O E N HEE O3
FREROHIVTND, Ll ENEE: TIThs mE O MER-OHET B OJER, BEAN
DD - mELIZ LD N BN R OUGE, BT ASDOFEE | RV BEHE DB TR E N
AREHESILTVD (U, 2012),
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1.1.2 FEHARE DRSS

BT IRDO L ITB O ERE M AL O TSI TWATZ) | EFEKDO—2>THRITS
ERIEMNTER, Fo T BEL TS H OEREZ MG T2 LB LD, SHI2, 4
FEB L OASRRA | 7 AN TR RS S U TR b 5720 | AN FEHE IS OV B L vE
e LB D (FR L, 2001)

— RIS, I3 N EBTE Y E ORI, BIsAE R, A B R,
INHERF ) N TR L OMRAF 5157 E OB RN K E 72 2% %217 % (Yoshimatsu, 2012) , %
Db FEHEETGT- L, 23O —E DM BEAGHT=OIIE, FETE M 5 L 72 BREE IR D
ENHDHEEZBND, SHI, EFIEMEYE O I X IR RFOFIRFE TR T4 5720,
I HERF L PR L O i\ ME IR Z I HE T D2 LR OBIND, T2, ZLOIEAREY TIE, L8k
TIEEREE 7 F RS2 DI 0 b b BEEIRIT D7,

ZOXORE EESZT Y D35BT AR OB, 1) ARBEROEEL %
TN LERI IR EFED TTRE, 2) WA FE DS B C A DN E L 7o S B O G A3 FT
AE. 3) EHE, TEEHYO NBRIBREN LA B TE 5, 4) NFRP0H20, b)
TR CULFE FTBE, 6) BFAb - AKBFRRES (208 U 7= (8 B 5L O3 Pk - B RS I i C ArRE,
EWVORIER DY KDL  ZOREERGICASTH D (EL - #%,2013),
BIZ, WY T8 Cld i R BT R A1 THOZ LN TEDT0 | AEFRIG VRN E DI FE 2% I £
THZET, ARG EOERRANWY & EETHIENTED, ZO70 | i 1Y
LIRS O O COF ARSI TN,

1.1.3 THTVIZHONT
1.1.3.1 ke

R EIEM, OTC B, T UVANOMEIER DI D ONEDIZT VY
(Perilla frutescens L.) 2855, 7 VE, YR O—AEARH T, H<HBIEAOMIZ, &
M EITHF IS TS, TV ORLEERET, A3 ar LU T 17 b H A3
R ICBERS I TND, Va1, B RLEHIRIE, T BB L ORE SR OIGHR R,
T LAX—ERRSHY BEH BT DEA ST EUTIEFREL SEANE . SRRER, FHRLES
EH RS IR HIRANG IR E D 0D (T, 2011)

2008 FDATHOIVTND H AT A 3R BAN 1 2 o F A (B AR SKE7 7511 2, 2017)
(ZEDE, EF ERNO 3y oS &3 IMERICH D (Fig. 1.2), £z, ENZHFFERR %



VE N SRR (R - e AT SE AT CEA L OB TR BT T — 2 _R— X B I
[THERE A 5 ) D22 2V - W PER 3B L CIEE D 57 MOV TR T e B
P A T AT ay I BT DR S O FERE A AT o 7o fE F ., ATk 5L
VAT 9 ALTHY (PR, 2017) . 7 VA M TefdtBE R fh & U CH A A AL A3 i 3E
MEY TH D5,

1132 FERAEBEEEME
HAR®DIVZ, Perilla frutescens L., P. citriodora L., P. hirtella L.. P. setoyensis L. 4 f#
PRSIV, ENENMEA OF )TN ET T 2= v TR ) AR R LT DRI

#5A L T4 (Sato-Masumoto and Ito, 2014) . H AREWN TEIZHEFMEEL THWSAT
WADIE, B LS ER ELTE T AU A G A5 Perillafrutescens L. G, 3
72 HE % Rk 43 12 &> C C (Citral) % | EK (Elsholtziaketone) % . PA (Perillaldehyde) 7! . PK
(Perillaketone) % . PL (Perillene) % PT (Piperitenone) %, SF (Shisoflan) ! {Z /3 ¥ &40 Tu
% (Tabata, 1997), F7=. Perilla frutescens L.i%, MR OWEIEIZ T b T =0 2 ERES
WHTHOVE ERISERWT ATV PFEL (1R, 2002) . FEHIELTIE PA BT Y
YRV,

A OE BRI E I T VT ER (perillaldehyde: LT PA &%) B8k
W7 7 =2 (anthocyanin: LLF ANT &fig97) ThoHI Y= Th% (Fig. 1.3), PA ILFHF
VRS T, F AR /E  (Sugaya et al., 1981) . H1o->1E (Ito et al., 2008) . 145 HL5kE
YEH (Takagi et al., 2005) . FLF{EA (VINEHD, 1982a; /NHD, 1982b) ZFFD, ANT (X7 h
VEICRBICHEENTODREABIRTHY, J(baEaRio, 7o, 5 17 b A AR
TIE, Va7 O PA R ITHBEE EHTD 0.08%LL ETHAHZ L, BED i F7- XA DR
B CHLHEDRHESN TS, AIZHWD UL, ERRET, WV RHDOFV THLHPA
ARG D7 B ESFL TS (HEFD, 2010), ZD728D, PA & ANT (230 LU TO A

DB EERM LB TH D,

BT, R, THUVIEICE TN X~ B (RA) (Sanbongi et al., 2003; Sanbongi et
al., 2004) /v 74U (LU) (Inoue et al., 2002) 3HLT L LF — L RIAEVE &2 Fi>Z &
WESN TS (Fig. 1.4), 2072, RA & LU [ZHT7LAAF—DH 7 VA NI HED
BRICEERMEAEMEL THERSNTWD,

PA [ZT7 VAR THY, AN BRI £33 T A F F 2 m— R VIR TS



RENDAY ST = e a) DG SIS (Fig. 1.5), E72. PA [IEEO o

HCAFAET DN 2 — A THEG - FERESND (FHD, 1986) , M= — A AL ML, 53U
HRE, FRE 2N RLSAIL, PA T M CAEA RS, ERERICERMIND, PA%
GO EARINA—LOBEENREHWVEIZEL NI ENRRESN TS GERD,
1987), 7. RAIZZ == 7/ AR LU BELANT [Z7 TR /AR THY T by
FIMRIE CHEEMEIND T ==L T T=UInbER SN (Fig. 1.6),
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Fig. 1.1 Domestic production value of prescription drug of Kampo preparation, crude drug, and
other medicines which are manufactured from a single compound in crude drug (Statistics of

Production by Pharmaceutical Industry, Ministry of Health, Labour and Welfare, 2017).
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Fig. 1.2 Consumption of ‘Soyo’ in Japan. The red and blue columns indicate the amount of
‘Soyo’ produced in China, and Japan, respectively (Reports of investigation about domestic
consumption of raw material for a crude drug, Japan Kampo Medicines Manufactures

Association, 2017).
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HaC” SCH,

HO

Perillaldehyde (PA) Shisonin; Anthocyanin (ANT)

Fig. 1.3 Structures of perillaldehyde (PA) and shisonin (anthocyanin (ANT)), the main bioactive

compounds in ‘Soyo’.

HO
o Ofbw
>0
HO
OH
Rosmarinic acid (RA) Luteolin (LU)

Fig. 1.4 Structures of rosmarinic acid (RA) and luteolin (LU), the main bioactive compounds

in red perilla.
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Glycolysis

v/ \
v/ \
Acetyl-CoA Glyceraldehyde 3-phosphate
| |
| |
Mevalonate 2-C-Methyl-D-erythritol 2,4-
\ / cyclodiphosphate

Dimethylallyl «<— Isopentenyl diphosphate

diphosphate \(Iip) [Ex.) Perillaldehyde, Limonene, ’
Geranyl diphosphate — Monoterpenes Menthol etc.
(GPP) FPP Triterpenes Ex.) Betulinic acid, Glycyrrhizin,
PP T >/ riterpen Suqualene, etc.
Fanesyl diphosphate )
op (Fop) —_— Sesquiterpenes [ Ex.) Abscisic acid, etc. ]
GGPP
Geranylgeranyl diphosphate ¥»Tetraterpenes Ex.) B-Carotene, Licopene,
(GGPP) Xantophyll etc.
Polyprenyl ——— Polyterpenes

Fig. 1.5 Terpenoid backbone biosynthesis. The red letters are compounds that are mentioned in
the introduction (1.1.3.2 and 1.2.2). The underlined compounds are studied in this thesis

(Diagram adapted from Sakurai et al., 2008 and KEGG Pathway, 2017).
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Tyrosine Phenylalanine 3 X Malonyl-CoA

l(PaL)
Cinnamate
, l(can)
4-Hydroxyphenyllactic  p-Coumaric acid
acid 1(4(1)
RAS) |—— p-Coumaroyl-CoA
(RAS) p y (CHS)
4-Coumaroyl-4'- I'l i Chalcone
hydroxyphenyllactate el e l
. . Api i
/ \(CYP98A6) Naringenin < 'plgfanm ™ Luteolin
2-O-(4-Coumaroyl)-3-  2-O-Caffeoyl-3- | Eriodictyol—> o
(3,4-dihydroxyphenyl) (4-hydroxyphenyl) Dihydrokaempherol
lactic acid lactic acid
\ / Anthocyanin biosynthesis
Rosmarinic acid
[Phenylpropanoid biosynthetic pathway) [Flavonoid biosynthetic pathway]

Fig. 1.6 Biosynthetic pathway of rosmarinic acid, luteolin, and anthocyanin. The genes
encoding enzyme protein are italicized and parenthesized. The underlined compounds are

studied in this thesis (Diagram adopted from Petersen et al., 1993 and KEGG Pathway, 2017).
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1.2 BEfEor5E
1.2.1 BESEMNT BTV OAEFBILOEBIEHEYE I RIE T 525

KWFFE T N — T OEEEOBIZETIE, AT Y% A A 3t & 1 3% Z (PPFD)
50, 200, 400 pmol m2 s CHiEs L7=454 . PPFD200 umol m2 st CTlbAEB N KE/R-T-2
&, PPFD Z2MEVNEE PA R, EUNEE ANT B SHIIN45Z 8252 Ui (F .,
2008 ZEd) . £, BT HY Y TIE, BETED A RGEE 2 SR O MR E A2 2 TRIE
L7236 RESEOFIG N EWIEE ST (Goto et al., 2013) | b5 OB AR A IR
LED £7-13 At LED (& 272384, #Rfa LED TH LED X0/ EBFBMEtES L En
B OISV (87, 2016)

AFEMEBEIZ WL, BE T oIS H d0ekT (FL) L #kta FL, R FL &
AWTERAT IOV ABSEGE R RO TE 3 F2358 4 §iECB VTR
EHOEIE D ENEIEIZE ANT IRESHIINL . F ORGSR OGAEE PAREN
N4+ 5Z 250272 (Nishimura et al., 2009) , £7=. A7 > I2BAHH (16 hd1)
(20.21 £721% 0.88 W m? D UV-B % 21 H IS L725E | iR A0 082 TH 3 F72ik
5 4 HiBEIZIB W T O PA JREEDNENNT DA A B4 72 28, ANT IREE IR N 322843
# L7 (Nishimura et al., 2008) , ZDAftiZh, BHAT IOV EIRENELIIATLIRENT
7 BHEAEBSESA. AN LES (PPFD 360 pmol m2 st B 12 h d?; &iE 23 °C)
THEBLIRD RA, B 7 =, VT AV -7-0-7 /L3 R OHEE 23N E 2R (PPFD 289 umol mr
2l B 6.8 h dl; &R 23 °C) THIFLIMKIVLZNEI 7.9, 6.6, 20 f5lT7eo7-2&
DR ST (Iwai et al., 2010), F7-. Lu 5 (2017) 1, PPFD % 100, 200, 300 pmol m-
25 BRI OESIGEE (EC) & 1.0—3.0 dS m (T X, ST APV ERIELI-LD
5. PPFD BL U EC 2MEWNEE RA IREEAHIINT 255D D PA BTN ANT iR (X PPFD
BLOEC ITEBEZ TN REL TV,

1.2.2 BEAN A 55 HEME O & AL

T D A2 BRTEPE ) E O YR FE A PE NS DR EEHIE O 1D IZBREBEARN ZADfF 50385,
B2 L PR b REZFF > ZIRAUEE DR E 1T H AOELPUVIRE R R O G2 L -
THINT 22N Z<HMESN TS Jansen et al., 1998; Rozemaetaal., 1997) , L' X ADANT
XH EEIG DOZWIEIRTOHEES (Li and Kubota, 2009; £+, 2010) LUV RS (Goto et
al., 2016; Tsormpatsidis et al., 2008) |ZX > THEINT 22 LM EIN TS, LXATIL, 7

14



TRIAR, RV T =)=V HUBALEEIZ DWW THUVEIG DL LR TORET THEMNT 52
EDVERE ST D (Garcia-Macias et al., 2007; Tsormpatsidis et al., 2010) , £7=. PAOA S
iR FBREOE THHN 2= AZONWTHUVOEBEE Z T HZENMBIL TS, Blx T, ¥
AT, UV-BIRIIZ K> TR a— LD OMEES D ZE M A S 4 TEY (Barnes et
al., 1996) . /NP TN 2 —ADIEFH R AUIZIUV-BRABLE THHZ LN RESNLTND
(loannidis et al., 2002)

(L AE O LR MEE ORI ITRIR THEINT 22 & E S TnD, B2
PALIRIERIZAY R T = a b A S RS DT v~ AbE W) (Fig. 1.5) TOHH
LT, BAIUF IR YU DEED DY R 1T KR 2 K< 922 & T (de Abreu and
Mazzaferia, 2005) , V7V T OIRD 7V F VY F PR FEEITERKIRE KT 528 T
(FHF, 2013 &im) TNENHINTHIEDRMESNTND, LOFEH|EL T, V==L 71
NIARBIOT IR I AREE BRI OB B DOBREE CHHPAL(T 2=V T TF=0T
F=TUT7—E)BLOCHS (h/var v % —+E) (Fig. 1.6) IO\ T, A Xt XF
(Leyva et al., 1995) 35 L O£ =2 (Christie et al., 1994) TiX, (K&IRICE-~Tohbo
MR — RN T OB FORIABEOHMMPEHOLNDLZENHRESNTND, £2, MUERT
< (Pietrini and Masacci, 1998) . <=4 (Polygonum hydropiper L.) (=jifi-#H, 1983). -
# 2 (Gazula et al., 2005) DANTIREZIZXUR LIRS THZETHMT L2 LN MESNTND,

HIT, IRFRY =T L H AT, UV-AZ R L DO R IR E 2 KR LD BT 52 8T,
UV-AD #7% BT 2 LB ANTIREE DN K 722> 72 2 2R S TUV5 (Voipio and Autio,
1994),

ZNHDBREEAN ADAT 513, FLHIH O WU CA BVEPE Y E OIR 2 IS 52873
< WUHE AL AT O BRI O B CHaAUTAE B D IR SN A RN B A& TS EAHZEMNT
EDWREMED DD, LU BREEAN ADAT G237 7520 O E B0 A HEME B DR EERR
A EICKIETEECOWTUI AR MEIM TN TEL T, ERLIET Yo F 8
AFEMEE TS PA. ANT, RA, LU DERBEARL ATH L TED LI 3@ A R 9 DOh
ZRFHITRA LGNNI 720, Fo, ZIETOWFFETIEL PA & ANT R [ARECH N &
721Z ANT Z R TSI PA 2SS EL G IEITABINI /2> TR, SHIZ, THYY
(ZDWTHINLZ &N 32 B0 A PRYEE A B i B T 7 & AR B o A 2 S L 7= 1 3 7 <L IR
5 1% B L CUIERAL RO A IS E OIRE LT A B2 IS5 5&FI2 oW T
TRRFTS AL TR,

15



1.2.3 7TV DOFEFTHONT

BUE, 7 AVY 2 G R OFEE O L ITHBmHTIT O TV d, L, 1.1.2 Tk
RIZIIT, AWM E END AR E ORECHRSIL, AR RREICREGEES
2T DT | BEHIAIE CIELEL TR b B M 2 AR PE LR T HZ LI EEL ), S61T
ULAE, A SR DL TEBERE LB D55 B~ DRI &\ TR T O 7 A 1T 2> B BE fh O it 8
DSHINL TV | 36 JOVESERA O VB IRFEIZ W TR R 3R O & B B 72 R
L7 TND (BEARD, 2012), /37T DOWTHE 17 Sk A AR/ I W THIE SR R
DOF% BFIFITEIETHDH BHC (R B ~FH7alR) L DDT (P7nny 7 ==Lk
Vrmnx2) DIAENRFITHITND,

)7 IR B IO TYEAEY) T35 Cl, b, IRE B, COz IR, BAKNREDER
SR A R C X, ZE LT B OS2 58 - AR AEECTE D, EBIZIRET
(X HR BT K0 R IO S RIE IS T &, AN TR T35 Cli B
FTIHEEY) DAEFELATOZ LN TED, BUE, MY D7 R FEDNR 2 0 N L AAE
W) T35 CIT O TOBENTARWAS, — 3 CIEFE AT CTIFZEBR R M Th T 5,
B2 IRETIETI AT (i, 2013b) , v~ P A= (IS, 1994) | AL D AT
(Hikosaka et al., 2017) . A LA T8 Cld=F =F v (Fukuyama et al., 2015;
Fukuyama et al., 2017) , B> ha—2 R0 —h (FFD, 2006) 228 BZEFHND,

N LHAE) THHZ RO T, AKBECRTHIB 22 & O 2ok B KB - 5 HE - i 5 ) 23
ALTWHIRETIL, Hi BES720 Tlde< #E MR E ORISR S ITITHZ LN TED, £
72 IR E CTOIEMAEY) OFFENFZE TIE, BHHIE ClE, BRELO AETMEES
AR IR EE S O ZEDR A STV (F5, 1995; D, 1997; 1D, 2013), =
DI, BAIEE DL THEBZEEL , IWEZIEINMSEHZ LN TELAREEERS
Do

REBR O TY, LB L ONREBRE I, JLIE0m A IR E OFRE 72 81280 g
RS ZHIECE | RETHIZ KIS FTRECTH D, FEEEORGEIRE T, EIIERHIE<
A RRARE B R EOBBRE B E LT, MR FER OHIEE A B REE HgEL
7B PR O —E (EICATF IO I TT ) OINE - 72 EDThitTnd, 2D,
A SCCTHE T DAEPERFRIL. N LAY TI5ITN A, BRI OIREREERL NI #
TR BT 0 & CARIB DR BE A T FTREZR IR B L B35,

T Y OIWHE I EOFELTIL, # A RE —FICUET 50515 (BLUF, 2 IHE

i

4\*
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(Fig. 1.7 (A)) &lig37) & i B> BALE 240 IR UINHES 5 T5 1k (LU, —EBILFE (Fig.
1.7 (B)) L&) AzsiF b D, BRI TITitH AR L OF E L, IHEZ LIT8TL
WK TERE 9528 T —HBIHE T 2R AR IZL . R DM IR UIIE T HZ LT
TEUNFEN FTHE THDHE X HID, IRIHE T, ia B IR E & 310/ N O A D K
UERE, IS DL ATRETH D, D72 EIRINFE T KL OFEY DAL PN #EL AT
SRR L35 Ch i TED, —ERINHE Tl INHER S [RI CRRN DA IR U 22X L T
TET D08, IWHERL IS B RREITHOEEN DT | EIRINEL VS I EO R E A R0 I
DHEZ BT HIENTEDHEEZEZLND, T HYY OB TIIWT IO IUHE 5 51
SN TODBIN DL Z<ITBRIHED FHNHI TS,

SHIZ, IBREBIOATEREY T35 TlE, LiRLEIORBREAN ADf 512X ~>T
AEFEMEE OREAZEINSE L2 AIRETH D, 72720 REBEAN RIULITULIZHES O
EBEIEIT 5720 WEME T T2 BN S D, BIELE~DERIES X D5E
INEZE TS FICEHEEYE DR E 2 IS S 52 L CABEMEYE O R4 PE
IMIER TEHEEZZOLND, ZDT=8 | BREEAR 2D 52 [ E mi O IR O A ATH70 8

BOIEIS A2 WER D AN 25 5 EE R FTT D B 65,

L2l ZHETOBRE AR AFZE T, A RO —E O3 EH Nz G AL TRY, IX
HESBAL AR DR EVE NN AT AL TODENT A7 INHESRNL DR F & A BRIE VE B IR B
DB R BN L TOLHIT D70, BREEAR A GAZ LD A PG E D %)

RRAEFEIZIL, TS MEME ORI T A 2082 357210 TIIAR+53 ThHhH
REPEDRN DY . Z DG | AEBEMEYE O FE DS NIN LT EAL DD J0 D =R A AR BRYE ML)
BHORERSHAENEWVIELINE CELHTELBRRL, ZNOEAG D TIRET L4
ERBHLHEBDIND, Fio, NHEERTO AR 2B Lo CTHEBIEEME OB R EEE
BT DI, WIS 720 (B ITER) OINEZR TS ERNWIEBHETHD, Hil 1T
HHE kbﬁéﬁu\*ﬂ%%ﬁ@ Luﬁﬁﬂ“éfﬂé\:i@fﬁ'&nﬁ%TH#(HX%H)@i%amEJU%%
SRRV UINFE T DI5A 1T, B T RSN TR TR OEB N REAESN
W7z L \5:9:75)75%?%59:?%2%%50
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B el el

Sowing and raising seedling

Transplant to field

e W N
S OSTS T
.o oe
- oe e
. oo o @
| @ @@

(A) Harvest the whole plant (B) Harvest the part of plant

Fig. 1.7 Method adopted for harvesting of red perilla plants in greenhouses or plant factories
with artificial light. (A) and (B) indicate harvest method the whole plant, and the part of plant,

respectively.
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1.3 ARWFFED H 1 EGm SO AL

A SCTIE, IR E B LA T T35 CHRIH 23 ATREZ2 UV B S 36 L OMRIR AL BE %
RNTeT 2y DA BRIE W E O N HRIN 72 e T IR G U, BURMIZIX, 7oy o
A B F A T HE AL 2R O = B AR PRI DR FE A B IS D8R BT 4%
AONZTHZEE2 BRIEL T, ALKRGENTOUVRS B L MEIRLB T Y DA
BBLOF A E ST 584 | R A BN Z SIS & LT,

A SIS ENDIRD, FHLFETIT, AWFFEOY 5. AR L ORERIZ OV TR~ T, 5
QETIX, THYYOEIED BEBABLANL O EE R ARG EME OREBLOEHEOR

HZE b, PALBE T LB 2 5NHN a— LD KA ZHRHE T 22T, FNE 04
YR E O RS B EUHOIRE L, AGRRSON 2 — 2D RNE T I/ T TV
HIRFHIZ BN LT, B8535 Tld, 28 CTHOL LR > T PAD S AR I LR 22—
LD 22 B 2L T, B BN e D3~ F I £/ TR W7 UV B 23
HEDOEFRBIOEELR IS E OIREIZKIETRELH LN, HAE TIEIERR
HEE CHIE FTRE R RIS . BLORIBNEB B L OEE R AT E ORI

T REEALINICUT, BT, BEE CTIIARMIEORIEEI TV, THYY OERRENE

WV % DR CH NS D ERBEA N AT B B RRGET LT,
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52 7 R E of% H 2k
21 F&5

THYYOEERAEHEEWE O OESTHD PA ORI, B REBIBI A DY E
DEIMZFENEE B BIZIE T L, ANT 2o\ TiE, EBEIBIMAE B RIS —EDREL
R ZEPRESILTWD (B, 2009 255E) . 24U, PA & ANT THAG K - SR AT
ITONDRFHIN R D2 LA RIBL TVVD,

PAIIZEEMEIZHDHMa—A(Fig. 2.1) TEEA-FERSN (HHB, 1968) . TEOEE DL
Va—LEERREWIEE PA 25 TRIE A ENZ WV (FHL, 1969), Na—2Llid, i
KDFR B D—H T, HOFFED IR 2 E T 20 EERSERWIED
WAL S BEEILD (Werker, 2000) , 20RO R a— A%, FEEHIAD Zr Wakife, i 2e i)
HRY | WK CA A RSV Al o 1 3P ZE I B R S 5 (Fig. 2.2) (Fahn, 2000),
N a— LD SN T T PV EETIIAHATHLH DO, =HIEF TIHED
JEBHBHAG AT 58 T LTV (Ascensdo and Pais, 1987) . 7V RBL ORI M CIEED LR
B £ THi< (Maffei et al., 1989; Turner et al., 1980) LGS TVND, ZD7=8, FEBABH 4614
OB PA JEEOIK T OERHEELTiL, PA OAEAREZIT /0 MEEE O T E7- 138
i N2 — A0 ZUC L 2EEG AT O R, O RFAZICHEI N a2 — AE
DR T2 ENE 2D,

fit )5, ANT 22D\ TiE, KM TA G - EEINHZ LB TS (Saito and
Yamazaki, 2002) , & MR ORTE L, O RICL> THEMT 52N T REISNAT2D
PA L0 AEG R BEFREDGITHIR DI NEE 2 Hivd, ZO7=8 ANT 13X, & B H IZHESE
L TR TONDZET, BEABME B IO T —EIRELRDEZ 2 DID,

RA BLO LU IZoWTIE, SHFEHIDAAH THLHT2D  PA R ANT LITE R L5 #) 2R
FTHREMEDR DD, L L, RA BEDY LU ([ZHOWTIE, HIEIC WD ED K& S E2 13-
BALED D HE A 2 CREB LG A BELHELZHIZR, 207D, Zhb o 4 B
TEPEWE D B B AR 12 (2 B BUICE L TR THY £ AR E BN EAIITD
NARFHNZHOWTH AR TH S,

ARETIH, ANLBRE FICBWT, 7OV Y O EERABIEEME ORE . [HEHT-VD
GAE, Na—2Hok A Z AR LI, TOREND, TNE DG DAE R H]
BLONa— L0 AR L., 5 3 FLARED UV BRGOARIRALEE DAL B X 5 E K2
AR GEEDORTE N B IR I A8 52 & B E LT,

IF
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Fig. 2.1 Glandular trichomes present on the adaxial leaf surface of red perilla. Glandular

trichomes including perillaldehyde appear as yellow circles (red square).

elevated cuticle

subcuticular oil storage cavity

i i
epidermis
o

—

N mesophyll
Fig. 2.2 Structure of glandular trichome (adopted from Fahn, 2000).
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2.2 BB LU A
2.2.1 BEEARPEH B KOS ik

R BT, Oh) EIEER M IE IO 53584 52 T 7o F U AT 7137 (Perilla frutescens
L. Britton var. acuta Kudo f.crispa Makino, %#%# 75 0657-79T) & L7-, i 1% 24 h /Ki&
KITERESE, TR SE I 2 2R DI\ LT, SIS -/ 4 v
BLOTy 7%, FFEETT AMAEL, #Ef% 21 B Bk E (A& 13.6
L (54.4x38.4x6.5 cm)) (2 56 HKTOBAEL, =7 R TEHW T T L —aa{To7
(Fig. 2.3 (a) and (b)) . FHDEIRIZIZ B EDEAT (FHF32-EX-N-H, /ST Y =v7 (¥k)) & H]
VY, BREESRIRIT Table 2.1 DIOITERE LTz, BERIKITIE, OAT M~ A AWLT5 114 A7 (OAT
T7VA KR RV, 2712 10 L FEAL, 2 HBEIGER L., HRKROSE X
2 AT LITAT T,

2.2.2 ARG

TAVVEEL, MDD LEINTIX 2 ERE END, 2T | AFIE CITEM & H#iF 5
TFFLL7Z (Fig. 2.3 (€), BT, BiFEBIL B OIS A T-, Fio R CIIEES
A 1om LS AR 0 B S CRBAIBIMATE B 5k 5z 72,

TV EERIDE 1, 2 Bi¥EOTERRFR ORI RIS IO EI, 5 3 L Lo
TELEEL T 1/4—1/20 FREE Ch o7z, £z, 5 4 SiEMETIE, 55 5 MiELIROELL
WL B O MR T o 12728 | RN+ 3 IR B LI IET 2B ECTO AT
SRAEFIG T EIRE OFERERIHEE 2 DI, 20780 SE 2B RE O ) EINZE E
LTRY, bORERALT AL ELNDEE 5 SRt REL ., B CER
23 1 cm BERE) 225 15 H [, REHBHLA% B Eafix CARE, A E, SEmfE, i
. M a—28, Na— AR, AEHEDEORERBIOG A EZREL, 725, il
BT A PG RF R REER 0 50)s 42— 45 H ORRE vz,

2.2.3 M=—2H B LSO HE O F A

Na—2OfAELL T, EBOEMET DXL~ ArrAa—7 (VHX-500, KEYENCE (££))
VTSR 50 5 CHIEEL, 1 380> & 1—10 K RBHBIAH 0—3 H: 1 Ko, BEABALATE
6—9 H:5 K, EHHBHAAT: 12—20 H: 10 BO R Lz, HONTZEg - TT7 4 A2 4 mm?
OFIFAZ 4 KIGRIRL | BT~ Image J (U.S. National Institutes of Health) & F T
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WHEHTZV DN a2 — LD (N a— L5 ) | A N a—L0REE (MW= —AHE) 2 R00E
L7c, Fo, Na—AE I 1 b ORERBELZRETE 1 b7V a— 28z 5
HLT, 612, Na—20FERZE (Fig. 2.2) ZERLREL , M= —AmiEns 1 ddh7e
DO —AHEERRZ R LIz, AT, H M a—LOHEERRICE 1 KH-hor)=
— LB EFU T, B L HIZV DN a—AHEERREE R L,

2.2.4 EEEVEME O 50T
NYNLTVTER (PA) , B A=V R (RA) VT AV (LU) Dot

PA. RA., LUDHIH 7IEIT, F1TUOE A AE R 5 DY 37 OPAD E BIEDOHH TR A
BE\C LT, 20, AR 32 B2 S L, fli i TRRIZ30 minod 8 5 % i %
BT,

LT3l 22 mLAE D~ A 27T 2—7120.05—0.10 gillVEY . 1 mLDO AKX J— L Z
2770 D30 min, HE PG (ASU-2, output: 40 W, 7 AT (KR) ) N CHE IRl
U7e, Bl b | sl m JlizE D% (MX-305, (BF) h—H5 L) Tl srBEL (10
min, 4 °C, 20,000 @) . EiEZEDUN LT, SHITFIEIZ0.5 mIAK ) — L& T, [RIERIZ
L OSBRI LT, W EiE2H T2 mMLED~A7aF 22— (ZEIN L, 05
BfEL (30 min, 4 °C, 20,000 g) . Eif%& U7 /L% — (13HPO20AN, FL£%: 0.20 um, #
FEIEAR (BR) ) Tl L, HIEs ke Lz,

YN IX B i ik 7~ 2"F 7 (UHPLC, Nexera, (k) BiES/ERT) & AV i=,
UHPLC TO T &L, SV MEOEFEDORY 7 = ) — L2 E L TV 5 Krzyzanowskab
(2011) Do HEERSBIZ LT, 72720, ATk A 7.5 min2r510 minlZiE & L7, f
7 &L CPDAM Hi &% (SPD-M20A, (#k) Bt BERT) 2 FvWie, s34 5L L CTUPLC
BEH C1847 4 (91.7 um, 2.1x50 mm, Waters Corp.) &\, IT LA —7 1350 °C, jitik
130.4 mL minMZERE LT, BEIFEICIZ, 0.5%F 2 (AIR) £0.5%F IE-7 = =k LK (4:6)
(B & v, # HTRERETIZ10 mink LT, LR D7 TV = Mg Tt a7 5721 0 (80%
A); 5.1 min (50% A); 6.0 min (0% A); 9.0 min (0% A); 10.0 min (80% A), ¥ % K I1XPA.
RA. LUT, £1£h230, 327, 347 nm& L7z, TNENOEBIEME DV T a2 A
L0E, PA7Y8.0 min, RAZ35.7 min, LU236.2 minTodh -7,

BT R BEAREZ O T BB /ERIC I PAREHE S (FiEHiR T2 (BR) ) |
RAEEHE S (R i3 T2 (BR) ) . LUAEYE & (Siguma-Aldrich, Co. LLC.) 2% #1%410.098

M

(o
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mg mL1, 0.05 mg mL™L, 0.26 mg mL )5 10 P AT IR U 7oA i 2 L=,

TR T = (ANT) DT

ANTOHIH I LTI, 7Y O ANTHEE 2R E L TUWHGongs (1997) O 5 1L L [F]
—& LTz, L7508 40.02—0.05 gillV ERY | 1.5 mLO1%IEfEAY /— /L L H:122.0 mL%
DvAraF2—TIZ AN, 4 °CT48 hifFE L, ANTZHIHH LTz, £, L. 30 minf&
FEFE L, 1065 IR U=, 0 R (V-550, H ARy (BR) ) &2 VL C517 nmiZisit
DRI FE AR E LTz, & Ik R &AL O TITUO ANTIR IS 7 =00 -3-7 1=
VRYBLL TR, BEROIERICIZS 7=V -3-7 133 R (C3G) FEHE i, (7=
> (FR)) %0.025 mg mL 58 I 2 A R L 7 AR e iR & H L=,

A BRIEVEY B DR L B G

ABEMEY B ORI B —E ThoTh, BKRMET T HLEEREDHT-D ORI
N5, B RBITHEO AL (RBHBRIAE A £0) IZX> TEBE T2 AREENH L7 | K
MR TIEI NGO LR E O EH -V DR LB L OEE 1 b -0 O & H & TR
L7c, o, ARBR T, ABEMEYE OREITE T EHTVT/RL, Na—ATES
AR FEFESND PA OB BERFRSH TV DR ELRUTC, T 7V OR BT 7 DA
EIZF—EOMFRETL RO, EmEILY 7 VO EIZ RO L EmEZ T
CTRDTz, £, B L MHTZVOEZAH &L, e EHT-D OPREEITH 5 BiEOFH Y EA
CTRDT,
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(a) 7 days after sowing (b) 24 days after sowing

" 4

(c) 42 days after sowing

Fig. 2.3 The appearance of red perilla plants ((a) and (b)) during cultivation. The investigations
of growth and bioactive compounds were started at 36 days after sowing (c). Node number is

shown in red.

Table 2.1 Environmental conditions during the cultivation period.

Light period 16 hd?

PPFD* 200 pmol m2 st
Air temperature (light/dark) 25/20° C

CO2 conc. 1000 pmol mol-
Relative humidity 70%

*PPFD: photosynthetic photon flux density provided to culture panel.
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2.3 fEiR
231 £F

%5 EEO R EITRBBIAAT: 12 B £ TEINL, BBRBHAATE 12 25 15 BT TD
HINEAEC) 2272 (Fig. 2.4 (), BEmfE (cm?) 1 EBHBAMAEE 0—3 HORBIXIZEA LB
e, EBABAAATZ 3 A5 12 HIT/HIT TRl | EBALAT. 12 225 15 BiZH
T TOEIMITRECHTE -T2 (Fig. 2.4 (b)) . HEDJRSOFRIEL2D L EE IR (cm? gh) 1T, &
BHBRAAH 3 B OAFHF /N0 | BBABA AT 37235 12 BT TRECN S InL 7= (Fig.
2.4 (c)),

2.32 NJ=a—A

N o — N (BEFEH TV ORI 2 — 250 1%, BBRBALAH% 0 B 2N kE7z0, #% B IIIC
X FL72 (Fig. 2.5 (a)) » % 1 Btz D= — 280 %, B 3—6 H T\ T
L HElR L CAITHIINL . Z D% 135E-on I INL 7= (Fig. 2.5 (b)), N — A& BRI L&
ZCRDIZ 1 AHIZDOR 20— AHEE ARFEIL, B B BRI 72 (Fig. 2.5 (c)).
¥ 1 BTN a— 2 HEERIATEIL, BEBME 3—9 HITHT TRBITHEML., 20
PBITRECHITHIIN L 7= (Fig. 2.5 (d)) .

2.3.3 AEHIETEME
~YLT7 VT ER (PA)

W ESHTZVD PA R, BB 0.3 H CTRKRERD, ZO®%K TLE (Fig. 2.6
(@), HEmfEHIZD D PA IR IL, EBABAAAT: 3 H THRREZRY, BB 3—12 HIZE
WTREMTIE T L., EBHBAMAT 12—15 H TIERIREE OfEE72~7= (Fig. 2.6 (b)), 5.
1 -0 PA S BRI 12 B ETHIL, B 12—15 H CIXIH
FEEE D727 (Fig. 2.6 ()

o X<V i (RA)

R EHT-0 O RA L, EBEHBALA% 0 B35S 6 HICoT T L, EBEARHLA 6 B
5 12 BT TRIICHML7= (Fig. 2.7 (3)) . RA &4 EO#E H 2 biL, i) & L[FEE
DR Z R, BBHBIMAT 12 B £TINL7 (Fig. 2.7 (b))
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VT AV (LU)

WL EHT-0O LU BRI, BB % 0 B TRoREZRY, BEBAT 12 B £ T, i
OB B AIE T L (Fig. 2.8 (@), LU & A &1L, EBBIBIAATE 9 A £ CHIN
%, JEBIBAATE 12 H TR FL, 20 15 B2, THnL 7= (Fig. 2.8 (b)),

7 b7 =2 (ANT)

WS- ANT JEEEIE, EEBABAAATS 0—9 B ECTHIMAMRIKL , RBIBLAH 12
H LI —E D fEa R~ L7 (Fig. 2.9 (a)), ANT &4 &%, W EOKR H 2 LR
FZoRL, BB AR R A RIZEEINL 7= (Fig. 2.9 (c) .
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Fig. 2.4 Changes in dry weight (a), leaf area (b), and specific leaf area (c) after the start of
foliation at the 5th node counted from the stem base of the main shoot of perilla plants.

Vertical bars indicate SE (n = 5).
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Fig. 2.5 Changes in trichome density (a), number of trichomes per leaf (b), estimated trichome
volume (c), and estimated trichome total volume (d) after the start of foliation of leaf at the 5th
node counted from the stem base of the main shoot of perilla plants. Trichome density is specific

to the number of trichomes. Vertical bars indicate SE (n = 5).
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Fig. 2.6 Changes in perillaldehyde (PA) concentration (a, b) and content (c) after the start of
foliation of leaf at the 5th node counted from the stem base of the main shoot of perilla plants.

Vertical bars indicate SE (n = 4-5).
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Fig. 2.7 Changes in rosmarinic acid (RA) concentration (a) and content (b) after the start of
foliation at the 5th node counted from the stem base of the main shoot of perilla plants. Vertical

bars indicate SE (n = 5).
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Fig. 2.8 Changes in luteolin (LU) concentration (a) and content (b) after the start of foliation at
the 5th node counted from the stem base of the main shoot in perilla plants. Vertical bars indicate

SE (n = 5).
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Fig. 2.9 Changes in anthocyanin (ANT) concentration (calculated as cyanidin-3-glucoside
(C3G) equivalent) (a) and content (b) after the start of foliation at the 5th node counted from

the stem base of the main shoot of perilla plants. Vertical bars indicate SE (n = 5).
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2.4 B

75 5 HitE O E B L OEmAE TR A% 12 A £ THINL ., REABRLAH 12 725 15
HAZHNT TORITAR RN E RS T2 8D, TV Y DHET 12—15 H CTRRNEERHE
EBZDI, Fio, EERE (cm? g I3 3 HD 12 HIZHNT TR H AYIZHE N
L72Zenh, R HICHEDEST, RHHBIAE 3 B LR, i KRS 2 EHBGE 12
BAZNT TR D Z e RSN,

BEEOFZETlE, Na— 2D OWTC, = VI EX CIIED RV T TL
Tk (Ascensdo and Pais, 1987) . 7 H B LI M TIXED 2 JE BB 46 £ CThit
(Turner et al., 1980; Maffei et al., 1989) L EIILC D, ARFBRTIE, N a— A8 ) &
BABRAATE 0 B LARRIERE B BOICIK F L2200, Na—AZREBEMEICZ <RSI To
HIEM TSI, 2, BE L KHTZVDORN a2 — 28503, R 3—6 B I T Tl
W & B L CRIRIZEEINL . 2 DRBITFECONTIEIN LT, 2072 N a— A pkix3E
D EFAIENC RS TR LAk L Qa2 FCHLEBBATE 3 25 6 B TRLIER
IATONTODZENIRENT, F2, 1 HHTZ0 DR 2 — AHEE RN B BIZFECNT
BINL7ZH & LT, Na— LB IR 2 1 PA 72 8 DRSS Z2 BRE L2 3D <
Wl BB CIIERRE % O/ NSO N T — ARELFET HIERENZ X DT,

PA X, BEDOZK i (F ) IFETHNa—ATELSHR, ERESN(FHG, 1968) ., k
Va— LB EE O TSR PAZ S R MIR IR T35 (FH 5, 1989) , AFERIZI0
THHMEHTZVD PA REOR A ZGIZ, Na— 85Ok A 2 L FEREO/E M Z R L
7o PA IREEDNRBHBAGE 3 H LARE, FBH H A/ NSWINEE REZR-T2DIE PA DAERLE
FOEREG AT CHLN) 23— LD TE A RV CLOERITITON TWHI LN H Th
HEE Z bz, RS-V D PA JREENEBBHIA 3 A TRRER-S7T-01X, R
% 0—3 HCIELA L ERBENER LTzl EE 2 b7, )i, 3 1 Kd-vo PA
GA EITEBBAE 12 B ETHINL TRY, BB HITRkGEIC PA OAEG K, EREMATT
B TCWZEE XDz, 2O, MW EHT-DLCIEFEHT-VO PA IR H I
TLEDIX, IELROEYE, EmAEEINN PA TfE% Loz E&E 2572, Zhb
DFERIL, FEHT 2V 75 2T PA IREBIOE A EOR A 20 Z A LI AHF
eI N—7 OB OIIFE (B H ., 2009 2550) ERBEOBIR ThoTz, Fiz, ARFAARERND,
E LKHTZVD PA A EOHNINREH (BB 0—12 H) I, 3 1 BHIZV DR a—A
HeERARFE O M SAE A — BT D2 EMRASNERD, N a— 2B LN a—A0
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REEOHND PA S H BEOMEINI DR NI LN RISz,

AEFETIE PA IREDEWHONERMESNDT-H, PA EENE WK ICEZNHE TS
VEN5D, RPHEDORE R, W EHT-VO PA #EEITREBBMAE 0—3 B TEl, T0%
WU, LinL, BBAB%AT: 3 H OBETIIMEIVNIW D, ZNL0E M EISKE
722 BB AR 6—9 BT PAIRE A1) C (IR F AL O) INHET 20N HELNEE X
BTz, N2 —AOMEFEIN, PA OEGHBLIOERITZESEHEDMHELIEE 25N
73, N a— AR B 3—6 B CIHFITATOI Q=2 e b, RBRBRLGH 6
—9 HO PA REZ®EODI-DITIT, BEABRLEE 0—6 HIZARN ZLIRAZATV, F=a—L4
A FHETHIE0, B FICARN R ATV RJa—LAND PA DA RREIEET
HFEERALNCTHUNERDDHEE Z BT,

RA 1Z PA OIHIZNa—AZEHEEINRNEEZLNLT20, Na—A0fk BBl
BRI A DN o T2, RA IREIZEBABMTR 0—6 AT 9 ALIELDE/NE/Ro7Zin
5. RA OFFERIL, EHBMA%E 0—6 B T, BENBEL TOLAEARENEEINL
JEBHBHLATE 9 B DABRIZ—ERE /R o7 B 2 bivlz, RA IREITEMBAAE 9 ALK
TRERDIEDND, RA JRFE DB WIEEGHTDICIT BB A 9 A LRI ZINHET 2003
WY EEZ Lz, RO IS, PAIZOWTIE, ERIBAAT: 6—9 H O A & T
THONMEYLEEZONDTD, ERKEL TONMEZEDDHITIE, BB 6—9 HIZRA
IR A B INS T D BRA R T 2NN DL EE R BT,

LU IZDWTH PA DI a—AIZIFHFES NN EBEZBNDLT2D  Na—L0fkH
BALEDBIRII RO o T2, S ESHT-VO LU JBREET, RBABLAL 0 B TRoRERD,
ZOBRBBIAR T L7, LU B &I, BB 0 205 9 HIZHNT TR A AYIZHINL -
ZEnn, JEBABRMATE 9 A ETITAEG - EREMTHOINTWDHEEZE X DIV, Ll R
1% 9—15 H CIIE F 32BN AL I L5, EEIBIAAE 9 B LT AEA K T
LTV FTTAEG RIS DN Z<ATONLZE TEREENME T ToE2E 2617,
ZOH | LU BENEWIEEZSLT-OIIE, PA OBALFEERC, EBEBIMAR OREKT
B AN ZALBR I IR T HZ LN AT REDMERR T DML BN B D,

ANT (%, ZEOR ML CA AR, ERES5 (Saito and Yamazaki, 2002), #9) EHiH7-0
@ ANT JREEIRBIBIAAZIFIE —E THY, ANT &H BEIXEYE RO A2 R LT,
ZD7z8 ANT DGRBS L OERITRB Pk T T\ HEB 2 bl £z,
ANT B3 EZAFEMEY B LS B B IS LD BEE 2 T eE b, 1o
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72U, BEEOHFIE CIEBRBESME OB I Lo T ANT IR 52 8BS T0D
(=i -/ M, 1983; Leyva et al., 1995; Pietrini and Massacci, 1998) 7=, AR AZLEE L 2
FEDMEIRT DA REMEN D, ZDT2h ANT JREICBIL Tid, £ DM LR E DR
JERNYEIN T DRI T OB A MR T o0 E N HHEE 2 DI,
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25 2 EDEED

UV B 38 L OMEGIRALER 22 & D BREEA N AZL AN a— AR OFFE B IO PA RED
M@ L7z A AR T BEBHBR AR TR 0—6 H72&E R b, 72720, Na—AN
D PA DEZFEENEINT D AIREMER S D720 BB MG 6 B LB DO AN ZALERIZ L5 %)
ROERTOMERDHLHEZ Z DI, SHIT, PA RENHEINTHIENRENTRED,
RA. LU, ANT IZRITZ T 5B fiE TN ERHLHEE DI,
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¥ 3 UV VAR BIOVAEFE W I KIF 4 8
31 fES

UV Z Lo TR EEA N3 DHE ) O A FEMEM B IZIE. ANTOT AL E g7 8
m PR LREZFF OB DR LW, Bl IX, RRV—T L ZADANTHR L, 14 A HUVE
T 2ZETHINT HZENRE SN TND (fFEEED, 2008) , ZO L7 HIRR L E DR
DOHIMTIE, UVEEHZ LD M0 N OTE 2 55 6 (Reactive oxygen species: ROS) D &#7e
BB ZaLL TG L TWDEE X HILTND,

ROS&IT IR SHE TR E 2L T DL AV DRI T, A—/S—=AF | ikl
KFERRXITUHv —EHIEAWRFE, JFET VNV RENEEND, HE | ROSITHES D
HIIR PN TR 2 DOETRE ORIEM &L TRICAER SN TOBH, TRHIFE TN ICTE
1E9 HROSTH BRI L > TH ESIVTWD, MEMIBN DOROSH LERfEE L T Y
B OMACIRIEZ B TR B ICR T LB R (R— "= F VN VRLZ—8 T NI TFF
VAUV HF UL —B | T —BRE) 0, ROSICKZEIR - F-13E 14 52 TGEITT 560

BBAEE (T AV g, haTea—)b a7y TIRIARRE) REBHGI TS
(&1, &, 2000)

T aA XA FTiE, ROSO K EHEZ BIEL Ty B35 iiBIbWE CTh o
ANTEBIOT 2z e RO ¥ E RN (Nagata et al., 2003) (2%, DR a2 — A% A4 R
IO ERBIOIREDO /LD FHES S (Nagata et al., 1999) ZENHEINL TS, [H

(Nagata et al., 1999) Ti%, AF LA T—4"0 (ROSFEAEMEHEH]) Ot 5T [FIEED X
JERBHNDZE B RTO TR E DOl 512 5> T ER LIS N HRBNR/ D
ZEMD | ROSHHB LM E DA GBI O N a2 — LD R A FHFEL TWHIEZ/RL TN
%o EHIT, BEFEDOMFZE TIL, UV-BIIHIZ L > TH NN BED N a— LAOEBEINT 52 &
(Barnes et al., 1996) °, NNV ED RN a— AMEERH N T 52 &R HMEILTND
(loannidis et al., 2002) , A XD F2EF Tid, N a— A0 E/ITABEI M T 5 21Tk
ST a—ATEARBIOEEINAPADRE B I OE A &N EINT ARSI
Tee ZNHDTENE  UVIREHIC > TR a— LD AR ESE 52 L TPARE Z NS
WONDAIREMENHDHEE 2 BT,

EZAT, BEAEDOHIZE TIZUVIREHZ LD Z IR A E O £ 3 LOVEF L, UV
DRRHFRERCH K| BN REMH Lo TRARHZENHESNTND, Bz I, Tr~1F
Tl BREA05—15 W m2I2& 2 7-UV-BZ I (16 h d) o A7 H B L7-55
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UVORRE N REWNEE (AR ENZVIEE) 7aaF VOB IEN R ERDZ L (EIE,
2010 Z55) | ARSRU—T7 LA AT, 1.0F72133.5 W m2oUVAE I (16 hd™) (23 B [ R
FHL5E . RO EICE> CANTIREOBINENR25Z L (FiED, 2012; #K, 2014
AR BESNTND, BT, =R ANy IIZUV-BEIRF L7256 A h— VORI
FRGTIRF R I B DB T UVE U L2 WIEE J0B R ERD | BT 0B RIS L= 56
ICRERDZENHEZILTND VNI, 2014 &) .

T AV T, 0.21F72130.88 W m2DUV-BZ I H (16 h) (221 H MFRE4-5L 1)
HEZ THT—8HIBEDOPAI L BRI AN DA 23 A 541, ANTHR EEDME T
L7203 RSN CuvA 28 (Nishimura et al., 2008) . Dt A FEMME ThHhHRAL L
OLUIZ ZIETEBIIARH THD, T2, THYVICUV-Ba I F72 13 W IS B 5 L 7= 25
B R TOREFT LIRS, BN OSBRIV RENI A=A 52 722803k
BTV (Otaetal., 2017),

ARETIX, EHIEO UV BN EBE D E ORE KT T EE AT 5247T,
AT E E R BRSO R EE UV B ORI EZ DO B Rk 35 1
WamatLz ([ 3-1]), £7-. BHIMIC UV NMVEB B IO IR EWE O E I RE

WELETEL (BB 3-2]) . ZNOORE RS, THY Y ONRBAEFEDTH D UV
FHEBLONHE FIEEZREL, 3.4 TIEENLDO FEEZHWTUHRETT AV Y OEER
IToTt, AR BRR B A PR S LB BB ) A AN R A LT,
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3.2 [FBR 3-1] AIHY7e UV U R
321 By

BRAT N DONWT, 7RO RS 3FEEO UV HR (B —2 i 290, 310, 338
nm) Z VT, PATREAHINSE IR Z R FTL72&Z A, 310 nm 1T — 7 K25 DG
ZHWT3.0W m20 UV % 3 HIMIRG 228 T, EAFMHIEOLE Az LT IR
PIIOZED PA JRFEN UV RN OGE 0 A IS 52 EmS iz (8% 1, Fig.
S1.4), 2T, [ 3-1]Ti%. 3 B D UV FE 2 RA BEO LU EECR 20— 4508
FOMRFEIZ KIE T2, PA IREEDOHINCA 2072 Bl O#iPHZ SN T 5729012, 310
nm (8 — 7 RA2H O3 AE FVWT 3.0 W m2 0 UV & H éﬁz@ EHHEIZ 3 H ATV,
EEDETR ., AHIEEME ORE - A &, Na—L BRI RIE T AL AL,

3.2.2 MBI IUTIE
3.2.2.1 HEEAM MR L OHNE Tk

A BH T, O) RV ZE bl A LT F YA T 713 (Perilla frutescens L.
Britton var. acuta Kudo f.crispa Makino, %k 5 0657-79T) L L7=, fli1-% 24 h /KiEKIZ
RESYE, H TR AKRSE I L Z U AR IR LT, 3R ICIE D TR A v B &
OTy 7 gt 7 B ARSI (FHF32-EX-N-H, /XY =7 (k) O FIZEWZ, &
Fifg 21 BICHERKBHEE (B & 13.6 L) IZ 56 Bk SBHEL, =7 R 72 HW =71
—almTol, TOMDEEE ML, FERHKIZIZ, OAT ~TU X AMLTT 14 BAL (OAT 7
7V (KBR)) & W=, B5ikit= 712 10 L AL, 2 HBXITBRL, RO 4
EEHNT 2 HEZ ST o7, FEEPORIRITIT A @S T 2 v, BRERME 2.21
(Table 2.1) &[REREL T2,

3.2.2.2 ALEEX

BRI 5 BIZEDOIER S 1 om [CREL IR A R L, BRI, 55 5 fiE0ER
251 em ICEBEL- HA R A LU, B 0 £721% 3 HH2D 3 HIF UV HUHZ1T9
P0-3 X, P3-6 X& UV ZHE L7V Control Z3%1F7-, UV HIFRIZIT UV 8 EAT
(TL20W/01RS, Phillips Co., Inc., E™—7Z & 310 nm) Z v 7= (Fig. 3.1) , UV BREEILES 5
HHEE EC3W m2(ZHEEL ., HATIC L DHE DD 10%LANIZ /2 DI CHREI LT, Bk
1% 2 Al IR LAT -7,
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3223 WERBIVEEHH
I G ds L ONHIE T B

PIE T RIEILEE 5 BidEl L, ARE, W E, BEEE, AR EORELZRAEL,
IR IXREBHBALATZ 0 A GER DY Lom 2R 205 3 A ZEIZEBBAMATZ 12 A £ TITo7,
o BOIRLFEBRD 2 [FIH T SREEROEAR O E IS LOEEFE, N2 —AD%
ERBIOREZHAE L, BICOWTREIZLICARE, wE, ERfEERAEL, &
HIE B ICBIT2ERRIT 6 #REL, Na— A& FiEIZOWTIL 2.2.3, KA MY
BOT LB IO RS-V OREDEEFTIEIIOWTIL 2.2.4 LRIBRELT,

3.2.2.4 WEHEMT
T —AIETEIMEE R L7, B ONEMEIL t BE £721% Tukey-Kramer FiE
EROWT=IvEE ((BR) =A) ECTHBEEL, 5% %7213 1% /K ETH B EZREEZIT-T,
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Fig. 3.1 Spectral irradiance of the UV light source (TL20W/01RS, peak wavelength, 310 nm,
Phillips Co. Inc., the Netherlands). Relative spectral intensity of each lamp was normalized to
1.0 at 313 nm. The spectral energy distribution was measured by spectroradiometer (USR-

45DA, USHIO Co., Ltd., Japan).
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3.2.3 fER
32314F

2 [ HORBROAMREL, BHT-0 DR E (Fig. 3.2 () BL U EERFE (Fig. 3.2
(b)) IZTETHIHE T UV BRI TUBX E] TR o7z, L BIEBEI TN 2 [FIH
OB CRIE L7255 b B E (Fig. 3.3) . BEmifH (Fig. 3.4) 1%, &bIZ UV HRGTIHR
Gk e Y U T G R YerA oY

3232 MN=a—2r¥

UV B Z21T72720 7= Control (23T, BEHIFEH 7= DR 2 — A5 FE 13 B B A
% 0 A CRcREZRD, EBBHBRLATE 005 6 HIZh I TR/ T L7z (Fig. 3.5 (a)) . Control
DRz — L ORE H R LIE, 5 2 ETORRERBRERoTZ, UV ZJETLTZ PO-3 B&
O P3-6 IZHBUW T, SO RNz — 25 B IR BB 4% 9 :31 U012 A T Control X
DHREBRDM N HDITZ, N a—LOHEERFRITREMB A% 3—6 H H Tid UV B
[X.C Control X0& KREZRDMH A A BIL, RBABALATE 9—12 H Tid Control JVH A E I/
&72-7- (Fig. 3.5 (b)),

3.2.3.2 AHEMEME
~YLT LT ER (PA)

UV-B BRI ZAT D720 56 PATREEIZEBABR A 0—3 H TR LRV EBHBIAAT: 3 B
LIRS #% B BITAER FL7= (Fig. 3.6), ZAUE, 5 2 B TOREREFERKER -7, 1 [BEIH (Fig.
3.6 (a)). 2 [0 H (Fig. 3.6 (b)) DiREREY, PO-3 D UV BEHE T H CTHOEBABE 3 HD
PA JREE 1TV 9 % PO-3 T Control L0 KE7e~72, P3-6 D UV FREHA T H Th2 REH B
th#% 6 H O PA BEEEIL, 1 A1 H O ERTIE Control D #E137e<, 2 A1 H O BR Tl P3-6
T Control K0 KEARDMEFENDNIAHIZ, L, PA JEENHINLTZ 2 B H ORBRTHE
BABRALAT: 6 H D PA ¥ X Control D EBHBHAAT 3 H XVHIEN -7,

2 A<V M (RA)

UV BURZITORWEGS | RA IREIIRBHLA#% 0—6 A CRBHAHE 9 HLRELDE
<. EBABRAMA 6—9 HITH/IT THANL= (Fig. 3.7), ZAUZL, 3 2 ECOMER LR 2o
72o LIEH ., 2 BB O#RES, PO-3 O RA JREEITRBABALATE 3—9 H T, P3-6 D RA IR
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IXEBHBALA 9 B T Control XWb K& -7= (Fig. 3.7),

VT AV (LU)

UV B Z1THOR0GE | LU IREITRBI M 0 B IR, £ B AR N L7z, Zaud,
o 2 ETORREFERE /R oT2, 1 BIH | 2[BIH OfERES | REHPHAATE 6 H O LU BT,
UV-B RS XC Control K0 /N7 DM 17 23 A 5407 (Fig. 3.8) .,

TN T =

UV BINZITORWIEE . T 7 =R EIIRHGE A BICIS T —ELroT
(Fig. 3.9), 24U, 2B 2 ECORER LML o72, LA H, 2 B H OB | REHBHI6%
6 355N 12 H D ANT 1T UV FRE X T Control L0/ Nera A28 Bt B4R
#% 9 H TiX Control T UV UK EZR2DE M 25 R 572,
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Fig. 3.2 Effects of three day UV irradiation on dry weight (a) and leaf area (b) of whole red
perilla plants. The levels of UV were set at 3.0 W m. UV0-3 and UV3-6 indicate the treatment
code, in which UV irradiation was carried out at 0-3 and 3-6 days after start of foliation of the

leaf at the 5th node, respectively.
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Fig. 3.3 Effects of three day UV irradiation on dry weight of leaves at the 5th node of the main
shoot of red perilla plants. The levels of UV were set at 3.0 W m2. UV0-3 and UV3-6 indicate
the treatment code, in which UV irradiation was carried out at 0-3 and 3-6 days after start of
foliation of the leaf at the 5th node, respectively. The measurements were repeated twice; (a)
and (b) show the results of the 1st and 2nd experiment, respectively. Vertical bars indicate SE
(n = 6). Different letters indicate significant differences among the treatments at P < 0.05 by

Tukey-Kramer’s test.
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Fig. 3.4 Effects of three day UV irradiation on leaf area of the leaves at the 5th node of the main
shoot of red perilla plants. The levels of UV were set at 3.0 W m™. UV0-3 and UV3-6 indicate
the treatment code, in which UV irradiation was carried out at 0-3 and 3-6 days after start of
foliation of the leaf at the 5th node, respectively. The measurements were repeated twice; (a)
and (b) show the results of the 1st and 2nd experiment, respectively. Vertical bars indicate SE
(n = 6). Different letters indicate significant differences among the treatments at P < 0.05 by

Tukey-Kramer’s test.
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Fig. 3.5 Effects of three day UV irradiation on trichome density (a) and estimated trichome
volume of leaves at the 5th node of the main shoot of red perilla plants. The levels of UV were
set at 3.0 W m2, UV0-3 and UV3-6 indicate the treatment code, in which UV irradiation was
carried out at 0-3 and 3-6 days after start of foliation of the leaf at the 5th node, respectively.
The measurements were repeated twice; (a) and (b) show the results of the 1st and 2nd
experiment, respectively. Vertical bars indicate SE (n = 6). Different letters indicate significant

differences among the treatments at P < 0.05 by Tukey-Kramer’s test.
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Fig. 3.6 Effects of theree day UV irradiation on perillaldehyde (PA) concentration in leaves at
the 5th node of red perilla plants. The levels of UV were set at 3.0 W m2. UV0-3 and UV3-6
indicate the treatment code, in which UV irradiation was carried out at 0-3 and 3-6 days after
start of foliation of the leaf at the 5th node, respectively. The measurements were repeated twice;
(@) and (b) show the results of the 1st and 2nd experiment, respectively. Vertical bars indicate

SE (n = 6). Different letters indicate significant differences among the treatments at P < 0.05

by Tukey-Kramer’s test.

46



(a) B Control E PO-3 B1P3-6 (b)
=

%k %k

N w B w
o O O
1 1 1

RA conc. (mg g'1DW)
o

I

o
|

0 3 6 9 12 0 3 6 9 12
Days after the start of foliation Days after the start of foliation
Fig. 3.7 Effects of three day UV irradiation on rosmarinic acid (RA) concentration in leaves at

the 5th node of the main shoot of red perilla plants. The levels of UV were set at 3.0 W m™.
UV0-3 and UV3-6 indicate the treatment code, in which UV irradiation was carried out at 0-3
and 3-6 days after start of foliation of the leaf at the 5th node, respectively. The measurements
were repeated twice; (a) and (b) show the results of the 1st and 2nd experiment, respectively.
Vertical bars indicate SE (n = 6). ** indicate significant differences at the P < 0.01 level with
t-test between Control and P0-3. Different letters indicate significant differences among the

treatments at P < 0.05 by Tukey-Kramer’s test.
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Fig. 3.8 Effects of three day UV irradiation on luteolin (LU) concentration in leaves at the 5th
node of red perilla plants. The levels of UV were set at 3.0 W m. UV0-3 and UV3-6 indicate
the treatment code, in which UV irradiation was carried out at 0-3 and 3-6 days after start of
foliation of the leaf at the 5th node, respectively. The measurements were repeated twice; (a)
and (b) show the results of the 1st and 2nd experiment, respectively. Vertical bars indicate SE
(n = 6). Different letters indicate significant differences among the treatments at P < 0.05 by

Tukey-Kramer’s test.
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Fig. 3.9 Effects of three day UV irradiation on anthocyanin (ANT) concentration (calculated as
cyanidin-3-glucoside (C3G) equivalent) in leaves at the 5th node of red perilla plants. The levels
of UV were set at 3.0 W m2, UV0-3 and UV3-6 indicate the treatment code, in which UV
irradiation was carried out at 0-3 and 3-6 days after start of foliation of the leaf at the 5th node,
respectively. The measurements were repeated twice; (a) and (b) show the results of the 1st and
2nd experiment, respectively. Vertical bars indicate SE (n = 6). Different letters indicate

significant differences among the treatments at P < 0.05 by Tukey-Kramer’s test.
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3.2.4 H5

AR CIE, BEBATE 12 A ETOAEF I X TEIFRNT22END, ARl
DUV B A TIET 2y OABITIHIS RN ZEDRS T, BEEOWIZETIL, f5fE
#% 28 HOT A2 0.21 £7213 0.88 W m?2 D UV-B Z A5 Bk L [Fl— o UV JeJR%E T
B (16 h db) 21 AR LIZEZA, WTHORETH UV BT 0 5GA 10
B HNHE A7 (Nishimura et al., 2008) . Nishimura & (2008) OFEH UV BRET &1 254
k) E721% 1064 k) THY, AFRERTIL 518.4 k] THY, Nishimura 5 (2008) LOHAFER T/)N
7Zor-, UV BREH#ARIE Nishimura ©(2008) 1% 21 A, KRBT 3 B THY,
Nishimura © (2008) L0 ARFRER THiD -T2, ZILH &0 KFRERD UV-B IS K CAEF R
H SN2 o7=D1%, UV BRI A 3 B EE -2 e R & 2 BTz,

PA JREEIT. BBHBHAAT: 0—3 HIZ UV 25 L7 PO-3 O ERBHAAT 3 H T Control X
Db RERDMEI N HDIT, Lo, EBBILAH 6 B B LARIZWER X D21 A5 7280
STZZENG PA IREZH NS E DI TR 0—3 AIZ UV-B 220 E R H5
EEZ BN, PA IXE /T ANUACEMTHY BT VU DA RO i L Tk
TI=v 2 VUBENBYER T H—E (L) IZE o> TR D EA RSV (Fig. 3.15),
PA 1ZVERINONUNLT La— LR TEGRESNAILEMTHY, 7YV EFET VR
DAX—=IV T, BAVEIIIA TRGE THIE LIS G110 UV-Bee (W PRI A &)
7.1 kI m?® UV-B #%t H (BIEAHY) BN L7236, Ls 2 — RN 5815 7 ThD Ls DX
BLEDSHEML, VERCDOAG RSN MORERH ML -2 eNRESNTND
(Dolzhenko et al., 2010) , PA DAEAKRBIOERELGAT CH DN 2 — AOHEE RFE 1L B
B4 3—6 H B Tl UV FRE X T Control L0 KEZRDMHEBNADINTZZEMND, AR
IZBWTH UV-B B IZ > TRz — AN D PA 25 Te IR E O A A RMEES
TR REMEN B HEHE Z BV, Lo T AR CITEBBHLEE 0—3 HD UV OFHIZE-
TRJ=Z—ALTO PA FHENFEo7-Z& TR 3 A0 PA JREEA Control Kb K&
7ol A REMED B D,

Fio, AR T, ZEEEHZV ORI, BB 9 3L 12 H T Control LhH K
ERR DA D ALNT=Z LD, UV BREHZK > TR a— 2O IIMEESILDL DD | AGK
BR DS CIRBE M FE Rz S RIS HI N2 R BABR 4G T2 6—9 A T PA JREEAHIMN
THIFE N a— A EI LB ELRDN -T2 EE 2 BTz, BEEDOHISE Tl Na— 2Dk
FHEDOZATIANATONTVDZENRE SN TNDHIENS, N a—LDOHUTTED & BH
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DTN ESTIY, I UV BRI a2 — 280k E ORI UV B A1
ZCUVRWATEEME B 2 Dz, 2072 ABEMHIL2WERMET UV O OHIR%
ATANZIEITL . N3 —LDTERIFIC UV B AZATH 28T, S RIRFRFO N = — L
AL PA JREEDSHEINT DAl ReMENNE 2 bive, Fio, EBAE 9—12 H O =a—4
KFEDS UV BRI X C Control K0/ he7po7-did, UV BEIZE > TR a— A0 ME
HESNZZET, BRI PA 728 O IR E DR+ 0 I CE SN TOZRWD R 2 — A
753%777%07‘::}:753*’C“%éﬂﬁbﬁ?ﬁi&)éo

LI EXY, PA REZMEEAIZITRBBAAT 0—3 HD UV-B BE BRI THHE
Ezoiv, BRMGHE 0—3 B UV-B BEHE, EEHTZVON a— 2B LN 2 —2A4
REEHEINSE5EE 2500, 72721, P0-3 ® UV-B IS T B0 3 B H (EBAB 4614
6 H)IZI% PA IR EEICALER X [ 221 X AN 72<7e 52 800, EBABHIAT. 0—3 HIZ UV-B
FIUT35600F UV BREHE T %53\ D R HHEE 2 T,

RA M2 X EBABIAAT 3—9 H T, P3-6 @ RA 2 XEBHBA4E 9 H T Control L0
RERSTED, DT OB THEBHBALA 12 H TiX Control L[RIEDRE L7257, RA
IREETRBIIAE 12 A TRKRERD720 | IREMEWEBRGIINEE UV BN KD
DEMMBBETZ o725 2 Bz, Fo, UV BREHE 7213 EBEBAA 0—3 B CTHREL
LA 6 B, JRBBAMAHE 3—6 H CHRELZEAIE 3 B, BENEWIRESHERFSNDZ
LOVRENTZ, RA1Z7 ==V 7 R A RIS, 7 ==V ro8 A R AL FRAR IS C
EARENEY THD (Fig. 1.2) , 7 ==/ T AR EB R O FROBIET
X, 7= VT 7= T =TT — B (PAL) IZK S T == VT T =0 b AL A A
FREHD, PAL OTEPEIIER % 22 BR BT E RN Lo THIFIS L TRV, RSB SR EIC
STPALZZ—RL TWOBRIBEFORENE ELZENHESIL TS (RS, 2008) , PAL
DOFBLEIT, UV BS TH#EMNT 528083 MmE ST (Lietal, 1993), E72, ZHETIT
VIR DOLTHRIZIBNTEY X — (RS O RS UIXRF B M AR B SUGA
FHETOWE) ISEICED RA G R OIEMEDTI~HITERY, KiZ CYPIBA6 DIF
PN EHF 2L RAEARMMEESNDZ L3S TUV5 (Matsuno et al., 2002) , UV FR
& CYP98AG & —R 9 B (5 1 TdhD CYPIBA6 & D EIH [FBH S/ EIL TR, N
TV CYP98AG IE {8 FL % 100 pumol m? st ¢ 24 h iR ET42&, FUEHREOHF G
FL BXUURE FL 2 24 h @A LSS 0B RBIL ~ N ELRHIEND (BT,
2010) . CYP98A6 |ILEREE I A 2T DHEBZ R HID, Lo T ARBRICHBWTIT UV
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577C CYP98A6 DFEBLE I NL . RA IR EE S G INL 72 rREVED DD,

fth i, 7R /AR THS LU X° ANT 1% UV BBEHZ Lo TREDNE(L LW EZIHE T
TN DIV, LU DOWTIZE RS TS ARATED 7HPY D ANT (IZDOWTIEHE
DR AR TR B BFESINDZENH A I4L T4 (Saito and Yamazaki, 2002) , 77748
JARZ UV REFAREEREONEZWINTDHDONREL, ZhHD B EEDONERIZZL A
S D0%EHNTNDEEZ LN TN,

BEAEDOBIZE T, FilR b RE 2+ > IR E OIREEITF 6 UV lIHZ K-> TH
MFHZENLHE S TS (Jansen et al., 1998; Rozema et al., 1997) , Bz 1%, L ZAD
ANT 13 ELEIE D ZVEIR TOHES (Li and Kubota, 2009; E-1-5, 2010) X° UV HR
(Tsormpatsidis et al., 2008) |Z& > THINT DT ENMEIINL TS, Fo, LXAD ANT 4
AR Ch DN a2 —E (CHS) R UDP 7 Vv —R&-7 7R /AR 3-0-7 /L3 Lk
TV A7 27— (UFGT) Z2a—R 5B FORBL Ly UV-B B CrEoI i
HEN TV (Goto et al., 2016) .

fth )7, 7V D ANT #EEIE, UV-B BBEFIC L > TR T 3201082t STV a, fi

ZUE, #EREL 28 HHOT7 APV 0.21 £721% 0.88 W m2 o UV-B Z A9 (16 h d1) 21
HFRRSLIZEZA, WTNORETH UV BEETTHORWEE L0 ANT IBEME L
7-Z& (Nishimura et al., 2008) <2, 0.24 W m2 @ UV-B A5 3 Hio 7T H YV H#EIZ 7 HIE
FRETL7-45 4512 ANT MK FL7-24&(Ota et al., 2017) DS ESINCND, AT
D UV B SAELET 710V ANT IR EEDME T L7ZBETEO#FSE (Nishimura et al., 2009; Ota
etal., 2017) L& LRI HE, UV SR IIARGER Chedh mi<, FEH UV BRST &1 Nishimura &
(2009) > 0.88 W m?C 21 H [ L7= 54238 KT, Ota © (2017) D ZAE13 e/ N T o
7o ZO7 | ARFRERIZIB W TH ANT (X UV-B IZL > THIESIL T RIREME S B D, 2
5EY, AKRERD UV-B BRE S TlE ANT OESIEEL S EREBLL &Sz
AIREMED D EE 2 BTz, LinL, ARBRO 3T HIETIE, o7V 7D ANT DT
BOZERHAEL CDI2D, UV-B RIS ANT OAEARRIC KT T BT AR TH D,

UL ERY, B =73 310nm D UV KK ARG CTREAB A 0—3 HIZ UV-B 2R
SIU, BRAHE T %00 HET D28 T AT MHIZ D712 PA BEUY RA OREEEN
EWIEZRONDZENRENT, Lo T, 3 HE D UV Rt —#IHE Tl BAZEDS 2
HIFR LU HE S HZ LT PA BEU RA BENEWVIELZINHETEHEE 2D, £, AR
B CHWT B IEAIR 25/20 °C O FC6 AZLIZ LEIHEEL , ARERO UV Bt
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GO, EFRIHIESN o7, 0T, e EEIOENEM 3 BREORICE E
NEEID 2 ENFET 2356 IHEDDIROINHEE T 156 AFRREZET DM ENHY | INHERT 3
Ao UV BEZ1T58546. IROINHEETIE 12 B UV R Z2KIE32528083T&5, BE
HOMIETIXT AV Y OEBFIXEMMO UV R CHIHSNLZENRESN TN
(Nishimura et al., 2009) | fiz EA7Hiz T2 —5UHER VY, UV BRI 121 TV,
— EHIR, ERFICINEZITHOZ LT PA BEOY RA REDEWIEE N RIEFETED A
REMED RSN,
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3.3 [FEr 3-2] RHIMZe UV MG
331 HIY

[FABR3-1140. 30 MO/ UVIREK TR %3 H OIEDOPAL L URARE LN
—RFACHI N 20 00 BB A6 H LA O EEDPAI LURARR EIZEINL N2 L
DRSS, ZOEHELT, PAIZEAL TIN 2 —20OBITED RO PN - T
BY. FHHR2UV IS CIIR o — 28R E ORI UVIRET 21T 2 TRV AT REPE NS
BT, aAXFT AT TIL, BEWNIZROSE AN &I AESET-5E | BERFIZ R0
M7 ST2HED H TR a— ADFEAAMEESNAHZ LD STV (Nagata et al., 1999) ,
ZO7H Na— LD ERET D7 OIZITEED B AIHIZUVRE OEREEA N 2% 5.
RDWEINDHDHEE Z HID,

Z ZCAERER TIE, B AR IS B %0 530 A MUVA L, UV RS R IC R
BA LGOI BED AT BLOVEBEEE ORI KT ALK A ICRA L, B
DOHFFETIET HP V1221 H MUVEESE (0.21F72130.88 W m2) 2814 (16 h d*) H71216 h1T
ST%E . ABDPIHIE L, ANTIRE MK T L7722 &85 S 4 T4 (Nishimura et al.,
2009), 2Dz, UVIREA0.21F72130.88 W m2LVHIKERE T D, F721T1H ORI
M THIMNENDHEZ Z BN, TV VLRIV YR THS R/~ Tik, 2 ho
UV 24T e 7 A B I BH AR 1R . B3I ] (16 hEA S CRAMIBHAAR.8—9 h) | 5 HIBH

BRNCZE R T2 &2A BEHIBRAARTICUVIRIN 24T o 72356 D AR BEITPEFE N A DAL Z D
HETWD (FHEE, 2009 255m) . 20728 BEHIHE T RTDOUVIRE 21T\ E THEDE
FHLAE BN 2 AR CE D A REME RS D, 2T, [RBR3-2] TIXUVIRE ORI %8 hiziE
faL. AR th B E72 1 IR E IC UV IR 21T o 72,

3.3.2 MEtB I OHIE
3.3.2.1 EAM BB L OREE 7 1A

PEAA BT, (IR [E ST ZEBR 58 15 N\ R SR « AR - SR B TR T DR A LT TF U AL
7 #>Y (Perilla frutescens (L.) Britton var. acuta Kudo f.crispa Makino, k& 5 0657-
79T) LUTo, FET-Z 24 h KIEKIZIRIASE, + oI KSELU L A AR DI RLT,
BRI RO TRI AN B IO Ty 7 2ged, 7 B A A% (FHF32-EX-N-H, /37"
V=7 (KR)) O FICE =, #Eff% 21 B BSOS E (555 13.6 L (54.4x38.4%6.5
cm). )12 56 kT OBMEL . =7 R T EHNTZ T L — a7 o7, ERIKICIE, OAT
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N A ARLST 114 BAL (OAT 77V A4 (BR) ) & V=, B iR it K S & 12 10 L AL,
2 ABXITBIR LI, EREORSBETENT 2 B LI To7 BT ONEIRICIE A s
Ye 4T (FHF32-EX-N-H, /XFY=>7 (§)) Z A, 8B5S M1x 2.2.1 LEEEE L (Table
2.1),

3.3.2.2 ALEEX

UVHIRSHZ, 72 AR BHE E ~ OB B CThHHREM% 21 A BB LT, ARRERCIT,
F3ELL EOFOREITEBBRLE H LGRS DUV SN TERBY, WO T 3
O BB BUV A B E STz, UVIETRICIZ[FRBR3-1] L R ERIC UV-BHE e AT
(TL20W/01RS, Phillips Co., Inc.., &*—7Z % £: 310 nm) % FH\ 7= (Fig. 3.1) ,

AVER X 1, UV IR BRI Y 2 BH PR 4694 4-12 h&eL7-UV_L, BE AR 4A#£0-8 heL 7=
UV_D. M5 %4772 Control& L7z, UVRS X (UV_LIBEZTUV_D) DUV-BILEHD
UV EE 3o i = C1.0 W m2IZEREL , A L COUVIRE D IXH > EIXFREE D
+10% AT/ D XOIZIREE L 72,

3.3.23 BB IVHEEEHH

AL, BRBRBHAATR6 H 2Dk BRBHAAT: 30 H C6 H Z L125[ml4T o7, HIEHE B i, ¥4
NERNDAMRE, 2, SO AR EIRE B LRS-V oE A EE LT, 1272
L. AEBRTE PR E DR BEIZ DWW TR BR LA % 30 H O R A ATV BRDTZV DB A &
(DTS — HHOFE DGR LT, AEBRIEPEME O AT et REEITHIFIBELL BA L,
ZNENDHENZDWTWD2EED IS J % 0TI, I K Fa i BE ORI EIZ W,

BHE BB ITLFHERIT6REL | B EBEMEWE O TiEB IO ELH -V D
TEFEDRIE HIEICHOWTL, 2.24LFREE LT,
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3.3.3 R
3331 4£%F

B T-0 D} E (Fig. 3.10 () BL O iz (Fig. 3.10 (b)) 1%, B BHAATE
12 H7:524 H £TUV_DAUV_LI L TControl 0% Kk &7 DA [ A3 A AL, Hi (RS B A
#18 H TIiXUV_DTControl LW b A EIZ K EAR o7z, IROEWEIL, B BHMG%12H 5
24 H E£TUV_D23UV_LIB LU Control L0 REZR DM DA B, FEIZ RS BALATE 1836 &
24 H TIZUV_DTControl b A BT K e -7 (Fig. 3.10 (), TA#E (Fig. 3.11 (a)) .
F2 (Fig. 3.11 (b)) . Ik (Fig. 3.11 (c)) DEZEIT T v ST BRIAT£ 185 L V24 H IC
UV_DTControl L0 KR EARDMHM N A DI, FRIEB IO T T, RUNBALAT%18H T, 1R
(X FRETBASA183 L U4 H CUV_D723Control KV AT K E/ R ~T2, LinL, WTHDEL
DOFEES ATBRAAT30 A Tl B X EILT ALV -T2,

B EDOIED Y EIT, UVIRH BRAARHC RS T L QOB 1B L O8I 3E ¢TI
WUER X R 213727 -7 (Fig. 3.12 (a) and (b)) . fth )7, UV BRAAT (SR BR 2 4R 7- 263
H3E (Fig. 3.12 (¢)) BLOFAHIEE (Fig. 3.12 (d)) Oz EIT., B BIAAT. 185 L 024 H i
UV_DTControl X0b R EZRDMA 2N A B AL, I B A2 18 H D4 ZETIL, UV_D
Z3Control KVH A EICKE o7, FIBLOFEAT EDOV M EIZHOWTIL, FREBIAE30
H CIXLBE X M D2 1T e h 72, 555612 (Fig. 3.12 () B L U612 (Fig. 3.12 () DL
W E T, IS B RIS DB X TR0 o7, ALERAR TR EREEO R I,
SLER X[ C 2137 ABRIC KB 83, FHAB L OESHI N L, FH22B X OHE6HI LV KE
720, ERLZEORTY) E DI0%LL A H3—6HIHEN 58 TV 7= (Fig. 3.13),

3.3.3.2 AHEMEME
~Y)LT VT ER (PA)

UV HUBALAE 30 H @ PA R, UV U O A IEC UV BRUNRFRETATIC RO T, b
Bt BV NS WES 6 BiBE TR &R0, HIME MRV NEE /I Ne72572 (Fig. 3.14 (), PA %
JE 2 LB X CLEiR 95 & WO B CHABR X D 221345407 (Fig. 3.14 () . ££
HT-0D PA &4 B ICH LR KR D #137327) -7 (Fig. 3.14 (b)),

2R~V P (RA)
UV BEBRAATE 30 H O RA JREEIT, UV IO AL UV IR R IZL O, ficb
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BT B EDYV NSV 6 HiBE Tho/NE72Y | BifL3mWEE KEZe -T2 (Fig. 3.15 (). RA
IREEALBRX ] T35 &, 3 3—5 Hi#ETiX Control, UV_L, UV_D DJIEIZ/NET2D
% 6 HiETIX UV_D TZOMDO X EDG/NNeZe DN ALz, F2, BbT-VD RA &
AT, Control, UV_L., UV_D DIJEIZ/N72-7= (Fig. 3.15 (b)),

VT AV (LU)

UV FREBRZAT 30 H o> LU #EEE X, Control :3LTN UV_L Tldd BB B E/ I
WEE 6 HIBE TR KT BINEAMERWNEE /720 UV D TIEEINICE DT —EDRE Lo
72 (Fig. 3.16 () o LU JREEZALPRIX I C Ll 954, 25 3—4 HiTiZ UV_D T Control 35k
UV L kb KkE2RD, 55 5—6 EitETld Control T UV MRE X L0 K EARDMH N ID
Nz, B2, 55 4 BilEClE. UV D 28 UV L KO A RICKE o7, T2, #kBH7-0v D LU
EAEIT, UV_L 78 Control 3L TN UV_D Lot /hNelp b E A 2507~ (Fig. 3.16 (b)) .

7 b7 =2 (ANT)

UV FRETBREAT 30 H o> ANT #2 1%, Control 33X UV_D TIXEIMIC IS AL X [
DZE1F72< UV_L TIEHIALA BV NEE /N7 DB A A b4z (Fig. 3.17 (), ANT J2
FALPRX [ CHE T A&, 5 4 HiBE IR X O 2137e<, ZOMO IR Tid UV B
[XC Control V& /N7 DA A LI, £z, FbHTZ0DD ANT &8 EITLBL X T2
(XA DD -T2 (Fig. 3.17 (b)) .
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Fig. 3.10 Effects of UV-B irradiation period (light [UV_L] or dark [UV_D]) on the total dry
weight of whole plant (a), dry weight of the above ground parts (b), and dry weight of the root
(c) of red perilla plants. The UV-B intensity was set at 1.0 W m?, and the duration of UV
irradiation was 8 h. Vertical bars indicate SE (n = 6). Different letters indicate significant

differences among the treatments at P < 0.05 by Tukey-Kramer’s test.
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Fig. 3.11 Effects of UV-B irradiation period (light [UV_L] or dark [UV_D]) on the dry weight
of leaves (a) and stem (b) of the main shoot and the dry weight of lateral shoots (c) of red perilla
plants. The UV-B intensity was set at 1.0 W m™, and the duration of UV irradiation was 8 h.
Vertical bars indicate SE (n = 6). Different letters indicate significant differences among the

treatments at P < 0.05 by Tukey-Kramer’s test.
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Fig. 3.12 Effects of UV-B irradiation period (light [UV_L] or dark [UV_D]) on the dry weights
of leaves by node, 1st (a), 2nd (b), 3rd (c), 4th (d), 5th (e), and 6th (f)) node, of the main shoot

of red perilla plants. The UV-B intensity was set at 1.0 W m, and the duration of UV irradiation

was 8 h. Vertical bars indicate SE (n = 6). Different letters indicate significant differences

among the treatments at P < 0.05 by Tukey-Kramer’s test.
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Fig. 3.13 Effects of UV-B irradiation period (light [UV_L] or dark [UV_D]) on the dry weight

of leaves of the main shoot. The UV-B intensity was set at 1.0 W m, and the duration of UV

irradiation was 8 h. Vertical bars indicate SE (n = 6).
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Fig. 3.14 Effects of UV-B irradiation period (light [UV_L] or dark [UV_D]) on the
concentration (a) and content (b) of perillaldehyde (PA) in red perilla plants. The UV-B intensity
was set at 1.0 W m, and the duration of UV irradiation was 8 h. Vertical bars indicate SE (n =

6).
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Fig. 3.15 Effects of UV-B irradiation period (light [UV_L] or dark [UV_D]) on the
concentration (a) and content (b) of rosmarinic acid (RA) in red perilla plants. The UV-B
intensity was set at 1.0 W m, and the duration of UV irradiation was 8 h. Vertical bars indicate

SE (n = 6).
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Fig. 3.16 Effects of UV-B irradiation period (light [UV_L] or dark [UV_D]) on the
concentration (a) and content (b) of luteolin (LU) in red perilla plants. The UV-B intensity was

set at 1.0 W m™, and the duration of UV irradiation was 8 h. Vertical bars indicate SE (n = 6).
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Fig. 3.17 Effects of UV-B irradiation period (light [UV_L] or dark [UV_D]) on the
concentration (a) and content (b) of anthocyanin (ANT) (calculated as cyanidin-3-glucoside
(C3G) equivalent) in red perilla plants. The UV-B intensity was set at 1.0 W m, and the

duration of UV irradiation was 8 h. Vertical bars indicate SE (n = 4).
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3.3.4 B

ARRBR Tl B BIAA24 B ETIIRE O UVIBEHNC L0 T D IEL DA FIMEES
o, REZE I LT, BN OIEDRIY E CTHDLHE, FRZH 3B LUHARIEO ) &
DHEMPMEESNDZED RSN, AR THWCUVILTRIZIZUV-BOAIZ I E D AT
e ATV (UVIREEHL.0 W m2D L& PPFD 0.6 umol m2 sTELEE) 7= | IFHIZUV-
BZ R L72UV_D TIIIE IR ICUVE T TR<IED rIHEb B ST e, 3T
%, IR CTEEST N LT T 2T, PPFD 32.6 umol m? st C24 A [, BFlic i %
1Tol6 AFEMEESNLZENRESN TS (FEH D, 2000), Lo T, AR TH
UV TR D ARSI k> THREEAZS R S 7= 28 T Control 0B UV _DTAB BMEESH
ToATREME DN D, o, UVIRST X TITZANTIR E MK T 92 M 23 A b7z, ANTIEFER
MBI ERS L, EBLIOFENEZRINT D, 2070 fktB I OE AE2%<
HENDIEIR T TANTIREE O m\WEM 2 3EE 3 586 ST ST BED R L TANT

(XTI S AL, FEOWNEBIZH HEERRARICRNZE T D000 772 % . BEFEDHFFREIZ B
T THYYDOIEA G E LA B N RICPPFDO & BT L= 35A CTH IR O AR A o El
BANENNIE KR ERDDIE, FREOTEITANTIZ IS 2N 2D BERRR I B ZE D08 % 0
ZEMELH THHEE 2B TA (Goto et al., 2012; 55, 2016) , AFRBRIZIBUWVCIE,
HDEIRIZE bRk Z 3 T A SO 2 VTV D720 | ANTIR EE MR- 72UV IR
B X CldControl KOG EEFFARIC B ZET DO EN LD, AFMEESNZTEEMERH
Do

UV R B 461430 H ClControl LUV X T B R RIRRE L2 o7, BEIEDOWFZETIET &
NI (16 h dY) 21 B . UVERRET L7356 B 238 S47= (Nishimura et al.,
2009) LW HENHHT O, ARFAER| :%u\T%UVODH%’i%ﬂLE% N ELIRDZETAF HHNH
INTEFEZ B,

EH UV BSTCIE. PA REIXEALICES TN e o7z, ARBROMRER TIL, UV
FHZESTHEND ROS DI AENHML , Na—LDTEAMEESNDEE X720, PATRE
FEITINU 7220 o727 Bl UV BREHIN 2 — LD EEAE, PA OEGRICH Y
MAFST2NEB X BTz, ZOBHEL T, AGRBRSETIE, A UV B 0 BUG 58 7
K<, 1 HHEWO RSB0 | Ml O ROS SRR 2 —ADFALS PA D4
B REAREET DIZE BN o T2 ENE 2 BT, Flo, SV TIXUV-B BEHZE ST
Na—AMEEIENT 200, H LN a— 20BN A2 ENHEINTND
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(loannidis et al., 2002) , ZD 78, KRBRIZIB W THAEZ L2 N 23— A08E UV X
C Control XD K EARD AL X ] TN LB N2> T2 RIREME D 8D,

%3 BLOE 4 #iZED RA REEIZ UV_D T Control KVH{EL7e~72, 2D KD
UV FRE Tl RA D3R T3S SISV CW D ATREMED B D &5 2 BTz, i)
%3 BLOE 4 HiED LU 1T UV_D T Control 83X UV_L JhbELeo7z, Zhb
DZEND, UV ORRGREHIHIC L > TENT O AR E OSBEIC R T HEI TR
B ENIRESIIZ,

LLEZD, B#IO UV B CIEAB TSIV SO0, PA REET UV FREXE UV
HERUR CRIRREEL D28 RA IZDWTIEE 3—4 #i T, ANT IZ W TEHEIRIIC IS TR
FEPMR T T D2 e RENT, LU IZOWTIE, B UV BURICE > T 3—4 HiZEDjR
JEA UV BRI 0 5 <250 00 5 5—6 HiBEDOIRIE X UV I X0 HIE720, b
ZOOERELL IV TR RRELRDIEN RSN, ZnbX0, E#o UV BEIT
I HESBNL AR D A IR B ORESEA B NS ELTLN TSRz | A BTE
PEWE ONRAEFEIIIARE CThHEE 2 DI,
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3.4 UV U TR E: CO A BNEMEW B A PE I L BN E B ) mORA
341 HiIY

(5% 311007 2y O AEFRTENMEW B IR EEZPEINEE 21213 3 HF O UV B SE L
TW5HEEZHIL, 3 IR, 3 W m2 THHEIH (16 h d) 12 UV BURZITV, & BACET GES
R 3-50m) &S HI LT PA BLIURA BIENE W IELZ N HECTEHEE 2 DI,

BEAEOWFZE Tl PASHALIRR (Z 361 D P RIAD A FEIC DN T L X — RO H E
TEDOREDTOILTHD (B AD, 1991; Kilib, 2000; KiLib, 2001; WEATH, 2001; 4%
b, 2003), E£7o, IT7V AR R ANEASHISE# A M= (Kato et al., 2011) <2,
ENT TARRIFUERIEIT Y a- TN T VT IV A G HGR R TS A AT
(FFH, 2013) IZ25W T, ZNZENA AW E AL E =X — OB E &4 A
L7223 A S g,

BUET IOV IE FEICHBE MRS CRESE TR AR LR, £RINH#ETHZETEESN
THY, M ~OBITZRE L5 G el oA Ea A MDA TR T
P A~DBATIZE 2K, T2 T, AHCIEET IR CT Y VR A ET L2 L2 E
L. UV BEZITV I BALET O —HIEZ #0955 12 AR BEE B 2 A e 57
DITLEIRERE ) &R AE LT,
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3.4.2 MBI I OHIE
3.4.2.1 FehFhuax

ARWFFETIE, EBICIRE TOREEZIT> TR0 | RS ORBIHIEIC 0 By &
BHEIZONWTIE, AFFEZ N —7 TIRENORIRHIEN M B E = 3L X — B AR
HL7z Goto 5(2017) DHREIZH DM i, KM EAW . A FOMENEIEN T2
KEDT —H#EFH U, FiwsCTIE, IREBANTOM MGEZEEL, B2l —s
YIT R HWTEANR G T —ZbIRENKIRZHEEL . HHERABVETOI Iz —s
AERICOWTHRIEL QD ARETIX, 2O THARO KR SIZHEHEL TT
Sz Rzl —TarfEREIIC Uz (Table 3.1) , 2D =2 —a Tld, IREBENOEHEIC
DUWVT, B HITMES B (KR 28 °C DL ESHHXHEE 90%LL FCRBA#) | & fide—h
N7 (KUl 25 °C LLETRAE) TITW, BESE (15°C LU TB#) I2 DWW T B—F RV 7|
il LP HA RE ALy Ml LTS A I B E R =L ¥ — B2 AL T,

A T IBRENOBFEIZOWTIL Goto 5 (2017) ERIERIC B IS . &I
b—hR T M T 5ZEBEL, IEEICOW TR — MR T2 WA LA E LT, 72
B, ARETHELZIREOKESITOW L, FmSCICHET, [0 8 m, BATX 21 m, #f
1 3.5 m, & 4.5 m, EEEE 4m, BRI 168 m?2 O AR E L L7,

3.4.2.2 F¥E Ik

BUE, 7YY DAEFEZIRE TITo TODENTZRN D | BIERCERE T 1E72 812D\ T
TR COFRERIEDTHOICNDET AT (T HY Y DRy 2E5E) O#ksJ51% (1, 2004)
EBBITRE LT, TA VY OFEE T, AR ~OHE 2 AHF IXER0E 1.2 m (HE2 K 0.8 m, i
¥ 0.4m). 5#0.4m D 2 A, #RFH 0.15 m @ 1 #k 1 KhiEz THD,

ARRE T, 5 e L TR B R A VT 558 IR O B2 R 357 AIRKEE
HEEAHEL, T BICHE 2 EIR U B A CEM T 2 E LT, $&kE5~v T
D, ZDIEE G DR IZEEORAE PR L2 R, BlRE R — S RE LTz, T72bb,
BT OMEIX 08 mEL, £X 18 m, X 0.1 m L ELT- (Fig. 3.18) , IRE D H G ZZ
nZE04m, MALICZNE I m OBEEARRT, AL ISR OIS T % 6 FlakiE
FTHIEEMEL, ZOWGE FHIEU T L INTEMSNDE OFE 240 BT, IRE 2K
TlX 1440 BREARESND, M ER S TODEFEIL 86.4 m2 Th D,
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3.4.2.2 INHETE

ARARBETIX, 7YY O EACE D EBR B AR 0—3 BIZ UV UL, UV BGHS T HIC
B EATE T D2 LA ARE LT, BIORAEEE L 6 HIZ 1 BiThHIind, UV st
BT HD3 ARICROEDRAETHIE2D, T AV & FFEAFET HIoDITITFR AL
TRTOEZINHEE TN, BEREITHIELFE T LERH LD, LT O X722 HE G
ZREEL,

(r—=21) 28iBAELI-HYHO 1 Hiz L iE. - <12 BT 1 [ HE (30.4 [B1/4F)
(rr—R2) AEIFRELIZOHO 3 HiZIFE - -24 H T 3 [A1FE (45.6 [21/4)

3.4.2.3 E L OFMOKRIEEE =

ARADOXTHWZL T D —EHE% Table 3.2 |ZRL7Z, Ebd X512, Goto & (2017) 1
R EBIOKBOMFEIZE—MR 72V, BHIIMEN BRI OEKIZED  REN
SIROHIEEITIHREDOER - TR X —BOREEZL TD, A T R OB 5 ]
HAEATHEARE LTz, MA T, T AHPVITE B ThDHT-0 | 8 H &0 8 A TAIND
4 FRNCEREITHIZEAZBE L, ZNDEIEAELL T, I5I12, UV B ZITHZ L2 BET
He iR 1 BROER ORI E /8 (WIKWh]) &, RO —FR 7 (Wap [kWh]) | il
Fn 5 (Wec[kWh]) | & (WLLKWh]) UV BRET (Wuv [KWh]) DO{E# & 7 g ofne LT,
UTFoA(1) TRESND,

W = Wyp + Wge + WL + Wuy (1)

7B, IAR AN DR HEND = 3L — % W CBER TR IN S 714 A TiE
FI AL —ZEESND (K 1%RE) bOEERE Bl L — 2B ashd, 72,
[ZEHS Ve T2 BINI BT R L F — LU CRENICHHEND, 20720 FRBIgRE
(RRFEORE CIXEROCIRI LUV L) [ZE0E B S 2E I DFEA LT TV
F—IZEHIND, ZOBT L= SRR 23 B 21T > TV DI H T
HIVUZE R AR ERD ST MEETT> COLREHH ChIUTm BAm IS5, L
L, ARECIT T CILIRE 1 BOFEMOKIRHENI LB G R - =1 — EaalFE L
TWDRERZBI AL CWD20 ZRBRIANL OB X LX — i S5 4 . &R
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N BRI - = L — B E ORER B RIETHEARATHD, 2070, AR
FCITIA (EROEREB LY UV R 23OIRENIC SN AT 2L F — 2oV ik
RPN LT, DLFIZEF N FENOIEE ORE HIEIZHOWTRARA,

E—bR T OIHEFE ) 5 (Whp)

= LBROAER OE— bR 7' OIHE #E ) & (Whe[KWh]) 13, 2 1B OE M O E A
17 (QreatingLkJ]) 8 KOV M1 55 D 55 AT (QcoolingLkI]) DA% B— R 7 D AR KL
(Coeficcient of performance: COP) TFRL T, LL FOR(2) LvRkdbivs,

Whp = (QHeating + Qcooling) /COP / 3600 =(2)

ZC. Qreating L Qcooling 1. L3R L7= Goto 5 (2017) DA (Table 3.1) . Qeating 133000
MJ. Qcooling 5360 MJ % JH\ /=, £7=, b—RR70D COP % 3.0 —ELL T, FHE LR H .
Whp (% 12811.1 KWh Toh o7, 728, COP &id, b—NRV 7 D HALRE &H 7= IR I ET-
IRAETDREELEDT-DIZATILIZE LD THS (K1, 1998),

#2515 5 D1 # 7] B (Wee)

2 1RO OB B OTHE T8 (Wrc[KWh]) 13, 2 1 BOMBE M F AL E O
{H# /) (Prc) (IZEE MR 2 R TROOND, M B E OFRIB@IR R, 4
[ CHIZ 0 B A L7k & (FLkg]) 2, A 0 55 B O 25 B (v kg m2 ht]) Ll =
DRI EF (Atota [M?]) TERL TRDHND, o T Wee 1ZEL FDH(B) Lhskdbinsg,

Wrec=Pec * F/ (v * Avotal) A (3)

ZZTFIX, REiRL7z Goto & (2017) DfEZ W, 15369 kg L LT-, F7=, MR EDRE
(X T EER PR =R O KRB G IR E L ChOMBENEEEEZ S B2, Pre 130.3
KW, v IZ 1.68 kg m? h? HKE LTz, FAELIZIRZED Avota 1 168 m? TH D728, Wee I
16.3 kWh ThH -7z,

BHROVEEE & (W)
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= 1 BROER OEM O EE S (WLLKWh]) 13, 1 T H7-0 O EROEIROIEEE /)
(PLLkWI) | iRZE 1 BTV OBROLIAOBEEL (N | AR OBEROLIRO mUT R () Z
HOWTELTF O (4) Kukdoins,

WL=PL - NL = t, = (4)

— 2T AT VR CIE. 8 A T 4 A EAITTHREIC 3—4 h OB THiT
BV, EIEMHEL T, 40-100 W @ HEVEERHF| =41, 10a (1000 m?) &H7=0 50-100
{EER & (0.05-0.1 ffl m?2) &b (JIIHD, 1996) , ARFE TIEL, PLa 0.LKW, NLZ 5 4T (%
TEMEL 721 FE (86.4 m?) 243 REICL T, L irifEH-VA 0.06 il m?) LA EL, E72. o
13636 h(1 F-&7-0 212 A, 1 A 3 FpfHRAT) SAE L7 A, WLIE 318 kWh Th-o 7z,

UV BRI Oy 2 ) & (Wuy)
=R 1 BOFER O UV FREOEEE )& (Wuv [KWh]) 1%, WL ERFRICEL T o0 (5) X
DRDBILD,

Wuv =Puv * NL - tuv #.(5)

ZZCUVORTRIZIE, [3BR 3-1] T FH L7= UV d 64T (TL20W/01RS, Phillips Co., Inc.)
EHRWHZEEL, Pu % 0.023 kKW (SEHIAE) . NLZ 87 AT (i & /EAE L 7= i f% (86.4 m?) A 45 £)
[ZLC, B mEAESH 708 1H m?) &7, 7238, NUiX[FRER 3-1]1 CO N mfEH =D D%
AT 450 (2.6 {8 m™2) LHESE (50%) 2 HIRELTZ, 1 Hd72h o UV BUNEFEIZ 16h 2L, 1
FHTVOINHEERL (r—2 1, 2 IS T, ZE4 912 H,146.1 HELTZ, bbb,
tLI3F N2 1460.8 h, 2190.4h &L7=,

3424 HEHYEMEME O EB I OVEEIZLEHEE &

1O 1EHZYOAFIEEYE (PA, RA, LU, ANT) DU E: (YImg]) 1%, Uiz
OAFIEVEYE (PA, RA, LU, ANT) DR (Clmg g'DW]) | 1= 1 BRCTOUHE 1 [HdH
T OBEDILE (LIg)) . IFEEIEL (H) &2 v, BLTF O (6) Lk,
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Y=C <L+ H =\ (6)

ZZT, ClH[RER 3-1] 07 —% (2 [MIOFKER D) fE) 2 v 7= (Table 3.3) , 7=, LI,
1 b= DOZEDOLE ([FA5R 3-1]07 —&#% 5] ) ITBELIRE 1 #id72) O EREEL
(1440 ) Z TR, UV IR OF LS T 43.2 g LLT-, EHIC, HE 1O 1 FdH
TEODIEDINEIT, LIZT—A 1, 2D HAZFELTRDIZ, ZOFER, W= LD 1 FEHTZD
DHEDOWEIT, 7—A1T1313.3¢9, 7 —A2 T 1969.9 g TH-7,

ARFE T, ZRENO7r —RACBWTUIRE 1O 1 E£HVOMEEHEW) 2 Y
TRRUC, AEHEEYE 1 mg A3 572012 BT 2 7B & (ELKWh mgt]) ZLL F o
2 (7) LRk 7=,

E=W/Y = (7)
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Table 3.1 Overview of the simulation results (Tsukuba, Japan, Goto et al., 2017).

Anbient weather Estimated Estimated requirement
Month  Solar radiation Air temp.  R.H. mgg Airtemp. R.H. Heating load Cooling tliorﬁg in night Wate:cc:gglijrllrged for
L B S N O B SR (k month™) (kJ month™) (kg month?)
1 3.02E+05 2.0 67 2.20 16.8 31 3.44E+07 0.00E+00 0
2 3.29E+05 2.8 68 2.50 17.1 32 2.75E+07 0.00E+00 0
3 4.47E+05 6.1 69 2.60 17.8 36 1.98E+07 0.00E+00 0
4 4.77E+05 11.8 75 2.80 19.2 50 6.76E+06 0.00E+00 0
5 5.65E+05 16.6 77 2.60 215 57 1.33E+06 7.91E+04 115
6 4.74E+05 19.7 83 2.50 23.2 67 9.24E+04 3.81E+05 343
7 4.93E+05 23.6 83 2.20 251 76 2.76E+03 1.67E+06 5306
8 5.30E+05 255 82 2.50 25.9 80 0.00E+00 2.62E+06 8301
9 3.76E+05 21.1 83 2.30 239 71 3.10E+04 6.22E+05 1304
10 3.24E+05 15.2 80 2.10 20.0 61 2.51E+06 0.00E+00 0
11 2.64E+05 9.5 78 2.00 17.9 50 1.25E+07 0.00E+00 0
d2 259E#05 41 73200 1 168 38 . 280E+07 000E+00 0 ..
Total 1.33E+08 5.36E+06 15369

The total heating load (Qneating [kJ]) and cooling load in night time (Qcooling [kJ]) Were used for
the test calculation of electric power consumption (EPC) of heat pump of annual cultivation in
a greenhouse (Wnp [KWh]). The total water required for fogging was used for the test calculation

of EPC for fog cooling of annual cultivation in a greenhouse (Wgc [kWh]).

21m

N
v

N
4

. Cultivation bench _ d |

Fig. 3.18 The layout of an assumed greenhouse in a trial calculation of cultivation of red perilla

plants.

70



Table 3.2 Variables and its value used in the present calculation.

Symbol Variable name Equation Value* Unit
Arotal Floor area of greenhouse 3) 168 m?

C Concentration of bioactive compounds (5) Show Table3.2 mg g 'DW
E Electricity cost in production of bioactive compounds @) kWh mg?
F Water required for fogging 3) 15369 kg

H Annual harvesting frequency (6) 30.4,48.6

NL Number of light source for lighting 4) 5

Nuv Number of light source for UV irradiation (5) 87

Pec Power consumption for fog cooling 3) 0.3 kw

PL Power consumption for lighting 4 0.1 kw

Puv Power consumption for UV irradiation (5) 0.023 kw
Qcooling Cooling load (2) 1.33E+08 kJ
QHeating Heating load 2 5.36E+06 kJ

L Annual hours of lighting 4) 636 h

tuv Annual hours of UV irradiation (5) 1460.8, 2190.4 h

W Total EPC of greenhouse ), (M kWh
Wee Total EPC of fogg cooling 1), (3) 16.3 kWh
Wyp Total EPC of heat pump 1), (@ 12811 kWh
W Total EPC of lighting 1), 4 318 kwWh
Wuv Total EPC of UV irradiation 1), (5), (8) kWh

Y Yield of bioactive compounds (6), (7), (8) mg

L Yield of leaf (6) 43.2 g

v Fogging velocity (3) 1.68 gm?Zh?

*Values in this column are given as input data. Other values are calculated using equation (1)—
(8) with the input data. EPC indicated electric power consumption, and -UV and +UV indicated

non-UV irradiation and UV irradiation condition, respectively.

Table 3.3 Concentrations of bioactive compounds in 5th node leaves of red perilla (C), and yield

of leaves in a greenhouse (L).

C (mg g''DW)
PA RA LU ANT L(9)
UV 12.8 0.1 0.9 28.0 43.2
+UV 15.7 26.5 05 30.7 43.2

These values were referred from results in [Experiment 3—1].
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3.4.3 fER

T2 1 BROAER ORI E B E (W) 1T, UV IBEZ1TH722 034 (—UV) | 13145.4KkWh
THY., UV BHEZITHHA (HUV), 7—A 1 Tl 16065.3 kWh, 77— 2 Ti% 17823.0
KWh T& -7 (Table 3.4), W IZ 5D HIEE 1 HOEMO UV K OTHEE 18 (Woy) D
EE (Wov / W) 1F, 7—A 1 T 18.2%, 7—A2 T 26.2% CThH-7=,

B=E 1Mo 1 EH7-0D PA,RA, ANT OILE (Y) (X, WTNDr—ATH+UV 28—
UV kb kE7a-7= (Table 35), LU @ Y IZOWTIE, WD —A2ThH+UV A3—UV LV
LY YAy ol

ABETEME 1 mg AT DI B ) & (B) 1L, W Lo ARSI B
22N TH UV B OFIICELT, r—R 2 Tr—2A 1 Xt/ hEieo7- (Table 3.6), PA
D E X, 7—A 1 TIE+UV &—UV TRIZ%ETH-7223, 7 —A 2 TIE—UV THUV Lhh
K&7po72, RA O E 1, WTHDr—ATH+UV 23—UV It/ herpolz, LU B
ANT @ E W T D7 —ATH+UV 23 —UV LW KEAoT,
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Table 3.4 Estimated electric power consumption (EPC [kWh]) of heat pump (Whp), fog cooling

(Wkc), lighting (WL) and UV irradiation (Wuv) of annual cultivation in a greenhouse.

EPC (kwh)
Whp W Wyy W WouW (%)
-Uv 0.0 13145.4 -
LUV Case 1 12811.1 318 2919.9 16065.3 18.2
Case 2 4677.5 17823.0 26.2

Wuv/W indicated percentages of Wuy per W. —UV and +UV indicate no-UV irradiation and UV

irradiation condition, respectively. Annual harvesting frequency in case 1 and 2 was assumed

to be 30.4 and 48.6, respectively.

Table 3.5 Estimated yield of bioactive compounds in red perilla of annual cultivation in a

greenhouse (Y).

Case PA RA LU ANT

oy 1 16810 11951 1182 36772
2 26929 19145 1893 58908

“Uv 1 20618 34802 657 40318
2 33030 55752 1052 64588

—UV and +UV indicated no-UV irradiation and UV irradiation condition, respectively. Annual

harvesting frequency in case 1 and 2 was assumed to be 30.4 and 48.6, respectively.

Table 3.6 Electricity cost in production of bioactive compounds in red perilla of annual

cultivation in a greenhouse (E).

E (kWh mg?)
Case PA RA LU ANT
Uy 1 078 1.10 11.12 0.36
2 0.49 0.69 6.94 0.22
1 078 0.46 24.47 0.40
+UV
2 0.54 0.32 16.94 0.28

-UV and +UV indicated no-UV irradiation and UV irradiation condition, respectively. Annual

harvesting frequency in case 1 and 2 was assumed to be 30.4 and 48.6, respectively.
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3.4.4 HZ%2

ARFETIX, TUV DIR=E 1 HOFEROEEE) BT, & LA O—HINEEZTTOY
A IFERIRRZ 2 Fil 1 BT 2356 (O — A 1) T 1.22 1%, 4 HilZ 3 Hix #3585
G (r—22)T 136 5 ThoT=, fh )i, +UV O RA JEEDILE TV ORI R T
#) 2.9 f5L720  HEINU T2 &=k L TN IT R &2 o T2,

AR E DI (Y) ZIHERRIRR T 28, WD IOV Th UV O
FHIEIZEDT 4 HilZ 3 HilET A4 T 2 #il 1 §ilET L6 0L KRERoT, F2,
AFRIEMEYE & (1 mg) A PET D7D BEHE ) & (E) 12DV TiE, RA TiIY
FERIRRICEDT UV T—UV K0/l ZDMO ks B L OUGER R IZ DWW TiE+
UV &—UV THR%, £213+UV T—UV 0 RER572, RA O E T DWW TIFEM R T
W 2L, UV BTV, 4 Hid7-h 3 il 256 Ti/heleoTz, £o, ARBEOH
PACIE, INHERIFRIZ LD RA % 1 mg EPET 572D I B M B e ) #13 UV IR &A1T
%6 C UV IR ZI TR WG L0 /N7 2 L RENT, EHI2, UV S 21T )
MRS 4 #id7-0 3 HICT DI TR DRWIHEE /BT RA AT HIENTES
EFEZ BT,

IBIY, KRB O T, & MrEIOMIRUINHEATT>% A IWHERTIC 3 HE D
UV B Z1T5ZET PA. RA BEOY ANT L&D UV BURZI TR0 GE J0b KERDHT
EVVRENTZ, SHIZRA % 1mg AEFET D7D EE T 1813, UV BRE 2170
eI 4 Bido7-0 3 HiL T HIETl/NETRDZEDIRENTZ,
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35 HIEDELD

o UV B TIE, B =2 K 310 nm @ UV I E&2 IR CREBHBIEE 0—3 H
(2 UV-B ARSI, FRAHHE T 1CHR AT O—INEAITH 2T EFIHIZ o7
PA BLU'RA DRENFEWIELBLNAZ LN RENT,

RO UV B TIIAETITMHEESNRNE D0 PA JREIEL UV BRE X E UV RS T
[FFEEE L7228 RAITDOWTIEE 3—4 Hi T, ANT IZOWTHEIC IO TIRENME T
FTHIENIRENTZ, LU 122V T, O UV BREHZE->TH 3—4 BiZEOREN UV
BRIV <2200, 5 5—6 HiFEDOIRE T UV BRI IDBIRARD kb D&
AEELTUIWTNBERRE LDV RSN, ZHED, RO UV FSH T FES AL
EROEIEEYE ORESCE R BEEHINSE DI ENTERN0 | AEHEEYE O%h
FAPEIIINE THLEE Z DI, £, EHIR O UV BRI Z1TI5E ICbk L T UV
AR TIC, UV I Z R T 2 B3 S 5 ZED RIBE T,

INBHDOZEND, 3 A UV B, —H#IHE Tl EAZEIZ IS 5L TPARBLIY
RA IRENEWWIEZINE TELEE 2 b ([ 3-1]1), =61z, [k 3-1]ofE ka4 &
(ZARETT Y DEPELATIBSICEREE RN 2B H A A UTc, ZORER. & BAL
Hi ORI UINFEZATH Y6 INHERITIC 3 A D UV BE 247524 T PA, RA BELTUVANT
INEN UV BEZITORWGEE LD RERDTEN RSN, SHICRA % 1 mg EFET D
TeOIZ B TR T T &, UV BRI 21T, IVERRRZ 4 fid7-0 3 fik 3528 Thels
EIRDTEDIREINT,

LLERY, e EALEI AN HERT R &35 —EINHEA FH O UV BRI AT A0S TV LR
[FfR% 4 Hido7-0 3 Bl L HEEAYIZINFELZTITOZ LT PA BLU RA JREDEWIEZ L)
INZAFE CEAIREME D RSV, 72720, [k 3-2] CIEREWIM O UV BBEHZE->TRA
EEMNME T L2720, S 1581 Irse 72 IBES 287 20 O A BRIE HEM E \ RIE T BRI
WTHHE T DUNERHLHES DI,
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54T (REEENE T BIOEEEEYE I ST T2
4.1 F&5

R DA BRIS W E ORET, LIZUIRKIRIC K> TEMT 228G T,
Bz X, ANT B HENZ W=7 Tlid, A0S T B IO o <R %
10 °C F721% 15 °C IZHIH4 2L T ANT IRE DS I T 52 EAVRSN TV (=il < & H,
1983), 7=, v uAXF X F (Leyva et al., 1995) LR Ew= (Christie et al., 1994) T
X, 7=V T ARBLORT TR AR EE R OB EDORER ThHH T =17
FG=r T =TT —F (PAL) BI O L a g v #Z—F (CHS) Za—R+ 5 &G F 0
FEHLEIIRUR (4 °C) THMNT 22 HMEINTWD, THY YD RA [T7 ==L 7 r/N
JAR, LU BLOY ANT X7 7R /AR THAHZEND, IRKIRIZZ OO A BIE Y E D4
BT D RENVE RN 8D, SHIT, L X AD KHEREE Tld, PPFD 90— 150 pmol m2s,
KR 16—18 °C DOFF, FEIRIREE 13— 14 °C IZHIET 5L ANT JEESHEML =280
A ST % (Voipio and Autio, 1994) , it )7, PA E—[AIARDFREE THEARSND TV
RUDFIELT, BAITA IV DEEO Y YR EITRIREERLS T 52T (de Abreu
and Mazzaferia, 2005) . 77V DR DT VF NI T8 R TR RIRE % 10—15°C
DIRIRIZT HZET(FHEF, 2013 Efm) T 228 @mESN TN D,

fREUR T Tk, CO2 DEVIAA DRI IT720R0F W s | SRS N D LIEMERE R
i (ROS) IZ L DR E AN &0 (RS, 2008), FEMIDOIANT ROS 234 k954, ROS
ZERELUEFEZMGIT 572012, UL E O AR FESND, Fio, MM ERE DK
TERAGEE DR FIZE DK RZ 25 EH L FEDITAK A RITEESND, KARL A
RRETIX, [RALAPAH T 5L T CO2 DEVIAZENA 43 &7eh  IRKIR T ERIERIC
ROS [ZLAREENE IS, RA, LU BLOANT 3B E CTh L0 IRKIR F- 1K
BB WIRAZ Lo CTND DO RS I T 5 AT RENE A B D,

BT, RPN TR Y) L5 Cld, B2 WA ZEDRZ WD | HU TR
FEERSHIBECE, BATRRGIE N ATEETH D, [IBIZOWTEH, ¥ 7R3 5
ZE TR IS ATRE CH 5, JoFTHIZ IR EE HIAE CIE, fisk N D& TOXIRE HIE§
HEVEAANEIMMR HIENTELAREMENHY | FICHEE N T [RRFHNIZIE S #2175
P A TN XA RIS DT ENRTED,

BEAEOHFE Tl BERIKIR O AR L7 G I T EER O B TR T LW Z &8
%< ENCHY (Beauchamp and Lathwell, 1967; Cumbus and Nye, 1982) . & H D7 1o
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VCIEAIEE 15 °C LATFICT 5L, 6 A O THMl EEROAEF NI SnD ZEDVRE
iz ((F8k 2), ZZTARETIL, BiREE ([RBr 4-1) BT oY O4F B IOV
WYE IR T R A RA L . ABE M E OIS R 03 o T B A IR e Tl
HOMMARFT Lz ([R5 4-2]) . SO, R EFICEET T5LB 25N KIREHIFA T,
B2 D5 T CORE R IR BN AR BE M E ORI R T TR RA L
([RBr 4-3]), ZNOHDFE RN, THVY OMRAPED -0 OIREE R IR 7 kR X
OINFE FIEZRZE L, 45 TIEENLD HEEZHWTRE TT IV Y O EFEEATS T 56
(2, AR BRVE R B AR PRI S L B AR S A AN A LT,
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4.2 [FBk 4-1] BE2BIKIR
421 HEY

BHT YV TIEKIRPMEOEE ANT BESHEINT 5500 (fF#k 2, Fig. $2.2) | KX
AL T AR S IHISN D ZEAVRSIZ (T8 2, Table $2.1) . BEEDOHIFETIE, #IF
R AR 22 & TEL DM O L BEMEYE DU EE DN 22 L8 i S TRY
(Voipio and Autio, 1994; Sakamoto and Suzuki, 2015) | F5# IR D A& AR Lz A 123
FEOEMEIFIK T LARNWIENZHE ST % (Beauchamp and Lathwell, 1967;
Cumbus and Nye, 1982) , &M 7 7Y CIIARRE B IRIRALFRIZ L > T RA BLOVANT 2
DSEEANL (fF8% 3, Figs. S3.2 and S3.4) . ZDERITHL FEE DB ITINHISN/R2NZ LRSI
7= (8% 3, Table S3.1), ZZ T, AFER Tl FEURENIEH T Y DA B BIOVER
TEMEDE DY I AT T B2 A LT,

4.2.2 BB L OT7iE
4.2.2.1. BEFEY) B L OVEF S

PEE AL BT 5 R L G B - SR B A ST T DIE A L7277 1Y [Perilla frutescens L.
Britton var. acuta (Kudo) f. crispa (Makino), 0657-79T] &L 7=, fii 1% /KiE/KIZ 24 h iZiE
%, ULZUAR Y IR LT, R, VLA AR VR T AR B AT T
(FHF32-EX-N-H, /XY =»7 (fk) ) IZ@E\\ -, FHE% 18 HIZ 56 £z 136 L &
(54.4x38.4%6.5 cm) DILBEKBIHEE B ICBEL . =7 R TN T2T b —Ta 217
STz, BERIRIT 14 BALD OAT U A A W5 (OAT 77U (#R)) L LT, BAERETISK 10
L OB RIRA 2 T IS | — A BT LW RIRA BN U, 27 FNO 2GRk
13 2 RIS LI LT, ABBRAA AT IRE R RIR A R L 227 o 7o, B OJEIRIZIT A
BT IV, BRBESIFI 2.2.1 LRIEEELT- (Table 2.1),

4.2.2.2 ALBEIX

RS B IRIRALERI X, 55 5 MiZE) PG 0—3 A (FEFEM% 39 H) ICBARLT-, RS
DERBESEMETIZ, 72V O 1 HiEITKN 6 B ZEICEMLI2D, AL AR RFO 2 BR B 46
BHBIT, F3HET12—15 H (RREM) . F4HHETE6—9 H . B5HETO-3HT
boTo, SINTRIGEEL, 5 3. 5 4. 5 5 HigEL, MERBHAARHCIZ R B A 4D QUi o T
96 HEEL LT, AEX OREEIRIRIX 10, 12, 15 °C ((XE5#ZIE) . 20 °C (Control) |23 &
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L.6 AMZEOIREIZHERLZ, LBHIM P oa 7 FNOEEKREIL 16 L LU, £0O
M DOBREE ST 2.2.1 LIAIBEELT- (Table 2.1)

AAFFETIL, B IIROHIEIZIT T 1 —27—F— (TRL-107TNHF, h—~ 28 (F%))
P L ONRE IR (TC-107, F—~ 2R (KR) ) iz, 612, BRRIRAZ Y —123 %
COWKFRTHH N, TR T 2T A= N T T L —2al 217572,

4223 AERE

B A I TEEBR LA 6 HISIT\V ), BRI A (R B LR HE 4 IOV R D B [ i 2
TELTZ, ABFZECIE, HIBLIZHZEE R TS o Tefod, EEHEER T FICHEL, % 3
DL B R 7 oI EEARIEEYE (PA, RA, LU, ANT) DTV, 95— D
WETAEMRELEYEOREICHN -, TEOEIKEIL, W ELZAEMRETERL, 100 (%) %
Fe U7l (Rz=R) % 100 2B TR 7=,

FEAMIEHEDE O ESHT-VOREX, P TV OEE &L VO E
THRLTHED T, 1 HIZESHTZVD PA, RA, LU, ANT OEH EIXETNE DRIy DY) E
HIZVDREIZENZENOHNDIEDOT Y EEZFL CHEDTZ,

Fro, ARRERTIE, R IREEF LM IR DA B EOE LT A LTz, ZKBED
AT B A BRI SO OB FRIRIREL % 10, 12, 15, 20 °C ([ZHIHIL TV 7z
LT FIBHEL . BREE %550 4 h(0—4 h) S HET% 24 h %2°5H0 4 h(24—28 h) D7%
O 4 B R CRIE L 72,

T IR COEEEZEE L, B X O Tukey-Kramer %% VW Cxrt
JVRERE ((BF) =A) ECHBEL, 5% %7213 1% /K ETH B ZEREEZIT-T-,
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4.2.3 fER
4231 £F

WVERBRAARED FEBABA AT H B, 55 3 BT 12—15 B (e RER) . 55 4 %< 6—9
H.% 5 Hi#T0—3 HTHY., 5 6 HEITHOWTITEBBIERTThH -7, B T oD
EREOEHITAIR X [T 2T <, &2 TH 6 BiE CHIEL Tz, LK T Rr D REHEH 1A
BHEIT, FBI3WETI8—24 H, F4HiFETI2—15H, FE5HIETE6—9 H, F6HET
0—3 H Tholz, B5IEID 6 HHDOFEEIE, 10, 12, 15 LU 20 °C LB TENE L
10.0, 12.4, 15.2 8KV 20.2 °C Th o7z, W EIS I OFEM LT IO LEE X TH ALEE
BIAASHINL (Table 4.1) . 6 A O TIE, R OIS, ERE, EREBLOY
LB X ] CH B 2L A DI o Tz, # EEE /K EIT, B RIEME T3 D1EE /e
IRDME N A DI, RIS FRIKIR 10 °C TAEB LY O E#E K RIL, B R IKIR
15 °C BLV 20 °C THEBLIAEMIVH A B/ ElaoTz, E6IT, BRRIKIR 12 °C LLT
THERBR A% AT 30 STCIEDZENABIEESIL, 90— 120 /32T HR 2 IZAIE L= 2 &0 883
iz,

4.2.3.2 FEFERAEPIEEY)E
AR O &

SLERAE T IRED FERL O IEORZY) & IE, WBRIZES T 3, 85 4 BEIOGE 5 §inveE 1, 5 2
BLOE 6 fikvt KEARY, EREEDORMED 85%I1%5 3—5 HifEN A T 7= (Fig.
4.1), EBIT, F 1 M L O 2 M BE BRI S22 L THh ., TNHLOFN OED
WO, 5 3.5 4.8 5 BLDb /NS o7, LTaA o T ARFZETIEES 3—6 BiEn
HYEMEME DR E A BEMROT-V D EMTEMAL S & A B L TRLI,

~YLT VT ER (PA)

HLW EHTZ0 D PA JREEIL, I BIDOL T2 TORIAL T, 8 17 SUE A AR H k-
THESN TV 0.08%J0 Eh o7~ (Fig. 4.2 (a) . F72. PA B IXW T IO MR X THAL
P T IR I T BALIE T o725 6 HITE TR LY, PIEIZER) -T2, 5 4 (e R
) B IO 5 (R REBART BiTEICB I OMM EHTZD D PA IR TR X THE 2N
IRl 7, 5 6 FiHEICI T D PA OIRELIE, H52&8 KR 12 °C LL T Control KD &
THR DAL=, BEDHTZ0 D PA &4 &IFE X H TH B 22D 7eh -7 (Fig. 4.1 (b)) .
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BEAY MR (RA) R

RA JEEIXINTHOLIEX THLE 6 FilEChR/NERD, FAIEIFE DI -7, 72, RA
BT R COEIN CREERIENME 32138 BINL 72 (Fig. 4.3 (a)) . RA &8 BII555E
IR DK FICHENEINL , 5538 1RIR 10 °C TEOMOLBEX I A EIZKE 7= (Fig.
4.3 (b)),

VT AV (LU) SR

LU JR I, ALBRIZBIDO L5 6 HidEChRokE/pD, 26 5 HiBELL T CILE 6 fioRIE L
DL 72 (Fig. 4.4 (). BEIKIE 10 BX V12 °C T 6 BiEClRokE/eD, T3
EENETR ST, Fe, FHHEILO LU JREEITEINLIC RO LT E IR 10 °C TZOfhoiL
X IV REAeoTz, LESHT-VO LU &H &1L, B5&R IR 10 °C TZOMOLE X LD
BEIZKREI -7 (Fig. 4.4 (b)),

T b T = (ANT) ¥

ANT JREE (X, Control TIEEINAIZLD7E1T70<, B IKIR 15 °C LA FCIdEf 6 il Tk
RE720, 55 HiLLF Tl 6 fikvb K ~7- (Fig. 4.5 (a)) . £7/-. ANT JBEIL, 4 BX
OV 5 FZI W TR TR IT R o703, 55 6 Bl W CIIEs & iRIR 15 °C LLFC
Control J0# Ev MM 23 B b7, ANT & i, B IX ] CH R 22037072 (Fig. 4.5
(b)),

4.2.3.3 ZKHOHRE

BARE R0 4 h OFERFEDH-DOZABORE L, BFEKIRE %L 12 °C 7213 10 °C 12
L7=356512 20 °C L0/ NNl Dl 23 A bi07- (Fig. 4.6) . At 24 h %50 4h OFEm
FEHTZD DORBORE 1L, BERIFIREL 10 °C (LB AR T4 AN, B
T EZIZE LB X LA T,
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Table 4.1 Effects of nutrient solution temperature on dry weights and water content of red perilla

plants.
D ight
. . ry weight (g) Water content of Total leaf area
Nutrient solution Above part . . . )
o - leaves in main in main shoot
temperature (°C) Main shoot Lateral Root Total 2
shoot (%) (cm?)
Leaves Stem shoots
Before the start 1 - 0.07 0.61 87.9 217
__oftreatment ...
10 0.81 0.18 0.12 0.17 1.28 82.8b 276
12 0.79 0.19 0.19 0.21 1.37 84.7 ab 292
15 0.79 0.19 0.17 0.27 1.42 85.9a 323
20 0.84 0.18 0.20 0.29 1.51 85.2a 309

The plants were harvested at six days after the treatment began (n = 6). Different letters indicate

significant differences among treatments at P < 0.05 by Tukey-Kramer’s test.

1.2 4 01 @2 03 M4 @5 W6
Node position

1.0 A

0.6 A

Dry weight (g/plant)

S

O O B

10 12 15 20

Fig. 4.1 Effects of nutrient solution temperature (NST) on dry weight of leaves in the main

shoot. Vertical bars indicate SE (n = 6).
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(a) (b) Node position
20 - 4.0 A
NST (°C)
— = 6 O5 B4 B3
= 010 @12 @15 W20 5
A 15 A = 3.0 -+
ﬂb‘o ?D
oo £
£ 10 A =~ 2.0 -
c
O 3
= c
S 5 - S 1.0 -
& <
0 0.0
3 4 5 6 10 12 15 20
Node position NST (°C)

Fig. 4.2 Effects of nutrient solution temperature (NST) on the concentration by node (a) and

content in whole plant (b) of PA. Vertical bars indicate SE (n = 6).

60 (a) (b) Node position
NST (°C)

50 A 2010 @12 B 15 W20

40 1 %ab

m6 OS5 B4 @33

RA conc. (mg g''1DW)
w
o

RA content (mg/plant)
H
(O]

20 A 10 A
a
10 - abbab 5 A
0 0
3 4 5 6 10 12 15 20
Node position NST (°C)

Fig. 4.3 Effects of nutrient solution temperature (NST) on the concentration by node (a) and
content in whole plant (b) of RA. Vertical bars indicate SE (n = 6). Different letters indicate
significant differences among treatments (b) and that at same node (b) at P < 0.05 by Tukey-

Kramer’s test.
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15 - (a) ) 3 (b) Node position
— NST (*C) = Mg U5 m4 33
z 010 @12 @15 W20 IS
T 10 % 2
Qo
£ =
N c
O
S 5 - £1 A
o o]
) (@]
= -
—1
0 0
3 4 5 6 10 12 15 20
Node position NST (°C)

Fig. 4.4 Effects of nutrient solution temperature (NST) on the concentration by node (a) and
content in whole plant (b) of LU. Vertical bars indicate SE (n = 6). Different letters indicate
significant differences among treatments (b) and that at same node (a) at P < 0.05 by Tukey-

Kramer’s test.

140 A (a) . 80 - (b) Node position
< 120 - NST () i = m6 05 @4 ©3
a 010 2212 B15 M20 |a =
= . < 60 A
7, 100 >
S

£ 80 A =

S 60 - g4

S 40 3

= ’ 2 20 A

< 20 A <ZE

0 0
3 4 5 6 10 12 15 20
Node position NST (°C)

Fig. 4.5 Effects of nutrient solution temperature (NST) on the concentration by node (a) and
content in whole plant (b) of ANT (calculated as cyanidin-3-glucoside (C3G) equivalent).
Vertical bars indicate SE (n = 6). Different letters indicate significant differences among

treatments at same node (a) at P < 0.05 by Tukey-Kramer’s test.
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200 4 @ 0-4 h after the start of treatment

e =>¢ 24-28 h after the start of treatment

€ 150 - d

20 a

g

& 100 A

[

i)

©

S 50 - b

Z

©

|_ O T T C T T 1
0 5 10 15 20 25

Nutrient solution temperature (°C)

Fig. 4.6 Effects of nutrient solution temperature (NST) on transpiration rate per leaf area of
perilla plant 0—4 h and 24-28 h after the start of nutrient solution temperature treatment. \ertical
bars indicate SE (n = 4). Different letters indicate significant differences among the NST

treatments at P < 0.05 by Tukey-Kramer’s test.
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4.2.4 B2

AFRERCIE, BRI 12 °C LU T CIRAABEBRAAIFICIED SIS EN DB E S, 20

B WK EDOPRANZLDIKRAN AN G- ST B X b5, BEIEOMIE T, £

FRIE 12-30 °C OFaPH TIFR IR E DK T & EH 1% =v VU (Tachibana, 1987) <°1 1
(Takeshima, 1964; Nagasuga et al., 2011) DK EN B LT L s S CnD, ARikBr T
b, ABBHLATSE 1—4 h OZKBOREIIREEIGR 12 °C LN TR T LI2ZE0 0, 1
12 °C LA F OREE R IRALEZ Lo TR EMIIHI S Lo &8 2 bz, — %Iz, oK
T RNV Dl BN DK Gy R Z Z2 Wil 9572012 KALAR 2 IZPASHL
R EA K TS5 (Tezara et al., 1999) , AFkBR CHEE IR 12 °C DL CIXALBER 46 1%
90-120 min TENNENELIZZEN D, ZOMNZZBEOFH K T) IZZVIEMNER DK
SIRZDFEMSTcEE Z BT, £, WHPIAT: 24—28 h DOZKBOEEE OLER X fH D
TR 0— 4 h TOZEIDE/NSKZ2 o> TNDIEN D WP BR 1A (WK =D i
HIThIEE 2B, WA 6 H B OMEMIROANBITAEEXIZ LD 2L A LI
MoT=b DO H EEOE K EIIEERRIEDROIEE K -T2, ZOZENG, HEEIRIR
12 °C LA FTIIARARC AT 6 H Rk TRz, E7o, AFSEo#FH T 6
A FOAR NST LB Lo TREZME DA BERR TIEALNRD > 723, Bl O KO
RITAREER 72 K AR RARBEIZ S T2 B 2 B, MO W 2 IE R L7235 81213
HME T3 5RREMERHDHEE 2 BT,

VDT O RA BELO LU R EIIEINIC IS T R58 KR 10 °C C Control J0H K&
72723 PA BEOVANT BT 6 BilED 2 TIRESRIKIE S Control X0H KE7po7=,
Fo TR RIKIRIC L DTN O L BEME Y E DR B O¥EINX, FEnlZ ko> THRARD
ZEDVTRIES T,

— AT TEMERE R TR (ROS) DAL EIT, KARAGAE FTHEINT 5282355 T
FY (Ksouri etal., 2007) , BREEARL- A F T RA, LU, ANT 72X OHIER Lk /0 DA A RE
FOEREEOHEMIL. ROS OEREOENNICL> THEINLIZENEHREINTND
(Blokhina et al., 2003) , &7=. Woipio and Autio (1994) 1, K& 16—18 °C T CH;HIKiE%
13—14 °C (ZHIfHI§ 2L TEE R IR A I L 2N EDB L2 A0 ANT JREEDHINT 528
%S LT 5, Sakamoto and Suzuki (2015) 1%, ZAKEFEER ISV TR HRIE 10 °C T NST
15 °C UL EXOHARRI—T L 22D ANT BLUNR T =/ — /L ORE | filR{brensginLi-
ZeEWAAE LT, EBIT, Gazula © (2005) X, &R 20—30 °C T Tl KURDMEWEELZ 2
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HED ANT REREINT 5282 WG Lz, SHIC, 7=V T ARBIOT TR /ARD
ARSI DR ERESR THD PAL 22— R T 585 T ORBIL ~L) 4 °C DIRA
IRIZE > Ty rAXF X (Leyva et al., 1995) I LT -Ew= (Christie et al., 1994) T I
HUZENHESNTWS, Lo T, 7= L7 AR ThDH RA RO, 7R /AR TH5H
LU XU ANT OE G AU FAREE IR CHIINL 72 "IREE 3 B 5,

AR TIE 6 HREOREE BRI L > CEOMY EITK T3, 852 1KiR 10 °C
ICE o TETOHIET RA BLOLU JEEEABINLI-ZL T, RA BLO LU D¥EHT-V D&
BN 2EE72o72, SHIT, BRI 10 °C TIX RA BXONANT BEBSIOEAH ELIK
TLZpinole, Ko T ARERO 6 A fH (B OIREF = IEIE (10 °C) AR IX, 7Y D RA
BLO LU REB LU EE Control @ 2 fHITHINS TG 2 HiEEE x bivlz, 4%
(T IRETOREEZHEL . [URS R 056 IR B IR LI L > TRTAR TGS
NODERMETHUENDHDHEE Z BT,

LI kXD, 6 B RIOEREKIRALEE (10 °C) 12Xk CTHEOT M ES PA BLO ANT BE
R TEEFIC, 2 TOHENT RA BLO LU BENEINTHZENHLNE ST, Lo
T, ARERD 6 H ) ) OIKEF 2 TR (10 °C) ALH L, S RIUHETH —HRINHE TH L
AL RRD RA BLD LU REBIOGAHEEAEINSELZENTE, K FALHiOHD—
HUNHETIZ, PA BL O ANT IREDN S WEEGONLEE Z DI, 7YY DA FTEHY)
B DNRBIRAEFEG R T ETHDHEE 2 b,
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4.3 [k 4-2] B WRIR AL D B
431 By

B 4-1]10. 6 A BOREEIRIRALEE (10 °C) IC k> TEDO M ES PA BLOVANT
REZKTIE I, 2 TOHINLT RA BEO LU BESHMTHZENRILNER ST,
712U AUHBRLETE 6 H OE /KR TRIEZR IR IRALEEIX T Control (521K 20 °C) Kb
INETRDToZ oD | E IR TARGE 72 K AR ZAR BB IZ o 72838 2 DL, ALEE D 1] [ % 4iE
ELEGAIITRE EME T T2 8eE 65, RikBR ClL, £F Ol PA BLW
ANT JRE DI T 2712 RA BN LU IR E A HINSE O ARG 28 R AL D ] [H]
BN T D701 IREF R IRIR AL O W AL 72,

432 MEHRBIOTIE

PEER B L OMREE T IEIL, 4.2.2 LRIBRELT,

ARFRBRCIL, ATt R IEA 5 5 HidEL L, 5 5 HidENEBABAAT: 0 FICEELRER T
AR A BRIA LTz, ALBRIX L, BEERRIRE % 10 °C ([ZHIEL 7= LT X, BEE iR 2 il 7w
Control Z5%\F 72, £z, AFRERTIX, LT K OFEREAHREE [E PN OB 78 1 1 XV PR B AR AT
1210 °C £T N, ZZITHBRICH WM ZBAE LT, LT OEFRIKIRIL 4.4.1 LRIERD
FECHIBEL 72,

SLERBAAGT2 0, 3, 6.9, 12 RAICHEWE, 55 5 WitEOm W E, 5 5 HiEOEBYEMEY)
BOWEEAT T, EPIEHEME OIRE DT B IORE T 2.24 LEERELTZ, &
B3 2 BlfTHo72,
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4.3.3 ftRk
4331 £&F

i ISR EIT, 2 [AIOFABRE S ALFBH AR 6 H £TId Control & LT THIFRL, ALEE
BRAARH: 9 H LLRRIZ LT 23 Control X0b A B/ 7= (Fig. 4.7), )5 AR O E I,
2 [ ORBREGAEEER A 3 25 LT 28 Control Kb A EIZ/ N7~ 7= (Fig. 4.8), A
TG E IR DA ZAT 7255 b BB O E I, 2 M OREREHALBEBAIATR 6 0 £TiX
Control & LT 1Z221372<, ZLBEBRLATZ 9 H LARE T LT 23 Control JOHEALIT/ N7 57 (Fig.
4.9), #i EEFOEKERIL, 2 BIORBREG AP 6 H LIFRIZ LT T Control Kb A E
(/727 (Fig. 4.10)

4.33.2 EFNEIEME
~YLTILFER (PA)

PA JREEIX, 2 [EOaREREE Control TIXEBHBHAGTR 0 H TReREZRD | LT TILEBABLA
#% 0 B (2 [ HO#ER) £721% 3 A (1[5 H 0#ER) THrREe->7- (Fig. 4.11) . Control & LT
TS 58, PAJRELNE 2 [EIOREREG LBBA LG 3 H T Control X0% LT TKREZRDEH
A6 A0, ALFRBRAAT% 9 H LLREIX Control & LT (222135720357,

X<k (RA)

RA JREEIZ, 2 [Bl0FEREY Control TIZREBABHAAT: 9 H LR CReBHPHAAT: 6 H LARTX
Db REARDMEM A A S (Fig. 4.12), LT O RA T, BEABIATE 3 H205 6 BIHNT
TR L, BBHBIAT 6 B2 D 9 HIToNT THIM I 2 m A3 & 547z, Control & LT Tlt
958, RAREET, 2 BlOFERES HEF 4% 3 LTV 9 H T Control 0 LT THE
[ZRERD | ALERBRAAT: 12 H TIE, Control & LT (2L ADLILe T2,

VT AV (LU)

LU JREEIE, 2 [Hl0aRER &% Control TIZEBHBZAH: 0 H ThoREZRY | LT TlLEBAB S
#% 0 H (LR HORER) £7-1X 3 H (2 Bl H 0RER) Thek&7e-7 (Fig. 4.13), Control & LT
THEET DL, LU RE T, 2 [MORBREG ARG 3 33K 0812 A T LT < Control £V
KEIRDME DA DI, WLBEBAAATS 6 3L OV9 H I Control & LT TEIIADILRDT=,
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7R 7= (ANT)

ANT 1 2 BlORERED, Control BXOY LT EHICEBABRLA B 4RI ZDZ NI AL
i o7- (Fig. 4.14), Control & LT TH#R 3 5&, ANT JREE I, LB 6 H £ TlE
Control & LT 1Z221372<, ALEEBRALATE 9 H LARRIZ LT C Control Kb KERDME M5
iz,
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Fig. 4.7 Time-course of dry weight of above-ground part in red perilla plant under low nutrient
solution temperature (LT). (a) and (b) show the results of the 1st and 2nd experiment,
respectively. Nutrient solution temperature (NST) of LT was set at 10 °C and the average NST
of Control was about 23.5 °C. Vertical bars indicate SE (n = 6). * and ** indicate significant

differences between Control and LT at P < 0.05 and 0.01 by t-test.

1.2 - ok 1.0 -
. (a) -O-Control LT .
&0 2
5 0.9 5
e e
(- ‘-06 0.6
206 2
& ® 0.4
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z 0.3 2 0.2
a o

0.0 T T T T T 0.0

0 3 6 9 12
Days after start of foliation Days after start of foliation

Fig. 4.8 Time-course of dry weight of root in perilla plant under low nutrient solution
temperature (LT). (@) and (b) show the results of the 1st and 2nd experiment, respectively.
Nutrient solution temperature (NST) of LT was set at 10 °C and the average NST of Control
was about 23.5 °C. Vertical bars indicate SE (n = 6). * and ** indicate significant differences

between Control and LT at P < 0.05 and 0.01 by t-test.

91



0.6 - @) 0.6 - (b)
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Fig. 4.9 Time-course of dry weight of leaves at 5th node in main shoot of perilla plant under
low nutrient solution temperature (LT). (a) and (b) show the results of the 1st and 2nd
experiment, respectively. Nutrient solution temperature (NST) of LT was set at 10 °C and the
average NST of Control was about 23.5 °C. Vertical bars indicate SE (n = 6). ** indicates

significant differences between Control and LT at P < 0.01 by t-test.
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Fig. 4.10 Time-course of water content in above-ground part of perilla plant under low nutrient
solution temperature (LT). (a) and (b) show the results of the 1st and 2nd experiment,
respectively. Nutrient solution temperature (NST) of LT was set at 10 °C and the average NST
of Control was about 23.5 °C. Vertical bars indicate SE (n = 6). * and ** indicates significant

differences between Control and LT at P < 0.05 and 0.01 by t-test.
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Fig. 4.11 Time-course of perillaldehyde (PA) concentration of 5th node leaves in perilla plant
under low nutrient solution temperature (LT). (a) and (b) show the results of the 1st and 2nd
experiment, respectively. Nutrient solution temperature (NST) of LT was set at 10 °C and the

average NST of Control was about 23.5 °C. Vertical bars indicate SE (n = 6).

. (a) -O-Control -#-LT
Z 40 A
oo
E30 . * .
.20 A
c
810 -
<
o
O T T T T T O T I T T
0 3 6 9 12 0 3 6 9 12
Days after start of foliation Days after start of foliation

Fig. 4.12 Time-course of rosmarinic acid (RA) concentration of 5th node leaves in perilla plant
under low nutrient solution temperature (LT). (a) and (b) show the results of the 1st and 2nd
experiment, respectively. Nutrient solution temperature (NST) of LT was set at 10 °C and the
average NST of Control was about 23.5 °C. Vertical bars indicate SE (n = 6). * and ** indicate

significant difference among treatments at P < 0.05 and 0.01 by t-test.
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Fig. 4.13 Time-course of luteolin (LU) concentration of 5th node leaves in perilla plant under
low nutrient solution temperature (LT). (a) and (b) show the results of the 1st and 2nd
experiment, respectively. Nutrient solution temperature (NST) of LT was set at 10 °C and the
average NST of Control was about 23.5 °C. Vertical bars indicate SE (n = 6). * and ** indicate

significant difference among treatments at P < 0.05 and 0.01 by t-test.
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Fig. 4.14 Time-course of anthocyanin (ANT) concentration (calculated as cyanidin-3-glucoside
(C3G) equivalent) of 5th node leaves in perilla plant under low nutrient solution temperature
(LT). (a) and (b) show the results of the 1st and 2nd experiment, respectively. Nutrient solution

temperature (NST) of LT was set at 10 °C and the average NST of Control was about 23.5 °C.

Vertical bars indicate SE (n = 6).
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4.3.4 B

RBR 4-1 LFEIERIC, ARBRCIIE 3 RIRE 10 °C (IZHITIL 72 LT CALEBA4A# 30 min
T—WFIIZZENTZ, ZAUT, i P OIRRICE DR AR EDIK FRRRK THHEZ 2 b,
b e B T ALERBR 4574 6 H £C Control & LT IZZEM 227203 AR D H W) B 1T ALER
BAtAT. 3 H LAFRIZ LT C Control JOHE RN oTz, ZNHDFERNG | INFERNL TH
LU EERO ) A K TS TIRE B IRIR AT 2 DAL ER ML 6 HETTHY, 9
H UL LAk S DL i EE O EITIK T4 A LAVRENT,

— BT, 10-35 °C FEEE DR EEFPA I, A IR OREGE BT TR EE DS m S E R,
10 °C EH-L7RFITHKT 2 fi512725 (1L /5, 1995) , AR Control & LT ORFEIKIRITE 4L
ZH1, 23.5°C BLUVN10°C THY, LT T Control L9 13.5 °C Ko7z, ZD7=8 | FROME
W71 Control C LT L0 KEL, IRFBHE BT Control TREZRSTWEEZ LD, L
L2235, 2 EIL LT T Control KD/ Ne7eoT=Z b # I Be STz A Rk e
YD EIL LT T Control X072 o7 vl igtEnid s, b~ Tid, KU 25 °C OIRFIZHIET
HOIREEZ 10—15 °C (ZHET D&, M FEOIREZZ L, BIZHIEL7Z5E J0HR~
DICAEPED D5y B BN D187 MEIINTND (RF DL, 1994) , ZILHDZEMND,
ARFABRIZ B W TH L FEIOARIRICEY | #l FE A~ OIA REM Doy Bl &3 D 7elg o722
ETHL EERIVG SEITAR DM E DMK FLIZEB 2 BTz,

PA JREZEICHOWCIERE BIRIRAABE TH A UV B ORE R EFRICEBRLS 6 B E
TOHETHEITDEMNHLNTZ, ZD72D, UV BT I LOMKEE 5 R AL B Tl R B 4]
HIOETODIH PA JRENHINNTHIEN /RSN, )7, RA JREIXBBALA 9 HET
LT T Control X0H K&7eo7223, LU IR E LB 4674 3 331 T8 12 HIZ LT T Control X
DHRELRD, ZDOMOFHA B Tix Control EIRIFEEDEEZ2 72, PA REII[FER 4-1]&
[FARICALEEBR 461 6 H (RBHBALAT: 6 H) OIETIE LT T Control L0 K EA2 D[R] 23 A
Sy, BEBABAMAT: 9 H LARRIZ Control & LT TRIFRE L2 ~72, ANT [ZOWTIHALEE
HIFIZ XS Control & LT CTRIFREEEZ2 572, RA BN LU JREEAS LT THML7ZBEHIC
DUWTIE, 4.2.4 S[RIERICHE T ERIREE DI TICED Wk il S /e 2T EERAS KA
L AMREBITZ2 57228 T ROS OFAEPIIMUI-Z LN —RER>TNDHEZ R HND,

UL EZY, PRI Z 6 B ELICGA ., REE A EUCZLST LU BEO RAIRE DA TN
<> PA LN ANT OJREAX F Ao TIN5 00 JBRHIH2Y 9 B UL RiZ/hes
EEBRMHISNADZENRENTZ, Lo T KRB RIIRO ML 6 A3 Y& x i,

95



4.4 [F8r 4-3] (KBS AEE P O KGR
4.4.1 B

[R5 4-1]B LR 4-2]OFERLY | KB IRIEALEE (10 °C) Ick> THEDO WY E
° PA BEOVANT BEZK FSEFIZE2TOHN T RA BIO LU RESHEMT L,
B DOHIIE 3—6 AL TWAZEN RISz, —KAIIT, HE FEROIREEAME T 35&,
RS DWW KD INH SH, BB EW K DRT U ANEANDZETHI BN K AR RIRREIZ
722, IRARV AR TOAEBIGEMEYE OE G B OMHE, RN TIE R FFE (ROS) D
FAEBRPIENTHZEN—RTHDHEEZHND, ZZABOREIT, KR LKIRRE B %
ST DT | ZIHD SN B D35 G IR B B IR E ) O B A IS E
PRI RAF T BT R D ATRENEN DD, EDIC, 7=V T aR JARRLT TR IARD A
AU BEE T D FE OB F ORI~V IEKIRIZHELZ TN MbTEY
(Chennupati et al., 2012; Leyva et al., 1999) , RA |7 ==/ 7' a/X/AF ANT BLT LU
X7 5R AR THLD . ZNHDILA WD LS FRIT R IR DA AR REME R B D,
ZZ T AW TIX DB D IEF AT ONDKUROHP T, KR AMERE &K R AL
H (10 °C) FOT AV Y DEFBLOEINLS LD EH2 A MR E O E I KIE T
= YN N By el

4.42 MBS IO E

PEERB BRI L OSREE LT, 4.2.2 LRIBRELT,

VBRI T, #RAE . 42 HICBHAAL . N LRR=E TITo7z, HEINIRIZAS NV ANTGART T L
U7e, AL DR (B/mEE) & 20/15, 25/20, 30/25 °C (ZHI#EIL7- N TR R ENICE:
R FE 2 Hil 4 L 72> NC (Not controlled) | ¥5 3 iR R £ % 10 °CITHl#H 9% LT (Low
temperature) Z ¢ E L, 51 6 JLEEX L 7= (Table 4.2) , W HLOIE T TH NC OB KR
FEITBARDIRE L TEB)L7=A%, Table 4.2 CTIXEBIFEF (6 HM) OFE¥IE TR
L7, K BFEEEN ORI EIL 16 L LU R ALBE X OWHER /K BHE E N O B2 R
FEABRBHAARTIC 10 °C £ T NS Z2ZITRRICHW MY Z 14 B3 SBAE LT, KR
JVERIX 6 B TV, ALEERHAS 6 HIZICAE B BLOAEMEIGEYE OREETHE L, K5k
WIROHIEIT 4.3.2 LREELT,

Fio, ARBR Tl B2R55KIE T TORBRBIRIRLIIZ LMW IR DO ZBE DAL Z T
BT, A EORE TSI 4 B2V, SO UDEERIRIEEZ 10 °C IZHIEL
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TRWoar 7 HITBEL  BHEERD 4 h(0—4 h) OB o o7& 08 2 B A Tl
ELTo, 7o, PERIAT 4 h TR L7-B58 RO B SO E A FHE LT,
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Table 4.2 Environmental conditions during the experimental period.

Treatment code of nutrient solution

NC LT NC LT NC LT
temperature
Setting air temperature (light/dark) (°C) 20/15 25/20 30/25
Air temperature (light/dark) (°C) 19.8/16.0 25.4/21.1 30.9/26.2
Relative humidity (%) 70 68 67
CO, conc. (umol mol™) 1020 1007 1017
PPFD (umol m?2s™) 202 204 202 201 201 202
Nutrient solution temperature (°C) 17.2 9.4 22.3 9.3 27.4 9.3

The values were averaged for the experimental period (six days). NC (not controlled) and LT

(low temperature) indicate treatments with different nutrient solution temperatures. Nutrient

solution temperature in NC during the experimental period changed with changing air

temperature in the light and dark period. PPFD: photosynthetic photon flux density.
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4.4.3 fES
4431 £F

RLERBAAGET: 6 H O EROEE B LI OFEDOHYEIT, NC LT ], KURMIZZ T2
o7z (Table 4.3), FXOFZMEIL, NC BIOY LT MO Z1E72<. NC TIEUEMEWNE
E/NEZRD LT TITAIR 30/25 °C TEDMORIR FL0H REARDMHE NS, MIELD
M EITRIRICEDST LT ©NC Kb /N7 | KIRM D EIZ /20 o7, IO EIT, &
IRIZEST LT TNC E0b/he720  NC TIEEIRAMEWIEE /N, LT TIEKUR RO 22137270
STz, MEZPEIL, LT T NC L0H/hE72D | NC TIEKIRMEWNEE /N7 D A N A B A
7o M EEROE KSR, KRIRIZES T LT T NC Kb /hEe7Zeh NC BEOY LT TARURMMEK
WNEE/NERDE MDD, IeBELE O T ORG R . B IRIRI AR I L UMR D
W) EE, ARRLE . M RO G KR [IRIE ERB L OB O & | i B o5k
(B RBE I E T e RSN,

4432 EEIEMEYE
~YALTILTER (PA)

5 4 BiBED PA IREEIL, NC BLO LT EbKURD EWIEE R ERDE M 23 6417z (Fig.
4.15) , % 6 EiZED PA T, KUEIZEST LT T NC Kb KRB N A HiL, NC T
&R 20/15 °C BNZEDOMOKIRLVD K, LT TRIBIMEWNEE KERDHA N A DI, il
77, 5% 5 fiBED PA JREE LB X I D 2 I A DAV o T, I tBLE O 53 BT Ok 5
PA JRIEIXEE 4 fiBETITRIRIC, 5 6 i CIIREBIRKIRICH B BA Z T DL RE
7= (Table 4.4),

DA<V ik (RA)

EEMLO RA L, KIBIZEST LT T NC L0 KERDM A HHIL, NC TIEEIfL
IZESTRIEIMENEE KEZ2 7= (Fig. 4.16) , 51T, RA B IIHINLICEST NC BLO
LT bR 20/15 °C Tl KE7poTz, ZInREE OB T ORG F . RA IREEITES 6 Hi%E T
TR IRIRS BN IO T RURICAH BB T HZ LRS-,

LT AV (LU)
AEIATO LU L. KIRICEST LT T NC b KEeAEmMNALI. 5 5 Hib s
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WV 6 HiTEIZRB W T, KURDMEWNEE R ERDMH RN b7 (Fig. 4.17), )5, 5 4 #i
EO LU BEIIKIEDEWIEE RERDME M DAL, ICHLE D 7 BT OFE 5.
RA BEITH 4 BLOE 6 B ClIEEBRIERB I ORIBICA BB 2 T 5 LIVURS
N7,

T b7 =2 (ANT)

ANT JREE I, 25 6 fHiZEICB VW CRIRICEDT LT T NC LW K, NC BLOLT TR
DMEUNEE R ERDAH|E 23 5077 (Fig. 4.18), 45 5 Ml IOV 4 HilEI oW OIEES
BERIARICE DT RSO ANT JREE LA o7z, Il i@ Oy BT OfE F. ANT JREEILER
6 Bt CIIEFBIKIR B L ORI B BE 2 T ATV RS,

4.4.3.3 ZABORE I JOWRK I

ALEEBR LA 0—4 h DARBGHE T, KIRICEST LT TNC Kb A B2/ E7e>7= (Fig. 4.19
@) , KURMI CABUEEZ L3 5L, NC BLOY LT ELKIRDEWNIE RE/-T, K
R A BOR L LIRIBR O A 7R L7223, &l 30 °C TiX, NC & LT 12 BT Ao
7273 7= (Fig. 4.19 (b)),
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Table 4.3 Effects of air temperature in the low nutrient solution temperature treatment on growth

of red perilla.
Treatment of . The : Dry weight (9) '
. - Air temperature Main shoot Water content in
nutrient solution (Light/dark, °C) number of Lateral Root Total above part (%)
temperature ' node Leaves Stem shoot
Before the start of treatment 5 0.45 0.07 - 0.10 0.29 84.2
20/15 6 1.10 0.18 0.15 0.35 1.79 72.4
NC 25/20 6 1.09 0.22 0.20 0.42 1.93 73.6
__________________________ 30025 . ...6....09 . 02 . 02 05 19 758 .
20/15 6 1.14 0.17 0.14 0.25 1.70 69.9
LT 25/20 6 0.98 0.17 0.10 0.25 151 71.1
30/25 6 1.00 0.26 0.14 0.32 1.73 71.0
Nutrient solution temperature NS NS NS *x *x el el
Air temperature NS NS *x NS ** NS *

The average nutrient solution temperature in the NC (not controlled) treatments at air
temperature (light/dark period) of 20/15, 25/20, 30/25 °C was 17.2, 22.3, and 27.4 °C,
respectively, and that in LT (low temperature) treatments at air temperature (light/dark period)
of 20/15, 25/20, 30/25 °C was 9.3, 9.3, and 9.4 °C, respectively. The plants were harvested at 6
days after the start of each treatment (n = 6). * and ** indicate significant differences among
the air temperature of the treatments or between NC and LT at P < 0.01 and 0.05 by a two way
ANOVA.
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Fig. 4.15 Effects of air temperature in low nutrient solution temperature treatments on
concentration of perillaldehyde (PA) in red perilla plants at 6 days after the start of the
treatments. The average nutrient solution temperature in the NC (not controlled) treatment at
air temperature (light/dark period) of 20/15, 25/20, 30/25 °C was 17.2, 22.3, and 27.4 °C,
respectively, and that in the LT (low temperature) treatment at air temperature (light/dark
period) of 20/15, 25/20, 30/25 °C was 9.3, 9.3, and 9.4 °C, respectively. Vertical bars indicate
SE (n = 6).
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Fig. 4.16 Effects of air temperature in low nutrient solution temperature treatments on
rosmarinic acid (RA) concentration in red perilla plants at 6 days after the start of the treatments.
The average nutrient solution temperature of the NC (not controlled) treatment at air
temperature (light/dark period) of 20/15, 25/20, 30/25 °C was 17.2, 22.3, and 27.4 °C,
respectively, and that in the LT (low temperature) treatment at air temperature (light/dark

period) of 20/15, 25/20, 30/25 °C was 9.3, 9.3, and 9.4 °C, respectively. Vertical bars indicate
SE (n = 6).
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Fig. 4.17 Effects of air temperature in low nutrient solution temperature treatments on luteolin
(LU) concentration in red perilla plants at 6 days after the start of the treatment. The average
nutrient solution temperature in the NC (not controlled) treatment at air temperature (light/dark
period) of 20/15, 25/20, 30/25 °C was 17.2, 22.3, and 27.4 °C, respectively, and that in the LT
(low temperature) treatment at air temperature (light/dark period) of 20/15, 25/20, 30/25 °C was
9.3, 9.3, and 9.4 °C, respectively. Vertical bars indicate SE (n = 6).
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Fig. 4.18 Effects of air temperature during low nutrient solution temperature treatment on
anthocyanin (ANT) concentration (calculated as cyanidin-3-glucoside (C3G) equivalent) in red
perilla plants at 6 days after the start of the treatment. The average nutrient solution temperature
in the NC (not controlled) treatment at air temperature (light/dark period) of 20/15, 25/20,
30/25 °C was 17.2, 22.3, and 27.4 °C, respectively, and that in LT (low temperature) temperature
at air temperature (light/dark period) of 20/15, 25/20, 30/25 °C was 9.3, 9.3, and 9.4 °C,

respectively. Vertical bars indicate SE (n = 6).
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Table 4.4 Results of the two-way ANOVA of the concentrations of bioactive compounds in red

perilla plants.

Response variable Node position Nutrient solution temp. Air temp.
PA conc. 4 NS ok

5 NS NS
________________________________________________ 6 P NS
RA conc 4 NS ok

5 NS *

6 * *
LU conc. 4 ok *

5 NS NS

6 Kk X
ANT conc. 4 NS NS

5 NS NS

6 * Kk

*and ** indicate significant differences among the air temperature treatments or between NC
(not controlled) and LT (low temperature) treatment at P < 0.01, 0.05, and NS indicates not

significant by a two way ANOVA.
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%D 100 - Ngtnent " *b 100 -
i solution temp. ¢ Q 5
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© c oy
= S
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Air temp. (°C) = Air temp. (°C)

Fig. 4.19 Effects of air temperature during low nutrient solution temperature treatments on
transpiration rate (a) and water absorption (b) per leaf area of red perilla plants at 0—4 h after
the start of the treatment. Vertical bars indicate SE (n = 4). * and ** indicate significant
differences between NC (not controlled) and LT (low temperature) treatment at P < 0.05 and
0.01 by t-test. Different letters indicate significant differences among air temperature treatments
at P <0.05 and 0.01 by Tukey-Kramer’s test.
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4.4.4 B2

434 TIRAIZIHT, — KA, HETFEOIREIME T 325L, WAL RAKBIHFIZ
HZEMFNHILTND, iz X, ATl 15 °C LT (Murai-Hatano et al., 2008) . %A X Tl
14 °C LL'F (Markhart et al., 1979) it R R CRUBITRAEE DMK T 35203 dE S
NTWD, AR TH, WAGE TR MERWEE /N2 o 72285 | RRBR T[]
BRIZ, B5 80 (M NERIREE) 22 10 °CIZHIEIL 72 LT TR IS Av, NC J0é Hi -
DEIRFEME T LI LN RSN, Fio, ARG TITRIRMEWS & 12 2 HOH
BROWAGEE DML T L, EKREMEFTHIEMREINT,

Fiz, KANCAT Tl ABA BEEDEENINZIDRILA I L, DO KT HH] S
5 (Ackerson, 1980; Radin, 1984) , AFABR CTHakBR 4-1 L[RIARIC LT CTRLELRHAS 1 h F2E
THL EESOZENDBIEESIL, £D#% L5h R TRIE L, Ziud, KRR RIR AR Z L -
TRAGEFE DMK T L7722 ETHED KR T Uy VMR T LI, feV 0 CRALASBSHL . 2K
DIHISNIZZENEH THHEEZHIND, ZOIHNZ, [ALBHHT L. KL HD CO;,
DEIAFZ DD 72720 | JeA DN Z 414 (Chaves, 1991; Cornic and Massacci, 1996) ,
ZOMITH FEDKRT X VMR T T 58, BEOHIF DA IETEDIR T8 252
MENHIVTND (R, 2001) o ALBRAE T IO 7 mm > VIR FEIZ LB X R D 721 372> 72 2
LD ALERIZIZ LT T NC KOS E DN/ Ne7p o= D1, CO2 DEIAZ BN LTz
ZERHAIEEDME FLIEZENEHEE 2 LT, £z, P T, KUR 25°C ORFZH
THIOIREEE 10—15 °C ([ZHIEF 5L, M FEOIRELZLL RICHIBIL 72856 0B AR
SONARRPEY D 5Bl VD 7e e D2 ERE S TS (R0, 1994) , AWFSECRIR
IZEHT LT TNC OB IROEME D BAE IR T LI2OIE, T EMEIRE /-7 28 TR
OGN IHEI SN ZZER—RTHHEE DI,

—RENTK AR AT Tk, MR T ROS O3 4L B 23142 (Ksouri et a., 2007)
BEAE DOMFZETlL, ROS 23RV — ADJE K (Nagata et al., 1999) CHLEe{bW)'E DA A Bk
(Blokhina et al., 2003) Z{EHE 352 LD MEZILTND, ZD7h | RAFFETH A B
HilSh 7z LT T ROS OFAEENHINL, Na—ATAARK, EREIND PA L0, Hig{bik
53 Té% RA, LU, ANT OJRE NC Kb KE7po7= iREMED B D,

ANT JEE1X NC, LT EHIZH 6 HitE CEOMOTILVE/NTHY, ANT IZEBHFIHIT
IFIREDMED T2, )7, 56 4 HiB KO 5 Bl CIRRE D ZEILA LIRS T2Z Db,
T AV DG ANT TSI A C—ERELRDEBZ DIV, 2, F 4 HiBLOE
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5 H#i#ED ANT JREEIAIRIZE D 2T ALV ST 2D h | BRI TIRFIC— E R A e
DY (RWFZE CIEREBRE TIRFICEBABIAA 6—15 H) ClXAURIS L OMERS B IR IR ALE]
DR Z TN EB 2 BT,

RA BLO LU IZOWTIHEIMLIZES T, LT T NC KOBIREN K ER-722 800, 2
HOEAETNT ORI T CHIERIC LS TR BRI Lo TR I 5 &
EZBNT, 20 RA & LU IZDWT, 8 4 HiZED LU ZFRUV\ T, NC, LT EBICRIRDMK
WIEEREDRERDB AR AL, ZHED, RA & LU IHERFERIRAAEITNZ | &
% 20/15 °C |ZHIE T2 L THIEMT A EN/RENT,

RA (37 ==/ 70/ AR LU IZ7 TR /AR THY, WThb 7 2=V 7 7= 2l e
L TAEAEENS, MLaxxaroitfIcknT, AFXIRE 20, 25, 30 °C ([CL-HBA.
ABRIRAMENRIZEE IR O T TR /AR REDPHIN U2 A2 WAEL TD (@ -,
2008) , AL HDIETIL, EBFRIRE 15, 25, 35 °C IZA X 7254 [IEMEWIZEE 7 ==L
7R ARG RIS OHOEEESE TS PAL OFEMER IO =/ — UL AP O JR A
It 5ZL03 MBS T05 (Riveroetal., 2001) , £72. Z A ADFEATlE, FFIERDD
FRAETOHIME 4 27— (HEUE AR IZ531F, K% 33/25 °C, 23/15 °C (ZHill#EL 7=
LA VDT IDOAT =B W TH AR 33/25°C T 23/15 °C KL EFED 7 TR /AR D
FEBLIOZENLDAGKICEE T BT ORFEBL LMK TL., BIaFORHL~ L
DFEFFENERTDO AT — T Tl KED -T2 EDHAE X I TV % (Chennupati et al., 2012) ,
Fo  VYBRDOARTIVNTIE, RA BERT =/ — VETHHIENMLILTEY, KR
30/30°C TAIM 20/18 °C L0, 7 =/ — VDR E B L OPIERLRENME F 9D L
AL U5 (Fletcher et al., 2005), [AF@H3CCIE, XU 30/30 °C R TD RA JRE DK N RA
O EFOACEDOFEE DELH THDHZENRIBENTND, Lo T, ARIFFEIZR VTR
DOFLH TR 30/25 °C T RA OAEG ARSI TREME N E A bz, $o, 7==)b
7 AR THD RA, 77K /AR THD ANT BLO LU ML 7=EM i b A& i
Brpol-Z e h, KR L OMRES B IRIE AR IZ X > CABRTGE S E A3 8 I3 D EA I
AT E B> CTRRDZED RSN,

LU XY 7HYY O F B A B DN R R IR SC RIS Lo THEIN R 1,
A BRI B OFESOHINT GER) Z LI R D ENLN o7, BEEIKIRA L
72WNGE XUl 20/15 °C —30/25 °C T T, KA EmWIEE RA BEUY LU IREMET
FTHIENRSNIZ, 2B, [IRICED T, 6 H [F ORI FRIRIEALEE (10 °C) 217528
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[ZINZ, &AJE% 20/15 °C (12T HZE T, EMEEDOHM EZ K TS IC EE AR E Y
BORE, FIZRA BIO LU BELZEDLNDLIENHLNIZ -T2,
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4.5 (KBS WIRALERE FI N3RS COABRE MY B A PR IS L B e B B ) B oA
451 HIY

[BABR 4-1]. [BABR 4-2]1 B X ORER 4-3]1057 Y O ARV B R A B INS w5
21 6 HRED 10 °C TOREFERRIRALBE N E L TWDHES 2B, 6 B I ORE: 2 ik i AL
% | —FRINHE Tl BAZEINND 4 HiFREINHET 528 T RA LT LU IR S WEEAIYL
HETE,RA BEO LU OIELIEINTHEB 2 6T, o, KB THWET IOVIER
i 25/20 °C DA FT6 HZLIZ LHIHEEL T, 2728, — N EZ IR 5-5121%,
INFERL 13T 4 i HHETI L7 (TR 2N T DL E R DL 2 BTz,

34.1 THlA/IIIZ, ZNET, PASIRERR (2 31T 2 M RS D A FEIZ OV T (BF
5, 1991; KL%, 2000; KL, 2001; FEATS, 2001; #EH:5, 2003) <0, B& -HAHL X AT
= (F5 H, 2013) <°h~1 (Kato et al., 2011) (22 TH R E A FEIC L B2 = L — 0
B ) B A LT3 RS STV D, Afa L% 3 ETHIREMET T 1R, & BAL
HiD—IBINHEA IR T 356 . UV BURAATOG G ST WG B I AR BITE Y B 2 A
FTHEDITSEREE B EAREL. RA 1 mg 24T D0 S B E &I,
UV BREITO, e EALET O —INESE 4 720 3 fifTHZE TN RDTEDVREN
77

AEITIE BB CT AV VIEEAEPET AL EL ., KSR IRIEAE 2TV, & EAL
fiD 7, Ficldfe BALEIND 4 FiO—HINEZ Y IKT 56 AREEE A EET ST
DITLEIRERE ) &R AE LT,
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452 MBS IO E
4.5.2.1 FIGHIRR | bt 71k LOUUHE )7 1k

IR 3.4.2.1, #ebs k1L 3.4.2.2 LIREREARE LT, [ 4-1] Cixfifric Lo
RA BXOY LU BEEAHEMML, PA 53X ANT ([ZOWTCidk EATEIEECIINL 7272 A
HE I LD 2 SOOI EETE LT

(fr—2 1) i B iz I fE
2HIRALIZYBHO 1Bz .- -12 HC 1 [BILHE (4[E] 30.4 [a])
(Zr—R 2) fx EALED 4 Bz I FE «++24 HT 1 [B]LFE (- 15.2 [A])

REMILDH 4 FETHOEBRESM CRISEITOHE. TV ORORAEREL 6 H
IZ 1 HiCThodz, ZD72h ARRETIE, FEROHE CHEI T2 E LTz, ZD7%, 6 H
IO BIRIR B AT, Fe EALEI D B A i TR UINE 235 6 12130 B % 6
XL RS T 20 Em R3S 5, [ 4-2] Tk, 6 A IR BIRIRLEEAITH L H
EHOAEFTNELGSNTZ, 207D, 6 HREOEEE R RIRAIEZITV, i EAZEiD
— N FEA AR IR GG R R Ok 6 B LINIC T 2283 B 7%, 3.42.2T
HIR AT B EALEI O — EINEE AR IR T 581, AT BB REATO L TR T L2
Wb, Fio. e PALHEING 4 Hix—HINET 550 . IROINFEETIZ 4 HiHEi75d8912
INHET E A DD DMEEN DD, ZOT=8 | ZOWHMEST1ETIL 1 [BIH OULHELIRRIL, I FE 18
H# (3 i Eite) (TR E BRAG T D2k & LTz,

4.5.2.2 (RGBT E T /) & (W) OFRE

Kk FCTRUITHW-RR 50— & H£ % Table 4.5 (RLT-, IREANOLIRFIEICIL, BB5E
BLOKBOWEIZE—M 72, B RISHIES 5 3 X ORI IO KR T #2175
ZEHMEE LT, FTo, 3.4.2.3 LRERICERAITOZ L LTz, SHICIR = TR = R IR LB
EATHOZELERETHE IRE 1O 1 FHI-0ORRIEE )& (WLkwh]) 1%, 32 1 #o
1 b2 DObe—RR 7 (Whp[KWh]) | f1ZE 5 5 (Wec[KWh]) | BB (WLLKWh]) | (K15
HRIRALER (Wit [KWh ) 2L B B BB ) B Fnl LT L FOR(9) TEREND,

W = Wypp + Wre + WL + Wit #(9)
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Wip, Wee, Wi 3.4.2.3 E[RI—D K (2), (3), (4)XhFh < 12811.1, 16.3, 318 KWh %
T o7z, LLFIZ, Wi OFRETIEIZ W TR 5,

(B IR AL R O % 3 ) & (Wir)

I 1B 1 DO RIGIRAE O EE & (Wer[kWh]) 1E, 155 1 B
EEARRIRALER 1 [A1(6 H ) H7-0IzhrET 58 G (Qurlkl)) & K5 KR 2 Hil #5720
IZfEA L7227 —F—0 COP TERL, 1 FE-HT-0 OB D 15 (= INHEE D) (H) 2R LHIE
TROOHIL, LD (10) TERENA,

Wir=Qur /3600 - COP - H #(10)

ZIZT,/—7—® COP % 2.5 LELT=, B LIZEINT, 1 FHTZ0 DOE D EHIT T —
A 1°C304 [\, 7r—A2T152 [ THD, Qurid, LBBRIARFIZ =R L[R5 DR DB #8
7 (20.4 °C) % AAZIRE (10 °C) £T FIF 5720125 T 580 E (Qnitial kI] . LR, WK
FERIRIR AL B AR & BERRIIEZ 6 HE 10 °C ISHERF 9572012259 DB E (Qumaintain
[kJ], MEFMEKEE IR EE B faf) DFNTHD, LA I Quitiat 35T Qmaintain DFRE LI
DUNTIR B,

WIS 2 iR AL EE A 157 (Qinitial)

FITHR B 28 T IR AL PR AT (Qunitiar (KI]) 1, BRI DO HL VA B (c[kJ kgt K1) | BE3% 1%
OEE (mlkg]) | KRR AE B AART OB B IRIE (= IRENRIR) LERIR O BAZR
FEDZE(ATIK]) L IRZE 1 BO7= A KHE (DFT) HEE 0% % V¢, LLFOR (11) Lok
bbb,

Qmital = ¢ = m + dT - DFT = (11)
DFT HEEELT 18 m. F50.8m, £S04 m T, FJaAFu— L8l 75813 1440 L O

HLOEFANDZLEELTZ, 728, DFT EEMNIIEHER CRBITmESN TWAEELT-, &
ST, ERKOE &L 1440 kg ThoTZHRE LT, FEEK O AR #I3UKEFIT 4.182 kI
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kgt Kt LU, (KBS IR LB BRAR BT O BB IR IR E O KR LR — SE L, KBS &R IR
IEALEEBRAERT O BB IRIR L LR IR O B IR E DZEIL 104 °C LL7-, - K= 1 #o
DFT #EEOEIL 6 HE LT, Zib LD, PR = i LB A 1L, 375777.8 ki TH

277,

HEFRFER RS 28 IR AV 1457 (Qwmaintain)

MRS 2 R PR A AT (Qumaintain [kJI]) 1. DFT 25 3£ 1 O FE A OEVE HiE 3 (ht[W m’
2 K1), DFT ZE@EOFR HEFE (Aoer[m?]) | IEENRIR LR IR O BAZEE D7 (dTIK]) |
IR 1 o> DFT & 0%, KRR R ALEERER] (tur) 2 VT LT O (12) bRk s
s,

Qmaintain = ht * Aprr + dT « DFT - tir - 3600 /1000 . (12)

ARFECTHRELT DFT OXREOFEM OFIAAT m—/LOEEEEIT 0.035 W m? K
(AeATD, 2008) THY, DFT E@E D F I 32.56 m* TH D, £z, IRENKIREEEEIKD
HIEREDF1E 10.4°C LU, 1R 1 8D DFT HEE O 6 SRE LT, (KRR RIRLEE
FEIE. 6 HORBERRTHADT, 114h THDH, ZNHIY ., HEFHMERE B ITIR AL A fF
1% 29184.0 kI ThH-7=, YL EXD, I 1 BROKESERIEAE 1 [0 (6 H ) H7=vickkE
T 5EE (QurLkW]) 13 404961.8 kI Th o7, = 1 D 1 FEHTZDD Wirid, 7 —A 1 D
4 HIX 30.4 THDHI=, 1367.9kWh, 77— 2 DA HIX 15.2 THHT-9 ., 683.9 kWh
ThoTz,

4.5.2.3 AEETEEYE O BB I OVEEICKLEREEENEOREA

B 1O 1 EH7-0OEMEEYE (PA, RA, LU, ANT) DU & (Y[mg]l) I, 3.4.2.4
CIRIRRICINFEBE D A BVE M (PAL RAL LU, ANT) O (Cmg g'DW]) | = 1 B
D 1 [EFHES T DOZEDI R (LLg]) | ULHERIEL (H) 2T, 3.4.2 1RL72R(6) Aok
Wiz,

C \ZIE[#BR 4-1]1DF — &% A /= (Table 4.6), L 137 —2 1 DA i BACEioED
1 BEHT=0 DI EITIREE 1 MO ERERESL (1440 BE) 23k U TR r—2 2 DA e BAT
D 4 fHIOEED 1 HbIZVOHiHT-V DI EITIEE 1 O ERKEE U TR, L
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X, 7 —A 1 CIRIHER G2 % e EA7HET (Table 4.7 TIEIH 6 BiZEDR)  7r—A 2 TILILHE
K5 e EALEIND 4 Fi (Table 4.7 TIEE 3 755 6 §itE) EL7z, TORERE, 1= 1 o
1 HEHTZVOIFEDILEIT Table 4.7 DIHIZ7e -7z,

ARAE T, TNENOr —AZBW T IRE 1O 1 EH7-0oiEEENEW) % Y
THRLUC, EHEEWE 1 mg EFET D0 E M EE & (E[kWh mgt]) % 3.4.2
(RLT=R(7) Kok iz,
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Table 4.5 Variables and its value used in the present calculation.

Symbol Variable name Equation Value* unit
ApeT Surface area of DFT container (12) 32.56 m?

c Specific heat capacity of nutrient solution (11) 4.182 kikg!K?
dT Difference in temperature of between air and nutrient solution (11) 10.4 K

H Annual harvesting frequency (10) 30.4,15.2

he Heat transmission coefficient 12) 0.035 W m?ZK?
Qnnitial Initial cooling load in low nutrient solution temperature treatment (11) 375777.8 kJ

Qur Coolomg load in low nutrient solution temperature treatment (10) 404961.8 kJ
Qwmaintain Maintain cooling load in low nutrient solution temperature treatment (12) 29184.0 kJ

tr Period of low nutrient solution temperature treatment (12) 114 h

m Wight of nutrient solution (11) 1440 kg

w Total EPC of greenhouse 9) kWh

Wec Total EPC of fog cooling 9) 16.3 kWh

Whp Total EPC of heat pump 9) 12811.1 kWh

W, Total EPC of lighting 9) 318 kWh

Wit Total EPC of low nutrient solutin temperature treatment (9), (10) kWh

*Values in this column are given as input data. Other values are calculated using equation (9)—

(12) with the input data. EPC indicated electric power consumption.

Table 4.6 Concentrations of bioactive compounds (C) in leaves of red perilla.

C(mgg?)
Node position

6th 5th 4th 3rd

PA 8.2 3.7 3.5 1.8

NC RA 2.9 4.7 16.5 24.1
LU 3.7 1.8 3.6 1.0

_____________________ ANT . ..5L0 667 . 708 683

PA 12.5 4.7 3.3 2.8

LT RA 6.6 25.2 40.7 36.1
LU 8.4 7.1 4.8 3.1

ANT 103.3 68.9 76.4 66.6

NC and LT indicated non-controlled nutrient solution temperature and low nutrient solution
temperature treatment, respectively. These values were referred from results in [Experiment
3-1]. The leaves at the top node (6th node) and top four nodes (3—6th nodes) were assumed to

be harvest part in the casel and 2, respectively.
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Table 4.7 Estimated yield of leaves (L) of red perilla in a greenhouse of NT and LT.

L (9)
6th 5th 4th 3rd Case 1 Case 2
NC 82.2 280.7 471.8 286.4 82.2 1121.1
LT 70.6 242.0 417.4 346.1 51.9 1057.4

NC and LT indicated non-controlled nutrient solution temperature and low nutrient solution
temperature treatment, respectively. The leaves at the top node (6th node) and the top four nodes

(3—6th nodes) were assumed to be harvest part in the casel and 2, respectively.
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453 fES

i 1O 1 FEHT-ORIEEE ) & (W) 1, KR RIRIRAEZ 1T h7e GG (NC) |
13145.4kWh THY, 10 °C CTOREFBRIKIRAFZITHE A (LT) | i EArEio—FRIEZ
1To72r—2 LR OULHEE %L 30.4 [A]) TiE 14513.3 KWh, & EAZEIND 4 Hio—ERIX
HEAAT o727 — A 2 (FEH DO IR %) 15.2 [A]) Tl 13829.3 kWh Toh-7- (Table 4.8) , W iZ
5O DIRE 1RO F M OREEFRIR B O W #E ) & (Wer) OFIE (Wer / W) 1, 7 —2A
1T9.43%, 77 —A2 T 4.95% CThH-o7-, L= LD 1 HF-H7-0D PA, RA, ANT DI & (Y)
(%, HE S VEIZE ST LT © NC KW KE72 -7z (Table 4.9)

ABETEYE 1 mg & AT DT DI B B FE ) & (BE) 1, R TOABEEME T
B IRIRAAEOF I IST, 7 —2 2 Tr—2 1 JW/he7po7- (Table 4.10), 7z,
RABINLUDE X, 7—RA 1, 7r—A2EHIZ, LT TNC Wb/ hEieorz, ANT O E I3,
r—A 1 TIX LT TNC IO/ N7z olzb DD, 7 —A 2 TiE LT & NC Tl Th-o7, fill
FFPADEIX, 7 —A 1 TILLT TNC JVHRERSTHDD, r—A 2 TIL LT & NC TIA
HEThoTz,
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Table 4.8 Estimated electric power consumption (EPC [kWh]) of heat pump (Whp), fog cooling
(Wrc), lighting (WL), and low nutrient solution temperature treatment (W.t) of annual

cultivation in a greenhouse.

EPC (kWh) W /W
Whp Wec W Wit W (%)
NC 0.0 13145.4 -
LT Case 1l 12811.1 16.3 318 1367.9 14513.3 9.43
Case 2 683.9 13829.3 4.95

Wi r/W indicated percentages of Wit per W. NC and LT indicated non-controlled nutrient
solution temperature and low nutrient solution temperature treatment, respectively. Annual
harvesting frequency in case 1 and case 2 was assumed to be 30.4 and 15.2, respectively. The
leaves at top node (6th node) and four nodes from the top (3—6th nodes) were assumed to be

harvest part in the casel and 2, respectively.

Table 4.9 Estimated yield of bioactive compounds in red perilla of annual cultivation in a

greenhouse (Y).

Y (mg)
Case PA RA LU ANT
" 1 20519 7312 9134 127374
2 58807 246953 42377 1152894
T 1 26829 14101 17948 221631
2 66554 547412 81712 1199865

NC and LT indicated non-controlled nutrient solution temperature and low nutrient solution
temperature treatment, respectively. Annual harvesting frequency in case 1 and case 2 was
assumed to be 30.4 and 15.2, respectively. The leaves at top node (6th node) and four nodes

from the top (3—6th nodes) were assumed to be harvest part in the casel and 2, respectively.
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Table 4.10 Electricity cost in production of bioactive compounds in red perilla of annual

cultivation in a greenhouse (E).

E (kWh mg?)
Case PA RA LU ANT
NC 1 0.64 1.80 1.44 0.10
2 0.22 0.05 0.31 0.01
LT 1 0.74 1.40 1.10 0.09
2 0.22 0.03 0.17 0.01

NC and LT indicated non-controlled nutrient solution temperature and low nutrient solution
temperature treatment, respectively. Annual harvesting frequency in case 1 and case 2 was
assumed to be 30.4 and 15.2, respectively. The leaves at top node (6th node) and four nodes

from the top (3—6th nodes) were assumed to be harvest part in the casel and 2, respectively.

119



454 B2

AR T EE 1 BOFEMONEE X, KERIREAEEITOSHA (LT) | KE2%E
BIRALFRZAT /WA (NC) LI T 58, e ENLEI D O —HIN#ED S & (5 —A 1)
T 1.10 5, i BALEIND 4 B —HINEOL G (5 —A 2) T 1.05 5 Th -7, RA BLD
LU DU & (Y) 13 AR R IRIRAAEAT O %6 (LT) ARE R IR LB 21T 72 W56 (NC)
LT DL e BALEI O HDO—TINHED A RA 25 1.93 fi%, LU 25 1.96 %, i A7 i)
54 EiD—EILHEDS A RA 28 2.22 fi5, LU 3 1.93 {5720 BN 7= 1% & BloxiL
THEIMER TR E o7,

A BRI DI (Y) 2 7 1 (B BT ER 0D BRIUHE 7= 1385 EALERDNS 4 HiHE)
THET 2L, WTNORNTOW THIERRE R RIRAEO A EIC LS T i B 4 i
INHES D556 Tl IATEi DO B A2 INHET D55 K0b KERoT, Fo, ABEEYE 1 mg
B EPET DT IC B E S (BE) I2oUCL RA BLU LU @ E (HIHEHEI2 LS
FLT CNC Jvt/heieotz, )7, PA BELONANT @ E I3, i EAZEiO— I CTlEZ
ALEAL LT T NC XVR, LT T NC JW/hE720 | e EALEiND 4 Hio—HINETIZWT
t LT & NC TRIZ Th o7, £, WTFNOAFEEYE T E 1L, & LArEiNS 4 Hio
— I Che EALEIO—E L0 N e o T,

ZHEY ARRE O TIE. 6 HED 10 °C OAREE BRI AL ER 2TV, — F U FE A
VIET A e OB EIHET DA J0b e EALEiND 4 Bz iUET AL T, AR
IEVEE AL PE I B B TR ) &3 72720 | USRI AR E 2 A ETED
LB Z Bz, Fi2, RA BEOY LU IZOWTIE, IHEFEIC LS T IRE BRI LB AT
ZET BEmIREAEE I TD/ WA K0S 1 mg A FET A7 O E & ) &ElT 770,
BRI N TEDEE 2 BT,
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46 HAEDELD

6 H M ORES B RIR AV CIE, B8R Z 10 °C ICHI T2 L CHEOMH ES PA B
JOVANT BEZK TSI TOHINL T RA BLO LU BESHEMNL, RA BLU LU
DULFHERN RO E B L OEH/ EDNHEMTHIENH DI 72070, IBIZ, i EALHEIT
1. 10 °C TOEEFFBRRIBALEEIC L > T PA BX OV ANT JBELEINLIZ, Lo T, AkBRO
6 H M () OIRRE KR (10 °C) ALBRIT, A ARINHE TH — IR CH IR 2R D
RA BIW LU BEBIOEHBEEMIELZENTE, i EALHIOHO—HIHETIL,
PA BELOVANT BENFEWELZELNLEE X LN,

o R BIRIEAEOWMA 6 B LA AF S PA BL0 ANT ORI
TEAEDTIC LU BEORA JRENEINT 2600 B2 9 H LA EIC/RHEEF N
MFIENDZENRENT, Lo T RERRIEOHIMIX 3—6 A MM LB LN, T,
SR 20/15 °C—30/25 °C FCIE, RIRICEDTHEFEIKIEZ 10 °C (ZHIH T 52T, il i
L7720 d0h RA BEWY LU BESEEMNT 224 ZOXIEOHA TIXKIRENEWIEE RA
BEO LU BEMET 2L RSN, 2HED, KIRIZEST ., 6 H M OIKEERIE
FLBR (10 °C) 24THZLITNZ ., &% 20/15°C (29528 T, TR EOHY EAIK FEE§
(CETR AR E ORE . FFIZ RA B LU REZEOLNHLIENHLNIZ/2-
72, F72. 10 °C TOEREEFRIRIRAHIZL>T RA BLO LU IBEAZHNSEL5E6, W
NOAEFTE D E LB E S TR EEAHININT D726 | UNHE L2 (R HE 35 OV BRI
EHLHEHWTHIES RAROREZHMSELIENTEDLEBZ X BN, EHIT,
20/15 °C TORIRALETIE RA IBENEINLICEDLTHIMT 52800, 2TV ThED
HOULHE ST 1L THIETRNL 2RO RAREZ IS T DI ENTELEE 2L, T, K
IRICEDHT 10 °C TORBERIKIRIZ L > T BALHIO PA I T ANT R E N 7272
D g EALEIBEO —FUNFEIC L > T, PA B5EY ANT IRENEWIEZIINETZHEE 2D
iz,

LI EED, 6 B RO BIRIRALEE (10 °C) 21T\, DRINE 7 1L ILHEEZTTHZ T
RA & LU %, fix BN EiO—5INEEZITHOZETPARBLINANT 2 @& A T 57 VYD
HIZRAEPEISIERL CTEDEE A BTz, AT, KURALEE (20/15 °C)IZEY RA ZE & AT 57
TV DN EFEINEERL CEDHEB Z DI,

&5, [BR 4-1]0fEREL LS IRETT VY OEBTEMEYE 2 £ E T 572012
TIHE BN EERE L, ZORE. 6 A MOKEBIIRALIRAITV N, — A 1R
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BRI 5E, Ik EALE OB 2T 586 K0b ik EAZHiND 4 fiziE S 528 C, A Mg
PEMVE DA PEI B2 T E BT BT 72720 | KO BRI E 2 I E T D
ZENTRENTZ, F2 RA BXWV LU IZ2WTC, 1 mg EFET D7- OB EEE ) BN
IR IR AR A1 TH 35 A ARSI AL B A T O 2R N A K0 /N T T2 2 e | K
B UGRALBRAATHOZ L TR BRI PETEHLEE A BN,
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55 E ARG
5.1 AFw LD HE

AT, IR E B IO Y T8 TR 23 AT REZ2 UV B 36 L OMRIR AL B %
FAN=T J10Y O B e A BE M E O BRI 78 A4 o A RFT LT,

95 2 TCIE, MEEEICHE H U CREBIBIAHE O A e 8 A BE M E (~UL 7 VTR
(PA), 7 b 7= (ANT) , BX=U U (RA) , LT AV (LU) ) OIRFEE(LEDOBIREH
BT, TORR, THYY ORI 12—15 A TRRERHERD, PA L LU I
JEBABALAS 0—3 H T, RA IZERBILA 9—12 B CIRENEL, ANT (ZEBIA%O R
BICEDT —EIRE LR DI ENHLIE 2 ST, FTo, PA OAEEM - EHOL THHN a—
2O RITED EBABAAAT 3—6 H TIEFIITON CWDBI LIRS,

5 3 BT, B — 2R 310 nm @ UV R A4FFOGIR TR 0—3 A HIZ UV-B &/
SIU. U T2 ECNINHE T 528 T B MK Z D712 PA BEUY RA ORRFEN
EWIEZBOLNLZ LD RSN, F2, B =27 K 310 nm @ UV LT 30 A, 1.0 W
m2® UV % 8 hd* TN L7ZHE 13, BARFEAICEST T hoyoEFITmHEn T,
R UV 2B L7285A121% 18 BIE o UV R CAEF MEES AN A LT,
LU, PA, LU BX OV ANT BRI X B C 2213 e<, UV BREHCE > TP LB OZED
RA JREME TL, #KdH7-0D RA EAH EME FTHHAN ALz, ZD728 | Rim LT
DEAETITREHE O UV BEHZABIS Y B ORI ITARE# & & 2 Dz,

3 HED UV B ORKEREZHWC IRECTT YV EHE 328812, IWHERREEE 2 C
i ELEO— I FEZTHOZ 2B LT, AR E O A E IS B HE B &5
LT, TORER, fe EAEI O UINEZTTH %G PALRA BT ANT L&A UV i
FEATORWEAEIVL KERDZE RAZ 1mg AT D072 2B 1 &id, UV
U ZATV INERIRRZ 4 iV 3 Hie T DT T/ N DT LRSI,

%54 FECIE, 6 H O RIGIRALEL (10 °C) 12X~ THEDOFM S PA BLOVANT
JEHR TS FICETOEN T RA BEO LU BENBINTAZENHSLNE 2T, Z0
728 | REF R WG IR AL CITINHES AL AR D RA 38108 LU B2 | B 70 D/ BRIE ME
DILEBHINNU Tz, Ko T, AFRERD 6 H ] (LT OIRBE = HE (10 °C) B L, 7Y
D RA BEXW LU BEBIONEAZHEINSEL7-DICH R HIETHAESE DN, S5
(2. 6 H M GEH) OKES IR (10 °C) LB, fx EATHEICIX PA LUV ANT GBI
LT7=ZEmb, i EAEi D B ZINET H35A121% PA BLTY ANT EE B L O EA# NS
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HDHIENTELHEES Z DT, F/2, 10 °C TORESERIBEOHI A 3 7213 6 HEL
7256 AEFIHIRC PA BEOVANT OREIX T2 £ 712 LU BEUNRA JRE M INT
HHOO JLEHARKIN 9 H LA IR AT RMGISNDIEN RSN, Lo T, KRB R IR
EROMEIE 3—6 HAE Y EBIbNT, IBIT, TAVYOEERAPEEYE DRI
IR Lo THIN T~ 2R B 1, AR BRIS PR B O FERE RN (BED) Z LI 87252803
BGMNC e oTz, R IRIR A HIE L 72 WA &R 20/15 °C —30/25 °C R CiE, KURA &
WIEE RA BEO LU BEME T THZEMRENT-, ZhbHdD, &KiRIZEST . 6 O
IR IIRALER (10 °C) ZATHZEITINA, K% 20/15 °C IZ§ 528 T, ERFEDYE
AR TSP EERAFEEYE ORE . F1 12 RA BLO LU REZEDOLNLTEN
BN 72572,

Fri Cik _7=I912, THY Y OIE S EOFIEL T, i B2 RE —F IS 4
IR HE H B oo EATHET (e EALEIDNS 3—4 FiFREE) 2 X0 BD F7- 13400 - B o — R IV F#
DT DD, BRIHE TR RS 52 & CIED I LWRE ERE T 2288
TE, BRERESE TPITNSORREARD R U ERE, IV A2 LN TE5, —HRIHE T,
WU IR (2 22 3 2 & CRICHRD OV IR UIHE S D2 LS AT RETH D,

FHIM O UV BIHIZE - TPA BELURA REZHNINSE LS55 PA BELU'RA REEN
EHHLIINT DD A TH I 2SR BB AR 0—3 HIZERESLTEY, PA I
RA EHOOMBEL HINI DRI MAT: 3 H OEDTY BEIT/NS, ZO720, I ks
L C— ¥R AR IR L, 40K LI REAR T TH 8T IHESIN. AR D FE 2 B NS5 2 L 23
TEHEZEZBNT,

filuJ5. 10 °C CTORBE R IBAEL I K-> CTAEBTEEYE OB EZ IS T 5854 . RA
BEO LU IZHOWTEENAZ RO TIRE DN T D728 INHE S 1L L CRRINHE £/ 1%
—EBINHEL D B2 O THIHEEINL AR DR FEA YIS DT ENTELLEEZ DIV PA B
FJOVANT JREEZ DWW TR EALEIO 2 CUREE DS 5728 , INHE T 18 L T AL
D—EBUEE FHNDZ & CUHET L AR DR LA IMISEHZENTELEZ I BT, 36
(2. 20/15 °C TORIRMIETIT RA IREVEINICESTHMT DT LMD ZHIZONTH
ELLOUE S L THIHERNL 2RO RA RIEZ NS T AL ENTELEE Z BN,

F7-. 10 °C CTOREFBIRRAILOFE RA AW T IRE TT IOV EFHRT T BRI A8
IEVEMVE DOAFEIC VBN E B EERE LR RABIOLUIZOWT, 1 mg £
T HTOICM T H T B ) BV BRI AL 1T 85 5 I RS R IR AL ER A1 T D7a 0
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Ba b /Nelp oo Z e ARG R IR AP Z1T) ZE TR RICEFETEHEZ LN
RSV,

I COEFELRRE U ARG EW E O 4 FE B B B B ORE R RE UV R
FAARIRAFR T T 5L, RA BL LU I2OWTIE, 6 H ] 10 °C DR # ik iR LR 4
ATV, B BALEIDD 4 iz NS D2 & TRBFERINED RKERY 1 mg A PET DD
VIR E B EN R/ N7z, 2 PABIONANT & 1 mg EPET A0 08
HEE D EIL UV BIHZITO%E1C UV BIRZIThRWGE IV REoTeb 00| K
R WRAAFEZAT O A Tl BB IRRAE A TR WG LR E Tholz, 2070,
SRR AL PRIE UV BBE L0 2h3RA9IC RA BEOY LU IERB LN EA#INSE 5L
EZ BT,

L EED ., 59 2BREARN AT HRET PRI B IR EE S N3 DB AR L
BN A o T I S 152 R I A 2 CA RIS MW E OB AR FENR ATREL 72 Z L3
RSN, F2, AWFFEOHPATIL 6 A M ORI (10 °C) 1I2LY RA L LU, &
JEALEE (20/15 °C) IZED RA B E G/ T D7 DY DENRAFENER TEHEEZ 2 LN,
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5.2 A% OEBLOES

KI5 TlE, A LREENTT DY O FRIEMEYE O FE 2 # NS 2B AL A
DYERZATO, M TR B L O G IRETT Yy O A G E 2 RN AEETS
FHiExEF LTz, TORER. 6 B HIOIRE R IRIEAPE (10 °C) 12X RA & LU, KURALER
(20/115°C) IZFV RAZ E AT 2T 7Y DRIV PED R TEHZENHGINEIR 5T,
UL, AEFREL T BV EFIATOBRCEEELSND PA IZOWTIIEREROED R E
PN DERESRMIIARHATH -T2, 72720 AFIED S 2 T CIEN 2 — 2D k%
MESEHZET PA OFRENINT Dl getEN /RES Tz, BIAEDOMI RSN 21— 55D
RERFIXIED BB O HIHI THLZEDIRBEIN TNDIEND, AR ITHE RO Z
H S BRI BRBE RN L > TR 2 — 2D A NS E 58T PA REZ NS
WONLNERETHMNERDHLEE X BT,

% 4 % CIE, 10 °C TORBEERIRAHEIC L > T RA BLO LU &4, 7213 20/15°C
TOKIRAAEETIE RA REZHIINSEL5EG . WL —F XV ERIEE T —HX IR
EEGLE W THIESN. RROIREZEINSEHIENTELEB X DL, SHIT, #
e 72k ts C, IHERT 6 F M ORIEAABCRIRAE A THH AT, IROULHEET GIriL
WIEREREI OB ET) ANV AT BAIRIET D2 L8 TE | AF Ml 28R . KiE2IY
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TIET, AWFZES L—T Tk, =2 310 nm @ UV 3R 2RV TT AP/
UV 5% 21 AR LIZECA, THY Y OAF TSIV, ANT BEME FLZH0
D, PA LT UV FRE X CHE N9 2 M 23 > 722 L3 & LT 5 (Nishimura et al., 2009) .
ZOWMETIZ, BT UV 2 L2 TABFNIHEIS, ANT JREME T L6
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AL,

1.2 MEBIOHE
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BT, $le i<z, vL o~y NIBE® 7 B ISR YT Ty 7 2wt
TERIB LT, VEKICIE, % 14 B H £ TIIKEK, TOHITRE A QL5 1/4 BTG
w5 % 1=, 1A% 28 A BICHERKBEEE IOEM U, 3BRICIT, #Ff% 42 A O %
il F U7z BAEEIRICIE A A 6 AT (FHF32-EX-N-H, /XY =v7 (§R)) 2 H\ ., BBi4
1% Table S1.1 D XHITERELT-.

SR

JLBRIX T, B — 27 RN 2D 4 FFEO UV EZ V- 4 JLBRIX (290, 310, 330) &
UV RS D Control &7z, UV SREE XM RED OF 5 BL O 6 3 (W IR E S f)
IT) T 3.0 W m2 272 5 X0 IR LT,

UV JERICIE 2 FRERO BRI = F o~ a0t T 7 (UV-XEFL, VA, B —27&E
297, 338 nm) & 1 ffFHOD UV-B 64T (TL20W/01 RS SLV, Philips Co., Ltd.,, £ —7ili &
313 nm) #H\ 7= (Fig. S1.1) , ZOMOBRESMITE E R &R —& LTz,
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EDGEIRFEHE LT,

FHEHBIZHOWTERERBALA A, UV BB 3 50N 6 A HICIHAELZ, FHIE
HIZRITDHMAERIL 6 #RELTo, BB E OO TIEICHOWTIE, 2.2.4 LFRIEREL
7o

144



Table S1.1 Environmental conditions during the cultivation period.

Light period 16 hd1!

PPFD* 200 pmol m2 s

Air temperature 25/20 °C (Light/dark)
CO, conc. 1000 umol mol!

Relative humidity 70%

*PPFD: photosynthetic photon flux density provided to culture panel.

1.0 - -
: 290
08 4 |N - - 310
% lls: ......... 330
= ]
0.6 4 |
Q I
> '.’
& 04 A :
2 I
]
0.2 A ,: :
J\ 3
OO _,j “ e i) :‘-_-P\-"_-"--I_--........._,_.._._.:\ ' |
250 450 650

Wavelength (nm)

Fig. S1.1 Spectral irradiance of UV light sources. Relative spectral intensities of each lamp
were normalized to 1.0 at 297, 313, and 338 nm. The spectral energy distribution was measured
by spectroradiometer (USR-45DA; USHIO Co., Ltd., Japan).
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1.3 MR
1.3.1EF -8l

B =7 K% 290 nm (ZFF> 290 XTI, MESBAR 1 h TH 4—6 HifEo sl il o ek
DR Z L (Fig. S1.2 (A)) . FRESBHART: 1 A THENREFEMIT T2 7% U C il il 24K )3
FrlZZ b LT (Fig. S1.2 (B)), UV HSFHIAE 3 HOKMBEXOE 5 HEOHAIL,
Control, 330, 310 X CIIIRATH 7205, 290 X Tldfkts Th-o7= (Fig. S1.3 (A)), F7=.
290 XTI AR 3 BITITIED el it L, Akiuds b, I BRIATZ 4 H 12 290
XD 4 fids KOV 5 BigEDSEhm fhdL, 5 6 HiEES T 722828 B i CHesdsvzrz
., 290 X1 UV HURBlAR#: 3 A ETTRBRA & TLT,

HGTBRLETE 3 H OZEDRRRLEIL, B T2, W IO Th i KRR BH4E
THHE 4 EOW W EN D RKE->7- (Table S1.2) , F7=, ALEEBRLAT: 3 H OFf B D3
DEKREIL, 5 6 HiELFRE, 290 K THO X IDE/NEARDME A B, FRZH 4 Hik
J OV 5 HiHETld 290 X T Control JObH A R/ 72 -7- (Table S1.3) . B PHAA 6 H
HCOZEMIZUE X ] D 721372< (Fig. S1.3 (B)) . EDOREZMEBLOEKFEIZOWNT
b ALER X[ C 21X A DR -7 (Tables S1.4 and S1.5) .

1.3.2 AEEIEVEWE
YT VT ER (PA)

FRASBREGH 3 H O 6 HiZED PA IR, 320 XA BR< UV FREFIX T Control L0 kL
IRDEFINH DAV, FFIZ, 290 XTI PA JiREE2S Control K0 A EIZKE72-7= (Fig. S1.
(A), &5 5 HifED PA 2 290 3311 310 X T Control K0 KEARDEA NI BIIZ,
FRETBRAGTE 6 H OO 6 Hils L OV 5 FiTEd PA JEL I, WLHE X CHE ZIT AL
-7~ (Fig. S1.4 (B)) .

7 b7 =2 (ANT)

ANT BE X, BEBIAAH 3 B, 6 HELIZ UV BENIL-> TR 3 Im R AN 7=
(Fig. S1.5), #Fiz, FREIBAGAH 6 H HOT UM T =R B, 4 UV RS CxIRIX XD
IR Ao 7225, MkFERY72 UV BRENIT DY DT b T = R E AR TS5 A HE
PEN®HDHEHE 2 BT,
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Fig. S1.2 The appearance of red perilla leaf under UV |rrad|at|on at 290 The leaf color turned
green from red. The leaf color change commenced at 1 h after the exposure to UV irradiation

started (A), and it was completed about 1 d later on the adaxial leaf surface.

A) 3 d after the start of UV irradiation

s 00

Control

B) 6 d after the start of UV irradiation

® oo

Control 330

Fig. S1.3 Effect of 3 (A) and 6 (B) days of UV irradiation on color of the leaves at 5th node of

red perilla plants.
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Table S1.2 Effects of 3 days UV irradiation using three types of UV light sources with a peak
of 320, 310, and 290 nm, on dry weight (g/plant) of red perilla plants.

Main shoot
Treatment code Leaves Lateral Root Total
Stem shoot
1 2 3 4 5 6 Total

Control 0.02 011 030 038 022 0.06 1.08 0.38 0.23 0.31 2.00
290 - 0.07 0.19 0.41 0.28 0.06 1.01 0.41 0.22 0.34 1.98

310 0.03 011 028 038 024 0.07 1.09 0.38 0.26 0.34 2.07

330 0.03 0.09 028 040 029 011 1.17 0.43 0.24 0.36 2.23

The levels of UV were set at 3.0 W m. The plants were harvested at 3 days after the start of
UV irradiation (16 h d). Leaf position was counted from the stem base of the main shoot.
Growth data are the means of 6 plants. The mean of leaf dry weight at the 1st node was
calculated using 3—6 plants because at the 1st node in all plants exposed to 290 nm UV light,

and in some of the plants subjected to 310 and 330 nm treatments withered.

Table S1.3 Effects of 3 days UV irradiation using three types of UV light source with a peak at

320, 310, and 290 nm, on water content (%) in red perilla leaves.

Node position

Treatment code

2 3 4 5 6
Control 87.3 86.8 85.0a 83.8ab 83.9
290 86.2 84.0 80.4b 81.8b 83.8
310 86.8 86.6 85.3a 84.0 ab 83.4
330 87.2 85.6 84.8a 84.1a 83.5

The levels of UV were set at 3.0 W m. The plants were harvested at 3 days after the start of
UV irradiation (16 h d). Leaf position was counted from the stem base of the main shoot.
Growth data are the mean of 6 plants. Different letters indicate significant differences among

the treatments at P < 0.05 by Tukey-Kramer’s test.
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Table S1.4 Effects of 6 days UV irradiation using two types of UV light source with a peak at
320 and 310 nm, on dry weight (g/plant) of red perilla plants.

Main shoot Lateral
Treatment code Leaves Stem  shoot Root Total
1 2 3 4 5 6 7  Total
Control 0.05 0.12 0.35 0.44 038 0.16 0.03 148 053 057 031 249
310 0.02 0.11 0.32 047 033 014 0.03 141 052 051 034 245
330 0.09 0.14 0.39 047 037 015 0.03 161 052 039 036 247

The levels of UV were set at 3.0 W m. The plants were harvested at 6 days after the start of
UV irradiation (16 h d'). Leaf position was counted from the stem base of the main shoot.

Growth data are the mean of 6 plants.

Table S1.5 Effects of 6 days UV irradiation using two types of UV light source with a peak at

320 and 310 nm, on water content in red perilla leaves.

Leaf position
Treatment code 5 3 P 4 S e
Control 87.0 85.3 84.3 84.1 83.8
310 84.3 84.8 82.0 84.4 84.5
320 84.1 82.9 83.2 83.3 83.2

The levels of UV were set at 3.0 W m. The plants were harvested at 6 days after the start of
UV irradiation (16 h d). Leaf position was counted from the stem base of the main shoot.

Growth data are the means and 6 plants used for investigation of growth.
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Fig. S1.4 Effects of 3 (a) and 6 (b) days of UV irradiation using three types of UV light source
with a peak at 320, 310, and 290 nm, on perillaldehyde (PA) concentration in red perilla leaves.
The levels of UV were set at 3.0 W m. The plants were harvested at 6 days after the start of
UV irradiation (16 h d*). Leaf position was counted from the stem base of main shoot. Different

letters indicate significant differences among the treatments at P < 0.05 by Tukey-Kramer’s test

(n =6).
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Fig. S1.5 Effects of 3 (a) and 6 (b) days UV irradiation using three types of UV light source
with a peak at 320, 310, and 290 nm, on anthocyanin (ANT) concentration in red perilla leaves.
The levels of UV were set at 3.0 W m. The plants were harvested at 6 days after the start of
UV irradiation (16 h d%). Leaf position was counted from the stem base of main shoot. Different

letters indicate significant differences among the treatments at P < 0.05 by Tukey-Kramer’s test

(n =6).

150
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7o ARBROHFTIX 6 A UV BHFE1T556 T 300 nm LB EE R DOIEEIZEALE
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RERPHAS A O 5 fils IO 6 SifiL, T VBRI 6—9 H.0—3 A Th-o
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JLERBRLAT: 6 HICHBIT DR HIZAIR 10 °C 3LV 15°C T25°C 0L AREIT/IE
720 FRRUNETAL T2 FABEO Y HEITKIR 10 °C T 25 °C Kb A EIT/ N EleoTz
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FHI, 30 °C LH T DA RICKE -7 (Fig. S2.1) . 5 6 Hi¥ED PA IR IL, KURDME
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55 6 2D ANT JREE1X, 15 °C DMLOLBLX L0 K& 7- (Fig. S2.2) . £ DO EifL
IZOWTHAR 10 °C BLTN 15 °C TAUE 25 °C X° 30 °C L0t ANT I A3 R <2 DI
DIHBIVT,
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Table S2.1 Effects of air temperature on dry weight (g/plant) of main leaves, main stem, root,

and other parts of red perilla plants.

Leaf position

Air temperature (°C)

2 3 4 5 6
10 85.5 81.7 79.8Db 80.1b 84.9
15 85.9 82.8 83.0a 83.2a 84.0
25 86.6 84.7 84.1a 85.5a 86.0
30 86.5 84.4 84.2a 83.6a 86.5

Air temperature was set to 10, 15, 25, and 30 °C. The plants were harvested at 6 days after the
start of each treatment. Different letters indicate significant differences among the treatments

at P <0.05 by Tukey-Kramer’s test.

Table S2.2 Effects of air temperature on water content (%) in main leaves of red perilla.

Main shoot

Air temperature (°C) Lateral shoot Root Total
Leaves Stem
Before treatment 1.04 0.50 0.12 0.37 2.02
................. 10174070b030050b308b
15 1.61 0.74 ab 0.30 0.53b 3.19b
25 1.81 0.97a 0.78 0.84a 439a
30 1.75 0.82 ab 0.70 0.70 ab 3.96ab

Air temperature was set to 10, 15, 25, and 30 °C. The plants were harvested at 6 days after the
start of each treatment. Different letters indicate significant differences among the treatments

at P < 0.05 by Tukey-Kramer’s test.
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Fig. S2.1 Effects of air temperature on perillaldehyde (PA) concentration in red perilla leaf. Air
temperature was set to 10, 15, 25, and 30 °C. The plants were harvested at 6 days after the start
of each treatment. \ertical bars indicate SE (n = 6). Different letters indicate significant

differences among treatments at P < 0.05 by Tukey-Kramer’s test.
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Fig. S2.2 Effects of air temperature on anthocyanin (ANT) concentration in perilla leaf. Air
temperature was set to 10, 15, 25, and 30 °C, respectively. The plants were harvested at 6 days

after the start of each treatment. Vertical bars indicate SE (n = 6).
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3.3 fER
331 4F

AFABR 0 BR A v 0 55 F R IR E O SE¥1E, Control C 24.6 °C, T10 € 11.5°C, T15 T
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Table S3.1 Effects of nutrient solution temperature (NST) on growth of red perilla.

Fresh weight (g/plant) Dry weight (g/plant)

Treatment code Main . Main . Leaf azrea _SpeCIflc leaf P
Main stem Main stem  Root Total (cm?)  weight (gDW m™)
leaves leaves
Control 7.83 4.44 1.21 0.43 0.42 2.05 530.6 22.8
T10 7.13 4.19 111 0.43 0.40 1.94 464.9 24.1
T15 7.17 3.98 1.07 0.39 0.43 1.89 448.2 23.4
T20 8.04 4.26 1.08 0.38 0.45 1.91 520.3 20.6

Treatments were applied for 6 days. NSTs of the control, T10, T15 and T20 were 24.6, 11.5,

15.7, and 20.8 °C, respectively.

(A) (B)

30 q _
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4th leaf 5th leaf

Fig. S3.2 Effects of nutrient solution temperature (NST) on perillaldehyde concentration in red
perilla leaf. NSTs of the control, T10, T15, and T20 were 24.6, 11.5, 15.7, and 20.8 °C,

respectively. Leaf number was counted from the cotyledons. The plants were harvested at 3

days after the start of each treatment. Vertical bars indicate SE (n = 5).
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Fig. S3.3 Effects of nutrient solution temperature (NST) on rosmarinic acid concentration in

red perilla leaf. NSTs of the control, T10, T15, and T20 were 24.6, 11.5, 15.7, and 20.8 °C,

respectively. Leaf number was counted from the cotyledons. The plants were harvested at 3

days after the start of each treatment. Vertical bars indicate SE (n = 5). Different letters indicate

significant differences among the treatments at P < 0.05 by Tukey-Kramer’s test.
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Fig. S3.4 Effects of nutrient solution temperature (NST) on luteolin concentration in red perilla

leaf. NSTs of the control, T10, T15, and T20 were 24.6, 11.5, 15.7, and 20.8 °C, respectively.

Leaf number was counted from the cotyledons. The plants were harvested at 3 days after the

start of each treatment. Vertical bars indicate SE (n = 5).
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Fig. S3.5 Effects of nutrient solution temperature (NST) on anthocyanin concentration in perilla
leaf. NSTs of the control, T10, T15, and T20 were 24.6, 11.5, 15.7, and 20.8 °C, respectively.
Leaf number was counted from the cotyledons. The plants were harvested at 3 days after the

start of each treatment. Vertical bars indicate SE (n = 5).
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3.4 E%

PAITZED BRI DN 3 — L TESK, FHIND, £o, Na—LDTEIL, ROS D
FRAEICIVFEINDZENHESIL TS (Nagata et al., 1999) , ARFABRIZIHBWCIARIED
RIZETH EHIZDBLOEEEHTZDD PA JRENBEMUIZZ LMD, AR E AMEIE RS
NIZZETHEMAPNIZ ROS 23 AEL ., DN a— ADE NG ES - EE 2 b,

RA X7 == VT a/ AN FES I, 7 ==V a X ARG AR K CAE ARSI
ALEW ThHD, 7=V T T=r —eRaF 7 AR RO RO SR TlE, X%
B CEASRSNZ T2 VT I N T2 VT 5= T =T U7 — 8 (PAL) 12X Tt
BESi D, PAL OTEMEITER % 70 BR 5 BRI Ko THIBIS TR IRRBRIOEGE
S>TPALZIZ—RL TWOEMEFORBN R ELIENMESIN TS (BHD, 2008) , 2D
720 KRS THD T10 T RA JREEN Control JOHEEINL7-EE 2 bz,

LU 1%, 7R AR TSI, 7 TR /ARG R TARRIND, ZORKITT
=TTV —eRRXR U AR O NIINLE T D, T TR AR ES R I
A g o2 —8 (CHS) ORUG TR %, BEEDOWIFETIL, CHS = —F 42 s 1
IZOWTHIKIESAEECTREENES FHIENWESIL TS (Leyva et al., 1995), L
DL, ARFRERIZISUNT LU ORI 72, 7YY O LU 1% ANT O BRIz iE
FTEEW (FV 7 =0) b AR RSN, ARBROFRLY, RAT7 IOV O%A R
B OARIRIZ TV =003 ANT ~OAGRAIREL . LU ~OAESRICITE L KIFS
RNEE X BT,

RO ANT SRS, KURD LT BIRIRICE B A 2 TN L @E S TRy, K
BERES SN T DL A AT, BB IRIREZRIREDS 2—5 °C IRHET 5 LR 1K iR 2
HEIL 72 W KAZ FE T ANT R EDEEINL 722 X3 25 STV 4 (Voipio and Autio,
1994) , T20, T15, T10 Ti% Control KOG EFFEHKIR LAY 3—13 °C F2 RS HE TE TV
ZEND, B 4 FEITE W B E O FEL AR R M RS B2 & & 2 BT,

L EEY, Rl 25°C o4, R RIEEA 6 H R, 10 F72i% 15 °C \[ZHlfH§- 52 TE
BaEETICEERREZ I Z20I0S BT 720 PA, RA B LT ANT IR )M
IMTBZENRENTZ, Lo T IR BIRIEAE X, 7H2Y OAEBIEIEYE ORE =R
FNZHISE AL HEEL TAEH ThHEE 2 BT,
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