HREHZ L DINER 2 S U RED

O BSCRE i & A5 (et (2B 9 D P gE

Studies on Control of Postharvest Decay and Rind Color Development
in Satsuma Mandarin Fruit by Light Irradiation

R —#7
Ittetsu Yamaga

* I BORAR et 5 R AP SRR AL S0 2017 45 (PRl 29 4F)



% 1 % {%—g ...................................................................... 1
2 ® H LED EMBEHIC L AR T 2T I U REOENOIEIMHIZIE  ceeeee s 3
2-1 Hth LED NI X2 EFDLOREAGTIENR (n vitro)  ccorrreeeereeenee.s 3
2-2 HOLED EHHIC L DUER 7 v 2T I D REOFNOIRIHIZIE  oeeeee--- 3
2-3 HOLED XHRHNINHER T v 2 I B ORENFICKITITHE oo, 7
2-4 %%@: ....................................................................... 7
2-5 }Tjﬁg ...................................................................... 8

HIE Tmb FuYy ZEMHATNL Y OGN & IR & LED JEi S

17‘/3/:,_ 17 3 ﬁy%%@ﬁ%ﬁ&&%%%%(:&&ij‘%ﬁ@ ........................ 10
31 Fwmb FaYx 2T ATV Y o OKZEHAN & IER T 2 LED Ll 23
e Rl e Sl L Al e = 2 - R R R 10
32 Fmb FrYy e UMM Y o OB LI G LED SRS
e R AL RN ) e = 11
3-3 %g‘;ﬁg ..................................................................... 13
3-4 jﬁg ..................................................................... 14
4w UVBBRKICEDNHER Y Y2y b BRSO & K E oLk ---15
4-1 UV-BBHFIC L2 ENOHBEERHEEDR (nvitro)  -ocvveerrererereeeeceeees 15
4-2 UV-B RUEHZ K DR Y > v =2 7 I REOFPOIRBEIERINH] coeeeeerr--- 15
4-3 UV-B BRDIH#EL Y 22 0 I D OREHEIRIETTHE coreeereeann. 17
4-4 UV-B B L B 7 I X PICBIT D AT 0 AR L ORER ccreeerreeeeeees 18
4-5 UV-B RPN EEOFBERR & 2 280 VAR FIE T oo, 18
4-6 ,,:%gg ..................................................................... 19
4-7 Tﬁg ..................................................................... 20
%5 E RIREJRE LED LM L 2R T > v 2w I U REDE BRI L
B2 U T N TF L DRI wvveeennne ettt 21
5-1 1&/&3};—5&3@ LED %ﬁ@%ﬁ)%%@%@&C&@iﬁ}*ggfg; ............................. 21
5-2 (KPREEFR( LED AN RERE L B-7 V7 MY U F U ERICKITTRE ----21
5-3 %g}g ..................................................................... 292
5-4 ﬁﬁg ..................................................................... 24
%6% "%\\/El\%g_g\' ................................................................. 25
A T T T T T T 28
%T E:J'{- .......................................................................... 30
glﬂzjjzrﬁk ........................................................................ 31



JEIRAHC L DI Y v 2y I RFEOF R L A GRE I S5 1

B1E & 5

vy 2y A (Citrus unshiu Mare) 13, 7§ HA%
HL IS SN QO DT E OTIERE AHH O FE /R 2
ek, ENTSORSIERE, AERE LF LIAE-o
TW5 (BEMOKES, 2016) . vovayIAUE, E
12 10~12 AICIES DA, —EOMAMRRIIA TN
FRIIDT TRIRELIHMEE CITR S, mgciaIn
T3 (BRERARAEIIET, 1977) . &iRE, v
a7 A AEREDER A T Y, RPNAS TR
IHCOEEMETHD HEEMN ,  FEREREMN 2
SN TEY, 12~3 H F TOpREiRH oo RIS

(R DHKED, AEROBEE 20% LHESNTND.

IETIE, HIEREB L OHEIC L - T, REOHKEE
(Shiraishi &, 1999) <°, HFREEANOIRE FHEDBI%R
DRIV, ooy I ORYITESREE BRI
STETVD (BWKEE BMKERIIEHE, 2007) . &
BT, JERERRICE LTI, IREREERO %Y O

VBN D ZHVE TITHRA RIIFFEA T (AR « 3K,

1980 ; ¥35,1990 ; &, 1999 ; 5 2004) , Hkhs & Ak
DOE S EBEIHEIC OV TR SN S & & 512 (Kinay
5, 2005) , THHUFOUEESE BRI - FHEE1984 ; 4R
M - Lf,1992) IZX Y RREZES &, —HT, IU#E
B REEAKTET MY U LIS R E L RIE S D HI
(Arimoto &, 1977 ; Cerioni &, 2012 ; Cerioni ©,
2013) (FIENRHDHOD, FRBINDLIZLELHY, K
FEEAGITITE > T 720,

HFOWFHE (Penicillium ftalicam) , % 7> OV 1
(Pentallium digitatum) 1%, 512 VHEICBIT A EER
BRSO FEC, EICHE, Eil, AT o
VESERE, FRICAEUTBIBALT, BEsI R T
BUE, R CEER (X 7 2O UERBE, NV
RA IZ—)VRERNE) AET 507k dul - A,
1983) T, MEHOBRABRHS &R E L oTVD
73, FEHIMHER O HEROHEE OB 5T E
BOREN DD, TE DR BEHEEAREEE R D 338403
VETHY, ZIUTED D8 LWOEBHEREE TRk b
TWb. iz, BoFY~OERNGED LTI E
FNDOF TR &= b R003 ) THEE ) s S A fEA
WZH Y, ENOBE CIEER ST,

Sz =70 2 HORTEBAMZ B LT, IR O
SHMR (UV-C) BEHC XY, WERIIMENMEShb 2
ERIBENTND. UV-C I E 77 A R T Ldv o o—

FECTH O ROPIEEE AR 7~V U (Raiay, &
aRLFy, TR T ea ) ARk L ORBEIC W T
1%, £ OBFEMTHI TS (Rodov 5, 1992 ; Kuniga
5,2006) . E£7=, W ONDET/MESIZIBWT, &
TR E I3 A BARS & UV-B 3555595 Z &2
A5 E 725 TERY (Green * Fluhr, 1995 ; Demkura *
Ballare, 2012 ; Costa ©, 2013) , AtH (2014) I%, #k
o1 FAIZBWTRF 3 Ko UV-B B (10
aWem2) 239 EA ZHROIELERT 52 L ARELT
W5, LL7Aass, UVB R UV, S6ICEEOREN
AR T XV, RCERERETHDLI v 2y
1 > ONEHAIHNRIR U A6 38d Th 7,
FEE, WK ORECIERT OB RIBE TS, R
BEREFICL Y, Ui ar I h REOEBRLENE
U, AERGCREE 2> TS (I - R, 2004 ;
HiD, 2007 . R Shdv a2y I BT
I, R TIIER LY BRSO OIRORIED A S 4
DX 91275 TD. FIUIKOKIRDE D, RRER
FZRATHLOD, R TIHFANES &V oTz, RALRE
B OBGNES W DOBNPERERTHDH. o, BRLE
X O ICHIERIBBRAL A T > v 2 T 2 VR IR
12& LT, BEORERDD. T, EEHRBICBENT
Zak Favy AT VMHAYARLVT > CUF, GP) #IX
T 3 7 BRI 207508, B EET 5 5iEE LT
W LB Tu5  (Makita + Yamaga, 2006 ; Nakatani
5 2014) . GPEATTNL ) COERIC L W B EIEN
HEEHHY (Porat H, 2001) , FEEOFELEEEE
ZERHIAERT D FENREN TS, BEROBNIZRE
12X LT, SO ATV EASRETEIUE, P
EEEDD T LNTORND. BARDY 3V EHTIE, #%
BEIR RIS, YR T B R s — b A i HEE TS
Hfiny, HEopEELmM ESELTFEE L TULES>TND
(FRK D, 2004 ; FHrs, 2005) . RENERICIBNT
b, IRICE EUEET A AR RIS ST
7o WHEROREL —ERIRE 15~20COREICRD
ERTHSLE (RE - (L, 1992) BERAEINTND
2, R A BRI L2 o9, o R bEEoO
T2 OOHEAM EAKD B TWS. £, IUERRFEIC
F LU ABREIT S T & TEBEEIT I A5 LT T
Xie. =F LAY, REOBMEECH X VED 7 aa
TANGREREOREM EOTEDICHWLND



2 el L R AR IR ZE T R R BB 11 &

(Kitagawa ©, 1971 ; Kitagawa, 1973 ; Houck »,
1978 ; Mayuoni - Porat, 2011) . L»L, %Y ~D
TF UV ABRDOEE, RERKATH-20, =F LR
ENETERDTDHE, REAZPBET HFOREN
BZIDZENHY, TF L AT LY REOENE K
TEETLEY ZEBEBMELRoTWD., —7,
LED 72 EORFEKRELZRNT 22T, hoFVEOD
7 /A REESENT 52 EREO LTS, Ma b
(2012) 1%, I B OB L X 9 ZHWZERICBNT,
#Ht LED 3, 7R LED Yzl haT /4 NESGHGE
GLORBEINT 5 Z L2 HWE LD, IBICHLIT,
BETL Y auIhVREZHANT, =F L v LA
LED StOMETERICE Y haT ) A RESKEGE TR
BB, 7I7_XRCha7s /A RRERT 52 L5
LTW5 (Ma 5, 2015) . LED %, W#oALHFHE~
DOFIF (Yorio 5, 2001 ; Hidaka &, 2013) CahZiM]
FRoERBBE~OHH (Kudo, 2011) Kk Lo>odH D
B, I CREOIRICEHET 2FIHIL,  LRRioR 7t
ITAFZEEFI R, BATA NEBETLE, KVEH
FIZRMRV \FRESREE-CORIZE & e B CHEFNCE < B A
TRDPMNEL L 72> TUND.

AWFFECIE, JeAT L QO B0F55561 (Alferez ©, 2012 ;
Ma &, 2012) %#BEx T, (RREOLMRENTAIEHY
LT LT, NGO Y 2T I RIITBT DIEER
(ATEoPE) OEEEEARE L, AHEfEEoRMRErEmssy
HEIMZOWT bIREEITo7-. 55 232 T3, #H6 LED ¢
(B—Z7 ¥R 465nm) (ZL DS Y VY2 I D
HOOYFHIHIRIZ OV TRGEL 7. ZORGERRE S &
12, BT T, BRI OBEFEEIN (RO
OREYIRRRETEEARGR) & LED StMREERFOMAE
2 XD R R A, FERO T 2 MRIRR TR 5
THI 3 HRREE L7z, 8 4 & T1%, UV-B (280nm~
320nm) FREHT & 5 F D OFREEIIHIhR & BRI,
UV-B FRHNC L AIPTHEE DRI OV CRE L. 8
5 ETIE, %Y =2y I REORE LED Y
(B—Z7 ¥ 660nm) 2L 5EGREDATREMZIES
B, IR MOENSERIEREEE X SN AHIEIREDHR
& LED SRR O35t & BB I A3
B F£2, RACTREICHIOT A Vb g oy
2T I UK LT F L AT L AEAREREITH &, 18
FRRIIIRET DRHEADREIT LIRSV 5 ik
(Kitagawa * Tarutani, 1973) HH Y, AHFETIE 2 o
DRI DIHEAT —NTRBNT, [HEROR R EHER 2 R
BELZ. BBARICHNEERBERO—EITILE D
(2015a) , Yamaga © (2015b) , Yamaga o (2016a)

Yamaga & (2016b) , Yamaga 5 (2016c) , LU - &2
(2017) & LTAKRL TS,



JEHRIHC & D INFER T v 2 T I 0 BRI REE & AR B D BFSE 3

FH2E FAIDMRNIIDNERD Loy I U REOENOYSHIHZEIR

FHto LED Y& (RKIE 465 nm) MSHZ L5, I
7wy A REOFEDOROBRENRICONT, F
DYOYREOEB I & B OB S OBLE ) DG L
7o BINZ, in vitto\ 2BV CHE LED S L 5 E D)UY
EABEENRAMER L LT, WET oI hen
REHRGFETH S FHEEM EELA, FH@ LED
SRR & B OYRBHIE AN & OBIf%, S 7= rise
LED SERRHANREIE ARSI, RO
& LED SRR SRBEE NI BT T BT
L7z &bl [ERENICEITS 6 HiEOE @ LED St
BRI SR I T T B A LT

-1 HE LD RICKIZFEINURBLEBEEHR
(in vitro)
2-1-1 HHEELUASE
T OV B LFH AR R ST S i 50 o & —13
5 GERITIEKX) OREIVEIRL, 25CHRANI TR

T hF% A hn—=2 (PDA; 39 gLl K L Chi S,

3% 7 B ISR D% 0.1% Triton X-100 & e/l
ROFTOFRL, RaFREETRE W L. o FIminR
VL, ImMBREFEAE AR L 1 x 103 8- mLUCHREE L=, &
VBT 30 pL & v — L o> PDA B5icisfi L, 25°CIgAT
1Z7C 48 FpfEiEEE L=, 48 BFffI%ICRAE L man=—

(225 mm?) ALV PDA 5 FIciE L, SREEE
LED J¢HBSF T (LED-80 ; v*— 2 3ef%, 465 nm ; FHHBEE,

Petri plates

80 mmol m?sl, °FE LHEEE (1) ) S{KRRELE (A LED Yt
T (LED8 ; ©— 7 iR, 465 nm ; KPR, 8
nmolm?2s?, HEE{ kARt (BF) ) 1@ &, 25 CERET

B Lz BRI EREMIZLTWAED) LRI
MFETERR L TSy DERE, FTUXN ) X A%k

EH L CHE% 3 HE £ CRIFFVICIIE L72. 14X 5 I

# (¥—L) & L7 LED O% YRR CL-500
(a=R /%) (X VFHIILE (E20) .

2-1-2 &R

Br2% 3 HETo LED-80 [X, LED-8 [XIZUf 2 HAREs
DEFL, TNTNERHNEXO 47%, 81% CTh-7z (B
3 ) . %7z, LED-80 [X, LED-8 X(Z&} BTl

ICBI D EFTHEIY, LED-80 X, LED-8 [X, MERES
KX TZENZ103, 30, 44mmd! ThH-o7-.

-2 BE LD XEHICLHNERY V21T H
VREOENMEIIHFIZIR
2-2-1 #RBEIUAEE
1D HOOIREZEEROFE LED JEREREORH T
B RIT TR
I S R ARE RIS ERT A g~ 7 — P (BRI K
) THEE S CHREN VT XTFE 2484, 20

Blue LEDs

Fig.1. Experimental setup of blue LED irradiation in vitro (left) and in vivo (right).
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Fig.3 Effect of blue light-emitting diode (LED) irradiation on blue mold symptom development in vitro .
Vertical bars indicate standard error (SE) (n = 5).
Different letters indicate significant differences between the treatments; P < 0.05 by the Tukey’s multiple range test.
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Fig.5. Effect of blue LED irradiation on satsuma mandarin fungal area diameter caused by
Penicillium italicum . Vertical bars indicate S.E.. (n = 3).

“Different letters indicate significant differences at P < 0.05 by Tukey's multiple range test.
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Table 1. Effect of blue LED irradiation on satsuma mandarin fruit disease incidence caused by Penicillium italicum.

Disease incidence (%)

Treatment
Soft rot area Myceliumarea  Sporulation area
Dark 733a" 633a 46.7a
LED 40.0b 16.7b 33b
LED/Dark 36.7b 16.7b 10.0b

Data are expressed as the means (n = 3). Data were transformed to the arcsine of the square root before analysis.

“ Different letters indicate the significant differences at P < 0.05 by Tukey's multiple range test.
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Fig.6. Effect of blue LED irradiation before inoculation on satsuma mandarin fungal area diameter
caused by Penicilllium italicum. Data are expressed as the mean + S.E.(n = 4).

“n.s.: not significant, *: significant difference at P< 0.05 by -test.
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Fig.7 Effect of blue LED irradiation on blue mold symptom development in satsuma mandarin fruits.
Vertical bars indicate the standard error (SE) (n = 25).

Different letters indicate the significant differences between the treatments.

P <0.05 by the Tukey's multiple range test.
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Fig.8 Effect of blue LED irradiation on the incidence of satsuma mandarin fruit disease
caused by Penicillium italicum (day 6 after inoculation).
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Table 2. Influence of blue LED irradiation on fruit quality in satsuma mandarin (Citrus unshiu Marc. ‘Aoshima unshu’).

Avg fruit Specific Percentage Degree of peel ~ Moisture
Treatment wt. gravity of flesh puffing loss SSC TA
s (g - 100mL"
© (%) (%) (*Brix) as citric acid)
Dark 131 0.89 80.6 0.0 1.1 11.4 0.61
LED 128 0.89 80.0 0.1 23 11.0 0.69
Significance” - n.s. n.s. n.s. * n.s. *

Data are expressed as the means of 4 replications.

“n.s.: not significant; *: significant difference at P<0.05 by ¢ -test.; -: not done.

Table 3. Influence of blue LED irradiation on rind color in satsuma mandarin (Citrus unshiu Marc. ‘Aoshima unshu’).

Rind color
Treatment
L* a* b* a*/b*x100
Dark 64.1 28.8 65.4 44.1
LED 65.2 28.8 66.4 433
SigniﬁcanceZ * ns. ns. ns.

Data are expressed as the means of 4 replications.

“n.s.: not significant, *: significant difference at P < 0.05 by 7-test.
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B DHRAR Y R—BEREER T (LT, PLA2) OFHN,
HOEBFIC L VT2 2 L2 MEL TS, ZLT
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RAR Y AS—BIEEDEIT 5 2 & TR U U B RS
FEIN, A7 F T NVOER L > TRFHRIUEN & E
DT EEMBLTCWDS, F, HEEOLHEE LV L 1A 12
Rl OWHGE I O 773, PLA2 {5 FORBA NS E S
TEEALMNILTRY, Wilsthas T bR & FIRRE
DSBS NI AIFFOFER A T H H DT
5.

FRGHE DO BEHERDERGT O TIZ RIE T BN DN T
B 2R < L7236, LED Sta Sl Lz RFEORK
16, BEREAVINS < 7o DM o7z, HEEmIIRAHE &
D REOIFEETMENEE Y, BRFRNENTZ LD LE
2 HD. EEFEFEEDROGFZIT DR & bR
b (EREARIGED) 1%, MRREHIXAY 053, LED X% 049
Tholo. BfEkOMAFER 22 1T858k 1 1Tk
i} % LED KORIH 0.28 & Hi#ed 5 &, #bEicxd5
BREOEIEARE VN, Lo TERERTREIC X FI RS
WO TAIEOED Z LT TE 5D, HEOUHREOENRE D
PEREFHEHNCINZ DRI RN EE 2 b
Fio, REZAV-ERERICBO LYy — LR E
FERIZ, 8 pmol m2st &\ YRV VTR CTlh> THHEHD
OYRIZ L DTG OYER 45 Z L &R LTz, 2
pmolm?s! Th o THHFBEIIZ I > THAKR Y S—LH
HELTORBNEDHS (Liao and Burns, 2010) =
Enh, BHMEEED D ECIIEENRECHD &5
ZHND.

EIRFEN (20°C) TOFHFE LED ORI LY
REROBWESE L/ U BEBIEBRENALN.. —
5, TOMORFEFEIAONTIIEN SN2 ol B
FEHEOFHAERHEEIEL LED KT 882%, MMRFX T
889% TH Y, LED XOFHRHLE N HE TR #aE L T
T2 L LEESARICEEEEZ Q0D EEZBND. F
LED SEREEHT o TUINHER OBE & DT E SN E <
IR AR I o72hs, ZFOERNTA B TITR. g%
HECOITROIRE - IESRMEIC XY, b, /7o M
ELTHEBEZLNDTD, SH%ITRRD LMD
THARLREALEL TS R, %42 B8R
DFEBBNTIL, F LED HRBHOATILY © s
BISEODBA LN oT2) . F LED R OFEC
KO RZEO LMEICENA LD, a*E, b*EIzZ D0

IIEBENRD BN ol AEIE 9~10 HEED
%%%ﬁot%&ﬁ%fhém — )7 CHEBIRE DR R
FEoOHE, FHa LED AT L > T a¥Ec 2 bhimbhn
o F—4KRH) . Ma b (2012) 1%, HEIHETLH->TH
07 /A NEAHBETFORBENEED, 77 XRDhn
T /A REBVNEL 2D EEWEL TV, Lo TS

DORET, FHORESIREICLVERE LEZOND
N, TEBOIGDOFEEIZBAN L, & LED HRES
BREICRETEB NN EB 2 HNT-.

FH LED Stix, S48 (UV-C) & Helis U CREBHR
FEATOIR O & REOEHHNG], Rz oSGk
DMV NEBZ BN, UL, FREEFRTCMAEIZ
Ko TREDEAEH A U0 UV-C ST (Dhallewin 5,
1999) & ®7ev, FHa LED SUIRERHRA L THRED
ISR DMDREE ST, FDHEICBW T
ARG EBAMEN DS LB X HI5. Vianova & (2013)
i, AL UREIME L THD, B ORE TS
FTORFRNRENE EEHEREMELS 725 Z L2 8E LT
W5, BHPEST S E THOBYEAR<, b LITEE
BEELEDZENTEUE, IR OBBERIIRED 5
TENREZBND. FORHOFHEE LT, HFEICMRRE
T 1 SOBEMICET b5, BAICY > T, B
ORI ESSRRE S\ . BITED 7 % YV FHDRIRE,
RFEOWa T, STRAF 7 arTFIRERTHY,
HEIREFES L CHPRT B I5R D720, BPiP OREIC
HAERT 5120, IRUARIC TIRE M S 2T UL b7

V. ABETHE, REICHEVLOIREOMEEREEZ T o7 b
CHE LED S X DB RARGE L. 5141,
B v T IS AT REICK U TR R BT 5 &
973, FBROBG COTER A EE LT ERIER &I Z &
DWETH . Elc, AEUEM L7z LED Ytk 0 H55v VA
FRRETOMRGHER L, TGO OB A 875
NTWOLHBERH D EHZZ LD,

-5 BE

e LED JERRES, ﬂﬁ%@vyyzvtﬁy@iw
OVl & BRI K WDV TENHEREIT 5
kk%u,%%@ﬁ/#/hﬁﬁwukféﬁélED%
(465nm) FRIRDS, BPEEHH SAFEBIRICR B OHER & stk
DORFEWECRITTEERE L. BN, 2 ODRAR
HEEEICRIT A LED 3 (80 pmol m? s, 8 pmol m2 s
D BEFELOIREOAEBICRIT T8 % m vito 2BV
BUAER, SR, (KBE LED Yt & bIcENOYRE O
ERVPIRI SN, WIS, HERIN REICHF I OYHEE
wHEfE%, 6 AfMHE LED YR (80 pmol m2sl) 17
ST AER, MRS AL & bl UC, JRERE RA LA,
BORES, RaTIEEG) DERIDNEL kol finT, H
FIZHE LED Y& 6 AR Lictk, & OYREEHE
%giilz F*Ekﬁﬁﬁ)ﬂiﬁ§@)itﬁﬂéil/f: ZTORESR, HEAHER

%‘B%Pﬁ%’f L/J\é < 73307’:. ZDZENDG, %Eé LED 7‘6
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FHOOIREO LTI & R OfREEPIE % = 2 ATherE:
BHER S 7. F£70, KBEE (8 pmolm?s!l) OFE
LED StRURCTH RN OS5 L R L, faFRaRcdtosL
KOS A8% Ml STz 2 &, EEREETZ T Crr  (RHREE
DOF LED SEHRE & SRS CA 2 CTd D ATREMES
TR I, IR 23BRICWC, FfR LED
HREROFRIC LY, REDORESE &/ = U ERIE
BBV, ZDMDFEMEIT DN TR O X
FBOLNIRNoT-. ZOZ ENSEFR LED i, BEE
PIZIs1T IR RIS R S OO, BT DD v
20 I U REOBBHHICA R HIN TH D Z LIRS
.
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H3E Fubk FaPy RAEUNMAIRVY v OKERA & ISR S LED
HRREHENT v ar I U REOEIE RENEIZ ST TRE

AEPEBIG 3 2 REORFEM I EA BRI, FEER
DU THEM 2 I5ET 5 & &bl BEEH s
TWDHIGFHECORATE, FFiI 230 287 7o Ig L
WOMATIZ L DR AEHO/NTT L ENEETHD &
Ezbhb., ot Rady ZAEVMAY~NLY > IR
GP) I3, VRN RSN » THREESH (B - U,
2004 ; L5 - BCH, 2004) , WEMECRIRFEA S LTS
SN, BT 2T 2 AR BRTEIR SR
W7 BRI R OB I ET A O, AR
BRZRERGT NS, ARFFETIL, o2y I byt HER
I RFEEG L LT, BEERIEHOH S GP (U 3
AR EEET (B 8°C, FHXHRE 85%LL T
% 8 HA[ETE) O LED O Rk 465 nm
FRURSREE 10 pumol » m2 - s1)  URDSITER S SRR 35 5
FEERNZUTT B OWTRRET D & & bl HoET
B OEIROMAE ORI DB DN
THAMAE L.

H FOEROSYREVIIASALY D OME
B SRR FE LD SESHIRTE PO REFK
[CRIFTRE

FH-1 MHELUAE

1) BERARE
FRTE AR ST s i 50 o 2 — N (B IWFH‘Z%

KE) THEEINATWD FRIIN (8Vavfh,

) BRHCRT LT, 2014459 A 19 HIZ GP (y«v)

v (GA) WiRlz7re Revy xEy (PDJ) &Mz T,

GA J#% 3.3 ppm, PDJIRE 25 ppm & 725 L) ICFREEL

TR B Lis., SERE U CEERE A b RRRE LT

12 A 2 RIZ ERoBhbRFELZIER, L, 2L K

67 mm~80 mm) % "IN GP B E & MR R FE A
NN/ A
2)Hﬁﬁﬁ-$éum%%%ﬁ%
FREOREIZONT, EmETH REE 3~5% &)
1T THb, 8CI :EQTE”L?’:ETEELU\ELf:. F D1k,
1 A 5 HIZHE LED SR 2B Uiz, BARR (143
em X W93 em X HS8 em) (ZHRFEDIAEHZ iz L Clf~,
2 AROEERFEE LED St (©—7 K 465 nm, 10
pmol - m? - s1,  (BF) °F LB % BE OLFEEAE 20
cm) (TRRIE L, PRETERRE 12 ERE/E & LC, 92 HREHESY
1otz (5 9 X)) . AAEEXGE 2 A (GP #fi, B
LED StHeS) &L, GRHEDE:@Pﬁﬁ+%@JED
JERES) , LED X (GP #EHf + € LED JeRRg)) |
E(GP%%+%%%),N%E(GP%ﬁﬁ+%%%)
L7, 1R60ER3IEE LTz
3) WPEEENORIR, HHEEOHIE
P35 5 LED X, fBRXO5KUR & AR
i%, THERMO RECORDER RS-13 (ESPEC) ZRiAGH
OHFIANT, 1R EFI L.
4) BREHGEEORIE
HPREHARI 10~16 A Z & ICRITEHERE LT, i
BEDSERIC L 0 ZnEhnolvEdisE (DEFDUYE - 0O
7, QEER, OuER) (k&%%,w%)&ﬁmh
£ (REOEM, REREOBATERBOY v T 2 7)

(BB, 2000) (4L, HRISBRAREE) & 0 BFESE AL
BERFEH U, ERNE, AR & IZEPRE DRRE L
7.

312 #HR

LED Kz 2 REEOKIRIL, M ST DR

140cm

SOM

Blue LEDs

A

<—>
43cm

Contalners

Fig.9. Experimental setup of blue LEDs (left) and situation of blue LED irradiation on the fruits during storage (right).
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Fig.10. Temperature and relative humidity around the fruits during storage.
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Fig.11. Effect of autumn treatments of a mixture of gibberellin and prohydrojasmon (GP) spray and
postharvest blue light-emitting diode (LED) irradiation on blue/green mold, stem-end rot, black rot
and chilling injury after storage (Apr. 07) in satsuma mandarin fruit.

Data are expressed as the means (n=3).

RICHIRIX I D & 03~05CEm<HEBE LTV (5 10
X) . FERHEEEL, H LED YR Sh VAR, —
RS 2R DA b7, RBHHF 1 A 5 B~4
A 78) OFHKIEIE, LED X 83C, %X 81C, F
YIFESHERE L LED X 89.7%, *THRX 90.6%72-7=.

P 5 D BATE R AR & AR =RITRF LTS, 3
H9H~4 A 7H GBI 63 HE~BBRIET) Ik
T, HE7 LED R OZIRNTD Hit, LED SR L
FRETIIZINOOENMEVMEAICH -2 (455 . £
7o, IKIBREEORERERICH LTS, 3HIH~3H 25
A GREpBAMh 63 HE~79 AHH) 2B\, A&7 LED
JEHEE OBRDFRD B, LED JelRE U7 BETIdRA
LPMEVMERNZH -T2 —F, GP BfOFEMIL -,
FRBRHAR T ORI 5 O BAFRT AR I L ORI I
BEREI O -T2 38 9 HEEEDL, (KiRkEE

BRERARIIH LT, FER GP BRI FED b,
GP B RECRAERDEMERICH o7, BFsikIZdsT)
DETHIRE 2 DRBERARICOWVTE, BEEITIRALN
Zeiote BE1L) .

32 JaERFOCYREVMASALY D OME
B L IEREE LD LRSI ERERORRGE
[CRIFTHE

3211 MHEBEUAE

1) EaRIREE « IR - # 6 LED SRR ik
31 EFL.

2) BEHEOWE
IHE 7% & BT 21T B R EORABE, FELE,

WEEE T R E BRI LT BASAOEEEL,

{ CREE—SE) REEXI00 & Lz, BELET,
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REEKITILO CREREZRE L, RERLFEFHET
MU CEH Lz, #E Brix) (37 VZ VR (PALA,
¥ 742) THEEL, 7= BREEIT 0156 mol - L1
NaOH FRfEEIC L W EH Lz, BRESMEOHEL, IX
HEETL 1 X 5 R 5 IS, ATtk 1IX5R3EE L.

22 #R

IVHEE . (ATRAT) ORENEIL, H5ROLBY TH
7=, GP BiDOAMEIZ LV PERE, 7 = a2l 2@
B0tz GP B REIIRELE N ®I -T2 BT
BHEORENELZE 6 RITRT. 7 BEETIE, GP
Bl O GP #ufi & LED YRR DR EAERIZBWTEER
IHRENFRD BN, GP+LED XK T2 = BRE RN E Ml
Moz, BELEICBWTY, GP #fik Ot GP #ih
& LED SRR O HEERIZBWTHRERIESRZD b,
GP BRI TRELEN S S HERF SN AEMICH o 7.
RASE SRR T, AW X A ERIREIRD
LIRS T.

3 BEE

¥ 2 FIIBWT, FHfa LED YRR AEDOYSEOR %
WEEIHIL, Tt o b o OFBHERBHhRZ R
L2 &, FAKRE (8 nmolm?2st) OFE LED YR
HTbENoOMERAL LN & (Yamaga b,

2015) , % 3 T CIE, EBOH Y RFEEN T
% CHEEM 12X T 10 pmol m? s1 F ¢ LED St
AT, ATEIREZ O L R O 2 3R
T5EEBIT, GP Hufi LI OFE LED Kk R
FYFRHIH O EAERIC W T B RZEE L 72, & LED ¢
HREHC 1 2 RIS VW T, 2 BTk 9
12, H LED XHEEOEBR#ET L L, HH
LED YR EFEDOBRARY —F AoiEMEEEMNSE, 4%
VU BEVHOEBRBIC L UREREAEDL L
(Alferez, ©>, 2012) NEFERTH D LRSI TND

SRR DR EOHEBRERR OS2 5T, RE~DH
PR AT WEHIHERSRIC RV CH E R LED Hof
FEER T DA IMEN A EIOFETHL NN RD L L
12, {RREEE (10 pmol m2s1) OFWIER (1 H 12 W)
T ChRFEITKT 2 B i IR S OB S

Table 5. Influence of autumn treatments of a mixture of gibberellin and prohydrojasmon (GP) spray on the

fruit quality of satsuma mandarin (Citrus unshiu Marc. ‘Aoshima unshu’) fruits at harvest.

Treatment Ava'tf.m“ Peor;;‘;t;ge Sg‘;zsigc SSC TA SSC/TA
1
© %) CBrY e i
GP 136 776 0.87 105 0.75 139
Control 134 76.0 0.85 103 0.74 139
Significance” - NS * NS NS NS

Data are expressed as the means (n = 5).

“n.s. ot significant; *: significant difference at P <0.05 by t-test; -: not analyzed.

Table 6. Influence of autumn treatments of a mixture of gibberellin and prohydrojasmon (GP) spray and postharvest blue light-emitting

diode (LED) irradiation on the fruit quality of satsuma mandarin (Citrus unshiu Marc. ‘Aoshima unshu’) after storage (Apr. 07) .

Avg.fruit  Percentage Spec?ﬁc SSC TA SSC/TA
Treatment wt. of flesh gravity oL
© (%) (°Brix) :i sittic Zlid)
GP+LED 126 74.9 0.81 10.9 0.50 22.0
LED 108 75.2 0.76 113 0.36 313
GpP 121 74.3 0.80 10.8 0.40 26.8
Control 113 73.9 0.78 114 0.41 28.0
LED irradiation (A) - NS NS NS NS NS
Source GP treatment (B) - NS *E NS *E *ok
AXB - NS * NS *ok *ok

Data are expressed as the means (n = 3).

NS, *, ** indicate nonsignificant and significant difference at P <0.05, P<0.01, respectively, by two-way ANOVA; -: not analyzed.
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-, RREEOHHIC WL, F LED s %
1T o T=BRBE CIRRED A 0.3~05CEHERE L Q= &
DL G272 L bEZLNS. A1, Hfa LED %
PR REEDO BRI I T T BE AT H 2 LIk o
b, Hfa LED JHRS s - CIRfES 290 2. 2 K
DRI D Z LR s .

—7, %7F 9H) ©GP (GAEE 3.3 ppm, PDJ
25 ppm) BADHTIE, REBBINGEIDRITA D20
Sz, FRRTHRARIZEEBY,  FAHR R CREK Ik
WL, IHERTOEIREE (25~50 ppm) GA LUEZ L 0 IE
BRI S D Z LSS T o TWDA (S,
2000) , ASHFSE L IdAbTE, GA JEEE, BN RR .
Ty ay I OREBRICKT LT, AERSMETO
GP BfioRIENEEZ O D, LL, GP #fig
JEE L IR OB A & OBIRICOWT, RIZBIMT— 4
e, AEBROPEEZREIC L DNEERT T, B
PHIHIENED RN EIET D 2 LT LN E B2 D.

It 0D 7 RS BT HOVWTIE, GP #di kO GP #
#i & LED RSO BEARAICB W THEERIREITRD L
., GP #iffi& LED YRS &M G ot /- X TR
BEANZd-7223, LED SEHMMABR T, XX EFER
ISl o7=. £, HEEIZOWTE, GP #ifh s
LED YR OZhRAZRD Hpdso 7z, [HIRENOEER

(55 2 #3) 1ZB\\C, 80 pmol-m?2-sOFE LED K415
FE 15CERE C 6 A s LIz e, MRAR L
B LT o E BN Te DRER AN, AR
FAFERRT, HORIREE 10 pmol m?-s?, SCEWH RS
BRTHY, (KRR TR = N4 58
BClE, Hf LED YORBREED s T U FERICHZ 5
BTN SWEEZ NS, GP BT 5 LIRS &
DU SR D REDBEENE < R DEmRH5H 2 &
NS TWA  (RIF, 2005 ; L& - BRH, 20068) —
HT, BERISENLLN2WEALH D (Wl - whH,
2005) . Ui av A UREOEHEEL, FEOMI
EHBENRSH D EPRINTEY (AL - P, 1999)
RED#, 7an7 VORRENGIT 5 GA OEA

(Porat &, 2001) AREDOEEESEIZHITLHNOHEL .
ZTCWABHEEMENHS. —F, Kaewsuksaeng O

(2011) 1%, IR DT 4 LEFEIZH LT, UV-B RS

(190 kJ'm?) %1795 &, MRHOLE & gL TRED
7T FRERITEL Y, FEE (Rra—A - IV b—
A« Tha—2EE) R R RERLTEY, UV
B BRIHC & B & ALOMHINZ DER Th 5 L #E L
TWa. F£7, ¥R - ME (199D 1%, 4 3 h R %EIC
LT, 1 AMD 3 AF TOFFEIBPIREE (Ba

VINTU72KERET) AR5 &, RIS OSE & e L
T, BeERHOAHE (Vo Bk VO EEiE
otz Z LBBNTWD., LOLERNRE, ZASDHZE
EARGE L T, R RMECORNIEE, ATRaRE, Sl
23720, LED &a306T Sl oRE- LA RIF
MENELD (HKS, 2008) ZEbEEsh A,
7 UEERIZOWVWT, HE LED & GP #fflZ L 5%
AAERD SN ERICOWT SIS TE RN =0,
A%, O OEIRPRIELLENKITT ROV T
BRE T 5 & EbIZ, AMFEICBWCHE CX ehoTz
LED (eSS & P ORI EAE, LRORRE & R
FRZOWTHHALMNIT DN ENS 5.

IR OF 6 LED SRS OWTIL, By oy
2 H v ORFEEPIC R DI AR 2 ks L, Bl
BEEBNBROBGFEL WBREZFER TV _EHIRTH D LEZ
535, LED JeOIUBEAIZ[mIT T, REEEE R
22T FORBFH OV THRE L T BEER S 5.

H F=E

TrvavI Ayt FEREMN CRECRBANT, KEOS
okt FaYy 2T iYL o (UUF, GP) #fik
IR DT LED LRSS IR - R & fmth O3
SHEIZRAE TR OWTGRAE L. X1 U 3.3 ppm
7o FaYy AE2 25 ppm HEA LT, 9 AICHEA
L, 12 BICRELZINH#EL, FHEITo2%IC SCITRE
12T 92 AR L7z, A, H LED )t (B —2 K
& 465 nm, FHPREE 10 pmol - m?2 - s1) Z RIS L
7~ (PRESHRRT 1 HM720 12 KRR . ZORR, &H6
LED Y:Fe&Hz X 0 3 58BHAA 63~92 H B O RAIEHUERRNS,
BLHRET D EHBMNE o7, Fi2, GP HfidA
T, PREHCRRITT IR, 3R bhieho
7-. GP #cf &N 2 LED YRR O 5 21T - 72 5
T, RO 7 = REENEVMEAZ D o703, i
WZOWTIH I NS OB L 2 ZFFBO biZein-oiz. Bh
FORRENS, B VITHENOREICXTHER
LED Y&y, Bpgsgiioy vy I REOITH
EA L & LB IR 223, L& ok 5
GP #AR DA TIEHImHIRIZ &<, HFf LED the
OB B/ NS EAVRR I 7.



FERRHHC K DU 7 > v 2 T I RREO G & & ORI BT A F5E 15

FEAE W-BRAICKDINER D 2y I REOBREERR & KHEY

B DERK

RO Y v 2w I RFEIZ UVB K (280~320
nm) ZHHT D Z LI X D FLOIROBEZIFIZOWNT,
H O OIREOAET I & BB OB ER G- OB SRt
THEELBIZ, EAHE, WHFEORETY VAT Iy
DI R DAL AT~ 7=, BeWIZ, In vitro 1Z30
T UV-BBBSHC L 2 HE DOV ARSI R A MR LT b
T, INHEHMORe D HEEMN REICHEEREZITV,
UV-B Feb & & 0 OYRBER A S OYRBEIL K] & RS
%, UV-B BB Y v ar I ORFEWEICKITTE
B ZONWTHRE L2, & 512 UV-C RSBV L~ T
AREND Z ERH LN E R TODIEIMIWE TH 5 %
222D NWC, UVB BBHIC K-> CHFHFEIN LD E

I HRE Uiz, Ffkic, MARRCIT 5 UV-BERIZ L 5
TR OFHUNHI ZF8E L C,
fHEMEL - HEEEE L ORRE T UV-BREESHE1T, Z0tk
DR L Aan U ERETHE L.

41 W-B BHHICKHEIVHREEEHEENR (in

vitro)
11 HHBLUAZE

HOOYFEE & TR OYREES, B AR e st
gt o 2 —Ni3s FRATTHEKX) ORELVERL,
CHEFNZ CART T % 2 hu—2 (PDA; 39 gLl) 5t
oSN, 553 7 A BRI D% 0.1% Triton
X-100 ZETefitk DT ERL, KRRk 2 i L
7o, MTREIREENY, mERRREEAFER L 1 x 108 8-
mLNCFREE LTc. 2 U CRREHR 20 nL % PDA K5 v
— L RIZEAM LTz, WEBm LIy —UIZxf L ¢, UV-
B 77 (JEMHEL 280~320 nm , YGRFX21711GL : /%
Fyv=v2)ickb UVB B &4T-7 OLIEEERE
15cm) . UV BBEHEIX, TYVANLT AL A—HF—

(UV-340C, W A% 1) IZRVFHAIL7=. UV BE&IT, O,

15, 80, 60, 120 kJm2 & L7=. ZD%, BRI v—
Ui, 25°CHEAMICT 48 It L, A LIzan=—%
R L.
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B LI _COMSFX (15, 30, 60, 120 kJm?) 2
BT, MRRFHX LB L CREa o =—HNEd Lz
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Fig.12.Effect of UV-B irradiation on the spore germination

of P. italicum and P. digitatum in vitro.
Vertical bars indicate S.E. (n = 4).
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FFREFLUVB 7 o7&, RS 15 ecm OFFEEHC
RELENT UV-B BFE{To7. &L, 30 kJ-m?
L 60 kJ-m20 2 @IS L, BEEAE 24 BRI 2V T

7o PR SN RFED, [EIRMSRAN (25°C, fExHBEE
85%LA k) 12C 5 HEWRIE L. #5ff 4 Hi% L 5 HEEOD
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U7 JERERORHAFEITE 22 e L (WK%
Br<) . RBIAERR 10 R 6 E L LT-.
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UV-B IR 7S REDTREEFE AR RIFTRELT T RIC
Y. FHMGERICRB\NT, FEHERERTIC UV-B HE (30
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Table 7. Effect of UV-B irradiation on disease incidence caused by P. italicum infections of satsuma mandarin fruit.

Disease incidence (%)

UVB dose Early harvest Commercial harvest
Soft rot area Mycelium area Soft rot area Mycelium area

4 day 5 day 4 day 5 day 4 day 5 day 4 day 5 day
30kJ- m” + Inoculation 89b 20.0a" 0.0 6.7b 27.1a 45.0a 0.0 256a
60kJ- >+ Inoculation 89b 30.0a 0.0 0.0b 25.1a 45.0a 0.0 278a
Inoculation +30kJ - m™ 205a 333a 0.0 6.7b 337a 438a 0.0 328a
Inoculation + 60kJ+m™ 10.0a 233a 0.0 33b 254a 48.8a 0.0 25.1a
Control (Inoculated) 315a 40.0 a 0.0 233 a 35.1a 46.7 a 0.0 36.1a

Data are expressed as the means (n =6).
* Different letters indicate the significant differences at P <0.05 by Tukey's multiple range test.
Data were transformed to the arcsine of the square root before analysis.

15 5 ¢
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a
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(Inoculated) UVB + Inoculation Inoculation + UVB (Inoculated) UVB + Inoculation Inoculation + UVB

Fig.13. Effect of UV-B irradiation on fruit fungal diameter caused by P. italicum in satsuma mandarin at early harvest (October).
Vertical bars indicate S.E. (n = 6).

Different letters indicate the significant differences at P < 0.05 by Tukey's multiple range test.

UVB + Inoculation: UV-B irradiation at 24h before wounding and inoculation.

Inoculation+ UVB: UV-B irradiation at immediately after wounding and inoculation.

15 1 Soft rot area at at 5 days after inoculation a Mycelium area at 5 days after inoculation
a
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T
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Fig.14. Effect of UV-B irradiation on fruit fungal diameter caused by P. italicum infection of satsuma mandarin at commercial harvest (November).
Vertical bars indicate S.E. (n = 6).

Different letters indicate the significant differences at P < 0.05 by Tukey's multiple range test.

UVB + Inoculation: UV-B irradiation at 24h before wounding and inoculation.

Inoculation+ UVB: UV-B irradiation at immediately after wounding and inoculation.
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kJ-m? & 60 kJ-m?) Z1TFo7-HIL, HEHAE 4 HRICE
T DA R AR LT, AR 4 BB T, AR
X & SERIORETA LN~ T-. FHER S HRIZE
W, UV-B BRI X 0 B A SRR Le o Tz
LA, BECREFSAESRIIREEAER, %I b ST,
30 kJ'm?2 & 60 kJ-m2 o UV-BBHHC L v Lz, —7,
IR CIE, (LS, FRETE HIZ UVB IR L S
BRI BRI
EHIVEROERAE 5 B BICRT 28 LEERE, UV-
B BHHIZ LD EERZEIA DN -l BB 13 1K) . &
SREBITOWTIE, AR, #EfEfZ D UV-B BEHIZRE D 5
¥, 60 kd m2 X CHBICEZEIVNE L 2otz Eh
BREAT, EHEERT 60 kJ m2 FREIXAN G o & b/hE L,
RN CHEERE% 60 kd m2 FRETX, HE#EfE% 30 kI m2 M
FIX, FEEEERT 30 kd m2 IR, MERHXOIETH -7
BHERE 5 H BIZI81T 5, HiEfERT 60 kd mr2 BRI X & H PR

80%, 5% Tir-7z. @RIEROBICEE L, O
KM THERERA N7z (B 14 ) . EREE
BIL, FHEAERT 60 kd m2 FRESIX 28 b/ & <, IR THE
PR 60 kJ m2 MAGHIX, BEERERAT 30 kJ m2 MRASIX,
A% 30 kd m2 RS, MERHXOIRCTH -7, FHIY
FER L [FERIC, 60 kJ m2 BT CIRREHAERT, BRI
B L P EAREI A RIS {leol

4-3 W-B BBHHUINEER IV AVIAVDRESR
BIZRIFTHE
431 HHEBLUEE

Ftr 2 —ANTHEE SN FEEMN (eVavh
20 4E4) BER 20144E 12 H 1 BICIEL -, 28k
[ UHIET, 60 kJm2UV-B 2 REICBE L, ZO%ER
SR EHIT, IRE 200COREEIC 10 ARIREFE L., B3k
ORFt, WE, 7 BEE RASE, RERE Z
R, MESAEZHEE L. WEILTS VX2 VEES
(PALF1, (B 74#=) THIEL, /7T UBERIT
0.156mol - L1 NaOH HFEEIC LV B Lz, Rl
BIOEWLERETOM 1 2 MEAER (TC
1500MC88, () HmEM) CTHIE L. FRISHEOH
WS, { (REE—FEE REEXI &L £
FEIEY, RELKLD TREMEZRE L, REES
BERFE TR U TEH Ls. RS, B SR
(1987) OFIKITIESE 4 BEETE (0 : 48, 1: 8%
2 HREE, 3:HK) LU FAHAORMTIX1IX5E5
KEE LTz,

432 R

UV-B MR FRIEN ORFIWE & FP G
MESRELTNTNE SR, HIRITRT. ARG E
TTOTREMEDOT~TOHE (RELE, BEE, RA
e, Brix, 7TrEREE, RAE LatbrE) 2o,

Table 8. Influence of UV-B irradiation on the fruit quality of satsuma mandarin (Citrus unshiu Marc.Aoshima unshu’).

Avg fruit Specific Percentage

Degree of peel

Treatment it gravity of flesh puffing SSC TA SSC/TA
S (g+ 100 mL"!
© (%) (°Brix) as citric acid)
UVB 144 0.90 79.5 0.2 12.0 0.76 16.0
Control 136 0.89 78.5 0.2 12.0 0.79 153
Significance” - n.s. n.s. n.s. n.s. n.s. n.s.

Data are expressed as the means of 5 replicates.

”n.s.: not significant; *: significant difference at P <0.05 by 7-test; -: not analyzed.

Table 9 Influence of UV-B irradiation on the rind color of satsuma mandarin (Citrus unshiu Marc.Aoshima unshu’).

Rind color
Treatment
L* a* b* C*
UVB 63.8 22.5 65.1 68.9
Control 63.8 222 64.2 68.1
Significance” n.s. n.s. n.s. n.s

Data are expressed as the means of 5 replicates.

“n.s. ot significant, *: significant difference at P <0.05 by ¢-test.
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UV-B R4 (60kJm?) OFHE L DEEZETA D)

-7

4 W-B BHEERBEISARFIZBITS RO/

VERE DR
H-1 RS EUVEE

FEr2—N FERATHEKX) TSz “HEE1
5 (I EFE) FFEE 20144 8 H 29 AL
FE2AMEFUSET, 0, 15, 30, 60 kJm2UV-BAHE
ORI IIWITHE L. REE 20°COMERMNTRT L,
48 KHHIRIC IR 7 N MV & 4 RIS OEELTZ. A
a8m O ESTE, B 5 (2005) OFIEICHEL
TTo72. BELT=7 TR 08g & 80% =4 /—/L (5
mL) THE - fhiits, BERGEEZTo72%, Y7 ra i
HUTHEL LT, YU uru A X U BIREERIC 25% A X
J = IVICIRfRE L, C18 #1 T & (InertslODS-2, 4.6 X
150mm, GL ¥ 1 = v *) % ¥ 3% L7~ HPLC

(Agilent1200, Agilent) (2L Y, H 7 NEE 40C, BEhH
121% 0~26 43y E£TIT 20~T0%D 7 TV =2 M ENTT= A
& ) —ERE G, HEE 1.2 mLmin! THOHET-o 72
AR 20 pL & L7z, faHilE, 330nm Sy, 400nm
TS RHHAR CIIE Lz, A a3a v ORI 7 v
FU o FESERz, GeisARTBNTE 5 810 TBRORT
12, UV-B fBifE e 22 \n U EEOBREZFAET S T
Fhr L LTITV, AERODMEFAEMN & iz, )
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8 20 BIZICE1T D RROBHERSENMED -T2 (5 10
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Fig.16. Comparison of scoparone content of flavedo in 60 kJ -m” dose
UV-B irradiated and non-irradiated fruit at 20 days after irradiation.
Data are expressed as the mean+ S.E.(n=7).

**: significant difference at P <0.01 by ¢-test.

Fig.15. Relation between UV-B irradiation dose and scoparone content of
flavedo tissue in satsuma mandarin fruit at 2 days after irradiation.

Data are expressed as the mean + S.E.(n =4).

? Different letters indicate the significant differences at P < 0.05 by Tukey's multiple range test.

¥ n.d.: not detected.
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Table 10. Effect of UV-B irradiation on each disease incidence and total decay rate of satsuma mandarin.

Disease incidence (%) Total decay
Treatment rate (%)
Blue mold and green mold Black rot Stem-end rot °
UVB 0.7 0.0 0.6 1.3
Control 9.5 0.6 1.2 11.3
Significance” ** ns. n.s. *k

Data are expressed as the means of 7 replicates.

Data were transformed to the arcsine of the square root before analysis.

n.s. :not significant, **: significant difference at P <0.01 by ¢-test.

02pg gl FW. LR T 7einoTe.

46 FE=

FERERICLY, 15 kIm2 &) RO BRE BT
HoTh, m vitro IZBITHENONNE, FOUYREOE
BIEIZ UVB BESTHDLZ EBRHLNE o T2,
Hamamoto & (2007) 1%, UVA-LED (365nm) & UV-C
(254nm) FBAICIE, 377V 7 DNA BEA I =X LI
BORHLZEEREL WA, #E51E, UV-C BBFHZ &
S THEEA: DNABIEDOIIE L 25 7n 7T v R
VU EA w—EREID Z L, UVALED BEHZ K58
{LRYZ A =V DFEIETH 5 8 - £ R 2-F 4% 77
U UPERENDZ EEALNCLTND. SRIREEIT,
AT YT &b USROS 00, UV-B I
F B RIREEDORIEM LD A F1 = X id DNA OIS
U < ILEHHEE Ch 2 ATHEMEDS S .

UV-B RSN, R7pd 2 SOBRIINFES L, EHEE S
Ny 2y I OIGEFEAR M 5 Z LT T
72haotz. UV-B BB ORNFIE, BREBOIEIN] & Hok
HRAROET (RHUHERORL) 1CE EEoT2, HiE
Fli7p L o4t Cld UV-B FREHC & TS B 9~ i 5
Lileotz. HBRESIECET 5 UV-B BBH OB O
FEDEIMEN -T2 R & LTE, UV-B B O HREE £
TORE L EDUIREOBFEEE N E 2 b, HE) 5
BRI, R RSFEBEOILR & BRI H B L
72U, Mercier & (2001) (%, 7=& %2 UV-C BBHIZ X -
THRIITERERARE SN LT, PRt
DINBEOERI DA N D L EHE LD, &
BITAEDHIE, mvinolZ3BN T, UV-C KB UYREIS
L CHR VRN A9 oo, UV-C PR 24 BFHERNIC
JREDOYREE 2 BB ST REDBYL I 2 &3 C& e
Mol LIRRTND. 5 2 EOFE LED RSN 5
FERICI TS, BEIREIC L - T LED JERNOREE

PR R D = EDRENTWS. F7z, UV-C g
DYre LRI, UV-B BSREAT > THH ORFERGEIT,
SRR T A 5 2 TOVA RTREME S &V, %
xR & LIZHgETH, UV-C Bt 11 HRIZZ 74 b
LR ThiHAaa  GEBRRERY, B 30 A
B ClEA a3m VARMPMRD TERW LS LVE TR T3 2
EPRESN TS (Rodov B, 1992) . ARFFEIZHWT
1% UV-B B 20 HZICEIT D “HFEREMN oxaim
TEAT-7208, 47 pggt FW.O R o 3a URERE L T
LT ENHALNE o, B URIREECTH D50 OV
TlE, A=z\m 2% EDofE7Y 29 pgml! Tho7oZ
s (Kim 5, 1991), UV-B BB 20 BEORETH
S>TH TR ERTIEEL A L TBY, T EIERERED
ETICORDN ST FTREVEN B, £, BEEA{T-72E
BB\, EEE%O UV-B RS L 0 & EEER T UV-
B B DI, RAGEL & BEREOFASE L BRI OIERD
Pl S CEY, UV-B BERx e T 5 ans
borEZOND. 7, BEOHEHEE (Km 5,
1991 ; Ortufio &, 2011) #&[EJ 5 &, UV %R X
Z 10 A E CITHEEIC A a e U NERBTALD L&
2 HND.

BORERIF AR RN TR 22 2 LW ) BRI,
UV-B BBHHIxT 2 72 v a2 w7 I REO RIS ER:
HNZE > TRRDEVWH ZLEZRLTWS. R,
Dhallewin & (1999) 1%, ‘Ui > hrx—7V Z0d,
FEICHBWTY, B LLREL VBHELZ D0
FEVERR R LI Z L2 L 0D, ATk
HiY, FHUFEROSG, HHINFERLD S UV-CIZLD
AN ERBNENT EER LTS, 2B O
EARFERRER G, IS E IEHAH O B KT
brrEZOND. —F, HXVEOBT, FAMET
WA AR L D BRI R LT R AR S LD R e
VERITE (BE-D, 2005) . £, BURVENGHE
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BEL7Z2W0 L oD 7 TR ) A B, ¥y —L ETROUYR
BOABZMAET S Z 05 (Ortuiio 5, 2006) ,
o PSSO T 7 A BT xR b UV-B BRSNS & o TAERL
SN, FEHPIHICEIR L CO D FTREE S & 5.

UV-B 5T, £ED Brix, 7 T WMeE, #RE £

A asN

W, RASRE, RUAICHERREE KT E 8T,

UV-C fl % X VAT T235E, RENEICITHE
ZHZ 0N, UV-C BENC & - CRENEB G T
DEOEENBND Z ER3HSH (Dhallewin B, 1999) .
AFERD UV-B BHHE, UV-C LB ARY 2wl
VORISR RIETAREMY, B EeBzohb. —
G, UV-B FREHC L 0 Bk 7 A S RFEOPERE 5230
flan, 7z vBEESEMNTLIEVWIHELH D

(Kaewsuksaeng ©, 2011) . UV-B R IBEESY =0
RE B RIF T, RECREEORRMAT —II Lo
THERLZENBZIOND.

PLbX Y, EEIT-o7244 T, UV-B BAc k-
THACE O EFEA R LIFBEHLR Y5 2 L iXT&
Dotz b DD, BREROIERLIEREZIHIL, S5
S U - EEAREME LT, UV-B BEIC L 0 2iEE
BCREDIRI S ARER L fp oz, LsL7ess s, AL
i, Uit oy I A OFENOIFEEITHT SR A =
R LDFEMZ A SN Lizbi Tiddaw. UV-B B, %
FEOIG, HOAEBHEOBUREZ RS 1= DAY
W7 7 a—F 0RO LD, RIS 3 HOREY,
TOEMEZIEEL TS 7280, UV-B IREERE R
TANEATHIFEREB 2 bND. T7Y 3y M
L7 BRI T, R T A UTERE L7z UV-C FREHEE
DIRFEN 1 kJ-m?2 TH-oThH, RE~OREKEIT 02
kJ - m2 2B FE 5 E0oWE Yan B, 2014) HHV, ¥H—I
REARST DI TEEL 2. UV B OZ TR L,
WL D DIERHTHIEATOMAE DI LY, ERLICH
-SSR TOND 2 &b, HREAERIELIZITE
EThDHLEBEZLND.

-1 B/E

Wt T o2y I REIZBWT, ¥R (UV-B)
FRETSEDSOYROFA, TRBEIAR & RENE I IF T
OWTERE TS & &b, UV-B B L 2 BT
TRNFE DRI R L R E CTh D A3 3m
VAR OWTHEEETT -T2, m vitro \IZRWC, B

1To7=3_XToO UV-BES (15 30, 60, 120kJ-m?2) 73,

FOOIREISH LT 99% LA EoE v EFRER R Z R L
7o FeNC,  HERN ORWIER (MFER 10 A
30 H) LaEEIVFER (fEH :11 A 20 B) IZx LT,

BTETERTE 721 TR RIS UV-B BH 1TV, R Lk
{LER, HEREROBERICOVCHHA L7 BiEfg 5 A B
B DI EIHOBEZR L AR, UVB BHOFMZLY
BEONBRLNRD -T2 UL, B, @ErER s b,
60kJ-m?2 UV-B FEFHZ X 0 FHOVREHEEE% 5 A B OE%
HEZEINNE L IpoTz. BHIHERICRWTIE, FiEREa]
B4 0O UV-B FREHICEE 59 30kd-m2 UV-B, 60kJ-m?2
UV-B BBSHC &Y, ESREAEENED Lz, iz, UV-
BRSIZ LT, REOKEE, 7o omEs, FRFELE,
BARE, B (LF, a* b¥) SIEEIIA LR
7o, RBBIT, HIREO UV-B BB & 2 HiE@Emro B Hamiil
FREL, (HMEEL - EERERELORERICH LT UVBR
HEAToTRER, BRI IRAR & L, H0Y,
FEDNOYF & L & LTSRS IR S0 Z L3 BN G e
v, UV-BREES 20 HIZDORRIT A 2/3m )% 47 pg gl FW.
ARENTNDZ ERMERLZ. 2O D, R
vy 2y I AT UV-B BB ZITo1o45h, £ 0RO
TR CI8 1T 2 SRIIFR AP C & 2 FTREMEDY R S ATz
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HHE (KRERALED CRHICLANER Y 2 I WV REOER
L B2 V7 RV F D8

ARETIE, #HMARCRLZ AEIN TV OBAEDE
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pmol-m2-s?) O7fRta LED Y (660nm) FRSHZ I 2 RFEzD
HOMAECOWTHEELZ. £/, [EBEORE LED Y
REERDERE, 7 VB BREORENE L, HREMR) T
bV E RS (Yamaguchi 5, 2004 ; Yamaguchi
5, 2006) BHABNERSTNG B- 27 U7 Mt oF o
DEEIRITT I ONT S, [FBRICIHE S - 55k %
FANT, Rz & RABNICHE L.
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e
-1 MHESIUSE

BB AREHTTEFTSATTSE £ > 5 — P CRIE S U

FEEMN (BZ72FH, 2454) #O20134 11 H 14 B,
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LED Yt (FUHHEEE : 12 pmol-m2-sl, °F S HEE (KK )

% 8 HIMEGRGT L- GB 1T X) . e, 4
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Fefald, B2 DL ANEMON 1 e lamssdt (TC-
1500MC88, (f) HEEM) THIE Lz, FHEbals,

BIWSCHO OGN TV AIEEL L L2 1 (BE) ~10

N

- . -

T XL X
il S

Fig.17. Experimental setup of red LED irradiation
for satsuma mandarin fruits.
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Fig.18. Relative power distribution of red LED.
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WEREILT D & UBERERE (PAL-L,  (BF) 7& ) THIEL,
7 TR E T 0.156mol + Lt NaOH i EIs &L v EH
L7e. WEBEOREFED, { (REHIREE—RHE
) PRERTREEXI00 & Lz, SEAOHEER 1
K5FEAKEL LIZ. 87V 7 NP F oo, ©&
%, Kato b (2004) OFEAZYEL TothaiTole. F
2 (RA) 1bg icmn— 15g, =4 /—/L 20mL
Nz THIEL, flitiia KOH T Afbtk, Bii=F
JnFFy (1:9) THRL L. BEEREG CREE
BIETBME : A% /—/Ll=1:1 (v) T5mlITERLZ
% 1L T C30 # 7 4 (Carotenoid S-4, 4.6 x 250 mm :
YMC) #Z#:25 172 HPLC (Agilent1200: 7L k) T
FERLE. BT ARE 30°CE L, MHIHIRI TR
SeEEEE RV, BRI 452 nm T/ T V= v MEHZTT
ol JT Yz MIEROIATY, EHERIERE 0~30
5% 9% (iv) AX ) — + 1%TBME - 4%H:0 & L,
30~90 5y DRNT 6% A % 7 —/L + 90%TBME - 4%H0 ~
LA L&, HEH 1.0 mlmin THWTEITH T2

522 #ER

R LED YRR, B2 V7 R raREEt
RESNEICKITTEELE 11 £ (RHGER |, 5 12
R EEIER) (OnT. BHINER, @ENERLE bIC
KR (12 pmol-m2-s1) 7R LED YRR OB L -
THERE, 7 ke, fiekt, WESSITAEEITAD
Nniginotz, —J5, BEOB2 VT b oFraBITE
HURESS, WA & b ICFRE LED SERRHT k>
MUtz @EIHEROES, WRRSROFEB2 Y7 My
P FUEREN 3.32 mg 100gFW. I ThH7-DiZxt L, iR
& LED MRSEIT 465 mg-100gFW. iz L7-. Lol
HWADB-27 V7 bV F o aRITRHUHER, @I
F L IR LED HHREHNC X 5313 b b oz

53 ER

Hie s 2 SORRIE S iz F BIRMREICRBNT
IEHREO#RE LED YR LD, BREEOSENUET
LT ENHALMNE o T. BEFHZ I DUETHE, EiHk
D a*ERE< 7oz, LHE, bHEOZ(E, IHEIC
Lo TRt LED YRR RIS T BUCE DA DI
71 DR AN DEEICET AIEST, A
WU LHE, bMEsEnT s G - BE3E, 1987) . AHF%E
TiHZ7 e 7 VERIFFHIIL TR LT, 4%Ii%, RE
LED StRUR & 7 a7 ¢ VfEOBMRIZ OV T BT
THZEREHELEEZ LS. Ma b (2012) (X, 50
pmol-m?2-s? OFRE LED Jt4 6 HMBNT 54T, v

VA I AR BART A REAKERTORE
DEEY, a7 /A4 FEELEL DI EEARLTE

D, E5ESIE, 50 pmol-m?2-s1FHEIEEBH LIZ5A
121, PR 3 H B CEMNX L L C a7 /A FESE
BIEFORANEEDLLOO, RS 6 B H CIIRHRICEIT
HOENRINST-Z L EWE LTV D, AERERIL, KR
(12 pmol-m2-s1) DRk LED % THoTH, vy
2 U I B OFECERA ST LT A THL L E
RLTEY, EKRETOMREAMBTE LI LK
b e BRI F—TOEAORNDLITREELH D, &5
2% 3 A MEREA & LTiZ LED St fiMiREi %
Z BB, RO FHFERRIZIBNT, IR OMBEAR
AR 15 HEIZ, FRE LED % (12 pmol-m?2-s?)
DORFKTREA (1 B 12 RIS 4 8 BRITS &, RO
a*fEN IR L i LU Cind 7e 0, IR IX & [FIFREE
DEMITID 2 ERPD-> TS (Yamaga 5, 2016b) .
FORE R U XA, BEA AT R0 E£<
TURIEIRICE A 5.2 T D (Blasing 5, 2005 ; Liao
Burns, 2010) . Simkin 5 (2004) (%, ~<F==7IF
2w A NEMEHEEESE (CCD) 23, AR YU XA
WZEVHISN TS Z e EHEL TS, IF VT
BEBY XML -ThuT ) A REEEE FORBNE
BT DRREMEDSH Y, 5% LED WSO FEME T
DR L EETC, MR I e T /A4 RMEHIRIET
BEELELZ LNHETHS.

JRte LED RS Lo TRED B2V 7 b ¥ oT v
GEIIMLI-—FHT, BADEZ )7 Yo Fo ok
RZOMPEENE B, 7T SR ([JILEO RS
Nighol-. FIE, FAETHR L LB, JERHIC
X0, BEESLS TS EIDEO DA ONEHE L H LN
(Kaewsuksaeng ©, 2011 ; J&5 - /&, 1991) , UV R
HELI Y BEEORWREN T, RA~OEEINS
nWeEZ LR,

ARETIL, EIBEORE LED %5, Bitowsvaw
IAVERFETHS FERMN OFGmE SR - RAD
B-7 V7 h¥Y T UEE, TOMBRBEIKITTHE
WIZOWTHHAE L7z, LU BAHFZERY, (KF8E LED
WA RV TOI 0T ) A NEERICET A AR
AT RIFT B E TITA SN L TRV, FRESEOE
WREL haT ) A RAERE OBIRE 5 T EWFRN AR
HUFGERROBILD. Ma b (2015) 1E, =F L AL
AR LED A A IS, =F L o BB L v
Lo aIhrDhuT ) A MR EEEE O
HHLhuT ) A ROBBEEENSELZ EE2RLTND.
IHUREIONC, 5 F TULEOMIMEE ARSI,
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Fig.19. The effect of red LED irradiation on the change in L*, a*, b* and Chroma (C¥) values in Citrus unshiu Marc. ‘Aoshima unshu’
harvested at early harvest (a) and commercial harvest (b).
Vertical bars indicate standard error (SE) (n =4). z **, * and n.s.: significant difference at P< 0.01, 0.05 and no significant difference by 7-test.
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Fig.20. The effect of LED irradiation on degree of rind color in Citrus unshiu Marc. ‘Aoshima unshu’
harvested in two harvest periods.

Vertical bars indicate standard error (SE) (n=4).

z ** * . significant difference at P <0.01, 0.05 by t-test.
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Table 11. Influence of red LED irradiation on fruit quality in satsuma mandarin (Citrus unshiu Marc. Aoshima unshu’) at early harves

Avg fruit

B -cryptoxanthin

Treatment wt SSC TA SSC/'TA Moisture loss
. flavedo pulp
. (g * 100mL"" . a o
(9] (“Brix) as citric acid) (mg-100gF.W.") (%)
LED 109 9.7 0.86 113 240 1.63 34
Dark 113 9.8 0.88 112 1.12 1.85 2.8
Significance” - n.s. n.s. n.s. * n.s. ns.

Data are expressed as the means of 4 replications.

“n.s.: not significant; *: significant difference at P <0.05 by /-test.; -: not done.

Table 12. Influence of red LED irradiation on fruit quality in satsuma mandarin (Citrus unshiu Marc.‘Aoshima unshu’) at commercial

Avg fruit - i
Treament & SSC TA SSCITA B -eryptoxanthin Moisture loss
wt.
flavedo pulp
. (g * 100mL"! . 0 o

() (°Brix) as citric acid) (mg-100gF.W.") (%)
LED 135 10.1 0.71 144 4.65 226 25
Dark 124 9.6 0.72 133 332 2.15 1.8
Significance” - n.s. n.s. n.s. el n.s. ns.

Data are expressed as the means of4 replications.

“n.s.: not significant; * significant difference at P <0.05 by -test.; -: not done.

R O7RE LED SERHTET T o il a7 ~a
HDZET, HREMRO IR G E LIRS, £0
R FERRRBREE TEO L ZENEBELEEZ HND.

54 =

{KREFEOARE LED YEiESt (660nm, 12 pmol-m?2-s?)
WL DR D v 20 L RFEOFEEEZONT,
s 2 o0k (R 11 A 14 B, @FI0E 11 A
25 A) IZREONMELIT, BREIT-72. BHUFER
TiL, 7~ LED YRS 4 HE, 8 HEIZBITHRKD a*

%, 24 fFThot= AR, LY, b*, C* fElc >V ThiR
& LED SRS SRR R &t LT Ae o7, 1R
IR TS, JREa LED BN 4 HE, 8 HEIZBIT A%
B a*Eiy, IR L L TR, BRAEROZN
12 %, 14 B Thotz. —F, LHMEEL bHEL e
LED AR OFEZL Y, B@EIEROLGA TR EEN
Hbhiehnoto. EHERECOREL LTEREN TV

[EEAE] ITONWTH, FHIHER, @EIHER L bz
R LED BRIZ Lo CehE 95 Z L s Sz, F£7,
IRRREOFRE LED YRR EE, 7=  mEaEoRE
SR EAREEMERR Yy THARED B- 7 U S hRY T AT
FIETHENCOWT S, [RRRICIE S - 2% FV G
L7z 8 AMORIRE RE LED YR CIE, REORE
B, T UBREE, PEERL, WESGICEEIIA DR
o= F£i2, BAO B- 7V T RSP UFUERIZONT
%, 7R LED KRR OFIZ L BEETA DI
bo0, BED B-27 V7 MY UFUERIT, BN

LTEL D ZENDoT-. 2D ENBIRIBEDRE
LED YHHTH, HEESCS = e BSEORENEIZE
BrBZH7 L, T ayIhrOELESRETD
ZERHALMNERD E DI, IEIZED LT, R
LED SRS L 0 R OMREMERY B- 2 ) 7 Mg
FV) EHINSED 2 LAVRENTL.
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HeE

AHFFECIE, FOEOFHPEELM D EHMETH D
Ty ay INATBNT, TR COIERNAE
> T35 LED SRSB4 iV o i ORI &,
EHE_ ERIZOWTHRE L. 7, F2E|BWT,
FHa LED )t (465nm) FRHHC X B F D OYRMIHENE 2%
AEL, 5 3 ECEBEOITEEICI T 2 R R ORI >
WCERAE L7, RICES 4 B2\ T, £ < O R
N2 BTV D UV-B JEIRENC S 5 BEOHF O
IR, (HE - EEREZI TRV RES OB
BRI Z DUV THRAE AR AT o 72, IfRIZER 5 BTV T, PR
JEDFRE LED SRR X 2 REDFAIEEIZ OV CTRRE
L7

Hta LED ADREFLOREFLET LY ay I
ORI E (BH0 8B DA H=XLE LTI, B
SR EE OEBE & R ORERGEL 5 5 FTREMED R
BN, R VEOX LYY T, HE LED
RN Z D R AR Y S—RIEMER T 5 Z & TAHF Y
EURBAEE SN, A7 2T OBRNREORER
PFiEEE O TND 2 EREREIN TS (Alferez b,
2012) . F7z, WERDIRREOMEE ORI I 5
PEHMHSUEOMENRH R Z D506 E LTAR & T 4 T
—Z MW ®HD GEF, 1999) . AFXFTET 4T /N—A |
1, B ORMBEALICE Z SIEMISEARBRS THY,
Z DB ST 74 b T LR VBRSNS, A
XIET AT N—A N EHER L TRARY 78— A0V
R P—ENEE LS, FERE IR FRE s
HZEPHLMNEIRSTND (Doke 6, 1991) . AF T
UEARIRY A, ) VUSROS T B T
Eon, FE LED R v XZ—L7ph, X277 ¢
TN—A MZ LB —BORIS EFBRL LT R Z 9,
T7A4 N7 LR UDERICER > TND Z & bl S
5. FOM, TTR A NEST AU &b
BELTWA®, #F LED Jac k- TREICAER S
BEIZAONT BIRIA o T MENH 5. HEHIT,
%32 UVBBHHNZ LD 774 hTLXL 0 THDH I~
VU EOAa CEREHER L TODD, BRSSO
PREETIEE LED JEC L W R asm U 3ERE S VR
W (FARE) L FEEPUL 2 < ORISBEAHNCHE
fTLTEY, LED a0 L 9 iy BREmoOPR & BifTHR
PUEIZOWTIE, PR BSOS 15 (SAR)
T IGEDEE L & O - BRI TSN D

reESE

EREE L. T, FOULIMRFEERO Y a k
VRV T EEE LT, [ILERLESE D (BIF,
1994) . REGHFBROFLDMIRICISW TS, BFLIZX VK
DDEEL, X227V TOMFIT L O RS EE ST
"RetE L 5 5.

FENEBR (in vitro, in vivo) T LED HHRHD D o
2 U I ORI EOIIIR AR L7 &0h, KIZ
FEREOIRETEEI RO TP SN TV D FHEREMN 12
%HLTC 10 pmol m2 st FH € LED SRR 1TV, ATRH O
REGHRINH DR EZRIE L 72, T OB, BEEEA
(GP) #ZHfn LI REB RIS A T, ochlE s
L7-. &, GP %, Vo iaw b BEORBERD
72IZ, N m DENE D> TEE LIRD TN D, ZD
TER A 1 = X WFIRE OIS XL & 20
DRV Y CONRGRENIRIT 57 r e Fr Py ZE T
KD RSN TN D, BREORLEHEIRIZLY,
REBHIMEISND Z L BB BN, ARIFFETI,
FHFHIR RO GP Hofri & i o Ff LED Yeic X 28K
P OERDRIZOWTHRIEL 7. ZORE, H
LED YT k2 REBREHIZRIIH N b oD, Hkt
MR 9 A) @ GP (X1 VU 33 ppm, 7Bt Rr
Uy AEY 25 ppm) HUAGIZ KD FEERINHIFL, A
LIRS T. U AEVERL, RPtEREOY vk
LTI 203, Z<OMRICEDHALNCIN TSR
(ZH - T, 2009) , I 3 » ARIOKRE 2 R
0P AT LRSI DRI B A RIFT 2 L 3B
RV GP I, BB ES L - THREES 41, 1
WEBTIGHIE L COBERCE 720, IMEDD ¥ 2T
FRMERA D oo X 7 O RFED RGN RIE T RN
DOWTIARMATH Y, HEMHFFEOBLSN S OBFERE
FNb. —F, WEEOREFEICONTE, GP LHE
LED OB EEMC L v 7 2o BE BN EL 25
HERH LN T2y I B DT T UBRERNED
(LO%LL |) EHEZEOFMZ TR 508, KFETH
(059%LLTF) FHIE TR D728 OKF, 2003) , HhFH
D GP AU L i O F i LED HORAEhEI,
BP0 o ORREREFT 2 ik L L CTBAERQ Q<
REFMCHDEBLOLND.

UV 12 LD 0 %Y OFFEHHEIFINZ W TIE, UV-C
R LT3 2 ETIeZ < bho7ans, AT,
UV-C L0 LiFEOR UV-B BEHNC X 2 Byjsr =4 &
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JERDIERBS LR AR L. UV-B BBRERSENUYE
Hul & U7 BB S OB 2 ZANY, B EORNE
ML EHMHEE (V74 T UXT AR ThHDFTHE
PERENZ EASRENTZ. UV-B BBEHIEOYREIC L
T, HE LED Y L HEOATIH (HEARDOERE)

PRE D BEVMEREZKIETZ EAB L 6ND. UV-B B
IEMEEE A SE 5 Z & T DNA OBREATS L < 13EHE
BIENE - o7z LR S, ZoRER, UV-B (3R
FHZ LY 99%LL oA REM LS E 5 Z LR Eh
7o, =, BRRIZBOWTCUVBR 77 A b7 LF T Th
LA U EHET S 2 L3 UV-C RN L DSk
AH=ANE LTV, AHFZECEWT UV-B BBE
20 BRIZRBITZ “HREEMN oA v B E{To7-
R BLE0pggl FW.OX 23 u U N LTV =
ERALMNE T o T RIREEORDOYRE T, A2
1242 8 % EDsofiS 29 pgml! TH Y (Kim &, 1991),

UV-B . 20 BIEORETH > TH 47 mEgk
EHLTEY, ZADNBEBERROIK FIZ 2720 > 7o RNk
E. E i, BEEAToERICRWT, EEEEO
UV-B RS & 0 & ElEERO UV-B RSO 5723, #)bER e
BRI OISR L ERE ORI S TNE Z &0 b,
UV-B AR 2 IS5 S b b0 LB 2 b
T RVRIBWVCHEEIND T 7 A T XV ULL, A
ke o, L7~ Y DO Y R 7 xa oA
RUFURENRDH Y, SRINRET TR, v BROoRIEALEE
ko ThAERMRIILD (Afek 5, 1999) . UV-BRRSHZ X
>, Rasa APUSOEIHWERER SN TS Z L
LEZON, TORITOWTEEIIZEEED QOO LB
H5. TTIE, v hovnA XFTXFHOET /Ui T
%, UV-B BESAS PR & > 3 EIZBEhE LB m T O%E
R, U FIURROT v AT U EN T T ERRD,
REEGMEZESO D ZENHALNE 72> TND  (Green *
Fluhr, 1995) . $£7-, %7 =y a2 ) =28 TT

UVB Bz 7T Rare Bt 7 —E
(APX) o/ NVETF a7 42— (GR) DIEMENRE
FHZ NS (Yamauchi, 2013) , IO oy
IHAZBNTY, UV-B BRHIC Ko TRIEROIE b
ZoTWAHEEMELHD. £ UV-B BEOZEIZOWT
i, in vitro SCEBFEEIT IR TR, B L,
B LOBREEHH L2RBRICB T, 60k « m?2
UV-B BBHHC & 2 REBHAMBIZI R B S & e o7z,

M7 L, @bk LOSMAT, SRR - HfBURC
BT RFZOIRBUSE L, BIHIFEREORTBPEDFER & L
T, EEREREAROLEZLND. &K, HPRE-CHAT
GRE) H1E, RIREEE D, e s EE L <

BY, FEREOEHEXESLEARETEIND. B
BOEANE L & RE~OEPUES S, ZhEhoFE)

EORRED, BMFHEHII R CIIHEIC TE RN L0
@, UV-B BAORIFERIHRIIIARD THD L EZX S
5.

PRt LED o LB a7 /A RERICOWTIE, T
WERsHY Ma &, 2012) , AL CIIEBROITRIEIC
BT LR ZBE LT, BEE LY HIRWRETo
R LED YEZ L 5 AR RICESZ Y T, #BROfEE,
FieZ 2 oORHY (REIGES, @EIFER) QIS
o BEEN REIZBWC, KEREORE LED LS
W2k, REECSENUGET L ERHLMNE o7
F7=, #RE LED SR L > TRED 827 ) 7 Ry
FUBRIBENL7.—HT, RAOB-2 V7 by rFr
EEOZOMPENE BEE, 7 @ER) ([JIHEON
B ootz BRNICBIT 2I1ZEAEDT V&
iy GERY) i, FEBERE - —r N T —
T—F =0 INCRY, RIEME BEE) LMl
XSRS ST D. AR, (KIEORE LED SRR
FR G0 LI TEEROI, FEERSGERTHWON
TND FHEESE] TERALNIEZ EIZHD LB D
2. AlEORBR CIIRED ORI ThH D120, R
ONEHBRESHRICE EEoTW D, BT, FR
LED SEosff & FRRIC, BTSN cE 5T
REMTVENHD EBZHND.

FER T, REICESTRED Y Y2y I B U RE
U L—Dk¥AaE0, Etom oS TH D HE
BN, HAREREMN ZAFEOTL LTEY, MipE -
DZERUEDT DI b RO BT RE < Igo> T 5.
BNTIE, —HOBRERPIRENCHRELERSES W
JEETE BB AEALTOD. ZFAUSINZ T, AWZECH
o L7 2 g e QNS iR S AT E U,
SEDFEELRRF & BRI CHE) e R A FHE T & L FTHE
PEEd D, AWFFECHRGEEL7-F @ LED Y, UV-B, #
LED JGZFBERIMERT 2 Z SIFEEL T LT, e
AVDRHE & IR R S TAEAD R EN D RE LB R 5.
FLED Y& UV-B I, & BICREOFRIERICAZNT
BB LARENTZN, FH LED ILHEEIDERD
FRE VD7, BRIV IZ W EWS RIS 5K
T, MEHE L CHRE 21T & EREIMHI R T RAD 2w
EEREETDE, BFEOMKE WE) BEENTORH
NEELE L D, £7- UV-B Y, F LED &R
720 L ERE ORRRC, BREE L BREOHWIMAE
DHFFCE 22 Linh, ke GRES) BT 58ET
A VETOERNTRETIIR N EE 2 BN, AME~DFE
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Bh BT D LIRHES U 2SI COMEREE L. FRE
LED tix, FICHEEOFCM_ EIHFATE 525, IPal
PN AT &2 I L CH BB M LR REIC
XL COFHAMEESNS. J7E LED KRG IIHF @ LED
FeL B n, BRICHIT HARARY SR—PEEEL D%
B L, REEHGTIERT D Z LB BN >T
B0 (Alferez 5, 2012) , RHRTEIZIZAEVTL N E
Ex b, & Z TN TOEE LED Yt & 77 LED
e, BRIOHHME & AR L VST E T2 LN
HECTIH RV EEbid, Eiz, BETIERE LED ¢
2V B2 V7 MR TF DI BT, AT
DRSS OEINEI BN > T2728, B b &b Toln
TRRFETHIUL, BEREMERHEINE VWS BRIICKL T,
e LED SR EN e FE L 22 500 Liviav. 2015
T, BEDOFTAREEFRHIEE A BRAS S 41, BFEHIR
P ZFDSN - R 7 5 DR E A TR B T I m R
To7- LT, FEEOBELTRMICTEHT S LN TE S

£ 0277 [FE 9 AZlE, JA oY (il
AR =7 HED) Ovr v a v I BUR, AR T
THSBEMEFOR AL & LTSN, £< OIS 25
T R VHRIITEREDNET > TND., BEICBW TR
T A RUSNOBREMER I A BRI & 35354, UVB
BEHC L > TRV B VIREICHR ) A RF U7 IR ) A RO
MR LN TWDZ EnD (KI6, 2015) , il
EOHIC L DHGFEE1T O Rz s 5. RFEIZEBNT
UVB Bz XA SnEAaa g, 7<) VEo
—HETHY, MRS E LTHLIEAM SN TV D
(Hoult - Paya, 1996) . 5iEETEH® LED #3f{kS
W 5729HI21E, LED ZHAAATERTR Y — A OB
LROOLND., A T2, A FTV7REOREL, BRI
T EHORERE LN E W IRERH Y (4 - fiFH,
1994) , AfERICBIT 2 FAOBETIE, VoI
U B THIT L DEBR EOR Y MAMTOITND (F
Hb, 2014) . 72> vavIh 23 TR, Z0Mo
BEFLIIHFCTH, LED 2FIH L CipsiEcE @ rn
&Lz EnTEE, AESEE Y BB LT
RHEBEZLND.

FAEE, HECH LT 2EBEEROHIZHY,
BEBCRORAR 5B DTN D, EOHT, HiFE
Ty ey A ENRD & T AR E IR EORIH LR
SHD LN, BEERMROOEDITBT N TS, Bl
ELEREED I H AT, B FEAR=a—D—T 0 P
W SILCEY, SRITARBRV VIR —NVE, 7Y
T ~OEHEER S E 5 H#HTH 5. B L QR T
El D ESEFE FEUE Z0E D2 UE 2R B3, BAEAIOMER %

VEZ DREN DY, B ERBREN OFE T E %
TR EBPIS. AR T LIRS TRk
REBHTE L TERIEDHITE, EOITREED Dl
WOMAEDER, RPRECHETRROWE 2 L, £<0
Kk & TP DS R LT D, R EPES ST
PERRESOFHAY 25873720l N EmA L
TARIFE D L CHIENSND KD, Zib bAEER
{3 & U727 S EAREADE Y {1zt T FTfF
ThH%.
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R ETHE

WA, BBELOFBIZ LY T2y I REORTR
PEDMET L, BPROBRMEZ 5 & & big, FEIE
AIDOREERRGUT LV REOFCENNEE SN TN,
AMFFETIE, LED JCEOREEIRAER T 2 LIz &
DR DD v a7 I REOBI (TReRE) O
WA EHE L, HEfEECHEREER BN OV T HR
BEIToT.

1. B8 LD ABEHFL BRI Va9 hY

REOFHIUHRIIHIEIR

H LED SRS, RO Y v ar I OF)N
OYpIII & SR RIFT BT OV TENRBR AT -
7. BN, 2 OORRHIEIZHT 5FE LED ot (80
pmolm?sl, 8 pmolm?s1) AEHENWHEOEFIZKIETT
T m vitro \TR\WGEE LIZRER, W5 OMEECH)
ORHEOAEBIHI S -, wi, FEEMN RECEH
MOYRE %, 6 ARIEE LED YRS (80 pmol m
2s1) BATOTAER, FRGTRITMIRGT S & i LT, R
HhGRIEES, BORES, RaTEGE) AERINE L hol.
e T, RIUCHE LED K% 6 HRERRH Lict;, &0
SR A HEEFEL, JEIEROIENY 27 L. T OfEE,
BEAREIRE MRV AN T, PR SR IR & b
L BN ERINS gtz ZoZ éhb, FE
LED Sti3&E N OYREE OAEE I & KB R ERGEZ &
OH AR HER S NIz, 72, KRRE (8 pmol m?2s?)
DOFE LED SEHRSTCH BN OSGE Lk L, a1k
FROERDY 48% Il STz Z &b, EEREETITT7e<
RRREOE G LED YRR b REBRHIHN AR CTh 5wl
REMEAVRIR Sz, TEREENICBIT 2R8I\ T, Fi
LED MR OFMIZ LY, REOREASG L 7 U iE
BITENRH DN, FOMORFEREI NI O
MR bRt TOZ EbER LED i,
Uy a2y I REDFERIN AR THH 2 &
PRSI,

2. 7OERFOSYREVIIASALY L OFEE
hENERER LD ABSEHN I aII AR
EORTEBPIZEH T B L RN RESEICK
Fp2Z
vrvayIAhyt FEEEMN CREBOC KEOT

ok Fady AU NAYLY v (U, GP) #fi L

% OF . LED YERUR D IPRH ORI I E 32
OWTHHE L. XL 33ppm &7k FrY vy X
B 25 ppm ARG LT, 9AITHEAL, 12 AICRFELIN
L, THAEITot%IC SChPREIZ T 92 BT L 7.
frEkE, & LED Y% (BE—7Z7E 465 nm, HEHFRE 10
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Sumarry

The postharvest decay of citrus fruit is caused by Penicillium italicum, P. digitatum, Botrytis cinerea,
and other fungi, and is a source of economic loss for organizations involved in the cultivation, export, and sale
of citrus fruit. In Japan, citrus fruit decay is controlled by the application of chemical fungicides to trees prior
to harvesting. However, their use has gradually become more limited owing to rising public concerns over
both health and environmental issues, including the development of fungal resistance. Alternative methods
of postharvest disease management are expected to reduce the application of chemical fungicides. On the
other hand, the delay of color development in harvested fruits has resulted in reduced market value. In
recent years, there have been problems with delayed coloration of satsuma mandarins because of unstable
weather conditions, including high temperatures in early fall because of global warming and sharp drops in
temperature before harvesting. Therefore, the objective of this study is to investigate the possibility of
controlling fruit decay in satsuma mandarin by blue LED (light-emitting diode) or UV-B irradiation. And
another aim of this study is to investigate the effect of low-intensity red LED light irradiation on the

coloration of satsuma mandarin fruit after harvesting.

1. Antifungal effect of blue LED irradiation on the blue mold, Penicillium italicum, and postharvest decay in
satsuma mandarin fruits.

The antifungal effect of blue LED (light emitting diode: maximum emission wavelength 465 nm, 80
pmol ‘m2 1) irradiation on the blue mold, Penicillium italicum, in satsuma mandarin (Citrus unshiu Marc.)
fruits after harvesting was investigated. First, I examined the growth and development of blue mold
subjected to blue LED irradiation of two different intensities in vitro. High-intensity blue LED with an
emission peak of 465 nm and fluency of 80 pmol m?2 -1, and low intensity blue LED with an emission peak of
465 nm and fluency of 8 nmol ‘m? s significantly reduced the growth of P. italicum. In addition, Blue LED
irradiation for 6 days after inoculation with Penicillium italicum significantly reduced symptom development
in the fruits compared to that observed with dark treatment. The sporulation and mycelium area were
markedly reduced by blue LED irradiation. On the other hand, blue LED irradiation for 6 days before
inoculation reduced symptom development when the inoculum dose was low. These results indicate that blue
light irradiation could directly inhibit fungal growth in satsuma mandarin fruits and induce an antifungal
response against the blue mold. In the same way, wounded fruits inoculated with P. italicum were irradiated
with low-intensity blue LED (8 pmol ‘m2-s'1) for 6 days and changes in blue mold symptoms were monitored.
The results indicate that not only high-intensity (80 pmol ‘m2-s1) but also low-intensity blue LED treatment
significantly reduced blue mold symptoms in fruit; the most pronounced inhibitory effect was exerted on P.
italicum sporulation. These results show that the treatment with low-intensity blue LED irradiation would
be sufficient to reduce blue mold symptom development and present a promising safe approach to control
postharvest spoilage in mandarin fruit. Prior to the implementation of LED treatment in the actual storage
environment, it is important to develop the irradiation regime and resolve the main difficulty which is

limited accessibility of mandarins to irradiation.

2. Effect of autumn treatments of a mixture of gibberellin and prohydrojasmon spray and postharvest blue
LED irradiation on decay and fruit quality in satsuma mandarin fruit

I investigated the effect of autumn treatments of a mixture of gibberellin and prohydrojasmon (GP; 3.3:25

ppm) spray and postharvest blue light-emitting diode (LED) irradiation on storage diseases and chilling injury

of satsuma mandarin fruits. The trees were treated with GP three months before harvest. Then, harvested
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fruits were irradiated with blue LED at a maximum emission wavelength of 465 nm and photon flux of 10
nmol m2-s1 for 92 days at 8°C. The blue LED irradiation during storage significantly reduced storage diseases
(blue mold, green mold, stem end rot, and black rot), chilling injury, and total decay rate from 63 until 92 days
of storage. GP treatment alone did not inhibit the total fruit decay rate. Fruits treated with GP and
postharvest blue LED irradiation had a higher titratable acid content than that in non-treated fruits after
storage. In contrast, these treatments did not affect the sugar content of fruit. These results indicate that blue
LED irradiation in actual storage environments could reduce the decay of mandarin fruit, with or without GP

treatment.

3. Effect of ultraviolet—B irradiation on control of postharvest decay and scoparone production in satsuma
mandarin fruit

The effect of ultraviolet (UV-B) irradiation on the blue mold, and influence of UV-B on the internal fruit
quality and the peel color in satsuma mandarin were investigated. All UV-B doses examined (15, 30, 60, and
120 kJ'-m™2) had inhibitory effects on P. italicum growth in vitro (reduction of spore germination >99%).
Additionally, we examined the disease incidence, the soft rot area diameter, and the mycelium area diameter
of Citrus unshiu Marc. ‘Aoshima unshu’ which treated by UV-B irradiation 24h before inoculation or after
inoculation at two different harvest periods. The diameter and incidence of soft rot areas were not
significantly reduced by UV-B irradiation at 5 days after inoculation. However, a UV-B dose of 60 kdJ-m2
reduced the diameter of mycelial growth on fruits for 5 days after inoculation, both at early and commercial
harvest. At early harvest, UV-B irradiation at doses of 30 kJ-m2 and 60 kJ-m?2 was effective at reducing the
incidence of mycelial growths, regardless of whether irradiation occurred 24 h before inoculation, or whether
inoculation occurred immediately prior to UV-B irradiation. UV-B irradiation did not affect fruit quality with
respect to soluble solid concentration, titratable acidity, or peel color. In addition, I investigated the use of
ultraviolet (UV-B) irradiation to control the fruit decay and promote the accumulation of scoparone, which is
associated with resistance to decay in satsuma mandarin fruit induced by post-harvest UV-B irradiation. At
first, I investigated the effects of different doses (0, 15, 30 and 60 kJ'm2) of UV-B irradiation on the
scoparone production of flavedo tissue. 60 kdJ-m?2 UV-B irradiation induced the production of 15 nmol-gF.W.1
scoparone content in flavedo tissue at 48 h after irradiation. In addition, I subsequently investigated effect of
UV-B irradiation on fruit decay due to naturally occurring infections using non-inoculated mandarin fruits.
The decay rate was reduced by UV-B irradiation at doses of 60 kJ'm?2 in 20 days after treatment. And, 47
pmol gF.W.1 scoparone content in flavedo tissue of UV-B treated fruits were accumulated. Non-irradiated
fruits were induced little scoparone. Although UV-B irradiation did not significantly control disease
development in inoculated fruits, Our results indicate that UV-B irradiation at doses of 60 kdJ m? was
effective at reducing the decay rate, and UV-B irradiation induce an antifungal response, such as the
production of scoparone as a defensive measure against fungal development in the flavedo of satsuma

mandarin fruits as well as UV-C irradiation.

4. Rind color development in satsuma mandarin fruits treated by low—inensity red light—emitting diode (LED)
irradiation
There have been problems with delayed coloration of satsuma mandarins because of unstable weather
conditions. Here, it was investigated that the effect of irradiation from a low-intensity red light-emitting
diode (LED) (fluency of 12 pmol° m2-s1) on the rind color development of satsuma mandarins after
harvesting it in two different harvest periods. In the early harvest fruit, the a* value for satsuma mandarin
peel treated by red LED irradiation was 2.7 and 2.4 times higher than that for the dark treatment fruit at 4

and 8 days irradiation, respectively. Similarly, L*, b* and C* value of the irradiated fruits were significantly
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higher compared to that dark treatment. In the fruit from the commercial harvest, the a* value of the peel
treated by red LED irradiation was 1.2 and 1.4 times higher than with dark treatment at 4 and 8 days
irradiation, respectively. L* and b* value of the irradiated fruits were not significantly different compared to
that dark treatment in commercial harvest. Additionally, we examined the influence of red LED irradiation
on the internal fruit quality of the satsuma mandarins from the two harvest periods. Low-intensity red LED
irradiation did not affect fruit quality, however, B-cryptoxanthin of fravedo tissue was increased by low-
intensity red LED. These results indicate that treatment with low-intensity red LED irradiation is sufficient

to develop a degree of rind color of mandarins without affecting internal fruit quality.

5. Conclusion

In this study, it was clarified that the possibility of controlling fruit decay by blue LED (light-emitting
diode) or UV-B irradiation, and rind color development by low-intensity red LED irradiation. Prior to the
implementation of LED treatment in the actual storage environment, it is important to develop the
irradiation regime. Then, this technology, i.e., decay control and rind color development by UV and visible
light, can be combined with other preservation methods, such as temperature and moisture conditioning.
Further research is required to develop alternative methods of postharvest management to enhance market

value and mitigating fruit decay.
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