o)
=i
&

Ay (¢ omelol.) H, &b TERKEALMTS
D, % OEM (variety) IZLLTV D (T, 1983),
BEHASEIESWTIEHBRETHLIHNRE NDHBEEZIATHD
(Munger & Robinson, 1991) 2%, ARIZISH D PREA DL
W L, hASE TR SN TV D Naudin B LT
Bz X 5404 G, 1999a #BH) ([ZHEoT.
AR L077477TU// 5 A R OH
Cleks, 19745 deAT 6, 1975, 1990 ; 2002 ; #H
M, 1990) %, =F LSt (RED, 2004) (&N
b oramehTEY, ThoRERTICET HREK
LT, $hbb AL _E/%%EH{’CL‘ (et &,
1990), BfELAEICEWT A v e UTARE - s s h T
VWA RE (C melol. DRTY, w27 7Y (var. makuwa)
R a2 ) (var. conomon) WEERV) Lol
O BRI, PHEDSICEENDEAIATL LD THY,
FENT var. reticulatus (7 3 AR ), var. cantaloupensis
(4 FAw ) BLO var. inodorus (732 Am ) (TR
T 5 fEE, 1999b), BEOMRILLBE, ThThO%R
MECT L T o> & 9 (BB T & B (LT, 1974; LAt & ik,
1985 . Lyons b, 1962; Miccolis & Saltveit, 1995; &
Ha,190)., bodbAEAHWbORTWD var
retiqlatus ¥, TAVIOBEMA R A XY ADRE
A ukEl, WMEERERI FA~IT Y v T - TAX
AR, ENEEERAETOARELNEL, REDY
S A wrFY vy FARIBRRHTRIABTH D, FE
PELZ WE LUV H b Bh D ma s 5. Fie,

Perin,

var. gantaloupensis JXHTROT AV A HRiBEHA 0 L LI
\ERROBEEHE TS, —F, var. inodorus i, 7 74

~ i) ys - FAREFST, AFELEICENR, FIZR
UR FE 48 > A G SR AT AR B B 5. € melo WA
M ZSPRANEMTHL Z Emb (BT, 1983), Zih
ZREVEM R L, AE, Rl HEOEREICBITS
ZhE = — AR A B MR RVBED ST, £ORK
R, ppE, REONE, &Y, WORE, RAKE,
B bt Yo S TERICEALRENEHEEREN, B
HE ST B ORDRED A B L EEOBRTH S, A
T i, SRR SESMERT SR TV ART, B
OO FRFFR & U Ci B2 R (Hfid, 1999a, o HH,
2009 Wb, 2001), ABETHE, ALEECRVTREES
AU OB A LT s, RO DR U
FE A0 S S (L T B A BRI B b, £
B ORREIZOWT, # OBBEHE L RN R & OB

BB

DONWT, UTIEBET S,

YoRax s R wat LlEEF o 7 R) MR,
FRAYBDBEMA T Spicy’ EAFXFUADREA T
‘Barl s Pavourite’ HHIRETHRM LAk [T—R)
LIS & ORHNT & > THR S 7= A FlEE T (7Ek, 1940)
TRBRITA~ITY v o B A T ORBRHER T (F
%&k%,wm;mﬁg.m%ﬁ‘%yffw%—’m
FAYHDEMA T ‘Rocky Ford” & [F7—2R] LD
Elglc X B (R, 1978). BLIOZRMASOEIZLD
FyohfE 7 ) 3y b, SEWRIERO S FA~7T Y
97 - 54 XERL, BELENEDZEBRMONTND
(AT, 1990), £/ “BHBVA 1, FLUIANLT
BEMELTHY, TORBT 7 AT v —HEE2HE ﬁﬁﬁ
D—ok LTER SN (FEDS, 2002). AHETIE
%¢@W&ﬁ;wi%vyéﬁ%&gmowrﬁﬁ%ﬁo

TWREWE, ZhbDZenb, HDAVA BIU "
AT =" ZonTh, ‘FryRaxs R R T

A=0FY v« FATORBEEERT 5T LBHEES
N5, “ih 3 REOKESE LT, IWHEEESHIZEL
LHELA LW L, FEVRBLUT 7 AF v —OF i
B, BRWICENDZENETOLND,

—%, AET Ly R 4R, [7—nRA] DEMN, var,
Inodorus \ZIB9 B HEOHFELIZEND S
T F AT (B, 1978) R EDNFEMER-TVAD (U
[, 1991), $£f, T—AATA MERKR X TR
FHDBFORBHERORESE 503 (BA, 1991).
ne 2 REEE, [7—A R @k BARRZ 54270y
7S A ARROLNLVWIA T THDLEHEREND, &
nbi, PR RERILERLE,

Db (R4 ZEmR 11 E) i, BRox s b
Ao P TCRESLVAAVOBBLERATL ShHE
D ERMICHWAZ LT, BVRELEREELL O
HENME, 1974 ; FHDH, 2003), FoTFA 0 [TH
BHEO=F U ASRRHETE2ATHIENHLNE 2o
TnA (KEED, 2004 ; KEEEF, 1999). Thb 2d
Bioimz, BANASEGEHERNE LN TRV Ly F 1S
BIU 608 EHFET- 4 REN, HREEP Lo L b

‘Honey Dew’

I 2 L7z,
T/, REROETE & bIC, RESMALOTLOE
FHRHCS YRR, WEELT LB LTV RN

o TG, ASFEOSEILoREN S NEHEE
PALOEFTETRNT 5 2 SRR THD &fEmshiz,
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CRORERHRAORRE, REOBLICHY, HRELIUR
%@ﬂﬁ%mkbtoﬁ%mfu/wﬁ% bokbhkE

BELEZZEETHD I LENSEL &0, BB
$_365Mﬂm@&m1mé< FREERH RO
CREREEERETIZE TRV LEALLTHSE, Z
NoOZ kb, BERUAOERIPHKICERL TS
EEZ LN, KFRCBNT, HHROFHiZb- & b
BERFLI-OEIEEEEDRRAT /I AF ¥ —ThH0, &
LD EHLT 7 AF v —iR A EHVREICEBNT, HIK
P S E o7,
H DO, WHHRED BN TREEEE DT 1. 5%RE T
HBHE U, KFRL, BICHEELENHY, HOEFD
REOFHEENMES> TV DEEITIE, 3% FE TORMEOEIIE
EDBNMIEZ o TITHHEND D, BAIT L o ThE—MiE
BEIEERI S hT, HERoHME SRS e b HY
BRI LEFABRLE, TRHOI L, A ORI
2, WO RELBELIAZ L4056, BRANEEICA
INDZEREDLHTEETHAZLEZTLTNS, Bt
FRIZB W ThoEh TRWLW] ERUBRATEET,
ME@E) ~ o) BETh . BRRIFMHREOE
REA AT OFER, WALICH: S il 02 I OB 255
iz & > TRA -7, WL LT h DS L TATHE A 3 %
LARVEIZENT, T/ AF v —RAFMMAHEL, &l
KL oTHILEDT / A F v —ICERBHAZ LBREN
fzo Fio, HHET I EEMRICOWTH, BRICHT AR
BIXH L TE Do), AEREHEL AT 5y &
LTHEEERTWDYy-7 2/ BEEEDS, RfIC L - Tikigsh
PizEmLi o s, BRAIZK Y EBEHREIZONT
bR LAYBTED LEZ LMK,

—RICHRERIE, MR LR AT O RBIERZL T
WHEBDLIDLAY FUoHMNGE, VBT EIZLY
BlEEZxndEansd (Li b, 2006; EHF, 1981; E
Mo, 1974 HEER, 2001), BRFIKBITHIFUEHD
ERETEZHE LR, SIESRET USSP SBORD
BEWSP ERBOEMBPRD b, £, &HED WP
ERBMEE X, RAECEELHGLTED, WSP S &
&, T AFy—TF A F—IC L0 ME LIz RAERER
O ER KA E ORICTEEBES RS, b
DZEMB, AT AZBVTY, RERLICENsTFAH
OAEEREEICEb>TWb EEZ2 b,

RIF AL, HT 7Y o EEHBEHRIC -1, 4 S L
Mg (I vntr) RERETD (BEE, 2001), 45
syarensh, H77Ya BOBPLRDLOERR
EHG o ImFs, ELAREIAINe-L2FER LT A
—APNBELEEMS, TIE/—R, HFI h—RA Y

BER A (1999) i, WS BRBET

DHFEREI DR DNEER T D LOET L/ HF TV aF
1 EHmTB, ZDHH, NIFUDORKERE, TASN
Fovat-1THD GEH LR 1999), fExORE
IBWT, N7F oMo, E#oo-l, 4 e
KDESTD o PR AZ 7V aF—EniE e gE 2R
ELTWHEZZHNTWD (Brady, 1987 ; Hadfield &
Bennett, 1998 ; E{#f, 1981 : Pressey, 1971), Lm» L%
M, RHFFICENT, A ORNMERICKT 5K U
FrYuF—EEHERNEE ok, MeCollum &
(1989) XA = H#E ‘Galia
W, BRSNS F DT RITEA T, KUY
Fyvar—EiEEEREO NI L EREL, ~3E
Na—ALEDEFHEIAROEICE Y Ny F g
Tn—2 L OREICEBE LR, ~7F - OBRK
BN L TWAETREE 4484 L7z, #72, Simandjuntak &
(1996) %, X 1=z . ‘Superstar’
LT} ‘Volga’ (var. Inodorus) iiShFED FRE{LIZEN,
MIAREIZ S FhARIForilU~I v o—2A W5k

W, RS BT A L EBRE LTS, EBIT,

BWCE, ~FraghR)va=s FEKOS
iy, REMLICANRRBERTRWET2HELHD
(Giovannonni &, 1989), <7 F o DHAVEEICE, F
K HZ 7P ATEENDPEREMFEOBENRKE
HELTWAZEAmbRTWS (Ivai &, 2001 ; &I
EVERE, 1999)., L DRFERICBWT, ZOMBBE T

(var. reticulatus) 1733

(var reticula ZTZIS) B

b= M

JFAEENDPHREDO IS, HTF S P AR RN
’6‘5 ERBHENTHY, ZOBITB-FF 2 FoF—

FY3IERIEND LEBEZ LTS (Bartley, 1974
Redgwell &, 1997), Ranwara & (1982) |, Anlr ‘7
VR REORBIZHENB-HF I b F— B OB ER
THIEERWE L, —H T, HuREEICE, N Fo
ﬁth?@<,A:twn—xw%@%kéw&énéa
M%ﬁﬁmxwéﬁit»u—zmiﬁﬁﬁm%ym7»
HCHY, Bl —AEREETDS kY, Wl &
USRS OB B L TV D (Hayashi, 1989 ; Rose
& Bennett, 1999), Pefia & (2004) i, v A XTFTXFIE
BZRBWT, Fvnsh ACEENEHN T b RABRE

DENGH, —RAIEEEDMMATHEIZRE BRI L L
EEELE., BEORBIIEE) X ra b ORMEIZD

VT, 4 OREIZOWVWTHE SN TEY (Wakabayashi,
2000), A AZEBWTY, RUVITFr vy —FicLaR
D ye= FOSMRIZELE, X INH T E~T L
- ADMEAVELTND EEND (Rose D, 1998),

AL, N FBLUNI BRI AP
B BONE B~ H T 7 | o =B OB D Crl
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UM, TASOBRL, REELICELEREE
ERIFLTVS EEZ N, —K T, Hadlield & (1998)
3 AT URBEBRICENW T KRRy AT st —E
PO— K53 LHESRAEGEFAREIALTVDI L EH
e, BRRELEEIC W TIIRBHOH S HREL, &
LR A BEMOBEREI RO HNS (Giovanonni, 2004).
BEGCHEOVELT A RAT 2 AF x —EPEEIC LY E
BECIMIT 5 2 L3, REOHEFHRLHFRCET 5%
WA THHEEZLND, FIT, WMLV S
SRR EREIL, T RF—T I F—ic Lok
& OEMRIC W THRE L, X220 T Yamaguchi B
(1977) 1. A LY bERONSWSu—TZL R
A A & ERERFHLIC & a&éiwwmm«ﬁm%ﬁéﬁw
LT, ARG, Vo7l REVWTe—TICk
DERTABOFERKMEICHNT, BALA XYW
BAE BT, AR FHBTIEICE, HEVbELA
APk THLOSTIRICT D720, WEELLyY ¥
—7n—F LOEHT L — MLV G LR E T
CEDEBLEbDEELLN, F, IoOLExMEL
T ER KEOMITHE, AEEMEBAY Lo Z L EH LN
L, MEREKMELTES L ORIZ Weber-Fechner M¥E:ERIMK
VA EERWE LR, 60, WMERKXMEER 8~
35 N OEH O R HEIZ
BEHEFMIC BV TR0 E D27 TH#] ~ TEG )
WED, ThOMEIEEMST DI EEW LI LT,
FERIT LA L V) B EE Al & O BIFE M T REIC A2 o /o
Zli, ARMCET I EAMOHICH N THD LEX
BB, A AlBWT, BARIRELE (acceplability)
DFMERLE-HEZINETICLRONDI, HHERK
NEBHBE TR BERTHIME TS 55 (Yamaguchi &,
1977) R, TI/AF X —ERB/EIOHRTHDIPIRE
(Mutton &, 1981) Th-7-., b EWFRS, §i
BOLHCBMERFRETHT 7 AF 4 — &2 B
AR ORICHE T 5 I\ RS S, £, EFH
RAELIERER FE )5, 2004; Muramalsu &, 1999a,
b: BEMmEE, 1994 ; #43:, 2004 Sugiyama 5, 1994) b,
IR TR S MM A PHEOYMEEE FRIL, REOR
EEXHETHZL2AME LTV, KIFETIE, 772
Fy—TF AV —EMERHEEL LT, X727V

BWTT 2 AT ¢ —RATHHIAF<

A KB K B EERSH AT, EE 75 mERTL— b
ik ARK, RMEEER X OMEZRBSEOCRO 3
AT TF 7 AFy—ORELBBETHETEDIL
ERELE, CHICLY, FIAF—ORENBRELE,
HEEROHC & DB AMED B0 HEHET 2 Z L2
WTHEEEE Aoz,

gk L= & 9 ic, AMEOBREET, ZOREBER
LHBEAMMRICH Y, HLHLERENRRINICIT TE
ko, BEBEHICHET D EMNFEREETHS. L
PLADR G, RNT 7 AFv—0OELEETRE, B
Wik, FECEL OBEEBETHEELTHWLENZETHY,
FOBGREIRETSICA ST (Hadfield b,
2000 : Li &, 2006 : K, 2000), e, SRHHE
{ZFEE (QTL) OBEHE EORENRME L BE~DFE
BEOKE XL EHELED QL T2 L OFEEAVTR
HBWED LN TN DD, TOMPTMITT, 77 AF¥—
DENZFBIN T 2 FESTFTRTHD (King b,
2000 ; Seymour &, 2002), ¥/, BEI/FA=sT VU
g BRATFTORELLCRY IR b, ST TA
25V gy HLTDEDE L TEA F BV THREDR
ERELTWS (White, 2002), AwmdmdRo L o, 7
SA<ITY vy TARXOHEEED, BAILEBITLE
Bpk&L, e, ZHELESTHDZ Lvh, ZOXDE
R ATERNGR L L TIEFICEEREVL L Bbh D,
EFIZ LY, HREWOCRATF I RAFr—hHAar0
RKTHEIC & > THBIZHERERTHDZ L, SbIT,
HUk DTN H AP RRAT 7 A F ¥y —DRTICRE {HES
NBZEBRHALNERD, RET I AF v —OFBAITH
WEERE Ao f, AL TIIEbENh-7n, RAT I A
Fr—LUUKEYVAn o OBERICKE LFBLPRIT
TONEY (KEHE) THD. IF, FEMRSOREN
Wiek bz, AEMERGHRR & & Y B RERTN & OB
BE 52 02 d 5 (Beaulieu & Grimm, 2001: Beaulieu
L Lea, 2003 : Senesi B, 2002, 2005), ZhoDREE
8, AEIFERED, 77 AF v —HEHEOEGEIFR
HEEbio, Aricki)2Ee074a MBS OEIE
RIEORNIIFETHZ L ERF LR,
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1

FUET, BBV TERE Ao TVERy h o o
TONY AR urfEE A, BRNORRT 7 2F 4 —
DECEPLET 0RO SERIZRZTH S 2 L,
PHEREIZ L D RINT 7 2F v — O BRBIHT HiEiz >0
THHLELOTH A,

1 A RECHITDIREE OHE & BRI
HOEL

AR, ZEREDICTEOIMKLZBHMGL, BLE 3
~4 QHEPSEIABICEA L, Ry FORBE IR
2T AEETRRE, TORBLICEY LA o7, RN AGE
B, REFLH FEREE 1) 0D a2
RADRODHEE~OER, EHEIOREIZE T A0
TREL >y MNEORRIZE T BN O00E R, T
RERTRLWE L EOTEOE L ERBEINE, =
NOOBERRBAET M B L URER, SRty By
’)f;c

A BEITMNEIZ LY BARY, FoRaXr VR B
LV FTALT— Thol b, 'Ly NI B
L' T—=AAFA FEKR ThbobbREMot, 1,
REH R, Ry MEEALC, BREBZERZD L,

BECPEY, REOBE L ORWNEL OB
gah, TOETCTSERENED O, £, 85
OARBER, fAETBRPIZHENLELZ ZAbELo
HETTEMERZESED bh, FHEOETIIL L bt
S LT aehoie,

REFEET, SBICLVBEOZEIHILOO, BT
COTITOTHLIBETTEmTH -, INHEITICE
TOUEMNES BIY, R —2 5~10%FRE,
ABLETNT F—ANR 0. 5~2%RETHY, 2ESEIT
8~11%DHAICH o7, Tz, BRPIETILBEED
BRI NS D ot, £z, AorREREICEWTL
VEEZNEEEROEZHRRM L TV LB S his,

A RELGBRHIAZERERT S B, s
RV, TARTIXUM, TI5=v, JAFIE v-7 3
JEEE BV, TRRGX SV Thot-, Hk
(Vo orBRUTZ=0, FAFIL, BY L) R
Bk (TAARTX B, IAYIUBRY) RETALE
NOWEHET 2 BERB L UFOBRTOELIZSLFERZE
ByRoon/zZ b, BEERLUBRPIZRIT R
HRELDO—F &L 2o T B AR H B, 7=, FEAE

JNa—

=

HERIE R AT T DM E LT AEHTWEY-7 I /B
BRAZ DUV THE, SHRRIZ & o TIHEB P IS BIMASIR 0 &7

2 BRITHS REOEIRNTEICRITT RS

MERE (FE) 1CL 55T, BRPICHE LVWE
DAETRREEL, ) TRVWREEL BED LR, BT
BRAPIZHEL, ZOETICXRERESZD L. &
BREFAGIE, 2 RREE HBEUC X0 AR X 0 i bk Ui s,
BHRAL & GENCBIIAEIC L B o,
ZOBHICE T B AR GBI RAEIC L0 By, ¥
FRBLOT 7 AF v —BELE Yy BaxL 7R, B
AOA BLIY "X P ANF— TEhot, ®ikLE
REOWEHEL & RAB(LOBITLIZLT LI LT
BHY, SREONEELLONERELELOEITE TR
THILARWRETHD LfmEnT, £k, Lodkibs
AT L7 BB DV T, SIS TTF 2 2 F v — 0k
BiHEAm ELZRMEE, HE® LMo RN
oz, i, BRGS0 BREREM LM B R
ERFLIHR BROBETHEIBFAREORETY,
WHED L VI ERERAA DR LY, 727 XF v —0DFF
CIBLERE T D Z LTS,

—HRHBHLEE L2/ X DARBKRMICH- Y E
WIBEHE LT, HHA b & BIFEMAEL . B,
ROOLNIRERAT 7 A F ¥ —iMT 3
HERKRWE, RECABLUFE X £ToOREFZEN
TERWIEN TH -7/, FEBOFESZENTLHE, B K
WHERHY, RPKENL, Ya—i—ThHY., FAOD
MAEEII VA, BFOFINDHY, REGHPRE)
bORbosb TBWNLW) Aardn)dZdithhotl,

BREE D REOEARKEMIZRIETEEIT, UT
DERY THotz, 20T R ML DA TRRFEV
L9 BECRETE, 727 2AF v —ORAEIET L7z,
HURTRAE & 554 & ORICIIMBERR® Shipd o7, &bk
OFAIMIE, MEH LRUAZWEINE, LKL HVE
R TEL, THiE L9 bV R U 5 REOEMIT
Aoz, Thid, REENEIC L S5 L HEEOlEE T
Hole, WSICHERENHDHAIIL, WET 3%EE
DES—REBFITITFEI ENT, TR bEINEN
BEIIREE L HROFMlILEEET 52 bbb Bs &
BRENTZ,

INHEDZ D, BWOBRTITMIE, WML i

Va—i—&,
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F 0 AF ¥ —ORGEME EmOHENHD Z L BH LN E
et

3 EEMIME S RRMREEDEL

TANTORERBIZBNT, TAa— L REEREY (ALS)
&I EBkLF 10~156 mg/elN, FO 9 HRTF Ul
&% 3~5 mg/gFW OFPAIZH Y, INHERDOLEKIZENT
PEE A RHERZERIED Do, RO~ F
B (TSP) 1, 13 A EORFETH 1. 5mg/gfV Tho e,
TSP HOEEMREERIA 2 F o O AR L BT OE{LIE,
PRREIC LD KX B, SREICLABVBKRENST
DKM Fo (WSP) OELTHY, EREZBITD
BASILOEITERMRLTEY, KEORWAFEEE WSP
EROMMMNREE Th - 1o, B alatt~ 2 F . (HSP) 13,
IR OB BB, b/ S hols, £TORME
B THREIAZ &7, WSP 38 L TX HSP & B &7 X
EEORMIZITH SRS bz, FiC WSP & L OEs
<, MEITEEEFRICh D LB LN,

REOBALBEICR T BT F O ARGl LR 7 8
B R deEXLNTWARY AT 7 Yo F—EIFHEIC
SVWTIE, RTORMES LCERAKICBNT, RIVS
7y aF—BiEERR VD, IV HEEI . E
7=, BRI LD A u o REAOET, MIEBEOTEMERS
O, MOBEEREFE S bOTIRRVWI LHHL
kot

4 AuRAT AT ¥ —OFERFMEORE

FEMAE, B L OCRTOWIED 3 SORENS
BONIET I AF v —TF AV —Z L DM BRITL
el A, F—RETTERETREMICEITHED
BEPBELNENoDILRERER TH o,

BRATICE - & QBHEREET LI AT A—F I &
(EE 75 mEHEL— ML OER 20 m, BE 20 mn
OFFRRICHB LZRAY o I R L-BEORERK
i) THH, 2TOHBZEBNTHLMRLBRD 6N
oo Zede, NFERROME SMEMEL, B L BB 50~90
NOHEICH - o BLOoETIRRFEICE Y RESRAD,

EHEITC L D & O & BREAROENE T L, &
VL, IR SRR TITE 0.1 BT LIERIT/hEn
fTHY, BRATOELL NS o7, RAKILHSERE
T, T AF v —H L OREOF MM FED o/ ETLY
INEWETH -T2, #9 BLOMFREEShEL, —
E OB o T

BRI L AEIHMELF 7 AF ¥y —T 74 F—I
AEN (EH) MoOMERKXELOMCE. WThote
— I ERWEESICLEWECAENRD b, fFICERE
75 m [FHEZ L — FCho & bHBERE N, £ E

Z 75 mm EFET L— M EDEA (EMR) BOR ERAE
@m**%ﬁﬁﬁm%&%&rmot ZOBIA, A
EHEB LOIFEEN TRV ARY X FoVTFhiz LD
T BT LR Th o7z, 2%, EEWOME S I
ST AER 75 mEMHET L — Mo L BERBONERAME
X, 8~35 N Thot,

WL, FIAFx—TF T4 F—WEMELHEEREIC
£ BT 7 AF ¥ —RETHIME & OBMRIZ OV TR LI,
BT A—2 L LTI, TPAIZE->THLND 2 BIR

JFHEE O ERAM, HotEBLUOE Lo itk T,
77A%?*%nﬂmLkmmﬂm&%EWW%ﬁﬁwﬁ
Ehtc. MEOBHRLOTZH, 1 BEIOEME»HELNDH
DI L B EEIRSY &R FER, EE 75 o [EM
T L— MoXBRK, BB K UHEO K E
OO 3 BFICLAEBRNA (R = 0.541) 2/ Lk
O ERBIFAE, 2005 FEREOT —FITEHLLLE LS
TS & SRR o B ONENL AR BIERERIE 0. 808 (BRIERER? =
0.616) L7220, TPAICL O BONDNTA—FEHVIE
G EEBREOFURBENEOND BT, ELIC
6 NI =B RFAT A MIKITBE;T AR LT
IECTFRREFRE 0. 668, TLEMRE R = 0.569 CTHY, /SxVY
AMEXNRL LERREERESGRICF L TLEBETY
TREHZ EVERENT.

INLDOREND, TIAFXY—TFIA¥—I2LY,
A0 RET I AFy —OBEBPIZEITIEL BLUE
OTERENYEE S L THETE, AnREHT VAT
v —DRBIRBEE —ERENMT S 2 L ATREY 2o
7.
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gllll

RAEDE D E LDICh>TH, LIRS RS
SRR, B LIRSS TS A L
TEME ST, E FEME SALENE, EEk
SITEMBT ¢ — KR ¥ — 50, FA T
B & OGS K KEPU S, IF B S ML &
ERZYEE CREE Bk, T D ICHA TR BHOE
%15,

THEER T B v —BETIER R, B L —
T, FRROFITE L OARTOERIC b7z ), $Ia2
H L % < DR BB R BT, AL B B
BREWRERBEE, PEMEE L Ao ok
Wik ZHRE TN, RSB REE TR, LA
BFER LORMEEEE, InRFRICE, AKEERED
EIZ 7 0 BBD TERIE E T AR B o7, RS
REGREGHEANE, S5 BRIOT MR ER
b, CHELERARD CHARE-T. ERICEE
REHT 7 0 FLMUHED, I W, LdEEs ]
BERBREIEE, BB TR, LS L B B
CE—FR, MISZE, AMEE AL - R 5 —
BFSCHLE, (WEPREEEEG, [cs AR SR b e T TR R

wF

BH, RRVERE L CRE - WEEH & ¥ — B
FRR, MPBERIZIT, FRXOERICHY BER D
BhE &Gl JLHEE R R M ER AR M
KB, WlRiciE, BERTES RV 0,
ALiEiE 37 AL R SRR AR R SR I A R R R, AR
—IK, FFE - W3R o & — B Fe ik i 5 LR 7 B
BEAIGIC, (W SRR A R RIS T R AN A,
ZERLIRIB LWL - B3R o & — AT e 8RB AR
FE, NAFBRICH, EBROHBERLCETICHEY
BUORDTRELERRDE W HEB-T-. ZhoboZE
BICEOLT, Lo bR OB » %75,
LiERBEIMBERERKE, FILBRE, bMBEE -
TR ¥R, THE-NB I EBREERE
HEERRERSRE, BEERKIOL, ATEORITIC
B VBEBROZEEE B 7o, 7o, LEER T AREE
v F =B L UEES 6 R o — oA SMIC
L AFRBITLEO@ER L ERA S ZHRE, ZHHEBo
To. RERFPEERBESR HAEFTIZE, ~FURPE
TRWTEREILZIBAWEZE W, Zhbokeiost
L, LOGRER#MOBEERTS,
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A method for the objective evaluation of postharvest ripening and flesh texture in

muskmelon (Cucumis melo L.) fruits
Goh Hirai
Summary

Hokkaido is the most suitable area in Japan for producing high quality muskmelons in the summer-to-autumn
season, as it is the country's northernmost island and has its coolest climate. Muskmelon fruits require postharvest
ripening to develop their best eating quality. The most drastic change during postharvest ripening is the fruit's
softening, which influences the texture of the flesh. Flesh texture greatly affects eating quality, and the changes it
undergoes during postharvest ripening determine both the time required to develop the best eating quality and the
muskmelon's shelf life. Furthermore, the textural characteristics of the fruits at their best eating quality differ among
cultivars. Although the proper evaluation of textural characteristics is essential for quality assessment and for
breeding melons for good eating quality, the only method that has been available for such evaluation is subjective.
Because subjective evaluation often exhibits poor stability, reproducibility, and universality, there is great demand
for an objective method for evaluating flesh texture.

Here we report our investigation of postharvest ripening characteristics and textural changes in nine popular netted
melon cultivars grown on Hokkaido. We discuss the differences in postharvest behavior among cultivars as well as
methods for objectively evaluating flesh texture.

1 Optimum harvesting time of muskmelon fruits and postharvest changes in their traits

The ovary starts to enlarge immediately after the fertilization. Net formation occurs until 27 days after flowering
and is followed by the swelling of the formed net. As the fruits mature, chlorosis of the leaf near the fruit, changes in
peduncle and fruit skin color, formation of tiny cracks on the skin surface within the net and change in sound on
percussion were observed. There were variations in time and extent of these phenomena among cultivars.

The ripening period (from flowering to harvest) varied among cultivars. It was shortest in “Sapporo King ER’ and
‘King Melty’, and longest in ‘Red 113’ and ‘Earl’s Knight Shunjukei’. The variations am,bng cultivars were observed
in fruit traits at harvest, including fruit weight, shape, and net features; and in postharvest behaviors, such as the rate
of yellowing of the skin, the abscission of the peduncle, and the extension of the watery area in the flesh. The rate
and extent of these phenomena also varied among cultivars.

The soluble solid content (SSC, Brix%) of the fruits decreased gradually in all cultivars, varying in the rate and
amount of decrease. The contents of sucrose, glucose, and fructose at harvest time were 5-10%, 0.5-2%, and 0.5-2%.
respectively, and the total free sugar content (TS) was 8-11%. It can be said that, in muskmelon fruits, the difference
in SSC reflects the difference in TS.

The major free amino acids detected in muskmelon fruits were glutamine, aspartic acid, alanine, glutamic acid,
y-aminobutyric acid, serine, asparagine and glycine. Their contents at harvest and changes during postharvest
ripening varied among cultivars. Some of them conlcr sweetness or sourness, so it is possible that they atfect eating
quality during postharvest ripening. An increase in y-aminobutyric acid content was observed in some cultivars.

2 Effect of the postharvest changes on the sensory evaluation of eating quality

An increase in favorable aroma was observed in some cultivars, but not in others. The fruits continued to soften at
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various rates during postharvest ripening. Eating quality improved in all cultivars, and the time required for each
cultivar to reach the best eating quality varied among cultivars. The scores for best eating quality also differed
among cultivars, and were highest in *Sapporo King ER’. ‘Melorin’ and ‘King Melty’. The rates of the
above-mentioned changes in external appearance were not always cquivalent to that of fruit softening, so that it
seemed impossible to tell the best eating time for various cultivars by their external appearance alone.

In all cultivars, the overall textural quality improved as fruit softened. The extent of softening, too, differed among
cultivars and, even among the cultivars that softened more than the others, the extent of improvement in overall
textural quality varied. Principal component analysis of sensory scores suggested that the overall textural quality is
not determined only by hardness but also cultivar-specific characteristics such as fibrousness.

Factors to which high consideration was given by untrained panelists were surveyed. Sweetness was first, and
factors related to textural characteristics such as hardness. juiciness or smoothness followed. Flesh color and aroma
were given less consideration. According to the questionnaire, a melon that was “relatively sweet. soft, juicy, less
fibrous with slight aroma and relatively dark colored” in flesh was thought to be the “best” quality fruit.

The effect of postharvest changes in fruits on the panelists' evaluation was as follows. Relatively hard flesh was
evaluated as having low textural quality. No correlation was found between sweetness and Brix. The eating quality
score was high in “normal” to “relativcly soft” fruits, and low in fruits harder than “normal.” Furthermore, the results
suggested that if there is considerable difference in flesh hardness, a difference of 3 Brix% or less was not reliably
recognized by the panelists.

These results show that textural quality greatly affects the eating quality of muskmelon. In some cases, its
influence could even exceed that of sweetness, and sweetness itself is affected by the textural quality.

3 Postharvest changes in the cell wall

In all cultivars, alcohol insoluble solids (AIS) and pectin extraction residue content ranged from 10 to 15 mg/gFW
and from 3 to 5 mg/gFW, respectively. No considerable difference was observed in postharvest changes in these
amounts between cultivars. Total soluble pectin (TSP) content at harvest time was approximately 1.5 mg/gFW in
most of the cultivars. Postharvest changes in pectin composition differed among cultivars. Espccially, changes in
water-soluble pectin (WSP) content were the most variable among cultivars. The rate of increase in WSP content
seemed to reflect the fruit softening rate. The content of hydrochloric acid-soluble pectin (HSP) was low at harvest
and decreased gradually during postharvest ripening. WSP and HSP content seemed to be closely related to flesh
hardness. Especially, a significant negative correlation was observed between texture analyzer-measured hardness
and water-soluble pectin content; this seemed to fit an exponential curve.

Polygalacturonase activity, which is thought to play a major role in pectin solubilization during fruit softening,
was not detected In any cultivar investigated, throughout postharvest ripening. Histological observation revealed that
changes in muskmelon flesh during postharvest ripening seemed not to be accompanied by the breakdown of
insoluble cell wall components or deformation of the cells themselves.

4 Development of an objective method for evaluating flesh texture

The objective evaluation method was developed using a texture analyzer (TA-XT2i, Stable Micro Systems,
Godalming, U.K.). We compared the textural parameters obtained from the various parts of the fruit and found that
the most stablc result was obtaincd by testing the equatorial region of the melon.

The parameter that showed the most significant change during postharvest ripening was hardness, which is
defined as the maximum force mcasured by compressing a cylindrical sample (20 mm in diameter. 20 mm in height),
using a 75 mm diameter compression platen. A remarkable decrease with ripening was observed in all cultivars. The
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hardness at harvest time ranged from 50 to 90 N. The rate of decrease in hardness differed significantly among
cultivars, and the differences were almost equivalent to those detected by sensory evaluation. Although the
cohesiveness valuc was less than 0.1 and there was little change during postharvest ripening, it seemed to be even
lower in cultivars that show rapid softening and high textural quality. No considerable change was observed in
stickiness and adhesiveness.

There was high correlation between sensory-evaluated hardness and maximum force measured during
compression (or plunging) in all probes tested, and the highest correlation was observed using the 75 mm
compression platen. Furthermore, the relationship between texture analyzer-measured hardness and sensory
evaluation seemed to fit a logarithmic curve. This relationship was observed for both the untrained panelists and the
trained evaluator (author). The maximum force measured using the 75 mm compression platen for favorable
muskmelon hardness ranged from 8 to 35 N.

We then investigated the relationship between the texture analyzer-measured parameters and the overall
acceptability of texture evaluated by the trained evaluator. Among TPA parameters, maximum force measured during
_ second compression, gumminess, and chewiness showed high correlations with overall acceptability. In order to
improve the efficiency of the measurement, the muitiple regression analysis using parameters obtained from a single
compression in 2006 was carried out. As a result, an equation that consists of the maximum and minimum force
during compression by the 75 mm compression platen and the total of the absolute values of the secondary
differentiation values of force was obtained. This equation fitted well (R?=0.616) with the data obtained in 2005.
Furthermore, it also fitted well with the results of the sensory cvaluation by untrained panelists (R*=0.569).

These results show that the changes in texture during postharvest ripening and their variability among cultivars
can be expressed by the texture analyzer-measured parameters, allowing us to develop a method for cvaluating the
overall acceptability of muskmelon fruit texture.
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