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New Dwarfing Apple Rootstocks ‘JM 1°, ‘JM 7’and ‘JM &’

Junichi Soejima, Yoshio Yostipa, Tadayuki Haniupa, Hideo BessHo, Shichiro TsucHiya, Tetsuo Masupa,
Sadao Komori, Tetsuro Sanapa, Yuji Ito, Shosuke Sapamort and Yoshiki KasHimMura

Apple Research Team
National Institute of Fruit Tree Science
National Agriculture and Food Research Organization

Shimokuriyagawa, Morioka, Iwate 020-0123, Japan

Summary

An apple rootstock improvement program at the Morioka Branch, Horticulture Research Station,
now reorganized as the Apple Research Center, NIFTS, was started in 1972. Main objectives of the
program were: to develop excellent rootstocks that are able to control tree size favorably; to resist
diseases and pests such as crown rot (Phytophthora cactorum, P. cambivora), wooly apple aphid
(Eriosoma lanigerum); to tolerate water-logged soils; and to propagate easily by hardwood cuttings.

A controlled cross of Malus prunifolia ‘Seishi’ x ‘M.9" was made during 1972 - 1975. Over the
next 11 years initial screening of the seedlings continued at Morioka and three clones together
with other seven clones were selected in 1984 with the desirable characteristics for putative vigor
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estimated by bark/wood ratio of root and propagative ability. Beginning in 1985, these rootstock

selections were subjected to field trials executed by 12 experiment stations located in apple

growing districts in Japan.

Based on orchard performance and observation of disease and pest resistance, ‘JM 1’, 'JM 7" and
‘JM 8’ were released in 1996, and registered as No.7443, 7444, 7445 respectively, under the Plant
Variety Protection and Seed Act of Japan to keep plant breeder's right on September 21, 1999.

Three JM rootstocks were resistant to crown rot disease and wooly apple aphid. JM 7" and ‘JM &

were also resistant against CLSV, but ‘JM 1’ was susceptible. ‘JM 1" and ‘JM 7’ were less susceptible

to fire blight than ‘M.26".

Over 90% of cuttings in ‘JM 7', over 80% in ‘JM 1’, over 70% in ‘JM 8’ rooted by using hardwood
cuttings in the nursery, while O - 8% in ‘M.9EMLA’ and ‘M.26EMLA’. Average shoot diameters were
6.6 to 7.0 mm and length of shoots were 77 to 101 cm. Rooting abilities of these JM rootstocks are

much better than ‘M.9EMLA" and ‘M.26EMLA'.

Observations of ‘Fuji’ trees over 15 seasons in the orchard at Morioka proved that ‘JM 1', JM 7’
and ‘JM 8’ produced trees smaller than ‘M.9EMLA'. Trees on ‘JM 7" and ‘JM 8’ tend toward typical
overgrowth of the rootstocks. Three JM rootstocks produced very low number of suckers and very
low amount of burrknots compared to ‘M.9EMLA’ and ‘M.26EMLA’.

Trees of ‘Fuji’ on JM rootstocks had similar precocity to ‘M.9EMLA’. Cumulative yield efficiency
of ‘Fuji’ was highest in ‘JM 7’, and it was higher in ‘JM 1" and ‘JM 8’ than that of ‘M.9EMLA’ or

‘M.26EMLA'.

Fruit weight, red color development, soluble solids content, titratable acidity, and flesh firmness

of ‘Fuji’ were measured. Large differences were not found in these traits except for soluble solids

content and flesh firmness among the fruits. Average soluble solids and flesh firmness were higher
in JM rootstocks than ‘M.9EMLA’ and ‘M.26EMLA’ every year.

Our results suggest that resistance to several diseases and pests are better, and the trees are
more productive on these JM rootstocks than they are on ‘M.9EMLA’ or ‘M.26EMLA". We regard
these new rootstock varieties as worthy replacements for ‘M.9" and ‘M.26’ in Japan.

Key words: Malus, new cultivar, fruit breeding
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BB FIIC B E Nz b B E DY ¥ TR BV T,
ERICEDODEFERD IV INAA RO eIV A Ry
MNESIESHAEI NG 61, IERIVSHA RY
DORMIFEZEAE R L NS TR )VSH A RuhT L
LTHIAEN TS (LE, 1984 ; f&H, 1995) .

SOVISAA B IERIRE AR UIC K 2 REZWN A 5
T, BERENME, 7o ray bRV VIYRLYVE
A IR EI U, THSEISTEICEN, EED
FVWEKRTHS. DHETEINETZIOIWNAAR
YV RGRINCEARE LTRIFHL, KRTEM - 2Nz H
& U7z USRI D 7R I E O RS - STE R 2 FE &

BTERL G, 1993) . —J5, <IN AA Rk
BERTHB 120, ThetRe LizY > delidfms T
EAZAEBZRUTHENEZRORT L, HEMEE
DEIEICIE RS RmMN 2. £z, Vo dRERE
bl s % & ARSI 2 H T % L Id VA, BREICET
5ETIKII10~ 1542 ET 578, REMNICIEMmD T
AHTHD, ZORMNEENTNS.

O, DWEAGARZRIHAT L, Bz L, &
@ RT3 EMNRETH L, ThC K D IEERERDN
KBNS, iz, DWMEBHIZEEIDEL, bt
HEFIC K o CEHAEPEMEd5 X OV @A RE I TR IS
EHEBAHEEND S C EMERENTVE (L&,
1988) . &b, RHIZNEZHREIL, REOMEZ M
LXEsick>T, RIHICAEES OB ZiGE
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NS FBT %) > TODWEEAROFFIC I A ER
MH2M, AF)ADT A RLREEERS (11— A B
TV VTHEEE) 3T3—avRTEIhSHEARELT
ibn Ty ydzIE - 7HLT, 191240560
WEB RO ABEEZRFGL, 197 1FX Tlcib
WED SREMC D T2 2 2T OMAR B A Z K - BIK
L7z (Tukey, 1964 ; Preston, 1971) . ZD5 H5'M.9
F187T9FHIC 7 T Y ATHAENSEREE N, Jaune de
Metz EFHENTOIZDWEEARMIET, 19144101 —
AME—Y VTS THER I N, TEkOM9 1
ZLDTAINACREGERL T\, KETYA
JWATY—EDEHEN, TEROMI LITDUVLER
WL R 7E 5 M.OEMLA > Pajam 175 & LRO R
MEHEET N TV, M26' kA —A ME—Y > 75
MMAI6IC MO 23 L TERL, 19584FICHELT:
DVWEBARNETHS. M26ICH L THRERERICY A
VATV —{Eh 1o, M.26EMLAZ & DRFEHEH
ENTW3B (Webster and Wertheim, 2003) . Zh 5
DHOWEEARMAEE, BIE, RSO > 345
W CILSFIHENTHD (Tukey, 1964 ; Webster and
Wertheim, 2003) , %7z, &ET, ZhZThHEDER
BT 20RO ZHNE U THERNED S
NTW3 (Cummins and Aldwinckle, 1983 ; BIff,
1995) .

DHEICEIT B DWEEAROFIHICEET 58RI,
AFYZAMLEA SNV EEARRELZ Y, 1962
RICEMB RGNS (B Ry >
JWZElR) THREMICHIEE N (HES, 1970,
1975, 1976) . F7z, FEHIORIEAERS EHEIIC
DOEEROBIEAERICH O A, N5 OFER & T
L CTHEZEDRTEDWERIEANDERAMEE - .
U 2 dODBWEHEFZ1970FEEN S E RICHE I N, L
M, ZOmBEITRAITHEML, 2006FFICEY > d
HESHAED29.5% % HD B K5Ik o Tz (BMkERLE
ERAERBIREZE, 2009) .

DOHETHETICFHINTWS ) Y dOobWEEAR
IEM26°E MY THBD, HHAEDOERESEGICHTLE
WLTEET, BN X > TmhiE, merk, s
M, bR, HEEESHEE O CRENEC S T L,
Kz, BARNCREIRRRE DN SO T &R AmA N T
L&, WEITXREWMHBZVL ERERHMENTVS (5
i, 1986 ; 1=, 1988) . ¥ HiC, TNHDOMHRDV
MEEARMMETHLUARC K ZEZEDPRETH D, £z, W
DARICE > TERENTZEREERDVES THIEL T

Wies, HAETIREE VAN A FURICMREARZ
BERL T HBRODRETHHEINSIHENZL. £
DI, WARLEICFHDDND L L BIC, HARZALRM
IER L 72 RIERIEADR 2D, DUV IEEAREEAKRD
Rtz T3 TE AV L LETH 5.

=R B RS2 Y (B SRERZEAT Y > Wil
) T, BHFEODWEARMIED TN 5 DR Rz G
L, fiUAREIENATRET, Mbmdrt, BREGEISHE, &
ABAE, DV EEEMENTZERMFEDOE KZ H IR
I, 1972905 Y IADWIEBROBREEER 217> T
e, ZTORE, " JM1, "JM7’, ‘JM8ZHKL
72DT, ZTOEMKGE & REOEIC DOV THE T 5.

I

REFEDERICH 2D, LRETWHNZVTZIEOTER
BT Y > TSR OEIRE, 72 5 CICRATES
HERRE R 12 U T T2 720 72 B fRIE IR A BRI S A RS
DRI DR Z2KT 5.

B REE

Rl A BRI R S (B SR EAT U > e
D) T, FUAKRBIADAIRET, M e, BREGEIS
P, #EARBIE, DMEEEMENTZEARMEDE K
FHEIS, IVNAAL RISV BIXOAEERT
BRESEIGTEDINN Y INHA R 92638 A F1 X
MHEAENTDW GRS TH S M, 'M26°,
DbOEBEARMETH 5 M.27 O 5 iz ML, 1972
b aARE AR G L.

IM1, STMT'BERU M8, 1972~19754
WCASEE T THEE LIE< LN A R e AV &MY
DIERAERLISSAR DA SEK I NIz DT, [k
FFEIHB/LQ-6, Q-61, Q-69TH5.

UV IDERTE, HOWmOLZEHRE L DLMERhR L
OMICEEZGREND O, FEHROENEDIZEDWME
SR E <, EEHREZDWVEEAREROEELE UTH
FATE3ZEMHLMCEINTWVSA (Beakbane and
Thompson, 1939) , ABHEGEAERICHNTIE, M26'L
FFEENE N, LoDV Z 69 2 GARZE KT %
72, 7.5 mmOKE DWRZMEAL, FEEHE60%LL 1
ZEROHZ E Uiz CHAERS, 1980) .
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5, BREEDROWHAED60%LL LT, i LAFIEH
W50%LLED10fEAZ 1984 I B A L L T—%
kL7 G5HB5, 1985) . 19854h 5 ) v dHAE
15, VYydaREMT7S, U Yd6aARER 85
DRWHZMN L, D7 HRFEEHDLETY Y IERE—
[ERAGE IO PERUE BRI R U 72, SIS B 23 ED
fER, 3HRMICOVTHOWIEEARE L TOERMHMELZE
BN, PRCT A RRSRGEIGE « RRPEAE AR BR GRER
ale GRAHUIRE, 19964F 1 H) B\ TRzl
IKSEDLVEDFREMELN, S SICHAE 2 HIChHifE
STV 7 A R RS EABRI ST HERE 23RS B W TR
LT 2T EHPESN, 19964 3 HICEMKES
BRAEYT A a4 S s (A4 34 M I 2
40%5) 1D < ar B ES K ORIAIC D < M
FESRHRZIT > 7. ZORE, 19964E8H21 HAF
TIML (DAZTEMEIS) , " TMT7' (DATEK
5105) , ‘JM8' (DATEMELLS) LmaEs
N OB b S EFEE S, 1996a,b,c) , %
7z, 19994E9H21 HAH TRMg iR I Nz, Hikks
3T M UAWEET443%, T M7 HET74445, " JM8°
WET4455TH 5.

IML, JTMT'BXT ] M8 DEKERMK ZFig.1
WRUTe. &, i IEERSG O OUFERGI TH
% [Japan Morioka] DHST-&BRRMESICHRATL.

M. prunifolia
M 1 ‘Seishi’
M 7

M 8 —— M9

Fig.1. Pedigree of ‘JM 1', JM 7" and ‘']M 8.
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1. BRithOREICED e
1) BSJURREFE

FHPERE 3 B BCRIGE IS MERRE AR « R MEARE RBREH
7 URMOKEES R aABRYs, 1994) B R UL
IC KB MR ERD T2 D O A TR AR A EUE (EMOKE
HEERZER B BRMWKEREER) ) I L,
1995 T > Tz, MianfdE & UL THWZ"M.9EMLA &
‘M.26EMLAE, KA FEMETH S MY BIXUT'M.26'H
SHEEICBWTTAIVAT ) —LENZRRTH 5.

o R - I - JRIEE - L% EORNEEOM
ARG, WHS (2009) OFEICEDWTRAIED
HEEZITV, S EUOIHHEIC X O FEHICfiReT L 7z,

T, JM1, TM7T BT ITME DODREHD
DB HZ2Fig.2lc, HEIEEHZFig3lc, REFH
ZFig IR Lz, ThH0 3 MEICDWTIEDNAY —
11— O Te AR & S, E T (Oraguzie
etal, 2005) .

(1) JM1
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[Bighte ) , EHOREXIE TR, EEE TR,
ELOZDT ], LEDEE M, B
B, EMOEXE 8] Ths. REONBIZ Tk
My, Ftik Mg, NSO TR, B<HD
XX Tk, KRS Mk, 2T5H0%IR
ML, RS T, REOKZ JIIHREN25gMEE
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HigoREE e, BEoREXIE NE), KEiE M
M, BLokiE TEH], RRo@E T8, B
fbid M5&) , B Ty, B M, Eozd
W T~ , HREREEIX13.8%, VY OdBaEX
1.2g/100 mlif#EZ/RL, HBKIE TH] | Bk M98
EAE T, &% T2, Rito2 B8R UHETO
BiE Ty, JBIE THEIER) , REXE U THs. R
FUIMD TR, S SICEARDND B BRI
T,

FUFWIIERMT 4 A LAT M5, BERIT ST
CAXIZFAREHD 5 AparT Ty, REOREIAIZ 9 A
HRAIT TR Tha. LKL ZHRELTHOMHS) T
(%1, BARICHWGE OB ERGOBENE TN
Ths.

ASHFEIE M.26EMLA’ & BEiE U T, REAVNEINT &,
REOHENEETHD T L, BHEIRNT &, LA
I K BHRBEBEIENG LN T % T, ‘MIEMLA & LHiG L
T, RENPNESNT L, BRMBENT &, FLARICKD
REEHAN G LT EFTXRIMENERD 5N 5.

(2 Jm7

B2 Thlsk) , o REE& T/, B8
Mg, B REE TR, BiER Ty ZHO
REEE TR, 2003 Th, BMOELCDOZDIE
ME~ED] THSH. EHORIE TR, BEHOHE
peid ToigEe ) , HEHOREIE T, HEQR TR
wxl , BLOZDE D), {EDORIEZ M, E
SE TR, EMORTRE TH] THa. REDOHE
& OTHEE) , Eedid M), <O TR, A
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My, REORESIIREN27gHED THvh ],
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Beo DR THAARH) , TR ME~HD ],
RuoREEE Uy, HEE Tal, AA—T7AF
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WOREE T, REOEXI TE), KT M
Mo, Lok TH# , RRoME T8, B
fbix M@y , B Ty, 2Bk T, Eozd
W T~ , REREEIX16.6%, VY dEaEIE
1.2g/100 mIf£fEZRL, HWKE M&E] , Bk M)
HE THL, FXUE T, Ritozdi Iy fE
TORE Ty, Bk TEEN , KREXE TN Th
5. REOREEITEOD, WD THKNELS, BHLH
B EEIIFES R,

FLUNE BRI T 4 A LhAT Thy, BIERIE S
X0 1 EBFEEEN 5 HRNAT M8 REDOKHA
BN TR L IZIEREHO10H FpfaT Ty TH 5.
FHUARIC K2 REBZHOH S T5]) , BARICHW
BORTEARKLOMEAE B TH5.

AFEIZ M. 26EMLA & ELER LT, RIEANETNCT &,
B A S OO TH BT &, BH®RIENT &, R
BN &, FULARICKZREEHNG LT L5
T, MOEMLA &b LT, BEHNNEI VT L, BN
BENT &, DR T &, i LKRIC K B REEIHN )
LN EETKAMENZEDENS.

3) JMS8

& Ty, o KkESE M), B2E
M), RO KREIE TR, SEEE I EZHD
RKEZWE TR), 201 Ty, FRIOECOZ DI
Mg~ TH5. EHORIE TH), HEROTENKIZ
Mgt | , BEHOREXIE TE), EEX Mgk,
FELDEZDE T, L EDRIE THR , BT
My, EMOEXR 8] Ths. REONEIZ TE
M, Tefid T, H< O TR, D HOE
TE N, JRE, THOHDOBEEIBBICLEE My,
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&0 3HBEENS HHAT T8, RO D 3) k%

N5 EZIEFEKHAO 9 A RAIT TH) THa. il a7 2HWT63HBOREKUEEEER 217 - 72
RNICKBDRBEHOH ST T5 ), BRICHWIZEGD LT A, HERIIMIEMLADS1I%ICH LT IM1 &
BERGOMT B Th5. 23%, ‘JMT71E19% &K<, “JM1'&°] M7 Difif7k

ASFEIE M. 26EMLA' & LEEE LT, RFEAVNEINT &, MRS AL 2. —F, ] M 8 DIKIE

B oSG ThS T &, BHEIEN L, HLA RIF83% T, MKMEIEMIEMLA' K DE -7 (Figh) .
IC KB RBEBIENG LN & HT, MIEMLA' & [l L
T, RIEANNEINCT L, BHMNENT &, FHLAICKS
KEEHEN G LW EFETKAIENED S NS.

2) Wbt » S
BREGO TR 7 T HOBHNIC B 5 IRIREH L OFER 1w -
&, ‘M.OEMLA'D0%, ‘M.26EMLAD7%ICxFL, ‘J M = . :u . .ﬁ.,
1'1X85%, ‘JM7°1&94%, ‘JM8'1374% T, J MHRH
AFOTHOFHRC BT L HOEHRNMEE N, o '
LB 5 R L7 BRI T U, AR5 BAFT, LA e
WEICEGARE LTHAMEERAZEOHEAICKRE L Fig.5. Defoliation of ‘JM 1’, JM 7" and ‘JM 8 after water-logging.
(Table 1) .
4) fitmRE
Table 1. Survival and growth of cuttings after 5 months in the nursery *. TR REICHT AR, EERERIcLDZFD
Rootstock Surztil\;?ilnagfter Tree height Trunk diameter P72 *%gﬂt L7z (Tab{e 2) . )
genotype %) (cm) (mm) VY AdORMBEXUCREZME T 2ERTHZY IV
M1 35 101 70 Z LT LTI, ‘M.9EMLA’ & ‘M.26EMLA’ 1332 1%
M7 94 36 6.8 TH-MN, JML, JTMT BXUC JMS8'X3 5
M8 74 77 6.6 Lyt R L.
M.9EMLA 0 - - FEIFEOH T Iy MTOWTIE, JREE
M.26EMLA 7 29 3.1 @ P, cactorum X T P. cambivoraZe Y] © KA BRERRE
, Average of 1995 and 1996. U, M1, STM7 BX0 ] M8 LI

¥ Measured at 20cm above the ground.

‘M.OEMLA*>'M.26EMLA' & D 5 <, #EfikzHd 2 &

Table 2. Pest and disease resistance of apple rootstock cultivars.

Crown rot *
Rootstock - Wooly .apzple P cactorum P. cambivora ~ ACLSV* ASPV" Alternari% Scab* Fire blight *
genotype aphid leaf spot
M1 R*® R M S R R R M
M7 R R M R R R S M
JM 8 R R M R R R R -
M.9EMLA S S S R R R S S
M.26EMLA S S S R R R S S

“ Evaluated by artificial infection of Eriosoma lanigerum in a greenhouse.

¥ Evaluated by zoospore suspension inoculation method of Phytophthora cactorum or P. cambivora(Bessho et al., 1989).

* ACLSV: Apple chlorotic leaf spot virus. ACLSV isolates were inoculated into rootstocks for evaluation using chip budding
method(Yanase, 1974).

" ASPV: Apple stem pitting virus. ASPV isolates were inoculated into rootstocks for evaluation using chip budding
method(Yanase, 1974).

" Evaluated by using sensitivity test to AM toxin(Tuchiya and Soejima, 1982).

" Evaluated by conidial suspension inoculation method of Venturia inaequalis(Williams and Kuc, 1969).

* Evaluation was conducted at Cornell University, New York State Agricultural Experiment Sation by controlled inoculation with
Erwinia amylovora(Bessho et al., 2001).

* Rating: R=resistant; M=intermediate; S=susceptible; -=not tested.
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HWTE NFzh, P cambivora 13t L TIEZ DRREIZROR
9<, HREEOEFIETH S LHEET N G5,
1989 ; Bessho and Soejima, 1992) .

R DR 1 )V A T & % Apple chlorotic leaf spot
virus (ACLSV) IR LT, “JM 1 A2, “JM
7TBITIM8EESETH %, —77, Apple stem
pitting virus (ASPV) & Apple stem grooving virus

(ASGV) 1TH U T3 MEA L T it DRI 2 7R L
o, "TMT7E, WIHADACLSV R RIC BT
BIEAME IR SN2 bh b, ACLSVIEZMEEEZ S
NCEEH GEHS, 1997) , UFICE D HIGHHR®
FERRE DRI DI TH S T EWWIS MR- T

(FIlE, 2006 ; JE% 5, 2006) .

PERETERRION LT, A L 7c i@ &y it 2R
Uz, BEJHICHLTE, "JM17E' ] M8 MEHiE,
TMTREZETH -z MMERICH L TIE, KE
=)V RAC B THMERE 2 Ei U 7258, T M
' JM7'3M26° K 05R<, HREOEYIIEZRL
7z (Bessho et al, 2001) . ‘J M 8 DAJFICH T 24K
FiEORERBED L T ATHTHS.

TR, O EATHHE, EEBCHIRICH U Tl L7z
mENEZETH Tz (T—2EM) .

5) A& LTHALLBEOME

BRSO TIE, 1982FIC S U ERIANEE LT
PO BT EIFRERIT> THARZERKL, 19854
4 ITHRIX 3~ 5 A% ERM L%, BoLfERM
BRUONEMEFOFEZEM Lz, BGEMEOM EH
DERDEZIIMICE > TOREED, 4.2~152 cm
Thot. fEdBRICEI NI 14FEE 5T OEERE
T OFER & Table 31C/R77.

BIEY A VA ZBRZE LI MOEMLA' G AR ZFIH L 1=
)OO REZE, EHEOMYEAR X DH40%k
TVEMEENTVSA (Barritt, 1992) , ‘M.9EMLA’
EXRERE LTHOWEEOIEIE L 5% 5 0 DTEH0
KE&EETZE, JM1EBHZ90%, ] M7 &1
1393%, ‘J M8 ERHI8THER D, 3MMIIVLING
‘M.OEMLA' X O R UWMEEDRODWEERTH S &
HlEE NI

SUEOBERBMMEIRET, VAol Aa
TS VHHEOHAGDRICADND XD REERTH
ME TN ETEEINTHEN. BRI heakbr
EEBH, ZTOREZ IMLEBTIENEL, TMT’
L IMS EBERBTIIREN 2.

OCZRBZDOREFZDLIMICEDENSED, 3 X
WINEMIEMLA K D Dixho Tz, 3 EOHRTIE,
TMSIWE IMIUBETIMT XORRRENE o T2

14FEMZ G L' ST D 1Yz 0 Batllald, ‘]
M7 587401 kg £<, ‘TM1I'BXKUT' JMS8’
BRfE338% K U327 kg T, ‘M.OEMLA' G & [FIFLE T
Ho iz, REHINEZ EEEE A CRR U 7z B W im R Y
O DEENFEEHDE, TMTEMP2TIERE G
<, ZIETHBTEMRBDENTZ. iz, ‘TM1'E
244, ‘JM8'£251LWVINEM26EMLA X b E<
ZIRPEDME 2R LTz,

SARRIIZ S HET S LB TFICDERNZ D,
IM1, JM7'BXUC ] M8 IEMIEMLA B XU
‘M.26EMLA' X DS MMCRED Do Tz (F—2E18) .

‘SUORFEFHEEADE, ‘M.OEMLA'B XU
‘M.26EMLA’ L L LT, RFEDORE T LY v OdWga R
WICKRERAZIBD SN T2D, TM1, ‘JTMT7T'E
XU J M 8 Bl O REDOHEE LI REICH N> T2

Table 3. Field performance of 14 years old ‘Fuji’ on apple rootstocks at Morioka, Iwate.

: Cumulative
Rootstock Tree height Vargteh Trunk girth Relative Root Clgllg}frt:ge yield
genotype (m) (m) (cm) vigor * suckers y (ke) efficienc;/ *
(kg/cm®)
M1 4.3 4.7 41.7 90 3.2 338 2.44
M7 4.2 4.8 43.1 93 8.0 401 2.71
M 8 4.2 4.3 40.5 87 14.0 327 251
M.9EMLA 4.4 5.2 46.3 100 22.3 337 1.97
M.26EMLA 5.2 5.9 59.3 128 8.5 373 1.33
LSDg 5 0.4** 0.6™* 4.4** - 13.0** 56** 0.39**

* Relative vigor=(trunk girth/trunk girth of M.9EMLA)x100.
¥ Number of suckers grown over 5cm.

* Cumulative yield efficiency(kg/cm®=Cumulative yield of 14 years/trunk cross-sectional area 1996.

**Significant by F test at P=0.01.
LSDy s = least significant difference at P<0.05.
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Table 4. Fruit traits of ‘Fuji’ on apple rootstocks planted in 1982 at Morioka, Iwate “.
Rootstock Fruit weight Soluble solids Malic acid content Flesh firmness
content
genotype (g (Brix, %) (g/100ml) (Ibs)
M1 264 15.3 0.42 16.8
M7 267 15.9 0.45 16.5
JM 8 257 15.2 0.43 16.9
M.9EMLA 256 144 041 15.9
M.26EMLA 262 14.3 0.43 15.5
LSDq 05 18** 0.5** 0.02* 0.3**
* Average of 1993 to 1996.
*, **Significant at P=0.05, and 0.01 by F test , respectively.
LSDy5 = least significant difference at P<0.05.
(Table 4) . J MAREAR3MBEDHTIX, "J M7 Gk B2 eMHLENE TS T, SHHOFREER T ~

DORFOWEEN RS @, JBITFIREIX15.9% %2R,
‘M.OEMLA &G/ X D 1.5%, ‘M.26EMLAERIL D 1.6%
ol WER M8 BEORENRE®L, 16.9lbs
ZRL, MOEMLAERI K 1.0lbs, ‘M.26EMLA R &
D 1.5lbsiEi o> 7z,

¥z, REOBECOHEBEN60%U EOREOEAEI ]
M1'BXU JM7T 6B TREZFNZTN56%, 83%T,
‘M.OEMLA' ®49%, ‘M.26EMLAERID36%L D &<,
HEORIFT, WEHOEBNZRENEFEINE. —T,
‘JM 8 ERITIZ34% T, ‘M.26EMLAGH & REETH
D, HiiH -7

2. ZRERERERARICEITZHAFOER

KGR LD 7% 2 S BT B ERG R x
1994435 K UM 19954F i SUBERME I « REMEMUE RR
BT ER GRmERE) »5EL, SUNCD
W DSR2 Table 535 X UTable 7ICR9. ‘5L
DA OGRS DN T OB FEHNZ DR 0D, " TAT L
TR, de3l, FMRIT DT OREFERZTable 635 &
UTable 8IZ/RT.

ABRBRIRTR O H RS, MEEDDEWEEH 5T
O, FEROMATITII LIS E S, R
< SRR AR E R SRS T B8 U B R R 2 F21C
L.

1) JM1

(1) IM1EARDBOETLESUICERICRIZFTEE
1995 I BT 2RSS UIlc i 2 buvkiE

HoREZ, EHFEAINTM26H4ED bkl &

FHiE N, GF, e, SETEMOHEYD b

WHET ] EFHEE N, MO ~M.26' Y Db ULEEES %

) &9 28e T L9 35mcahniz. O
CREADREROITNOYFRIcENTE THE] ~ [
EEHMBiE RN, ‘M.26'E[FAFERVLDERNT ENHSMIC
o7z (Table 5) . ‘5U & OBEEAHMMEG M) ~

TR EFHiiE Nz, BEHDKEICOWT, 5F,
B, mETE IEKEb), BRELO)IITE T L
TN

SULNDORBEICOWNWTIE, TAZT LDOREEARH
Mg T TR, T OBmEARBMMEIT =T

TR, KEHEERT Mthy, F L o IARBINME
FEEFT TR LMz (Table 6) .

FARMEE LTS U EHOEGEDORIRERMEICD
W, T &TBEFTE TEl &Rl 25T
ghiiz. ITM1 ZHERE LUTHWS &AM LT
5728, 1M 0INER, AlllEREM26°E71E
‘M.26EMLAZHERE LIGEH L DE -7 UL, E
WAL 72 O OERERRIE, (WE TIE'M.26EMLA' X
DE ST, FNLNDOEFTTIEIM.26" " M.9EMLA’,
‘M.26EMLA' X D &<, ZINHEZ/RL (Table 5) .

Y EOFERENIS, TM1IFSUEHEDOY ydWfEED
BEEARBMMEICEN, MY~M26 DbV LR %
AL, ZINHEOBEARTH S ENHLMIES T2,

(2) IM1EADRERBICRIFTRE

IM I ZAERICHOGEED ST OREER, BEHE
BEUANNZERE, ‘M.26™°'M.9EMLA’, ‘M.26EMLA’
ERIFERVLRREN T, BhiWICBAL TE TR
Xl TR LRl 25me, [t ERHiEd 5
Giric i, HEICELTE TR) LI 2550E
[Hhy &9 25nic i, REBEINTHOE
FTC BV TEHEM26°"M.9EMLA,, ‘M.26EMLA’ & [[]5
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Table 5. Effect of rootstocks on orchard performance of ‘Fuji’ in the national trial in 1995.

Rootstock X Relative tree  Trunk girth Tree height Suckering Amount Swelling i Yield/tree CL}mulative Cumulelitive y ie}d
genotype Location Tree age size” (cm) () tendency of burrknot of graft Precocity (ke) yield/tree efﬁaenqzl
union (kg) (kg/cm®)

M1 Hokkaido 7 DwarfI-II  17.1 2.9 Medium Intermediate  Medium - 10.7 24.6 1.06
Iwate(Morioka) 13 Dwarf I 40.6 45 Extremely low Very few Very small ~ High 40.6 260.6 1.99
Iwate (Kitakami) 9 Dwarf I 27.7 4.1 Extremely low Intermediate ~Medium Moderate  34.2 107.8 1.77
Miyagi 8 Dwarf II 22.8 4.5 Extremely low Very few Small High 159 49.5 1.20
Akita 7 Semidwarf ~ 18.8 3.7 Absent Few Slightly small Moderate 5.1 7.7 0.27
Yamagata 8 Dwarf I 23.5 3.0 Absent Intermediate  Medium Moderate  24.1 53.2 1.21
Fukushima 7 Dwarf I 134 2.8 Absent Few Small High 18.8 45.3 3.17
Gunma*™ 9 Dwarf IT 38.0 4.8 Absent - Small Moderate  61.8 360.2 3.13
Nagano 8 Dwarf II 20.3 3.2 Absent None Medium High 17.2 56.0 1.63
Ishikawa 9 Dwarf II 29.1 4.0 Absent None Small High 28.4 83.6 1.24

M7 Hokkaido 7  Dwarfll 224 35  Extremelylow Intermediate Verysmall - 16 219 055
Iwate(Morioka) 13 Dwarf I 41.5 4.0 Extremely low Very few Very small ~ High 66.9 331.9 2.42
Iwate (Kitakami) 9 Dwarf I 28.4 3.6 Extremely low Very few Medium High 42.7 127.8 1.99
Miyagi 9 Semidwarf ~ 25.3 4.7 Extremely low Very few Small Moderate  30.2 81.2 1.59
Akita 7 Dwarf I 11.3 2.3 Absent Intermediate ~ Slightly small Moderate 0.3 5.5 0.54
Yamagata 8 Dwarf I 234 35 Absent None Medium Moderate  18.5 40.1 0.92
Fukushima 7 Dwarf I 213 3.4 Absent None None High 355 85.3 2.36
Nagano 8 Dwarf I 17.8 3.1 Absent None None High 224 46.1 1.83
Ishikawa 9 Dwarf 1I 289 4.0 Absent None Medium Moderate ~ 35.4 123.4 1.86

M8  Hokkaido 7  Dwarfll 244 37  High  Veryfew  Verysmall - 173 397 084
Iwate(Morioka) 13 Dwarf I 37.9 4.4 Extremely low Intermediate Verysmall — High 61.6 261.2 2.29
Iwate (Kitakami) 9 Dwarf I 27.7 338 Extremely low Very few Medium High 333 111.1 1.82
Miyagi 9 Dwarf II 23.0 4.0 Extremely low Very few Small Moderate  15.6 27.6 0.66
Akita 7 Dwarf I 8.9 2.1 Low Few Medium Low 0.8 0.9 0.14
Yamagata 8 Dwarf II 25.6 3.6 Low Few Large High 35.0 75.5 1.45
Fukushima 7 Dwarf I 179 3.4 Absent None Small High 324 74.8 293
Gunma * 9 Dwarf II 39.0 5.1 Medium - Small Moderate  90.1 379.2 3.13
Nagano 8 Dwarf I 18.4 3.4 Low None None High 252 54.5 2.02
Ishikawa 9 Semidwarf ~ 35.6 4.0 Low None Large Low 55.7 116.7 1.16

MOEMIA Iwate(Morioka) 13 Dwarfll 447 47 Medium  Intermediate Verysmall High 508 2514 158
Yamagata 8 Dwarf I 24.6 43 Low Few Medium Moderate  20.7 28.7 0.60
Fukushima 7 Dwarf II 29.9 5.0 Absent Few None High 34.3 76.0 1.07

M26  Hokkaido 7  Dwarfll 245 35  Extremelylow Many  Medum - 90 185 039
Iwate (Kitakami) 9 Dwarf I 40.5 4.1 Extremely low Very few Medium High 50.8 154.4 1.18
Akita 7 Semidwarf ~ 17.6 3.6 Absent Few Small Moderate 94 134 0.54

M26EMLA Iwate(Morioka) 13 Semidwarf 570 - 53  Extremelylow Intermediate Verysmall ~Moderate 789 3107 120
Miyagi 9 Dwarf I 19.0 3.7 Extremely low Very few Small Moderate 14.6 24.4 0.85
Yamagata 8 Dwarf I 26.6 4.2 Absent Intermediate  Medium Moderate ~ 38.5 775 1.38
Fukushima 7 Dwarf II 24.6 3.7 Absent Few None High 19.6 52.6 1.09
Gunma * 9 Dwarf II 41.0 5.6 Low - Small High 29.5 293.1 2.19
Nagano 8 Dwarf II 233 3.5 Low Many Medium Moderate  25.7 63.7 1.42
Ishikawa 9 Dwarf I 31.8 4.0 Low Intermediate ~ Small Moderate ~ 25.9 79.9 0.99

” Relative tree size: Dwarf I equivalent to M.9, Dwarf II equivalent to M.26, Semidwarf equivalent to MM106.

¥ Cumulative yield efficiency(kg/cm?®)=Cumulative yield/trunk cross-sectional area.

*Rootstocks were used as rooted interstocks on Marubakaido in Gunma.

ToLeeEh ol RIFEEIIGAICK > T13.8~ DLEDHRNS, ‘TM 1 ZHBERE UTERESNTZR

16.1% &L 7ENH D, AFTIEPPED ST, M.26™ FOMHEIHEBENEN TS EEZ BN,
‘M.OEMLA’, ‘M.26EMLA’ & [M%75 1 U @ U WM EZ 7R

I Zh > 7 (Table 7) . 2) JM7
SULADREICONT, "TASETH, EMHT (1) IM7EBXHBOEELSUVICRRICRIFTHE
EM.26" ' M.9EMLA’, ‘M.26EMLA’ & IZIX[FISF D fhE LBt OHEA TEGATIC U B adBifs R 2 A% &,

DRFMWVEFEES NI (Table 8) . FEARGE S CICx g 5 bW LRe O EE, AT
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M26HED THOWEIL &l E N7z iE D IE M.9HHY T TRJ &RHtic N7z (Table 6)

D TOVHET ) ERHiEN, MI~M.26HSD DL FIARMIEE LTS U 2BV G ORI EMER,
RENZHT BT EMHENE TSz, OB ADFRAER B 0B, G)ITiE Ty RSN, AT, M
WINDBFICHBNTE ] ~ [ LRl R, B, RETIE &) aMficnz. " JM7 ZH6AREL

M.26" L FAEZNLDIENWT ENHLEMT RS T, KUR
HOREFVTNOGEINCIENTE [ ~ [ LFE
fliEt7z (Table 5) . ‘ST L OEEARBAMMLIIET L
Alllcid Ty, AaFLlE, EETE TR LFHiiE
Niz. EHOKEE, WINOGHMTE THEHEL 2
2L

THWS DN L L, 1824720 BEHNEIR ST,
e, EFTIEIM26'FX/ZIEM26EMLAZEARE L
Fa ik Doz, UL, TEMimfES 2 OLEERR
&, B TIEM.26EMLA X D o720, FRLINDE
AT CIE 4 CTM.9EMLA R M.26EMLA' & D &<, 2N
Z/RUTz (Table 5) .

SUMANDORMICBIL TIE, TAT L DOHEEARB
MEIET TR, TR OmEARBHEZEKT
TR, RET My, £ EOBEIABRIEESET

DLEOKRRM S, TMT X SCEFEDY L D
HEARBIMMEICEN, MIY~M26HY DD WbRES) %2
HL, ZINEDOEKRTH S EDPALNICE ST,

Table 6. Effect of rootstocks on orchard performance of ‘Sansa’, ‘Senshu’, ‘Hokuto” and ‘Orin’ in the national trial in 1995.

Cumulative ~ Cumulative yield

Cultivar Rootstock Location Tree age Relat'ive free Trunk girth Tree height ~ Suckering Amount Swelling of Precocity Yield/tree yield/tree efficiency”
genotype size (cm) (m) tendency of burrknot  graft union (kg) (ke) (kg/er)
Sansa JM 1 Yamagata 8  Dwarfll 23.3 3.9 Absent None Medium  Moderate  11.9 29.7 0.69
Ishikawa 9  Dwarfl 20.1 3.7 Absent None Large Moderate  17.2 52.7 1.64
M7 Fukushima 7  Dwarfll 147 36  Absent  Inermediate None  High 19 461 268
Ishikawa 9  Dwarfll 24.5 3.7 Absent Few Large High 259 97.7 2.04
M8 Yamagata 8 Dwarfll 185 35 Llow  Few  Medum Moderate 177 326 120
Ishikawa 9  Dwarfll 23.5 3.9 Absent None Large High 25.7 83.0 1.89
'MOEMLA  Yamagata 8 Dwarfl 153 31  Absent  None  Medium Low 96 156 084
Fukushima 7  DwarflIl 15.6 3.7 Absent Few Small High 18.8 47.3 2.44
'M2GEMLA Yamagata 8 Dwarfll 214 33  Absent  None  Medium Moderate 214 442 121
Fukushima 7  Dwarfll 15.9 3.3 Absent None Small High 15.8 35.1 1.74
Ishikawa 9  Dwarfll 249 4.0 Medium Intermediate  Large Moderate  27.8 81.3 1.65
Senshu JM 1 Miyagi 9  Dwarfl 21.5 4.0 Extremely low ~ Very few Medium  High 10.6 26.5 0.72
Akita 7  Dwarfl 8.1 2.5 Absent Few Medium  Slightlylow 0.1 2.1 0.40
Nagano 8  Dwarfll 19.4 3.3 Absent None Large High 16.8 46.6 1.56
M7 Miyagi 9 Dwarfl 210 40  Bdremelylow Veryfew  Small  Moderae 9.1 138 039
Akita 7  Dwarfll 14.1 3.5 Absent Intermediate ~ Medium  Slightly low 2.5 53 0.33
Nagano 8  Dwarfll 215 4.0 Absent None None Moderate  31.6 66.6 1.81
M8 Akta 7 Dwafl 75 22  Absent  Sighdyfew Medum Sighiylow 06 19 o4z
Nagano 8  Dwarfl 14.1 2.9 Low None None Moderate  13.9 32.6 2.06
‘M26  Akita 7 Semidwaf 180 41  Absent  None  Small  Moderate 33 ¢ 68 026
'M26EMLA Miyagi 9 Dwarfll 213 42  Bxtemelylow Veryfew  Small  Moderate 92 218 060
Nagano 8  Dwarfll 19.7 3.5 Absent Many Medium  Moderate ~ 18.2 43.1 1.39
Hokuto JM 7 Fukushima 7  Dwarfll 20.8 3.2 Absent None None High 47.0 76.4 2.22
M.9EMLA  Fukushima 7  Dwarfll 25.0 4.1 Absent Few None High 516 78.7 1.58
M.26EMLA  Fukushima 7  Dwarfll 24.7 4.0 Absent Few None High 48.3 90.9 1.87
Orin M1 Iwate(Kitakami) 8  Dwarfl 274 3.6 Extremely low  Very few Medium  High 25.3 74.2 1.24
M7 Iwate (Kitakami) 8  Dwarfll 29.5 3.9 Extremely low ~ Very few Medium  High 28.3 93.8 1.35
M8 Iwate (Kitakami) 8  Dwarfll 28.1 42 Extremely low ~ Very few Medium  Moderate ~ 34.7 100.3 1.60
M.26 Iwate(Kitakami) 8  Dwarfl 270 3.6 Extremely low ~ Very few Medium  High 126 69.0 1.19

“ Relative tree size: Dwarf I equivalent to M.9, Dwarf II equivalent to M.26, Semidwarf equivalent to MM106.
¥ Cumulative yield efficiency(kg/cm?)=Cumulative yield/trunk cross-sectional area.



AES Y IDWIEGAROHNE ML, M7, M8

Table 7. Effect of rootstocks on fruit quality of ‘Fuji’ in the national trial, averaged for 1994 and 1995.

Rootstock Location Fruit weight  Uniformity of Coloring Flesh firmness SOhCJBIli es,r?glds I\/[Cez)lrllctearﬁd
genotype () fruit size (Ibs) (Brix, %) (2/100m))
M 1 Hokkaido 265 Medium Medium 16.9 15.1 0.53
Iwate(Morioka) 286 Medium Good 16.0 15.2 0.42
Iwate (Kitakami) 354 Slightly good ~ Good 15.2 138 0.27
Miyagi 299 Medium Medium 16.0 159 0.43
Akita 360 Medium Medium 15.7 14.4 0.38
Yamagata 347 Medium Medium 15.0 16.1 0.38
Fukushima 368 Medium Slightly good 14.2 15.5 0.36
Gunma * 281 Slightly good ~ Medium 14.9 15.4 0.31
Nagano 370 Good Medium 14.7 16.0 0.38
oo Ishikawa 309  Medium _ Medium 153 . 150 037 ..
M7 Hokkaido 225 Medium Medium 16.7 14.7 0.56
Iwate(Morioka) 293 Medium Good 15.8 15.8 0.47
Iwate (Kitakami) 299 Slightly good  Good 15.8 15.7 0.33
Miyagi 304 Medium Medium 15.5 154 0.42
Yamagata 328 Slightly good ~ Slightly good 15.6 16.1 0.35
Fukushima 367 Slightly good  Good 14.0 16.0 0.41
Nagano 363 Good Medium 14.1 16.4 0.38
oo Ishikawa 290  Medium _ Good 143 . 155 041
M8 Hokkaido 260 Medium Medium 16.5 15.0 0.54
Iwate(Morioka) 264 Medium Medium 16.1 15.0 0.43
Iwate (Kitakami) 309 Medium Medium 15.2 14.6 0.23
Miyagi 312 Medium Medium 15.9 15.9 0.44
Akita 341 Medium Poor 14.0 14.8 0.32
Yamagata 342 Slightly good  Slightly good 15.2 16.4 0.38
Fukushima 386 Medium Medium 13.8 15.4 0.38
Gunma” 303 Slightly good ~ Slightly good 15.1 15.5 0.34
Nagano 380 Good Slightly good 14.6 15.9 0.34
oo \shikawa 289  Medium _ Medium 189 . 149 039
M.O9EMLA  Iwate(Morioka) 271 Medium Slightly good 153 14.1 0.40
Yamagata 300 Medium Slightly good 15.1 15.6 0.39
oo Fukushima 367  Medium __ Medium 183 . 152 040
M.26 Hokkaido 239 Medium Medium 16.2 14.4 0.54
Iwate (Kitakami) 344 - - 152 14.4 0.29
e Mkita 850 Medium Slightly good 151 . 140 036 .
M.26EMLA Iwate(Morioka) 279 Medium Good 14.8 14.2 0.42
Miyagi 299 Medium Medium 15.7 16.4 0.44
Yamagata 337 Medium Medium 14.8 14.8 0.37
Fukushima 306 Medium Medium 13.7 159 0.43
Gunma * 310 Slightly good ~ Slightly good 14.1 14.8 0.39
Nagano 363 Medium Medium 14.0 16.1 0.42
Ishikawa 316 Medium Medium 14.0 14.7 0.39

“ Rootstocks were used as rooted interstocks on Marubakaido in Gunma.

(2) IM7EXDRERBICRIFTRE
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‘M.9EMLA’, ‘M.26EMLA'X b @h > 7. REHEIT

JMT EZERNCHN GG S U ORFE TSN
Ko THEHmMNEEZ -7z, ERiWICEAL Tk TR] £72i
[ ] CRHIT 23T, [y &FHiid 2350
mhhtz. HECELU T, SEeERTE My,
ZTNUNOEFTTIR TR F£/2id TR LiHMiiX
N, ‘M.26"°'M.9EMLA’, ‘M.26EMLA’ & [A1< W U
NTWViz. REBEIIRZHBOHEMICHBNTM.26'%

LA X > T15.5~16.4% =N H 2D, BHERRE
‘M.26"'M.9EMLA’, ‘M.26EMLA’ & D EUMEZER L,
IMT7T ZERELTHWS L, RIEEHN T 50
mDH 5T EMHEEEE Nz (Table 7) .

ST LN ORMEICEL TR, TAT TR, dt
A CFERTIEM26"M.9EMLA', ‘M.26EMLA’ & 1Z(Z
FISFOMEDORFENEFEE Nz (Table 8) .
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M EDHENS, " JTMT ZERELTEEENIZR
FUIRHEN S <, MEHERNEN TV LEZ BN

3) JMS8
(1) JMB8EBARLIEHOETLHSUTICHERICRIZTHE

FRB SRR OHE A TE S IC 350 B ikBRAS SR 2 2 5 &,
FAMME S U I T 2D WERENOREX, G)IIT
MMI106 D MPEDLWLE] , IIETM26F4D b
WL EFHIiE Nz, AF, e, EHTIEMIH
W MWL) EFHMEE N, ‘M9 ~MMI106 4D
DWLEENEHETZ T AL LR STz, OTEAD
FAFIHHETIE TR LFHMIiE Nz, Z OO
KBTI T ~ ) ERHiich, ‘M.26' &%k
WL o Tz, KARROFEEIZ T NOLATICIHBNT
& M| ~ [ LFHfiE N (Table 5) . 5T &D
BEARBMEEET AT Ty, SFelie, &
BT TR LMz, HIHORER, wWIho
Lch TBHE) 2R LK.

SULSHNORBICBELTIE, SAS LDOBEAS
T TR, TR E o EARBAEX ST
TR, BEYWT M), FWHREOEEIRBME ST
T B LFtid iz (Table 6) .

BRI E LTS U ZBEWESE ORISR,
AT ME, STk M) CFHMEE D, Zh
DANORIGATTIE TR EFHiiEh, LRy R I:
ZHTAHEEZBND. 1Y ERHNEIXA T, 1l
B, EHTIEIM26 /213 M.26EMLAZEARE Lz
GBEbEoF. UL, ERWmRY 7z D OEERR
i, EEERE, ‘M.26°'M.9EMLA,, ‘M.26EMLA’X
D@, ZUEZERLTZ (Table 5) .

DL EDOFERMNS, ‘JTM8IZSUHEDY Y OdEE D
BEARBMEICEN, M9 ~MMI106H24 Db LEE
hzfil, ZIEDEARTHZ T ENHS MR- T2

(2) IMBEBALHRERBEICKIZFTHE

‘I M8 ZERICHWZGED 5 U OREEITTGHT
ko> THEHADPEE T, ERiWVICEELTIE TE] %
fold TR LT 25mE, [/ LFHid 2
LBz, SticEL T, AT, =, @&
B, Atk Ty, EFBXTILETIE TR
CEME Nz, REREEIERES & A ZBRE, M.26'
‘M.9EMLA’, ‘M.26EMLA’ & [Al%5/2 0 LoRmEh - 7z.
B 3IIC X > T14.6~16.4% ENH D, EE
L B TIEM.26EMLA X D & o720, &F, 10
B, AllTIEM.26 " M.9EMLA’, ‘M.26EMLA’ & » &

#1145 2010

WM& R LTz (Table 7) .
SULANORBEICE LTI, TAT TR, T

TIE'M.26°'M.9EMLA', ‘M.26EMLA’ & 1ZIX[FZH D M

BHOREMNEEEI Nz (Table 8) .

D EDWHRIS, JTM8ZHEARE LTAEEINIZRHE

OB BN TVS EEZ BN,

3. BB LUEBELOBER

REISERERBROFERN S, JM1, JMT7'E
XU IM8'IE, bOEBKROFHNATEERE2EDY >
Ak HIECE LT 0, HEMAIN TV MO
M26ICRO > TIL E/RT 5 eSS, FH
B HR LRBGED AT REZR ) DD WIEE ARG T NE T
HEFICIFE & A LHIN R, i UAYSEICY) D 2 E 0 RER
REJICEFTZIML, IMTBXTIM8 DF
BISEIHNTH S L X 5. NS5O 3, EARE
PEICET 2 A EROMBDWIEEARK O 1 ELL EE
M2 EHRETH D, VY IDOWHAREREICET SO
AMZRELMEBTE AR LEZIONS. Xz, LA
Ko TEEEDDWEBEROARKEHZITS T LAY
kixb.

IM1, CJMT7, CTM8IEVWThEbEEA
T, FFEDLiE> TV IHE ZWAY, 3MEOH TR
IMUDREDWEREIDE L, HARMEICHZE DM
WHFEZ WA G TM IUAERELTHEL T
2LEZ25N%. ‘JM1UREEEHOKRERIAIVAT
HBHACLSVICIEZMNTH %128, #HEFITIZACLSVY
V—DEDEMHCZRHENHS. ] M7 1 UARES
AT, EFEIDMENTVWAT Eh D, RifESMEMR
ERBIC BV TIE RTINS > 72, ] M 8 Id s
R A IV ADACLSVICIES IR E T 20, i LKESER
R EM 2 & D0, WHBINERIFIC &
EEBELEZONS. BEARNEORHCBICEEFZE
TR LMD, 5%, RIGFEENRIZZEICBNTE
575 2 G OEENLENS.

FHUARDERINRITEMHIC KB ENAKEL, 19984
IR EZ IR U T UKRBSHICEET % 7 > r— b iflE
HATO AR, TEEFRD 6 L o EEOE&IX
JM1'CTT7% ‘JM7 T35%&Eh >, L DRE
EHOBERIFHS M T EWD, FHLRORIIERE FIF3
TdIciE, REOIVHEAZMHT S L, LA
WS+ #2217 > CTBEKED ROV LK EIES C
E, HLBEREEORICKREZECERNT &, LUK
DRz, WRER ST EHICHET ARENDH S (RIS
5, 2002, 2004) .
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Table 8. Effect of rootstocks on fruit quality of ‘Sansa’, ‘Senshu’, ‘Hokuto’ and ‘Orin’ in the national trial, averaged for 1994 and 1995.

Cultivar Rootstock Location Fruit weight Uqurm;ty of Coloring firFrlnBI?(I;lss SOlcl:lcl)jllqetg?lltlds I\/Iczg;ft:ﬂd
genotype (® fruit size (Ibs) (Brix, %) (2/100m})
Sansa M 1 Yamagata 219 Medium Good 15.1 15.0 0.29
oo Ashikawa 253 Medium _ Medium 115 142 036
M7 Fukushima 236 Medium Medium 11.0 139 0.30
oo, Ashikawa 248 Medium  Medium 113 137 037
M8 Yamagata 270 Medium Good 14.8 14.7 0.33
oo Ashikawa 254 Medium _ Medium 113 137 . ...040
M.9EMLA  Yamagata 255 Medium Good 14.7 14.5 0.33
oo fukushima 235 Medium __  Medium 124 182 ....034
M.26EMLA  Yamagata 253 Medium Medium 14.9 14.5 0.33
Fukushima 253 Medium Medium 120 13.3 0.34
Ishikawa 269 Medium Medium 11.5 13.6 0.36
Senshu M1 Miyagi 222 Medium Medium 15.6 14.2 0.43
e Nagano 298 Good _  Medium 142 146 032
M7 Miyagi 225 Medium Medium 153 14.2 0.46
Akita 308 Medium Medium 13.5 14.0 0.44
veeeoooeooNagano 313 Slightlygood Poor 135 139 ...035
JM 8 Akita 270 Medium Medium 14.9 14.0 0.45
oo Nagano 300 ___Slightly good Good 139 144 032
Mz26  Akita 243 Medium ____ Slightlygood 135 138 ...036
M.26EMLA  Miyagi 221 Medium Medium 15.2 14.4 0.40
Nagano 285 Medium Medium 14.6 15.0 0.33
Hokuto  JM7 Fukushima 459 Medium Slightly good 11.2 13.8 0.31
M.9EMLA  Fukushima 449 Medium Medium 11.2 13.0 0.32
M.26EMLA  Fukushima 436 Medium Medium 10.0 13.5 0.29
Orin M1 Iwate (Kitakami) 357 Medium - 15.5 15.2 0.19
M7 Iwate (Kitakami) 339 Medium - 15.8 15.1 0.25
JM 8 Iwate (Kitakami) 326 Medium - 15.5 14.8 0.23
M.26 Iwate (Kitakami) 339 - 16.2 15.6 0.21

Y rdobuEaARR, HEEOERDE S HFIAM
HMOEBICHE RS2, BAENELE51Z ER-HVE
LRIV EMBNTNS (BES, 1981) . °J
M1 J M7 TERRRZEANED SN TS &
5 (MH5, 2002) , #iEEEAEIZ20~30 cmZz 4%
HEiC, HHOMKE, BAROEE, FARMEORZA DS
PFEZMEL TREZEL, MIBTEMET 208N D 5.

— IV Y IDDOWEERDIRIZEBNEL, FRRAI
MEATEZELRTV (LE, 1984) . “JM1'&]
M7 &HEEZZIIRTV ENEHEINTEDY, Hx
AIWEOZVEMTIE, HEP N v I 2HOTEH X
AIDEREERMRS T L LB, SREF| ORI 6 H
&M B DIZABGIER R Z# U 2085 5.

WA, AFRO—-FEMT JM7 SR HAMICE
BB RIEIR DR AEDNER S NN ONF S,
2006) , EEICKBED L RMBENTVS (TS,
2007) . T, HIERLEOEMRMND 2 FITIE,
FRAIOBFEDO TR R 2 C 20BN D 5.

HIARDERIC S 72> T, BHEOM.9S'M.26 72 FIlH

LTeDWERES DG LIRIBIC, #URBIIED 72 DA
WETHB.

m =

1. JM1, “JMTEBXCIM8'IE, WIh&1972
~19754FICRIVINAA R A IS MO 38k L
THELNEHERMOELEINZY Y dDDWES
AKEFETH D, 19844FEIC—JUEKE N, 19854FEMD
50 IBRREN 15, U IERENM 75, U
Y OdBEAREN 8 5 DRKATY ¥ dEARE—HIHRMK

IS HERGE BRI (R E NI, T OREE, 199648
H2IANITOATEME IS TM L, b ATEMN

BI0OF IMT7', DATEMKELI1IE ] M8 Lt
I Nz, iz, 199949A21 HfH THERFSH
74435, HT444%5, H7445%5 L U TR AL TG
Nz,

2. JM 1 ORFEEERMT 4 H ), BIENE 5
UL ZERRAD 5 AhA], REOKZINEE 9 Ak
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THITH2. RFEIRMAET, 25gfE & M/NE L.
IMTOFRFIT 4 A A, BEHE ST LD 13
IFEEEE 5 A M), REORAIZ 10 Lrff)
ThHs. REIMHET, 27glE LBV, JM
8 OFLIIT 4 ApA], B{EMIZ ST KD 3 HIEE
W5 AA), REOKZIAE I AT TR THS. R
FIIEME T, 25gELM/NE V. W o sfEc
BOTEREMIEAL, BEZL, BEIEOT, WDT
FERDER S, BERND B D ERITIEE S R
3. WINOMEEE RIS UIc X 2 BN ATHET,
LARICE > TRAELHRIZENL L, EBERIFT,
UARMLEICHEARE LT TR K E T DEARICHKE
T3, JM1'E& ]MT7 Ok GRS, ]
M8W&4%. VrydURLY, 7owray hED
FEYRHREICN LTSI EET 5. UL, @R
T AIVAD S BACLSVICH L TIE ] M 1 IEZHET
HBDT, FEMPETHS. WITNOMMEEFHR R
SORFEEZIIRDTVCT ENERHEINTED, HEN
LR EH L2080 H 5.
4. BARELUTHHLESGA, WINEMIEMLA LD
RRDOUWMEEDRNDWEERTH S EHESH, &
BEEEL, 2INEOEmZ/RUZ. WINORES
AR, OB ZORERFDEV. £, SUDR
KB hdl, FAMEEHEENES <, e
DENTZRIENEEINS.

IMEOFTIE, JM1DREDWLRENN S
<, FARSFEICHZOMOVEIEEZ WS 5]
MI'DBERELTHELTWVS. ] M7 3 UARZSM
WEST, EFESIPREMEMENTVS.

5. JM1, ‘JMT7, ‘JM8 IEFbWiERDOFIHMN
AMREZRRE OV > I ICHE U, BIERHEINT
WABMIRM26ICRb Y, SHRILSERT R LN
WfEsh 3.
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Fig.2. Growing shoots of JM 1", JM 7" and ‘JM 8.

M7
Fig.3. Leavesof JM 1, JM 7" and ‘JM 8'.
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M7 M 8

Fig.4. Fruitsof JM 1', JM 7" and ‘JM 8'.
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SR 71 X Iy DYNCE A9 B Trissolcus plautiae D
HE & BHHRE T B IRE DR

ShilidtE - =S

ISIATBUEN 3 - BAPERBANFS ST FThses
RABHITFEAT R & BT T — L
305-8605 FIIERD IFTREAR 2 — 1

Effect of Temperature on the Life History
of Trissolcus plautiae (Hymenoptera: Scelionidae),
an Egg-parasitoid Wasp of the Fruit-piercing
Stink Bugs (Heteroptera: Pentatomidae)

Masatoshi Tovama, Koji MisHIRO

Entomology Research Team, National Institute of
Fruit Tree Science, National Agriculture and Food
Research Organization
Tsukuba, Ibaraki 305-8605, Japan

Summary

The effects of 7 constant temperatures, ranging from 15 to 32°C, on the development and
fecundity of Torissolcsu plautiae, were determined. The fruit-piercing stink bug, Plautia stali was
used as the host. At 15°C, progenies completed their development to adulthood, but few adults
succeeded in emerging from the host eggshells. Males and females successfully developed and
emerged over the temperature range 18 to 32°C. The developmental zero temperatures and
effective cumulative temperatures estimated in this favorable range were 12.3°C and 145.7
degree-days for males and 12.4°C and 171.8 degree-days for females. These values indicate that
the parasitoid has the potential to produce 9-10 generations annually. The developmental rate
of the ovary increased with increasing temperature, but no effect of temperature was found on
fecundity. A simple method for estimating the impact of global warming predicts that the number
of generation would increase by 1.4 annually with each rise of 1°C in average annual temperature.
These results suggest that global warming might be advantageous for this parasitoid.

Key words: Scelionidae, Trissolcus plautiae, Plautia stali, Halyomorpha halys, development,
temperature, global warming
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BRI INET 2 R LY O 45 B LS
(HAISHE R RS, 2006), FRCF v /N T 4 h
ALY Plautia stali i3FEBH 2L, WHAZFROICTZ
UleUREREHEZH L TCE CGEE, 1980).

FyNRT AN ALVEEICIIMTHEEL, A2
DOWHIIC B RIS T 5. T, FARICED
ZHEARZEBEBRIGEE L <, PRI SEHLN)VTOML
EIENBAT DB RO 5B, LnL, BERS
SRAHATIEEFIC L > THERRICE > TEAHENAE
<, BAREOHFAHEE SN TEk.

O ULkiEh, AALVEEZHET 255, &0
IR T AT LOFEZ BEIC, 2REDA L=
A LR RBRANDRRET RIS DOV THZENHED 5N T
Xt (&R, 1997). Hrc, AEO(MATEHIEEICRIL T
W, AFPe /TRl RS HEMBRROMEE & F
4 & ORNTEWVHBEN R E N 575 L, BREEN AR
DEREEZIET 5 RE BEEZKFTH 2 EHIAD
a0 DODH% UhHS, 1982; ILHS, 1991 ; g,
2001).

—7, RKEEOEICEEREMLADNTE R (EA,
1997). & Th, F¥/3x2~<d7 a/NF Trissolcus
plautiae (Watanabe) (3iEEKEE LTHRINSTE
HXNTX7 (Ohno, 1987). ARFIEF v /N7 A4 H
ALYRTYFN ALY DINEET LT % HEEMEINE
BT, FERIIRIC 0% EBA S E (UM - =IF,
1979 5 /NH S, 1980), 71 A L ARRRED B2 i
W& UT, EYRIBARREM & LTORASRFENT
W5 (%% - B3, 2004).

KEBFADBERERFMERTMICER U Tld, FEARGE > BEHARE
FIREDOBAHRIH OB M 5, BT 240G EIC DN
TREELEOMBZREFASHICLTE LENDS. iz,
FHORERBCRREROREN, FEWMEOZE(L Eh
BRIRBE (L O ENEE I NS 5D, KEGEDOREIS T
BRIGE MR E UTEHET 2080 %H % (Kiritan,
2006).

UL, A A LIBOINZEARE, nELOR
AL ETFEEOM L ST (Austin et al, 2005),
FOREMIGR LT - R EOWHELH O, ARICD
WTEAETFROFEFHORRIE AN TV
V. T T, AT, FEOLEMEZHETIL, §
BHESEENET LT LICLD, Fyn\Rxzxdran
FOFREREIH T ZIREDOZEZIHS ML, A
OBEMHAEEHEE T % L LB, XURIEELOFE
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it Uiz,

AT ABITHNT D, REOFEREICEL TIREW
W TUNK AR E S S A0, R IF R LEMIC
I L TR w it RAETRICHEH# T 2. &b,
AWZed () 3 - BapESERARHE G I TR E = 2L
fHe7my =7 MgE TESEAEICB T 2 I
3o TRIRIE LE ISR RN OFIFE ) DOBIIC X D 1Thbn
7z.

MHE L UHZE

1. fHilH

ERICHWzFy A xxz2xdranNF (LUF, NF
Emgd) &, BT (R D <& 36.02°N,
140.05°E) TERFABTIN TV AR RKEL DG, Thn
5% 2004 5 2008 FIC R BT CF v /N T A
T ALTRTYF I ALY O & FRE U T ffik7% &
LT, 1 VEOMEE BIRICHEL LT2 SRR T, Fy /3w 74
F R LVIREHETIC, 23°C, 16L8D THEFE N TV 5,
HKERCTIZ, TDIHIB 10 FRMNE TV ELITERATZRE
fHEt L7z,

8B, HEBRIRUTEHERICHOW ZF v\ T A I XL
T (DUF, AALTENET) OME, ST THREE L,
RAREABTENTVBERIFEL O ET-.

2. REICHT B REDRE

15, 18, 21, 24, 27, 30, 32°C (\wI'1d 16L8D)
DOHEMEREM FICBNT, NFOREHEE IHERZHR
~NTz.

FKEICHW =g A nE, ek (FIuh S
%) 5~ 7 HlnONF MR HRIC 7 A L §pdi e 23°C 42
PHERMEC ARG 2 5 T LI X D187z, ARREIE KRR
UUANEEI, ZREUNAMEIC oMb B MIREBRE RS, BE
M KT B T O E A = { MR 728 K,
1987), WEIIBIRREMEC FESN E Bz EoN 5, [
WERR Rl & AR AR ML PEDN & B T 2 Ao 5157z,

W NF 2[R Uz A LV BRE, EiRDiRESM
OE UTe S HIRARPICINBRHLAT TINA L7z, fIEICIEE
WSO/ N 2T 2ml <A 7 0F 2 —7 (AE
10mm, B& 40mm) ZfH L7z, Sz ANn/zF 2
— 73Kk ANTZRERE —HEIC ) a2y FUED
i (245 X 17 X 8cm) WICIEZ, FHOEIC/N &R
BT EICKDEER 50 ~T0%ICHERF LTz, £z, #
WICIFIRE R 2 3%E U, SRR OISR E D RE
MEXD 0.5°C ZHA TEH LIHAICE, 2TOIR
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EOHRD SR Uz

FIRE I B TIID SR U 7o F iz i HEd
BRLTe. NFOPUERHO =25 28/ ZBET
A LVHHENFRHEDIH S H 5N iah o 78D
WX, fREID S ZIMRNTIEL LTV ANF R (L
T, 3ETEH O R LE. —75, NFOIIH BN
R TOCEERICHET 5 2 LIZWEETH
D, NFRREDZWIEHALVYEMERI N o7z
g, ETHERIIEC AR LTz, £z, HALTYHR
MR NI ARZFEINE BT L, TNEEZTUIHE
BETHFHEDN SR LIz, cheoBEic kb, I
bR GECE O R Z EFTPUEERE 71 A LBl
MHERE NN Z R D X 100 & L THRIIE N
W, FORUCITFEDSNOER TIELE L IzInhE2ix
DEBEEN, PULRIZOOME/NGTL & 75 o 7z rlHEMED
H5. I, PUCICHR U T8RO —EIE DR Y
Kizholztz9, Wiz LD TR ZRD .

REBNBLUAMBEEREDOHEHICH 2> TiX, fil
FIREDOEZ DB % 3213 { » Ikemoto and Takai
(2000) DFEIHEW, FEHE(D) & (T) OfF (DT)
IZDWTHE HEUD) Z AU AR 21T - Te.

3. HIERENICHT B REDRE

18, 24, 30°C (W91 & 16L8D) THHE LT
MERL RIS DWT, PHERR OISR & eI Fi Tz,

FLBRIT IR D IR T S Nl R D — 2 HIw,
PUEE, ThZNDRE LIRERME IR CiRER
WA Lle< A 70 o —7 CTlAEEE L. Pz
2 Him, 6 Hifn, 10 H#nCT# 10 IL2figHL, XFL»
TI—THREO U TA%, IIENORFIN 25 LTz, X,

BIREX DM DWT, PUER 7 ~ 13 HilmE TEH A
ALz 158 (10~ 1589), 14 HEmPARFIE 1 H
MFRTIEC T2 X T 12 G5 Lz, 20D, 25°C
T 20 HYA L7287, ThEDINTHERE L 72/ TF O
HE (i, JECLORRZEZE) 28 LICKMEDEINEL
ZHEOE LTz, &3, NTFEA X LVHRE R D
SN, EIIOF NS 5 EAHRE VD,
DR DSERI LTz,

wm R

1. REICHT S REDHE

FIRE N TONFOPLE% Table 1 1”7z WT
NOMEFMF FTEIULRAKIE 80%BLL L& @mh -7
Y, 15°C TIEPUEMEADII 90 % WIEC & D B H7Z - 7z,
21°C &£ 30°CICHBVTEHIET E D AR L < BI%E
N, RREREREHSREM o7, —75, 32°C Tl
WETEORHEIRIZEAERLNT, BIRICK B MEEZGR
DBIFIEL TN ST

NFDPFUEHRED S Niah o IOV TR, »WIh
DI N TEHTE, OB TOIECHBITHERE S N
M, KRPICOWTRIECEAZHERR T 2 T L WHEkE D
o7z,

FREEM N THEMEN L E CICB LI REHEZ
Table 2 IcR L7, TNHREHE D) LiREE (D ©
B DD IKDOWTHEHE (D) & DOBFRZEENH
5Nz 15°C ZFk< 18°C ~ 32°C DI CHE# 4T L,
HKEFMBLOAMBEEREZHEE Lz (Table 3). &
ERB () &, HEENTHICDWTE 0.99 DLETHl
HTE Tz,

Table 1. Percentages of emerged adults, dead adults inside host eggshells, and failures to develop to adulthood
of T. plautiae reared at various temperatures in eggs of P. stali

Temperature % Dead adults % failures to
}()°C) N % Emerged adults inside eggshells develop
15 171 9.4 ( 16)* 87.1 (149) 35( 6)
18 359 85.8 (308) 19( 7 12.3 ( 44)
21 140 70.7 ( 99) 17.1 ( 24) 12.1 ( 17)
24 308 87.7 (270) 1.3( 4) 11.0 ( 34)
27 282 95.4 (269) 07( 2 39(11)
30 249 68.7 (171) 13.3 ( 33) 18.1 ( 45)
32 252 83.7 (211) 03( 1) 15.9 ( 40)

” Actual numbers are shown in parentheses.



20 AT AR

#1145 2010

Table 2. Developmental periods (oviposition to adult emergence) of T. plautiae reared at various temperatures in

eggs of P. stali

Temperature (°C) Male Female
N Mean =+ SD (days) N Mean =+ SD (days)

15 —

18 47 25.94 +1.43 127 30.33 = 1.05
21 67 16.70 = 1.76 40 20.33 = 1.31
24 184 12.42 £ 0.68 98 1436 £ 0.71
27 102 9.50 £ 0.67 167 11.23 = 0.69
30 58 8.50 = 0.66 108 9.82 + 0.64
32 31 755+ 051 180 9.01 £ 0.58

2. HEIERENICH T BREDRE

FRETHE LI ROIUERIC B 20N ORE
K7 Table 4 IR U7z, BNELN O P BEAINEIT 0 L
TUtEES BN KLz & T A (df=8, F=22.94,
p<0.001), & & (df=2, F=26.14, p<0.001) & H
iy (df=2, F=63.25, p<0.001) ICHELZNENRD S
N, KEFRICOVWTIEAERZREIBD NG ->T
(df=4, F=0.37, NS). BHEICBVWTREM T HLL
¢ (Tukey-Kramer ® HSD #ii&, 5%/K#) Zi7->7z&
T A, 2 HHMET 30°C I 24°C, 18°C L DIcZh
FNHEEEAMRH I Nz, [k, 6 HE T 30°C &
18°C, 10 HHTIX 30°CIic, 24°C, 18°C L DI TH
AP E NI, TNHORENS, TIENORKFAINEL
I & Hilc k7 L CIENd 2 2 EABHS MR o 7.

1 MY 0 PRI EIE, WINOIREX TE 100
YiABZ 7z (Table 4). TN SRRFEIIEUCH L CiREAR
RSB 2T o128 T 5, IREDOREBIZIRDON
hote (df=2, F=0.5, NS).

z =

F ¥y N EZIIT7OaNFDFREIZ, 15°C TIETED
BHROFERNE L ml ko &b, REMNE R
FRIREMN 15 ~ 18°Clcd % LI NS, AT
EHEICREIRIRE L O S S 2R EN R R % 5
BB Y, o Scelionidae FrD 2 < I 7 T /NFTH A
BMGBENHREEN TS (Yeargan, 1980). b
WKIBEERIL IR SNGEh o2 &b, RBRELT
X, FHEOINEZEW 2 2D 10 kiEEEzZ5 5 niawn
Y, PUERITRIRIC X 2 X0 H - 2 AlREMED & .

—F, @IROEBIZOWTIE, DX I 70N

FT 30°C LA ETOPULRIK R REBEDIRE SN T
W3 (Bl 21X, Yeargan, 1980 ; James and Warren,
1991). LML, ARETIE30°C TRRIETH D B
Ml xozb DD, 32°C TEPE - BithRE @<,
FRERLEERDONIZh o= &b, 32°C £ THil
ICXBHBEEEIRNE D EHERINS.

723, 21°C & 30°C THEC & D BN 10% 2 8 2,
RRELE ST, WITNEREZORENX TIEHI >
e <, FRIREARAZ 5 7z, OB X O 5 AR K
EL BB EE, HFEPHGEEDOHRELEZ LN, il
FfiOBROBEMN S G, FHREHNRDS5NS.

AFEOREFRREAMERIREICDONT, 7¥FH A
L% E L LTz Arakawa and Namura (2002) 1< &
T, FEEMME» DA D EL (27.5°C Tl 20.4
+1.2), MEICHITEZREHRED LALEPHTDHS.
TS, BEFAIIHET9.8°C, MiT 10.8°C, A&
RSN T 2300 HE, MT2374HEE, 5
OHEMHE (Table 3) & DRNCKEZIEZOMNALNS.

COMBELT, UEDICHLEDEWLNEITSNS.
KL2OW7ETE, HURMZM > THEICHT 55D
BRI T A, VY FHALVINZEFEE LIS
BICHEMENPONEL RS T PRI NTVS U
th, K¥ER). HE5OTF—XTEILTE O HER UFT
DRCZFTL) Wiz Eh (29.2~628%) THD
I, AMICBF B 7Y FHh ALY OF LM F v
INAT A ALV LTRREE5 LK, T Lk
MEDFENDFEEBINCE KL T B AREEDH 5. 5
%, AHOFEREZHSMCTZ ETE, JYFHA
LIUNDOFEMIICDWT, FyN\RT A ALY Xttt
LD, sHliZH M LTV BRENH .

KEF (1987) &, PULEZROHEG RS2 RE LT
B59, AMEOINEREEHKIZERNNANETH S & EEL
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LTW3. SRIOEBRERIE, 5 L0 IC
ENEET L ERRLTWVS. —J, RIEIEICD
WTIRIREDRZIIFRD S Nah - o KX FFHX T,
FEINZ2 5 2 1R % Hig2ul 7z 5.2 5 MiRE Sl X DA
FEINEINZE DS T EBIER L TV AN, TDT &iddEin
W GEINGE) LONFEERE) LT L OMBHE (F
R LONT VARSI EA I NS T L2
W9 5. SlEOIEERTIE, BE ERIC X0 EI#EHED F
MBRICEMDET, FIL CTzEIEIEMmE A SN
BT ED, HYz0 15i8EH 5 2 HIC 1 IR
DG T, BET 2 KPEINRE ) 23Tl S 5 I iE A+
RE-STONE LNEN. HHICHEIITE 2RE T
IRFEFFIN AT UL, R EF & & EITKRIEINEU Y
md3EEEEH%. L, REORETIE, &RE4F
BB ECEEEHNT Y NRT AN A LYR I ES
X LY DFESIRITH % B O—R & RTIE, &1 HipH
EPNAFOTFERRIIERICRENTE D, ZDFEN
REMREICE B2 T HRICHESNS T LIdEd
TVEHEREINS.

SRR N MORER R EAMMEREN S, K
WIRD < IXHIC B B AFOEM R E A FHETHER 5
~ 10 HO%uE (1586 HfE) THiEd 2L, 9~ 101
Rexs. EEOMRBUIFHEZHORKEZ VA X LT

EICR B IND 120, B < E THBEMICATRE&R
REELTEZZNZEDN, F£1~2HRTh 3R
B A LTFICHARTHED 2V, £z, 1 MEDFERS
508 100 L ETH D, Ktk L TOBTERESI D=
IWIDDRB. Stk T HIAEERS X CEAEHRE
B9 2 5EM7R 7T — 2 DEM L TR TH 5.

LT AT, WHERMBEE > TV S HERERLIE, EHR
BOREAERBICEZREEEZRITT EEZLNTVS
(Kiritani, 2006). T 9 U7z OfiHaaMii ik e L
T, Yamamura and Kiritani (1998) &, HEZ M &H
SRR 72 i - 7RO B E L2 R L T
W3, AICCOAZ#EHT 2 L, BEDOFEEEXIR
15°C ¥ 1°C FRT B Lic, £Hz0# 1.4 R
REGEMDBAEND. Fiz, 32°C TEERMENE
HHENE-STT D, FE L BHEO M TXUEDIRE
BIEAFEBOELEIC 7S @ T N FREIN5S.

T L, RIBEDRB A X LV HICG X 508
WKOWTWRBERETTH 2D, BICHENH 51 %
ZInE 9 % Pentatomidae D7 A LT EZSBEICT %
&, 1°C T 0.5 IR EE ORI FA X NS (Kiritani,
2006). CoZ s, HRBDOEMNOBEN S, H
BRI LIS E YIS A I G FNCE < & D & 48
Ths.

Table 3. Liner regression equations, developmental zero temperatures (), and effective cumulative temperatures (k)

for T. plautiae reared in eggs of P. stali

Sex Linear regression equation * p r’ t (°C) k (degree-days)
Female DT=171.80+12.35D p<0.001 r’=0.997 12.35 171.80
Male DT=145.73+12.34D p<0.001 r’=0.998 12.34 145.73

” Linear regression analyses were applied to developmental data in the range 18 to 32°C. D: developmental
period; T: temperature.

Table 4. Matured eggs in ovary and the total number of laid eggs of T. plautiae reared at various temperatures in

eggs of P, stali
Matured eggs in ovary
Temperature(°C) Total of laid eggs
Day 2 * Day 6 ™ Day 10 ™
18 222+ 16(Mm=100a  33.6 + 1.9(10) a 359+ 2.1(8) a 108.0 + 8.1(11)
24 23411609 a 37.9 £ 1.9(10) ab 40.4 + 1.8(10) a 1122 £ 8.1(11)
30 314+ 1.6(10)b 435+ 1.9(10) b 48.1 = 1.8(10) b 100.8 £ 7.8(12)

* Days after adult emergence.

¥ Values followed by different letters are significantly different (Tukey-Kramer HSD test).
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UL L5, RIE(EOTEIFEETLEIOIED, 4
iy, ZFIECR, BI) - Dz EOTTHIPE, 51
B-PiristE & DRIfRZ /T L IR E L EZ 5N 5.
BRI DA% & - TRURRE(LOREN K2 1 O
FREHES 5. BEROMEARFBIREIC N 2 REAMN LR
BIIOWTE, ML DEEICHT 208 ZHLMCT S
L, JWHEOMRZ ZO RGN ERDHEAR
AIRTHB.

Hm

F o N T AN ALY ONEFLEEF vy NI 2<dI o0
NFIZDNT, HEBXCBIHRE I 2 IRE DO
& 15°C A5 32°C OHiH TNz, WINORE T
EPMEEBEERIE 80% U L&A o7z, 15°C TEZ
DF) 90 % W ZFEINRAN TIEL T ZIECE O T, KIED
WOEENRED SN, —J, 32°C D@EIRSN ik
W, PHERETOREIEBILIZASNT, @bk
mbENIEhol. iz, 21°C &£ 30°C TH 10% 7z
ZABETE OHOBRINTD, BRI ETEEh >
7z, 18°C 5 32°C O F— X THEE LIS 5 Pk
FTOREBERBIOEMHEERE, #T12.35°C
L 171.80 HE, T 12.34°C & 14573 HETH > 7=.
FHRRE TR L TIE, BED @< B L UNHOFEEHE
WELTRD T EWREINTD, BEINEICOWTIHIRE
DFBIMHE N ol MORER S AIRHIR
g5, 5~ 10 AR TAROHREEHEE Lz &
T3, TIRED IEHITBOTIZAEIC 9 ~ 10 HCERE
W BAREMA R E N, FTe, REFL L AREER
ERE- 52 > CREBtORE R Lz & T
A, KiaM 1°C FRT % elcAREO RN ED
7208 1.4 RT3 LHEEI N .
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New Grape Cultivar 'Oriental Star’

Masahiko Yamapa, Akihiko Sato, Hiroyasu Yamang, Nobuyuki HiRakawa,
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National Institute of Fruit Tree Science, Grape and Persimmon Research Team
National Agriculture and Food Research Organization
Akitsu, Higashihiroshima, Hiroshima 739-2494, Japan

Summary

'Oriental Star' is a diploid table grape cultivar derived from V. labruscana Bailey and V. vinifera
L. released by National Institute of Fruit Tree Science (NIFTS) in Japan. It has large purple berries,
crisp flesh texture, high soluble solids concentration and low acidity. Its seedless berries can be
commercially produced by applying gibberellic acid treatment to flower and fruit clusters in full
bloom and 10 to 15 days after full bloom, respectively. It is sensitive to anthracnose and downy
mildew.
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‘Oriental Star' resulted from a cross of Akitsu-21 and 'Ruby Okuyama' (V. vinifera) made in 1989.
Akitsu-21 is a hybrid of 'Steuben' (V. labruscana) X '"Muscat of Alexandria' (V. vinifera). The original
vine was primarily selected in 1997 in a NIFTS vineyard at Akitsu, and was tested as selection
Akitsu-24 in 33 locations in 30 prefectures under the Ninth Grape Selection National Trial initiated
in 1999. It was ultimately selected, and released as 'Oriental Star' in 2004, and registered as No.
14,914 under the Plant Variety Protection and Seed Act of Japan in 2007.

The 'Oriental Star' fruit ripens in late August in Akitsu. Its ripening time was 8 days and 4 days
later than 'Kyoho' and 'Neo-muscat', respectively, in the national trial. Berry weight averaged 10.7 g
and 12.4 g in seeded and seedless fruit production in Akitsu, respectively. The berry has a neutral
flavor, and crispy and juicy flesh. Soluble solids concentration and titratable acidity averaged
around 19% and 0.4 g/100 mL, respectively. Acidity is significantly less than that of 'Kyoho'.
Astringency is not sensed. Like 'Kyoho', cracking of the berry skin is unlikely to occur. Shattering of
berries from clusters at full maturity is less than that of 'Kyoho'. The berry skin can slip, although
not as easily as that of 'Delaware’. Its shelf life is longer than that of 'Kyoho'.

The 'Oriental Star' vine is vigorous and seems to have cold hardiness comparable to 'Kyoho'.
Berry set is easy irrespective of the vigor of bearing shoots in seeded fruit production. Flower
clusters should be trimmed and berries thinned to obtain attractive fruit clusters, as is the case for
most commercial cultivars in Japan. The time taken to trim flower clusters and to thin berries are

not longer than those for 'Kyoho'.

Key words: crisp texture, diploid, interspecific hybid, large berry, table grape

ﬁ

7 R (Vitis spp.) IC3Z L OEMNH B M, HHET
FITHEE - HEINTWVWE T RYREINT R (Vitis
vinifera L) THh%. EREINTVIEUNT K hfEio
Z I H A CHFHFIREDA Y T2 ) ARHCEL (2
R=8=)b, 1970 ; /bR, 1990), AR (BAHTIn
IV THWRE (crisp texture) ZFFDE DM
(Sato * Yamada, 2003).

N7 R 7138 & & ROV RO ERE O & I
IGLTED, BROZWEETIIRE - HREENZFEL
THRIENNETH 2. WINADILKRANDBEFEIHE > T
JERICEN T RO MNBA I NTH, M TIEZM, dt
HTIHKIRICGBE S 5 EDORENH O, JCKEFEERD
RS OFEH X 72 ACKIF ERE & WUN T R & O3
KKK D ZLDOMENRER S NIz UMK, 1978). kb
LMW S NI ALK EPERRIZ V. Jabrusca L. TH D,
V. labrusca \Z U7z Rtk 2 R D@D —FE L TKET R
7 (V. labruscana Bailey) &7 fHENTW2% (Bailey -
Bailey, 1930 ; /IMk, 1978).

BEROZVHARTE, AL, £ < OfEN A,

SEAINIED, W7 R oOREHIEHEL <, JL NS
ENFZDIEKET Ry FETH -T2, KET Fod—fi
il - TZEPED R, HR LIS W edFIHE LT
WA, BUR (AIuc <) ORETHD, Tr TV
—FHEFHOLDOHZL (Sato et al, 1997). Fiz, FUN
TR EHAR, —fRIC, EELRTWVLDY, REH/NE
<, HEBMEL, Bk LW mENZ 0.

FIULT, FyANNT—=)—=", FATHIT Ik
EDXKET R fED, EFEICES £ THAROTZERRR
mFETH O, KIS TTU 271X 1960 FERLEE, I
LY IS K > TIRK LR ST s, Thb
OIS B FHEITME 30 M L, ZD4E
& U7z,

—H, KET R LW T R DORMETH 5 HIE,
A= G EDONE AR MEOEENER L. B
I 1% 1960 FER‘BF X D EFENILAL, BHE, HART
REZHTBEIN TS (BMKEARERTE, 2006).
LHL, ‘Eig & 2000 iz ¥ — 71 R AFED i
WNFBE k> Tz. Tz, HEZ—XDEHHNINLY
AR KA MEREEN L E> TE. "HiIE OR
B FREEME (BB E] D 0T EHUR (AR ETD I W)
OHETHY, EA—% ORER EIB IEW. Th
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5DOMBEORNE IS I ZKE 7 RN SEUN T R i
FDONTWVDB LWV BN TE S,

5%, HARICBT ST RUEEEHER KT 2121,
ISR CIHE S OVEFICE 5 B RO E RN E T
5. EMKERSEERY (B I ITBOE N -
B ESERANFR OIS (ROTRENS) SR ZerT <
&, WONT R AR RO RO RN TRV AR & 75
HERAWKEAEDT, CORAWRNEEZREL, KTH
528, MRETEEAR G L, YL I X
DIHARIG T 2T EABEAZE L, KET
R EBNT R OMilic X3 EZEDTE (LUH
5, 2008). Fi, HRLAEVCT E, HEBM - <K
MoENZc &, PikiLicd W\ &, EAROENT &,
HOMEICOVWTRARICEOT ST L HIEE UTHE
Rafrofz. i, ANMELERL, MM EELTE,
{EREETE S 1T « FoRiH D2 VO ERS HiZ e
L7z

ZO/SE, TNOSOEMEEZNEDER L, A
71w MEEFRED ERORE Yy A <Ay bz
2003 fFICERK L7z (LS, 2008). chickix, B
EIRB X UNEIEEGIEZS 3D, BN T Ry ORE
ZRD, B LTV AROF M A Y T 2V A
R—"EBRLUIEDT, TTIIRETS.

B

AREFEOBERICHTZ D, RYOEISTERE 2 S <
NIRRT AR B DAL, BB TICZ R T
N72EE SN EAIRE, FHCHSEHHLRE O 7 4
WD SEFLF L BT 5. Rz, M D, TA)b
AT ) —ACALBR R ORISRy E Nz LB A, Ik
AMDB ISR DHEZ LT S.

B REB

FVZVEVAZ—"1F, TRULZHE21 5, K
KD 5RO T R TH 2 I E—F 7 ¥ < 25
LTHK UM TH % (Fig. 1). 7 FULEH21 5,
‘AF 12— (V. labruscana Bailey) & "< AF4wv bA
T7LFY Y RU T (V. vinifera L) O A5AMERED 3
IWEMTH D, 2RKRT, HARICET 5 FEREFICH
LTHAHREDMRMEZFD, WEABHENE TR EN
TW5.

J MK PE A SRR AR & =i S8 { R FE - 1996
£~ 2001 FiFFAAF - 7 KU, 2001 4~ 2004

Steuben
Akitsu-21 {
Muscat of Alexandria

Ruby Okuyama —— ltalia

Oriental Star

Fig.1. Pedigree of the 'Oriental Star' grape

FRIINT A TBOE N R SRR I TR A B 2 7 R -
HFWIFEER, 2004 4~ 2006 EIF AT ITEGE N B -
AR PE SE RN I SR S SE T 7 R« 1 -t
2%, 2006 FLURIE M A TBOE N - B8 PE RN
KA WIZERERITIZT Y R« ARl ic sy
T, 1989 FFICMEZTTY, 1990 fEICiEM - B, A
AT T LF 5B BARICkRIEE LIcDb, HkES
605-52 21 THHi (0.6 ~0.7m X 3m) ODFELL[HE
ICERE LTz, SRERHEREZ T TRk L, HE, 7
L 5BB BRI E L CTfkZER LIz, ZL T,
B 100 DFRMAZAS, BixZEBICEmL, fi
bz L CatE L, & SICRMEZ3Hm L 7=,

1997 #EIC—JU%HK L, 1999 KD 7 R4 5t 24
BORMGZ T TT RUE 9 [MRMOEG R E R
HEEl L, 30 #RENFIR 33 7 AT D [E A v Ak BRI 7 % B 1
BOTRMSEZME LTz, ZO8ER, 2004 4F 1 ADTHK
15 SR R AR TE - PR E A SR R R 2RI B
WCHTREER & U CGEY TH B L OfERETS 2.

T BIC, [A4E2 AICHIM#ES NI PR 15 4R R B
WFFEHEERRRIC BV THERIEZ TS T EMIRE T M,
MK ER IS i B ek GG 5 K ORI A I HE D < Wi
FRHFEA 1T o 72, 2004 45 9 AICEEMOKES O ihiE &
LT AV YRV AR—" bath, SESBEMK225L
BikEINiz. 7z, 2007 £ 3 AlICHEREICH DX, &
PRSI 14914 5L LTMEEERRE Nz

AN it et OD SRAFS B PP A R 7 S U 72 2 AR
HE87% Table 1 ISR L7z,

B ZEAnIC 31 5 BRGNS & Y HARIE DL RO &
BYTH UMEELE (1989 ~ 1996), (HHEZ (1989
~ 1993 ¥ & U 1996 ~ 2004), Kk — (1989 ~
1991), /ME#EER (1989 ~ 1990), EBEAE (1990
~ 2004), “FJIfE2Z (1991 ~ 1996), ‘A% 7% (1993
~ 1999), HEHE T (1996 ~ 1997), FHi3Ehn)y (2000
~ 2001), =8E1= (2001 ~ 2004), HAFEHHERL (2002
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Table 1. Institutes and their locations where the national trial of 'Oriental Star' was carried out, and culturing and

pruning methods in the trial.

: Y ) Pruning
Insitute (location) Culturing method method
Hokkaido Central Agr. Exp. Stn. (Naganuma, Yubari, Hokkaido) Pot culture in glasshouse Spur’

Aomori Pref. Agr. Forest. Res. Center, Apple Exp. Stn. (Kuroishi, Aomori)

Aomori Pref. Agr. Forest. Res. Center, Kennan Fruit Tree Res. Center (Gonohe, Aomori)

Horizontal-arm spur system in plastic house ~ Cane®
Horizontal-arm spur system in plastic house ~ Cane

Iwate Agr. Res. Center (Kitakami, Iwate) Trellis in open field Cane
Miyagi Pref. Agr. Hort. Res. Center (Natori, Miyagi) Trellis in open field Cane
Akita Fruit-tree Exp. Stn, Tenno Branch (Tenno, Akita) Trellis with tunnel covering” Cane
Yamagata Pref. Hort. Exp. Stn. (Sagae, Yamagata) Trellis in open field Cane
Ibaraki Agr. Center, Hort. Inst. (Iwama, Ibaraki) Trellis with tunnel covering Cane
Tochigi Pref. Agr. Exp. Stn. (Utsunomiya, Tochigi) Trellis in open field Cane
Tokyo Metro. Agr. Exp. Stn. (Tachikawa, Tokyo) Trellis in open field Cane
Kanagawa Pref. Agr. Res. Inst. (Hiratsuka, Kanagawa) Trellis in open field Cane
Yamanashi Fruit Tree Exp. Stn. (Yamanashi City, Yamanashi) Trellis in open field Cane
Nagano Fruit Tree Exp. Stn. (Suzaka, Nagano) Trellis in open field Cane
Nagano Chushin Agr. Exp. Stn. (Shiojiri, Nagano) Trellis in open field Cane
Niigata Agr. Res. Inst., Hort. Res. Center (Seiro, Niigata) Trellis in plastic house Cane
Toyama Agr. Res. Center, Fruit Tree Res. Stn. (Uozu, Toyama) Trellis in open field Cane
Ishikawa Agr. Res. Center, Sand Dune Agr. Exp. Stn. (Unoke, Ishikawa) Trellis with tunnel covering Cane
Aichi-ken Agr. Res. Center, Hort. Inst. (Nagakute, Aichi) Trellis in open field Cane
Mie Pref. Sci. Tech. Promotion Center, Agr. Res. Division (Iga, Mie) Trellis with tunnel covering Cane
Shiga Pref. Agr. Exp. Stn. Hort. Branch Stn. (Ritto, Shiga) Trellis with tunnel covering Spur
Osaka Pref. Agr. Forestry Res. Center (Habikino, Osaka) Trellis with tunnel covering Spur
Nara Pref. Agr. Exp. Stn., Nara Fruit Res. Center (Nishiyoshino, Gojo, Nara) Trellis with tunnel covering Cane
Tottori Hort. Exp. Stn. Hojo Branch (Hojo, Tottori) Trellis in plastic house Cane
Shimane Agr. Expt. Stn. (Izumo, Shimane) Trellis with tunnel covering Cane
Okayama Pref. Agr. Exp. Stn. (Sanyo, Okayama) Trellis with tunnel covering Spur
Hiroshima Pref. Agr. Res. Center (Akitsu, Hiroshima) Trellis with tunnel covering Spur
National Inst. Fruit Tree Sci., Dept. Grape Persimmon Res.(Akitsu, Hiroshima) Trellis with tunnel covering Cane
Yamaguchi Agr. Exp. Stn. (Yamaguchi City, Yamaguchi) Trellis in open field Cane
Tokushima Agr. Forest. Fisher. Tech. Support Center, Fruit Tree Res. Inst., Kenhoku Br. (Kamiita, Tokushima) ~Trellis in open field Spur
Kagawa Pref. Agr. Exp. Stn., Fuchu Branch (Fuchu, Sakaide, Kagawa) Trellis with tunnel covering Spur
Fukuoka Agr. Res. Center, Inst. Hort. (Chikushino, Fukuoka) Trellis with tunnel covering Spur
Kumamoto Agr. Res. Center Fruit Tree Inst. (Matsubase, Kumamoto) Trellis with tunnel covering Cane
Miyazaki Agr. Res. Inst. (Sadowara, Miyazaki) Trellis with tunnel covering Cane

“Name in 2003.
¥Spur-pruned cordon.
*One-year canes are usually cut back to more than five buds in winter.

W

plastic film. Plastic film is usually removed in July.

~2004), EIkEE - BT (VLA T7Y—1b),
HEFIERT « AR — (T A )V ARRE).
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Tunnel covering" includes partial covering of only a basal part of shoots (tunnel covering) and plastic house the side of which were not covered with

EL, B Ths.

EMEE L, FcEoAEMRER Uiz (7 L+
5BB' 5A) ICBIF B 4 FEMOHFETIE, AV 2L
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B EDEIIEETH oz (Table 2). FAEHAIL,
[AIRRIC 3 EERTFRE LTaAE SR, IR B EFT - T
Mibabs Uiz 7o o7 &0 11 HiEL, \UHTE
B U B X0 6 HiEL, ‘xA~A Ay b &iF
F AR TH > 7z (Table 2).

2) BREZ—IVEERE LIRS ERREEHICS
\F BHE1E - FIEN - R
1999 £~ 2003 4ED 5 4, Hi kDA = —



IS @ 7 RUgiiafEd Y T2 2V AR —

29

Table 2. Budbreak and full bloom date of 'Oriental Star' comapared with those of 'Delaware’, 'Kyoho', and 'Neo-muscat' at

NIFTS, Akitsu.”

Cultivar Budbreak date’ Full bloom date”

Oriental Star April 7 b" June 4 ¢

Delaware March 30 a May 24 a

Kyoho March 31 a May 29 b

Neo-muscat April 5 b June 5 ¢

Significance”

Among cultivars * ok
Among years NS

“One grapevine per cultivar with Teleki 5BB rootstock grown in open-field was used for evaluation. 'Delaware’ was
grown in seedless fruit production with gibberellic acid (GA) application to flower and fruit clusters before and after
blooming, and the other cultivars were grown in seeded fruit production without GA application.

¥ Average value for four years (2000-2003).
* Average value for three years (2001-2003).

" Mean separation using Fisher's protected LSD test at P=0.05.

“NS, * %, or * Nonsignificant at P=0.05, significant at P=0.01, or P=0.05, respectively, in analysis of variance whose

model is shown below.
Pi=p+G+Y +E

P; © the performance of the ith cultivar in the jth year; 4 : overall mean; G; : the effect of the jth cultivar; Y, : the effect

of the jth year; E; : residual.

IWHEEL, FHITEME L A LI Ay
ZOVAZ ="t 1 fiZ v, Tz TEgtiRds L
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BNV MUEET % C Ll X 0 LR Uz, |
e & 2A AN B IFERREE L.
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1999 I BT 2 ad oL AV > 2V A 2—
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RAAYy N B TEETH-T2. 28, FAANAY N
WDV T 2001 L, ch e Bix s (2001 4
44 RV, wWIhos Bl 7L F 5BB T
HoTz-.

AR AR B DWW TII IR L, S RERT O Lbig 217
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PR &9 3 2 B O EI M 211> 72, s ZZ EAY
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I K O EE L U TRt Lz,

EEE, BRCRIEOERERARR « RrPERE s B
FiiE GRMOKES RREAERYE, 1994) IS L7eh > CaF
fliL7z. CTHhuchnz, {ERMEEBICET 55701 (KR @
iz, Tov L7 2 TR, Fry N7 —y—
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Zl1Z] &L, Td] ~ T2 O4BRETHML 7.
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Table 3. Characteristics of 'Oriental Star' comapared with those of 'Delaware’, 'Kyoho', and 'Neo-muscat' at NIFTS, Akitsu (1999-2003)."

Vine Time taken Time taken Harvest Fruit skin Bunch Berry Fruit Berry skin Shatter of berries
Cultivar vigor to trim Berry set* to thin date color weight  weight cluster crarcykin . from clusters
8 flower cluster” berries” (@ (@ filling S atful maturity"
Oriental Star Vigorous Short Easy Short Aug. 27 bc! Purple 434 102¢ Medium None Medium
Delaware l\{ggg;gtfsly Very short Easy Medium Aug. 7a  Red-brown 187 21a High None Medium
Kyoho Vigorous Medium Medium Short Aug. 23 b Black 461 13.3d Medium None Easy
Neo-muscat ~ Vigorous Long Easy Long Aug.30c  Yellow-green 389 6.7b Medium  None ~Medium  Medium
Significance®
Among cultivars * ok * %
Among years * %k * %k

“One grapevine per cultivar with 'Teleki 5BB' rootstock was grown with long-cane pruning, and evaluated. Only 'Oriental Star' grapevine was given tunnel
plastic covering on horizontal trellises in order to protect vines from rain. The other cultivars were grown on horizontal trellises in open field. Vine age
was five years old in 'Oriental Star' and 'Delaware’, 12 years old in 'Kyoho', in 1999. For 'Neo-muscat', seven-year-old vine in 1999 and four-year-old vine
in 2001 was used for the 1999-2000 and 2001-2003 evaluation, respectively. 'Delaware’ was grown in seedless fruit production with 100ppm gibberellic
acid (GA) application to flower and fruit clusters before and after blooming, and the other cultivars were grown in seeded fruit production without GA
application.

¥ Classified into four classes: Very short (standard cultivar: Delaware in seedless fruit production); Short (Campbell Early in seeded fruit production); Medium
(Kyoho in seeded fruit production); Long (Neo-muscat in seeded fruit production, Pione in seedless fruit production).

* Classified into three classes: Easy (standard cultivar: Steuben); Medium (Kyoho and Muscat Bailey A); Difficult (Aki Queen and Pione).

" Classified into four classes: Very short; Short (standard cultivar: Kyoho in seeded fruit production); Medium; Long (Neo-muscat in seeded fruit production).

* Classified into five classes: None (Percent cracked berries: 0 ~ 5%); Little (5 ~ 10% ); Medium (10 ~ 20%); Much (20 ~ 50%); Very much (50% or more).

“ Classified into three classes: Easy (standard cultivar: Kyoho and Campbell Early in seeded fruit production); Medium (Delaware and Neo-muscat in seedless
fruit production); Difficult (Kaiji in seeded fruit production).

‘ Mean separation using Fisher's protected LSD test at P=0.05.

*NS, *, sk Nonsignificant or significant at P=0.05 or 0.01, respectively in analysis of variance (ANOVA) whose model is shown below.

Pi=p+G+Y,+E

Py the performance of the ith cultivar in the jth year; z : overall mean; G; : the effect of the ith cultivar; Y; : the effect of the jth year; E; : residual.

ANOVA was performed using log-transformed values for berry weight.

Table 3. Characteristics of 'Oriental Star' compared with those of 'Delaware’, 'Kyoho', and 'Neo-muscat' at NIFTS, Akitsu
(1999 — 2003) (Continued).

Soluble Flesh texture
solids Titratable Number of
Skin concentration  acidity Breakdown in Sensory seeds per Shelf
Cultivar  slip character” (%) (g/100mL) Crispness  mastication’ Firmness®  Flavor  astrigency" berry life"
Oriental Star Medium 19.2 ab 0.46 a High Easy High Neutral None 1.7 ab" Medium
Delaware Easy 20.8 ¢ 0.76 ¢ Low Difficlut Medium Foxy None 0.0 Medium
Kyoho Medium 19.8b 0.55b Medium Medium Medium Foxy None l4a Short
Neo-muscat Medium 188a 0.44a Low Difficult Medium Muscat None 20b Medium
Significance"
Among cultivars * ok * %k *
Among years NS NS NS

* Classified into three classes: Easy (standard cultivar: Delaware in seedless fruit production, and Campbell Early in seeded fruit production); Medium (Kyoho in
seeded fruit production); Hard (Kaiji and Rizamat in seeded fruit production).

¥ Classified into three classes: Easy (standard cultivar: Rizamat and Rosaki); Medium (Kyoho and Pione); Difficult (Campbell Early and Delaware).

* Classified into three classes: Soft (standard cultivar: Niagara and Ryuho); Medium (Kyoho and Neo-muscat); Firm (Muscat Bailey A).

" Classified into four classes: None (none or almost no sensory astringency); Little (little astringent); Medium (Noticeably astringent); Much (cannot be eaten
due to excessive sensory astringency)

" Classified into three classes: Short (standard cultivar: Kyoho and Campbell Early); Medium (Delaware and Muscat Bailey A); Long (Koshu and Kaiji).

“ The analysis was performed omitting data of 'Delaware’ for number of seeds per berry.
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Table 4. Characteristics of 'Oriental Star' seedless fruit produced with GA application and seeded fruit at NIFTS, Akitsu (2002-2003).

Bunch  Berry Shatter of berries Fruit
Vine Harvest weight weight Berry skin from clusters cluster
Treatment vigor Berryset date ] (g)  cracking at full maturity filling Skin slip character
GA applied (seedless) ~ Vigorous  Easy  Aug29 575 12.4 None Medium Medium ~ High Medium
Control (non-treated, seeded) Vigorous  Easy  Aug.29 453 10.7 None Medium Medium ~ High Medium
Significance”

Treatment NS
Year NS

“ One grapevine per treatment with ‘Teleki 5BB’ rootstock, which was five years old in 2002, was grown with spur-pruning, and evaluated
repeating two years (2002-2003). The vines were grown with partial plastic tunnel covering on horizontal trellises. Seedless fruits
were produced by trimming flower clusters to 4cm and applying GA25ppm to flower (fruit) clusters at full bloom and 10-15days after
that, in addition, with 200ppm streptmycin solution spray before flowering in 2003. Seeded fruits were produced by trimming flower
cluster to 7cm at full bloom. See Table 3 for fruit trait evaluation.

Y NS, * , * * Nonsignificant or significant at P=0.05 or 0.01, respectively, in analysis of variance whose model is shown below.

Pi=p+T,+Y,+E

P; : the performance of the ith treatment in the jth year; x : overall mean; T; : the effect of the ith treatment; Y; : the effect of the jth year;
E; - residual. ANOVA was performed using log-transformed values for berry weight.

Table 4 (Continued)

SOIFgle Titratable Flesh texture Number of
Treatment Concsgnltrztion acidity Breakdown in Sensory  seeds per  Shelf
%) (g/100mL) Crispness mastication Firmness  Flavor  astrigency  berry life
GA applied (seedless) 19.3 0.41 High Easy Firm Neutral None 0.0 Medium
Control (non-treated, 194 0.42 High Easy Firm Neutral None 1.7 Medium
seeded)
Significance
Treatment NS NS
Year NS NS
Table 5. Percentage of spurs having shoots with flower buds — s
in spur-pruned cordons of vines for 'Oriental Star', 'Kyoho', 2. H Zkﬁiﬂ:,lc_ & H%ﬁgﬁ o
and 'Neo-muscat' at NIFTS, Akitsu (2002-2003). Table 11278 U7z 33 D E s BRI FEHEEE I 35
Percentage of spurs having shoots with W, 1999 ~ 2003 fE RIS Ry b EE il B2 1T >
Cultivar flower buds that emerged in spring (%) ¥, 1999 4EIC ‘7 L3 5BB AL Li- 1 AR 21
| 2002 2003 average FL CRRBvE B L7z, KRR, BRI ARR L 72
Oriental Sar 89 ° ° W BET FAY ANy B EMOE. B, Bk
Kyoh 94 97 96 5 it s
Yo DR - TR BS 5 TV (Table D).
Neo-muscat 83 83 83

RAEDME TR, BRCRSEICTERE AR - RFERR

“Two vines per cultivar were grown and evaluated. Each spur

had one cane in winter. Each cane was pruned to leave one ERBER AR MK B A B, 1994) 1L
bud and two buds in January of 2002 and 2003, respectively. Tehotz. chuchnz, TEREIEY s K ORghids Hic

DNTE 1. LFBRICHHTE L 7z.

s 1l DWW T, Colletotrichum acutatum 1 %t 1) BREETE ' FVIVRIVAZ2—" OFFE
TP BAHO TR HRET % T LI K D i 2HE 3B LBV TAEZAR SN, 2002 FE X
BZMEICBNT, VIV ZIVAZ— OEFiEE ¥ U 2003 FEICFHMBiE Nz AV T2 Z VA X — DRt
F—x Kogl, ‘BEE BXUT TI7727 X5 % Table 6 IC/R U7z, Table 6 Ti&, FEXRICX D D
LA E Nz (Shiraishi et al., 2007). ZH LB R EOEE I, Medium ~ Difficult J,

5EM OO T, MEIEDOFREIIFZED SNah - [None ~ Little] DX HIC~THATEHL. 1H0D
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9 % Wilcoxon #& (M1, 1982) Z11-7%.

BEAE, Z2LOEMT EE BXU XA AAY M
CRIBE, ToR) LR E 7z (Table 6). BI{EHALIEX, fu
INTIE 5 A E~wf), ZHILIEOAMN B K TPUETIE—
5 AR TraITH D, kT 6 AP TIAEITH > 7z,

T, L2 EZNE S % 2 TTBE O D EUIN 21T {EREEIACEY 295 (R RD I, ' v V77— —
o, FRE & BB ISHERIN R TR IRl 217 > C Z [, "B (BE&ED Z2 T, 234Xy
B, WEBOERICOWTIEF T IV —F =X Z (Rl EIB5HBICHBNT, 115T I, 555
Table 6. Characteristics of 'Oriental Star' in seeded bunch production of the national trial (2002-2003).”
Location Vine vigor Full-bloom tc;r irrrilriltfélﬂgjvz:r Berry set TlrtIZ)etthilr(len Ha'rvest B'unch cf::tl; ]%erry
date cluster berries time weight (g) filling weight (g)
Hokkaido Vigorous June 20 Medium  Easy ~ Medium Long Sep.30 190 Low ~ High 6.2
Aomori(Kuroishi) Medium May 24 Medium Easy Medium Sep. 9 525 Medium ~ High 8.3
Aomori(Gonohe) Vigorous June 7 Medium Easy Medium Sep.30 354 Low ~ Medium 8.2
Iwate Vigorous June 22 - Easy — Sep.30 245 Medium 79
Miyagi Medium June 19 — Easy — Oct. 1 111 High 6.0
Akita Vigorous June 18 - Easy ~ Medium - Oct. 11 367 Medium 8.8
Yamagata Medium June 14 - Medium Medium Sep.20 359 Medium 8.2
Ibaraki Vigorous June 11 — Easy — Oct. 4 451 High 8.9
Tochigi Vigorous June 11 Short Easy Short Sep.23 294 High 7.8
Tokyo Non-vigorous June 5 Short Medium Short Sep.25 246 Medium 58
Kanagawa Vigorous June 5 Short Easy Medium Sep.17 269 High 6.5
Yamanashi Vigorous June 6 Medium Easy Short Sep.10 492 Medium ~ High 9.5
Nagano(Suzaka) Vigorous June 12 — Easy ~ Medium — Sep.11 358 High 8.3
Nagano(Shiojiri) Vigorous June 17 Short Easy Short Oct. 24 329 Medium 6.8
Niigata Non-vigorous ~ Vigorous ~ May 29 - Easy — Sep.18 363 High 6.8
Toyama Vigorous June 6 Medium Medium Short Sep.13 259 Medium 6.1
Ishikawa Vigorous June 1 Medium Easy Long Sep.11 381 Medium 6.5
Aichi Vigorous May 28 Medium Easy Short Sep. 4 366 High 8.5
Mie Vigorous May 31 - Easy - Sep. 8 503 High 8.2
Shiga Vigorous June 4 Medium Medium Medium Sep.17 326 Medium 8.0
Osaka Medium ~ Vigorous — Medium Easy Short Sep. 3 479 High 9.9
Nara Vigorous May 25 - Medium — Sep.19 519 Medium 9.8
Tottori Vigorous May 5 — Easy ~ Medium — Aug.24 315 Medium 9.1
Shimane Vigorous May 22 — Easy — Sep. 4 443 Medium 10.0
Okayama Medium June 1 — Easy — Sep.10 391 Medium 8.9
Hiroshima Medium May 23 Medium Easy Very short Aug.27 463 Medium 10.3
NIFTS(Akitsu) Vigorous May 31 Short Easy Short Aug.29 453 Medium ~ High ~ 10.3
Yamaguchi Vigorous May 31 — Easy — Aug.26 401 High 7.8
Tokushima Vigorous May 29 Medium Medium Medium Aug.25 287 Medium 9.3
Kagawa Medium ~ Vigorous May 26 — Easy — Sep. 9 605 High 9.4
Fukuoka Vigorous May 19  Short ~ Medium Easy Short Sep.23 427 High 9.6
Kumamoto Vigorous May 17 - Easy - Sep. 1 583 High 8.5
Miyazaki Medium May 4 — Difficult - Aug. 5 208 Medium 9.3
Average June 1 Sep.13 375 8.3

“See Table 3 for trait evaluation.
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Table 6. (Continued)
. Shatter of berries o Flesh texture Soluvble Titratable No. of
Location Berry .Skm from clusters at Skin slip Breakdown in solid ) cidity ) seeds per  Shelf life
cracking full maturity character mastication Firmness conce(igatlon (g/100mL) astringency berry
Hokkaido None Easy Medium Medium Medium 18.3 0.54 None 1.3 Medium
Aomori(Kuroishi) None Medium Medium ~ Difficult ~ Easy to chew  Medium ~ Firm 18.2 0.44 None 2.0 —
Aomori(Gonohe) None  Medium ~ Difficult Difficult Easy to chew Firm 20.0 0.60 None 1.3 —
Iwate None Difficult Medium ~ Difficult Medium ~ Easy to chew Firm 18.9 0.48 None 1.6 Medium
Miyagi None Difficult Medium ~ Difficult  Medium ~ Easy to chew ~ Soft ~ Firm 18.3 0.55 None 1.5 —
Akita None Medium Medium ~ Difficult ~ Easy to chew Firm 20.4 0.38 — 1.3 Long
Yamagata None Medium Medium Medium Medium 19.4 0.47 None 1.5 Medium
Ibaraki None Difficult Medium Easy to chew  Medium ~Firm  18.2 0.36 None 1.8 Long
Tochigi None Medium Difficult Medium Medium 17.8 0.49 None 0.7 Medium
Tokyo None Medium Medium Easy to chew Firm 19.6 0.26 Medium 1.9 Medium
Kanagawa None Medium ~ Difficult Easy ~ Medium Medium Medium ~ Firm 16.8 0.59  None ~ Little 1.4 Long
Yamanashi None Medium Difficult Easy to chew Medium 19.4 0.43 None 2.0 Medium
Nagano(Suzaka) None  Medium~ Difficult Easy ~Medium  Easy to chew Firm 19.7 0.42 None 1.7 Medium
Nagano(Shiojiri) None ~ Little Difficult Medium Medium Firm 229 0.37 None 1.3 Medium
Niigata None  Medium~ Difficult Medium ~ Difficult ~ Easy to chew  Soft ~ Firm 20.1 0.38 None 1.5 —
Toyama None Medium Difficult Medium Medium 18.3 0.44 None 1.6 Short
Ishikawa Little Medium Difficul Medium Firm 20.8 0.30 Little 1.6 Medium
Aichi None  Easy ~Medium Medium ~Difficult ~ Easy to chew Firm 194 0.36 None 1.9 Medium
Mie None — Easy ~ Medium Difficult to chew ~ Medium Medium ~ Firm ~ 19.4 0.19 None 1.3 —
Shiga None ~ Little Difficult Medium Medium Firm 18.1 0.35 None 1.9 Medium
Osaka None ~ Little Difficult Medium Medium Firm 19.2 0.42 None — —
Nara None Medium Medium ~ Difficult ~Easy to chew ~ Medium Medium ~Firm ~ 21.3 0.43 None 2.0 Short
Tottori None Medium Medium Medium Firm 19.2 0.49 None 1.5 Medium
Shimane Medium Medium Fasy Medium Medium 19.5 0.56 None 1.6 Medium
Okayama None Medium Medium Medium Medium ~ Firm ~ 20.5 0.30 None 2.1 Medium
Hiroshima None Difficult Medium ~ Difficult Medium Medium 19.4 0.42 None 1.8 Medium
NIFTS(Akitsu) None Medium Medium Easy to chew Firm 194 0.42 None 1.7 Medium
Yamaguchi None Medium Medium Medium Firm 19.6 0.30 None 1.8 —
Tokushima None Medium Difficult Easy to chew Firm 17.4 0.42 None 1.8 —
Kagawa None Medium Medium ~ Difficult Medium Firm 185 0.27 None 1.9 —
Fukuoka None Medium Medium ~ Difficult Medium Medium ~ Firm  19.1 0.28 None 1.9 Short~ Medium
Kumamoto None Medium Medium Easy to chew Firm 17.0 0.45 None - Medium
Miyazaki None — Fasy Medium Medium 17.7 0.36 None 1.7 —
Average 19.1 0.41 1.6
T [, 15T b~y THo, "Hig XbeP b T -7 (Table 6).

HhEEZXS5NS (Table 6).

fE9ZE (berry set) (&, xfmfE (HRAED D0
T AF 2=V %%y (Basy, {Efkd W 10D, 'H

Ak 29 % 977 (Kff) &, " Ege” CARZAED) &2 170,

AFARAAY N (2] LTS
e A1 DU, 65T T,

I BT,
2HATTC TE) &3T

10 %;

W« <Ay bXR=U—=A" %M (Medium, {EIE2
M), “BEs A=« A —3%"% (Difficult, &
KAV T2]) eI ZFHbCHENT, AV TV
ZIWARZ—"13Z L OBRHIITRG LIS h, IR

flixn, FRICET %97 71&D 7> 7z (Table 6).

UNREIRIX, PEHATIE 8 H NI~ 9 H LAIOBGIN %
Moz, AtRETIE 9 Avpfy, R¥ - (LAY - BT I H
H~TF4), HILT9H N~ 10 A LAITcHh o7, I
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HE, B AN TEE 8 HERICEL, x4 <X
Ay b &Y 4AERIGE) > (Table 7).
REHEIZA00gBEICKEENTGmMMAZ - 2
(Table 6). EK DOREEIIKNF-DOETT IH] £72id 1%
TdH o7z (Table 6). =35, ‘B X2 DT [H]
THY, xAIZANY M ZEELDEHMTIEITH- Tz,
BRI, P 8 gfEETH o7 (Table 6). * FHIF
X0 4 gfENEL, AT ALY N KD 2 gfEXR
<, BRI Nhe 1 %KETHEETH -7 (Table 7).
FVILYVZI)VAEZ—="1F, LA EDIGHT THEHFE
UM -7 (Table 6). D, T~ ], [,
MMy, 2] BXU M2 oL, #nzEho,
1,2,38KU4D0Ra7 7252 THERILL, HaEZ
gz &, EIE N 0481/ LT AV T RZIVAR
—1%0.14, ‘FAAAY " H 038 LTO0.17 T
Ho7z (Table 7). “AVLVZIAZ—" 13 EIE - %
A AN N IBEEZENLL EICHR LIS VLR
ThdLiHiicns.
FEkithlE ‘Bl 285 LT 2iHllcBNWT, FEALE
DT T/ £7d T#) THo, "B KORkL
I W EFHIlE Nz (Table 6). ‘FIE 1Bk L9 W
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TEPHRBLEDORETHZEH, AV RZIVARZ—"1&
COMT HIE X0ENRTVS.

& < 2Pt (skin slip charcter) &, ‘Flg % ) &
T BiMCIBNT, T Fzik T#E] &MU 723507
HZ < (Table 6), &% 1 10, Tl ic1, T#E I
2ORAT 5 ZTHEILT S L, FaHEIZ 1.2 TH-
fo. “AVIZVZIVAZ—" DL FHEE B IE0We
FHiENS.

RADOHEAHY D3 & (breakdown in mastication)
ICDWVWTE, BEBEAEDLT 155 (easy to chew) ]
F7zk I'f (medium) | TH o7z (Table 6). RADHEE
T, THy F72iE TeE) EFEM L7285 2 < (Table
6), M) ico, My ict, M) Ic20Ra7z5%
THERT S L, TV ZIVAE— OREFOFY
fEilX 1.6 Th-o7z. MMM FIg & ) THED
T, BEEXOBORNETHS LT Nz,

W IE RGO EED 19.1% TH > 7z (Table 6) .
25 LD ‘EIE OFEEN 18.4% I LT AV TV
ZWAZ—"15193%, 29 GFATD XA A Ay M D
SEYEEDN 17.6%ICH LT 19.1%TH Y, WINnd =R
HETH-> T (Table 7).

Table 7. Characteristics of 'Oriental Star' compared with 'Kyoho' and 'Neo-muscat' in seeded berry production of the national trial (2002-2003)."

Cultivar Harvest Bunch Berry Berry skin ~ Soluble solids  Titratable acidity ~ Sensory Number of
date  weight (g) weight (g) cracking’ concentration (%)  (g/100mL) astrigency”  seeds per berry
Oriental Star Sep. 16 362 8.2 0.14 19.3 0.42 0.15 1.6
Kyoho Sep. 8 312 12.3 0.48 18.4 0.58 0.13 1.4
Significance”
Between cultivars * sk * ok * * ok * ok NS NS
Among locations * >k NS * >k * >k *
et s e orged 2 29 2 25 25 24 24 24
”””” Oriental Star ~ Sep.15 382 82 017 191 041 005 16
Neo-muscat Sep. 11 320 6.0 0.38 176 0.53 0.04 1.9
Significance"
Between cultivars * * sk NS * sk * sk NS * %k
Among locations * 3k k3K * 3k % sk * sk
Number of locations for which 28 29 29 29 29 29 28 27

performance data were averaged

“ See Table 3 for fruit trait evaluation.

¥ Berry skin cracking occurrence was rated on a O to 4 scale: None=0, Little=1, Medium=2, Much=3, Very much=4

* Sensory astringency was rated on a O to 3 scale: None=0, Little=1, Medium=2, Much=3.

Y NS, 3, %% Nonsignificant or significant at P=0.05 or 0.01, respectively, for harvest date, berry weight, soluble solids concentration, titratable
acidity, and number of seeds per berry in analysis of variance whose model is shown below, and for berry skin cracking and sensory

atringency in Wilcoxon's test for categorized data.
Py=p+G+L +E;

P; - the performance of the ith cultivar in the jth location; # : overall mean; G; - the effect of the ith cultivar; L; - the effect of the jth

location; Ej; : residual
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BERI A )Ty RIVAR— OO FEED
0.41g/100mL T&H -7z (Table 6). ‘Fl§ D 24 D
FMELE 0.58g/100mL I LT AV Y Z)V A Z—'
1 0.42g/100mL, F7z, ‘xAAHh v ' D 29 T
DAY 0.53g/100mL 1% LT 0.41g/100mL TH
D, TOEZIVING 1 WKHETHETH -7z (Table
7. TOXIE, FVILYRIVAZ— OiEERIT BEiIE
BXUO xATAAy M K0 Eho Tz

FVIYRIVAR— OEERIXIE & AL DT,
57z (Table 6). BEEAITDWTIE [HE~FRd |, T4, T
BXU £ OnMECHL, ZhEFho, 1, 28X03
DAATZ5ZTHEL, FEEEILEgETZ L, B
B A 01311 LT AV Ty ZIVAX—"1F0.15, ‘*
A AF7y KA 0.04 1SR LT 0.05 TH -7z (Table 7).
FVIZYVRZIVAZ—="13 B « xA ANy N 7aH
ISR R VRETH S LFHEE N 5.

ERENE, RGO TEEN 1.6 R K TH > 7
(Table 6). GREUCOWT ‘HIE L DEEZAITEL,
IAT ANy N 203 EERICDIEN 5 T2 (Table 7).

HEFb Mk Eig 2, A< Ay b &2l H
L F TR LI 57HMIICBNT, AV 2V AR
R U 72 74% OBRFT T LEHiE v (Table 6),
1o, Tl ict, TRJic2oRa7 =252 TF
Hdzk, 1.0 ThH-o7z HIE IZHFEBLOHVANK
HTHBM, FVLURZVARZR—1ZTOET B &
DENTVS.

2ENCBT BRGSO T, —HOBGITRE 5
EREBFEOFRAENED LN, FrawimdE ERER
ML R 2R REZ A>Tz, TP HAZ FLOICH
KFEENM TNz &, WY TNz ki
KBtDEEZLNS.

Fiz, MEHERIEFERT, RHCREE ko 24 ik
WZahotz.

2) BEEETNLE'FVIV2IVAZ2— REIKHT
BRATEERDINL ) NEBEHRMEICKIZFTHE
FVIZVVAZ—" B X0 RKENNE .

ERAREIC B BIERER S 12, —HOBATICHBNT

B 10 ~ 15 HRIC YN LY 7 25ppm SRR E LI

ZATV, BRI RIZ TR M LTz,

SGATIC B B IR R E I, MUEX A 9.1g TH
STzDICHR L, MEXIX 10.7g TH Y, 1.6 g RRiHK
EMoiz (Table 8). 1) EEFKICHTILIzE T A, T
DA 1 BKETHETH > /2.

#1145 2010

Table 8. Effect of gibberellic acid treatment to fruit cluster
10-15 days after full bloom on berry weight in seeded
fruit production of 'Oriental Star' of the national trial
(2003).

Treatment Berry weight (g)
Treated 10.7
Control 9.1
Significance”
Between treatments * >k
Among locations NS
Number of locations for which 8

performance data were averaged

“See Table 6.
YSee Table 7.

3) BREEEIhE ' FUIVZ2IVA 22— O

RIS EMERBRIC BT, —EOBAT T A
IYRIVAR—"BXU B OB ThNnlz.
Z OFFIERHMRE S Table 9 1SR LTz, RIS &
m il & & RS K TR 10 ~ 15 Hi% D 25ppm D
IRLY UAE B BMickbitbniz. AV
ZI)AZ—" OEALRITEN > T2h, BERDA L
TR AT 200ppm HAAIC KD, KDEEICHESLE
TolREMEENT.

1) &S, B SN AV 2V AR
— O EARERE SN AV V2NV AZ—"F
X UFRRFICIEZIEREE S Nz HIg Rt L g L7z
(Table10).

AR B LU SN AV 2V AR
— OUHEIIE, 8HATEAMET, ThEh9H 12HBX
U9A 1BHTHY, AEKAERIENh -7 (Table 10).

LR SN AV DU RZIVAZ— ORKIER,
WATIC X D 6.9g 5 13.8g £ TEH L7z (Table 9),
8T D FEMN 10.3g TH D, HHARKED 8.8g &
D 1.5g KkiL7ab, TDRE5BKETHERTHH T
(Table 10). 7 R ORI EIXHEAKCRGRIH, 85E
R IC KON RDERT D, SHOBIETIEDOKEHT
X0, KOKRKDOIMCEEDEFETE 50 HEEND %
LDEEZILNS.

WAL SN AV DV ZIVAZ— 13, G
Br Lk, #HRXIZEAEE Uo7 (Table 9). Mt
itk TH] &M LG o e, REOT
RFTEE ) ~ TR ThHoleo WHEHIZ, HAENE
THEL, 16 5ATOFETHEE I 18.6 %, &=L
0.39g/100mL TH D, EAETNTDOHFTTEL SN
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Thhote.

W DA RZARES & IALREE D 71E 02%, BEREIE
0.01g/100mL T, F& A EEMNEh >z (Table 10).

R SN A T 2V R &2 —" L FiE 7%
g s L, AV LY ZVAZ— OIFERNL B X
D6 HEM -7k, ZIFAETIERD > 7z (Table 10).
FRIEE, HIE A 114g THozDIIHL, AV T
VHEIWVAR—="1E94g TH D, 2g REID/NE > 72
(Table 10).

ARARE & ARk, B E N A T 2V A
2— O EE K0 1 %REERIcEL, BOR
& F% XD 0.15g/100mL A EI & - 7z

3. ESHIES S URIE LOBER

AV LY ZVA R E—RICH AL R R AR O
e FEEHUI TR T E B

TEPEIC DWW T, A FIRESEN T > 2 — EED
IC B B RIS ERE BRI BV T, 2000 £ 12 H
~ 2001 e U7 RIRICEE L7z by, fESRHL - 3F
DOFEHFOREE BHIE LERETHD, KA AA Y
R XO@BP- T ENBREEINTED, AV X)L
AZ—"1% Hig LFFEEOMIEEND 5 RIS Nz,
e (R BRUHERE (BOBLUTHA) I8
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U B SN N AR T E RIUT KA U T2, I
B B X0EL XA A Ay MIOEWETTH
20T, HALHGILERD ‘Bl 28 T & it oh T
& TSR Tl T R LR O ATREME N B B .

MHRMEIC DN TIE, e SR, NEREGiEN Fig
X0 5. WYRRZITS &8I, REOZWH;
TREZ—IHERSEZ T2 LY THS.

FVIL VA Z—" 1%, BMNT BT OFDRiEN: T
BOAEEZETZARNT R THE—FH, XAy b
FTT7VLFRF Y RY TR AR R Y, —EHORNT
RICHREDNZSVEMEETH B MBERHCRE LR
V. BIBNCH DD D IHRERE BEFT, EEICHEFE L T
K eI, BN T RYDOWEEREODT RoE LT
BHEELRTVWETHS.

FTERE g K 0L, fiRThE v, IGER
& CEE - xATAAy N XOBORHHTSH S, TD
7z, INLOREEFEHAGDLETRET 250, %
T ETES T LRI NS.

FUVIZVRVAZ—="1F, VXL VMBI OCX
L7 bAoA BRI K0 G T E, RAEHESH
K9 5. TOHHE, FCBED@ENE, INLY U
KK OIHMIEL, MEWRER LR 5 H6IMdH - 7.
F# S (2006) &, YLV VEERE ST, KLY

Table 9. Characteristics of 'Oriental Star' in seedless bunch production of the national trial (2003).

Shatter of Flesh texture

Bunch Berry Berry Soluble solids ~ Titratable

Location H?il;:l?t weight  weight SkiI.I lejsrtr;i: ;irtolell cski(ahr]asc]tig . Breakdown in . concentration  acidity asstreiisgoerrz/cy
(g (8 cracking maturity mastication Irmness (%) (g/100mL)

Hokkaido Sep.30 367 7.1 None Easy Medium Medium Medium 18.7 0.50 None
Aomori(Kuroishi) ~ Sep.15 595 8.8 None Medium Difficult Easy to chew Medium 17.9 0.39 None
Tokyo Sep.25 338 6.9 None Medium Medium Easy to chew Firm 189 041 None
Nagano Aug.29 465 10.2 None Difficult Easy  Easy to chew Firm 19.1 0.43 None
Toyama Sep. 2 395 9.0 None Medium Difficult ~Easy to chew Medium 17.7 0.35 None
Ishikawa Sep. 1 540 9.5 None Medium Difficult Medium Firm 19.1 0.44 None
Aichi Aug.31 282 9.6 None Medium Difficult ~ Easy to chew Firm 20.2 0.34 None
Tottori Sep. 7 365 12.9 None Medium Difficult Medium Firm 175 0.54 None
Shimane Sep. 3 670 11.7 Little Medium Medium Easy to chew Firm 19.9 0.41 None
Okayama Sep.11 453 10.5 None Medium Medium Easy to chew  Medium 19.9 0.30 None
NIFTS(Akitsu) Sep. 1 608 13.8 None Medium Medium Easy to chew Firm 17.6 0.42 None
Yamaguchi Sep.11 433 8.5 None Easy Difficult  Easy to chew Firm 19.8 0.38 None
Tokushima Sep.16 280 8.3 None Medium Difficult  Easy to chew Firm 18.2 0.46 None
Kagawa Sep.16 694 11.1 None Medium Difficult Medium Firm 18.3 0.34 None
Fukuoka Sep.29 492 10.3 None Difficult Difficult  Easy to chew Firm 17.9 0.29 None
Miyazaki Aug.19 283 7.1 None Difficult Difficult  Easy to chew Firm 17.5 0.29 None

Average Sep. 9 454 9.7 18.6 0.39
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Table 10. Characteristics of seedless 'Oriental Star' bunch compared with seeded
'Oriental Star' and seedless 'Kyoho' bunch in the national trial (2002-2003).

Cuttvar Havest g e Sohblesaids TGS
8 8 (g/100mL)
Oriental Star (seedless bunch) Sep.12 484 10.3 18.4 041
Oriental Star (seeded bunch) Sep.13 434 8.8 18.6 0.40
Significance”
Between seedless and seeded NS * NS NS
Among locations * sk * %k * %k * sk
Number of locations for which
performance data were averaged 8 8 8 8 8
””” Oriental Star (seedless bunch) ~ Sep.9 443 94 187 040
Kyoho (seedless bunch) Sep. 3 382 114 17.8 0.55
Significance”
Between cultivars NS * sk * * sk
Among locations * * sk NS * sk
Number of locations for which
performance data were averaged 15 15 15 15 15

“See Table 3 for the evaluation of each trait.

YNS, *, %% Nonsignificant or significant at P=0.05 or 0.01, respectively, in analysis of variance whose model is the same as in
Table 7. or with the ith treatment in place of the ith cultivar.

WL7x=amy (VA Y MESD ZINHT 22 &I
X OZBEDOMHENNZ NI ERE RS2 C & 2w
LTHED, 5%, MHEYEEREAOIMEZMGT 5T L
I X O REIEZ i T X 2D H 5.

TV AR — ORENTRL, ZORTIEZL
DM 7 B A BRI TWh5. ERESTERE:
T, BARICBIZHEREZRIL, BEAZEBED
¥5EHEHTZ EHARNOBEKICEMNTHS. =
HIC OV TR SHOMIAN LRI TH 2D, BAE Tl
IVE7% 1.5t/10a F2E & 3 T4 e E OB AL
> 7z.

SRBTERTHCOWVWTIE, [EREEERII TN E THRY
SERENL TN TER XA Ay B RRTE
Molehy, REBIN DIV, 5%, X 5IHATT 3
I H % .

Hm

1. " AVZVRIVAZ—"1F, BMOKES R ERS %
sty (B RWHER RIS 7 R« 2 05t
flg) ICBWT, 1989 FFlc = 21 Fic IVE—
AN s LTI SR E N, WY
PN THWERCDOIRRKT FUTHS. 1999 4

KO T RO 24 SORMHZNITT RUH9
MERFUEICTERUERRBRICHEEA L, 22 33 D E LR
SLARBRIF RIS B TR 2 MR L 72, 2004 48 9
HICIRMIKER RIEYHTEE LT AV Y 2V A
2—" Lk, SESEM225L8RHREIN. £k,
2007 4 3 HICHEAICAD T HREFSH 14914 5
& LTl s N,

2. RigEERY. BMEE TIAEHIOELIZRE T, M

MEEICEVTE 2AYAH Y b HARIAEHSLE
KO EN o T, THHRE &R 10 ~ 15 HiRIC Y\ L
U ¥ 25ppm IcfE (B) FEZIREWET 2 T i K
DIERALEIE T E 5. RERICA LT bearv Yy
200ppm Z iS5 &, MRILIEETHICKEL -
PO A ARG TLE, EAY - FRBTER & £ Hhio0
EECHDDSTRENRL, WEICERN Lz, {6k
B2 7x <, HRIGTE B B ENLL
&R E 7z

3. ARAEETIE, RYHEICTEREEBRIC B % RIZK

RO B X0 8H, "RANYAAY M &K
D AHEN STz, BRMITIE, FREE 10gRET
Hoie. Wik 10 ~ 15 HiRIC X LY >~ 25ppm I
PRI Z TS &, 1.5 gRERRENEA L.
ZERTER IR, RVGEISTEMERABR T "B



4

D

2)

3)

4)

IS @ 7 RogmEt ) 2 2V A X — 39

FoRORUR LI ot B Ko fikiLic<
<, AffbE R o/, BHEISRUECRE AR T
dEIE XD 1 %RESL, T 19%RETH - T
o B RIS g KD 0.16g/100mL X<,
0.4g/100mL f2E TH > 7z. RARHEI LT,
AP THIV. FOIKIFEAEMmMO. BEAE—
RICEEC B NEW.

- HUERE YT R LARE O L RS IS F5 10 B RIS
WY 5. REICTEBERERTE, Big LREED
TN BD 2 LRI NTehd, FIERENE Eig X
DB, FESTRHIE TR T R LR O T BEN:
NH%. BESH, NEWREHUEDN B X045 7
b, BEROZ VYT TIZE —— VRS A Y T H
2.
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Fig. 2 'Oriental Star' grape fruit clusters before harvesting (A) and a bunch of seeded grapes (B).
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Okitsu Citrus Research Station «----«-xweeeeeeeees Okitsunakamachi, Shimizu, Shizuoka 424-0292, Japan
Kuchinotsu Citrus Research Station ------+---+- Kuchinotsu, Minamishimabara, Nagasaki 859-2501, Japan
Apple Research Station «-----eeoeeeereeeeeeeeeees Shimokuriyagawa, Morioka, Iwate 020-0123, Japan

Grape and Persimmon Research Station -+ Akitsu, Higashihiroshima, Hiroshima 729-2494, Japan
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