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Abstract

‘Morinokagayaki’ is a large yellow dessert apple (Malus pumila Mill.) released by the National
Agriculture and Food Research Organization Institute of Fruit Tree Science (NIFTS) in Japan.
‘Morinokagayaki’ originated from a cross of “Tsugaru’ and ‘Gala’ was made in 1981 at Morioka,
NIFTS. The tree was initially selected in 1993 on the basis of its good fruit quality and was tested as
selection Morioka-63 in 17 locations throughout 13 prefectures under the 5th Apple Selection
National Trial initiated in 2002. It was released as ‘Morinokagayaki’ in 2010, and registered as No.
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20709 under The Plant Variety and Seedling Act of Japan in 2011.

The fruit of ‘Morinokagayaki’ ripens in mid to late October at Morioka, NIFTS. The shape is
globose and the mean fruit weight is 382 g, 46 g larger than ‘Fuji’ in the National Trial. The fruit has
a light greenish-yellow surface color at harvest time with a dull pink blush on the side exposed to
intense sunlight. The flesh has a medium, moderately firm texture, similar to that of ‘Fuji’, and is
moderately juicy. The soluble solids concentaration and titratable acidity averaged around 14.0% and
0.29 g/100 ml, respectively in the National Trial, both being significantly lower than in ‘Fuji’. The
sugar-acid ratio averaged 49.8 in the National Trial; it was significantly higher than in ‘Fuji’,
suggesting that ‘Morinokagayaki’ had a sweet taste.

The tree is medium in vigor, spreading in shape, and medium to high in productivity. It blooms 1
day earlier than ‘Fuji’. ‘Morinokagayaki’ is cross-compatible with major commercial cultivars such
as ‘Fuji’ and “Tsugaru’, since the S-genotype is S5S7. ‘Morinokagayaki’ is more resistant to

Alternaria leaf spot than ‘Fuji’, and is susceptible to Scab, similar to ‘Fuji’ and “Tsugaru’.

Key words: dessert apple, large fruit, Malus pumila, medium maturing, sweet taste, yellow
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Morinokagayaki

Fig. 1 Pedigree of "Morinokagayaki' .
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MIKFEZ. 2015) 12 & ATEREMTBE O I T o & LT, DPOEARIM7 CEEARLTHEE L Yat
BYTH-o7, T—) & AL K 1BORE % Table 1 1278 L 72,
BYOrrRE OFEMOKRS IR, SRS 2004 2B D LY DOPNRE OBEL T EL, D
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SAERFEARE L, fEOKE Sk, HApTHEAEKIE 5L, Wolz, BB, FRIZE) REAEE) LB R E
WFITENE T, BiEEROEOEIZAE, LD DOIEIL, [Medium ~ Manyl, [Medium ~ High] ®
HOBITRELTH L. RAMOREONFHETH £, ~THY, [Medium] & [Highl MO
Hlx & HITEL RV, BEORRIZEY., FHoE X fEilZ [Moderately high] @ X ) 12FEBL L7z, HHEAIZES

LREEEDICHMTH S, BARTHNEMBIIOVWTIE, HEEFELERET S 2
JCECE O HHT 2 AT\, FRRGE C o -3 A3 E
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Table 1. Characteristics of 'Morinokagayaki' compared with those of 'Jonagold', and 'Fuji' at NIFTS, Morioka
(2004 — 2008) “.

Number of Number Date of

Cultivar Tree shape Tree vigor of axillary bud Date of full * Harvesting

spurs flower buds  burst bloom time
Morinokagayaki Spreading Medium Mel\(}f;r?; - Medium  Apr 8 a¥ May 13 August 18 a
Jonagold Intermediate Medium Many Melsll;?; - Ap;blo May 14 July 22 ¢
Fuji Spreading Vigorous Medium MGISII;II:; - Apr 12 b May 14 August 11b
Significance® * NS

“ Two plants with JM1 rootstock was grown and evaluated for 'Morinokagayaki', one plant with JM7 rootstock was
grown and evaluated for 'Jonagold' and 'Fuji' in 2004—2008. Tree age was 7 years old in 'Morinokagayaki' , 11
years old in 'Jonagold' and 'Fuji' in 2004.

Y Mean separation using LSD at P = 0.05.

* NS and *: Non-significant and significant, respectively, at P = 0.05, in two-way analysis of variance.

Table 1. Continued.

Mean fruit . . .
Cultivar Date of Preharvest drop” Productivityy weight Frultx Umforr'n%vty of
harvest @ shape fruit
Morinokagayaki Oct21a Absent~Medium Medium~High 374 a” Oblong Medium~Good
Jonagold Oct 28 b Absent~Few High 327 b Globose Good
Fuji Nov 16 ¢ Absent~Few  Medium~High 302 b Globose Medium
Significance" o o

” Classified into three classes: Absent ~ Few (standard cultivars: Fuji and Sansa); Medium (standard
cultivars: Tsugaru and Golden Delicious); Many (standard cultivars: Starking Delicious and
Sekaiichi).

¥ Classified into three classes: Low (standard cultivars: American Summer Pearmain and Akane);
Medium (standard cultivars: Tsugaru and Fuji); High (standard cultivars: Mutsu and Jonagold)

* Classified into nine classes: Flat—globose (Oblate); Short—globose-conical; Globose; Globose-
distorted; Conical; Long—conical; Ellipsoid; Oblong; Oblong-waisted.

" Classified into three classes based on uniformity of fruit size and fruit shape: Poor; Medium; Good.

" Mean separation using LLSD at P = 0.05.

U FE gignificant at P = 0.01, in two-way analysis of variance.
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FlC Lo Tl oOFEEeE L7z, 72, %3FH, >7z2.
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Hotz. FREOEEITH~LT, LU L)% IZoWnTIE, ‘AL b KA E [HE~D] OND
{, VaFId—=)EF XL hwERTHo 7 K E T VTFryT)YXY A (W], CAY—F 7

EFEOFEEIIPRET, S0 R YaFa— L FYTY A L R % [£] L AFHEE T 7
LD LRRL L VHITH -7, FEFHIZ4H8HT BV OIPHPRE OPHERIEROREIIFERICE ST
HY, AL LV4AHEEICEPo72. VaFd— ZEL, ME~p] LHESH, AL  Vard
VR XD 2HED 72, ZOXIIEETE Lo 7. =V XD LSERPLEDRBD S KET
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—J)VEF XD 1HYED»o7205, FOEIIEEZETIEI 2D i w &l onn L AL & [, e

Table 1. Continued.

Color value by Area and Waxiness of
Cultivar Skin color p position of x Watercore™ Core molding”
JHSC y skin
russet
Light greenish yellow Fow at stem

Morinokagayaki with dull pink blush 2511 . Strong  Absent~Few Absent~Few

on exposed side cavity
Jonagold Solid deep red 0408 Absent Strong  Absent~Few Absent~Few
Fuji Red, stripe 0415 Absent Absent Many Absent~Few

Significance

“* JHSC : Japanese Horticultural Plant Standard Color Chart.

¥ Amount of russet was classified into four classes: Absent; Few; Medium; Many.

* Classified into four classes: Absent (standard cultivar: Fuji); Weak (standard cultivar: Jonathan); Medium (standard
cultivar: Sensyu); Strong (standard cultivar: Jonagold).

¥ Classified into three classes: Absent~Few (standard cultivar: Tsugaru); Medium; Many (standard cultivar: Fuji).

¥ Classified into three classes: Absent~Few (standard cultivars: Tsugaru and Fuji); Medium (standard cultivar:
Starking Delicious); Many (standard cultivar: Hokuto).

Table 1. Continued.

. Flesh N Soluble sol.ids Titr.at.able Sugar-acid
Cultivar frmness (Ibs) Texture” Juiciness® concer}tratlon acidity balapce (S}Agar-
(Brix, %) (g/100ml) acid ratio)*
Morinokagayaki 15.4 Medium Moderately high 15.0 0.24 a" Sweet (63.2 a)
Jonagold 15.3 Medium Moderately high ~ High 14.1 0.51c¢ Acid (29.0 ¢)
Fuji 15.7 Medium High 13.9 0.36 b Sweet (38.6 b)
Significance” NS NS ok U

% Classified into three classes: Poor (standard cultivar: Ralls Janet); Medium (standard cultivar: Tsugaru); Good
(standard cultivar: Hokuto).

¥ Classified into three classes: Low (standard cultivar: Indo); Medium (standard cultivar: Sekaiichi; High (standard
cultivar: Fuji, Hokuto).

* Classified into four classes: Sweet (standard cultivars: Tsugaru and Starking Delicious); Medium (standard
cultivar: Sansa); Acid (standard cultivar: Jonagold); Extremely acid (standard cultivar: Jonathan). Surar-acid
ratio = SSC / TA, where SSC and TA represent soluble solids concentration (%) and titratable acidity (g/100ml),
respectively.

" Mean separation using LSD at P = 0.05.

Y NS and ** Non-significant and significant, respectively, at P = 0.01, in two-way analysis of variance.

" For sugar-acid ratio, * represents significant difference at P = 0.05 by non-parametric multiple comparison test
according to Steel-Dwass (Sugar-acid ratios with different letters are significantly different).
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OO, [H] Lsh A0 IVFECPRIFCH 7.
FRz o 3R . (H AR A e 50 2511)
HY, BHEEHERABICELT LI ENHLLDOD,
EEPEREEETS VaFIT— L RHIRICR
CHEBTL 5L LIZAEICEZ 572 (Fig 2 Fig. 3).
REDODZ ) HIWICSVOFEENROLNDL I 0D,
PEEIXSE LT v, OO ERE IR E~D T, Y
aftIT— R LREETHY), FEOL 5L L
FER o7 LOUOFERER [E~4] T, V=
FI= R R AL EEBRICD o7
RAOWEIX 1541bs THY, TaFIT—LF R 5
L EFABECTH- 7. WHEIZOWTIE, EDE % [
Bl o250 &[], del & TR &9 %5f
2A1o72. Vo E OWEIRR]EHE SR,
VaFd—F R LU LEBRETHo BT

521 % 2016

o7z, BEEIZTFY024 g/100 mlTH Y, ‘YaFId—
VR XD 027 g/100 ml, ‘&AL £ 012 g/100 ml
AR 572, DY OrRReE oHBokErY, o
ML R AF—FITTY)VUYR w [H] AL
[l VarId-VF % (Bl KE % [5@EE)]
ETAHRHiR T o722 A, TH] EHIES N ) v
TREOHBORE L, HEKI (CRiFO¥EEOFHIE
% BRI OFHIME TR L 72 5l) THEMICES NS, D
DOPHRE OHKILIZFE 632 THY, 5L (386)
R VaFra— R (290) LY EEICE,oT.

B O E REOHENMIL 20COERT
10~14H, WET60~8 HEFHliEN, TYard
— VR XD EWY, AU XD (Table 2).
ZMHEORFEMEIZOWT, RRTOIEHMA 0~ 9
DI0ERE (00<3H:1:3=<6H;:26=<9H;3:
9= <12H:;412= <15H:;515=< <18H;6
I8< <21H:7:21= <24H:8&24=< <27H:;9 27
H=), $ECToOlFEMME 0~8m 9Bk (0. <15
H:L15<<30H:230=< <45H:345=< <60H
(460 <ThH:57= <90H:6:90= <120 H ;
7:120 = <150 H; 8 150 H=) (2ZNnENX5 L TR
fliL7z. "D orhReE OFEREFEEA T T7IX40
ThY, TVarId—F (15 IVFEIIEL, HU
(70) XD AHEZFILA > 72 (Table 2). WEHFEIZBIT 5
DYoL RE OBEIFEEATITIZ48THD,

DRIZOVT, EE % (4], R % [ s
L del & (%) 2T aREIEfToE 25, Y
DORRRLE X [RRE] LHESN, TYaFd—
VN EBBURARETHSY. it HL &
) B LIS A BEEI 150% Th Y, Y
afFI— VR R AL EEELREIEOLN LN

FFEELFRICC "YatrT— v (200 IVEE
W, AL (T8) X AEILEr o7

3) mERIEMN
bR DR HZEAT ) > TR A BT B3R5 T,
HL BRRE LZETHIREAT o 208, kB &

Table 2. Storage quality characteristics of 'Morinokagayaki' fruit compared with those of 'Jonagold' and
'Fuji' at NIFTS, Morioka (2009—2012).
Ambient conditions (20C )*

Cold conditions (1 ~ 4T )Y

Cultivar Shelf life (days) Mean score Duration of storage (days) = Mean score
Morinokagayaki 10 ~ 14 4.0b 60 ~ 80 4.8b
Jonagold 5~17 1.5a 40 ~ 50 20a
Fuji 20 ~ 30 70c 120 ~ 150 7.8¢c
Significance® * *

“ Mean score of each cultivar was defined according to a 0—9 scale where: 0: < 3 days; 1: 3 = < 6 days; 2: 6 =
< 9days; 3: 9 < < 12 days; 4: 12 =< < 15 days; 5: 15 = < 18 days; 6: 18 = < 21 days; 7: 21 = < 24 days; 8:
24 = <27 days; 9: 27 days = .

¥ Mean score of each cultivar was defined according to a 0—8 scale where: 0: < 15 days; 1: 15 = <30 days; 2:
30 = <45 days; 3: 45 = <60 days; 4: 60 = <75 days; 5: 75 = < 90 days; 6: 90 = < 120 days; 7: 120 =
<150 days; 8: 150 days = .

** Significant difference at P = 0.05 by non-parametric multiple comparison test according to Steel-Dwass.
Mean scores with different letters for shelf life or duration of storage are significantly different.
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AT, DY &’ THRICHFICRE L WE
HixZ o7z,

PEISETEIR I DWW T, Alternaria alternata apple
pathotype B % % WUIBEEE | CHEAE 4 2 & TAIRICRT
LIWPIMREEARE LA, BRHED o255’
R T LRSI X DB RO ST, I’
Puik & HsE sz (Abe et al,2010). &AL 122V
FEROFHETHET 5 &, B X 506 2 BT
JEASFRD HND Z DD, BTEERIINTS b
MR E OIMPIMEREIZ AL IVEVEEZS
n5.

HERIZOWTIE, AR M7 12U EX L THEK
L7z 1 AR RO LEIE Venturia inaequalis T % "ETETE
L CIRPIMERE A ME L7z (BIER S, 2006). $&PUik
FEEDOERMIZ oW TIE, McHardy (1996) o3k % 2
Z2, BHEEOSA A [0 WIRRYERZ L ; 1] :
fafaEbR ey MEBEEK ; [2) lafE2Ebirn
Z7UBYAFEAZ O ADOTE ; [M] - et %2tEb
Wk 70y AR L RO R S T B
DA 5 [3] BRES NN 2089 wpE s [4]) - &85k
a2 W, owvwsyhprZaEL-LT, 4]
7213 [3] OFFMIENRO L N-E T BRELHEL
oo FORE AL X 005 LEMRICEERR
TR b, BERICHNEEIND BAS (K
M5, 1988) LIIANTHRTFEREIHL N IZEh o7k
(Table 3). ZDZ &n6, BERIXFLT b )OrHs
RLE IIWEETHY, TOREIX AL LEEE
EHE SN

4) XMMEHE
) Y IOZHEME ML SEIEFIC L o THEE SN T
BY, SEIEFILANE — O ahFE A SO T A2 R

FTIEDBHOENTVE, BYORLRRE O SHEET
AL S5S7 TH ) (B4, KER), KRNELEL2S
BEFM2ESTSL VTV TR YRR
£A—F ‘5L TNV FrFUIXR Vafd—
VR CENR INT =T oD MR AT
ST Ah, 0%V OB VK ERERL, 1E472D
013 57 ~ 146 Td - 72 (Table 4). ShHEE 53t
MEMEEERLEFBOMIGECEMT 254, &
FEHR30% L& FET 3B LA MEE SUMMES,
1999), LitofiRrbL&MEE b ) OrRE I
RHEMEETH B s N, —F, SEETHE)
S557 T (AA, 2008) AL L "SAS (K5
L7zl EOMEFERITEN LKL, HELLREEICHET X
ROENGholzl s, "EALE & LY)ONPRE
IHEATATETH 5 LHE SN

2. ‘BHYDOHLIHRZE OBERZMICH TS5 E

1) REERCERERRICH T80 - FHiEHE - R

ErE

2002 4E A &, 13 UL 17 71 F 0 45 37 S ER I 70 1 A,
BRI L R R e v v — & B gERT Y v T
WFEiLTIc BT, M7, M26 Db wiEA AR T 721 "5
U HohMAICEEARL CEE L824t L CalE
B AT o7 CRECEISEMERER, Table 5). xRS
HELT ‘5L ZHWZ b EFEHEAER
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ZlE] 18 B 12 3T 2006 4F-~ 2008 4F 12 FFlfi S 4172

Table 3. Resistance of 'Morinokagayaki' to Scab.

Number Disease severity ¥ .
. Resistance level to
Cultivar of plants (Number of plants
. ’ . Scab
inoculated incected)
Morinokagayaki 3 4(2), 3(1) Susceptible
Tsugaru 3 3(3) Susceptible
Fuji 3 4(2), 3(1) Susceptible
Sansa 3 3(1), M(2) Moderately resistant

“The plants were with JM7 rootstock, and were grown and evaluated for Scab

resistance in 2005.

Y Desease severity was classified according to McHardy (1996) as follows: 4,
extensive sporulating lesions; 3, restricted sparcely sporulating lesions; M, a
mixture of necrotic, non-sporulating lesions and sparsely sporulating lesions; 2,
chlorotic or necrotic lesions with no sporulation; 1, minute pin-point pits with no
sporulation; 0, no macroscopic evidence of infection.



18

ES LT e

521 % 2016

Table 4. Cross compatibility of Morinokagayaki' (2007).

No. of flowers

No. of seeds per

Q(S genotype ) 4(S genotype ) pollinated Fruit set (%) fruit Compatibility
Shi(gi‘lg’gg)"ld M°rig;‘§g7?yaki 20 90 10.1 Compatible
%51‘1?5?)1 Mori?;;‘g%;‘yaki 20 100 12.3 Compatible
Shir(l;fg?)"eet Morig’;‘g%;‘yaki 20 90 7.4 Compatible
( Slzugig) Morig);‘g%?yaki 20 90 9.5 Compatible
Gold?EZD;;cious Mori&o;{g%?yaki 20 95 84 Compatible
(‘;ang‘ﬁg) Morig;‘giiyaki 20 100 5.7 Compatible

( S(;r;‘;) Morig’;‘ggj‘yaki 20 100 14.6 Compatible
](Jslgesrg M°rig5k§§§‘yaki 20 80 9.5 Compatible
T(g‘;gg;)u Mori&o;‘gi;"yaki 20 100 10.2 Compatible
(221? ;) Morigoé{ ggg\yaki 20 5 0 Incompatible

* Cited from Matsumoto (2008).

Table 5. Institutes and their location where the National Trial of 'Morinokagayaki' was carried out, year of
grafting, grafting methods, and rootstocks in the trial.

Institution” . . Rootstock Number of tree
(Location) Year of grafting Grafting method (Interstock) replications
Hokkaido(Sapporo) 2002 Veneer-grafting JM7 1
Hokkaido(Naganuma) 2002 Veneer-grafting JM7 3
Aomori 2002 Veneer-grafting M. 26E 3
NIFTS(Morioka) 1996 Veneer-grafting JM1 1~2
Iwate(Kitakami) 2002 Veneer-grafting M. 26 3
Miyagi 2002 Veneer-grafting M. 9Nagano 4
Akita(Yokote) 2002 Veneer-grafting M. 26 3
Akita(Kazuno) 2002 Top-grafting (Santaro) -
Yamagata 2002 Top-grafting (Fuji)
Fukushima(Fukushima) 2002 Veneer-grafting JM7 2
Fukushima(Aizubange) 2002 Veneer-grafting JM7 3
Ibaraki 2002 Veneer-grafting JM7 2
Tochigi 2002 Top-grafting (Fuji) -
Gunma 2002 Veneer-grafting M. 26 2
Nagano(Suzaka) 2002 Veneer-grafting JM7 3
Nagano(Takamori) 2002 Veneer-grafting M. 9Nagano 3
Toyama 2002 Top-grafting (Fuji) -
Ishikawa(Kanazawa) 2002 Veneer-grafting JM7 2
Ishikawa(Noto) 2002 Veneer-grafting M. 26 1

“ See text for institution name.



FIERS © ) > T D D OhHRE 19

B ODNRE OFER Table 6 IR L7z, 7B,
FERICE D EEPLH L -8R EOEE I,
[Medium ~ ManyJl, [Poor ~ Medium] ® & 9 |2~T
WATERBTL DI, PofE ([] fF&TER) %
RFEMHE GERMER 2R TIREIC BT 5 &ETFHHE)

L7 HAERNZKOEED ) B, FFHEMERIC—ZEDNE
O WHEERIRETHE SN LTEE (RE) 1225w
TIE, WA ZAEMEE L 14EHDVIZ2EDM L
PO NTR Do 725E - BE L T —HIZH > 7205,
FOHEZ1IEDLVF 280 1) HE2 HWwiz.

Table 6. Characteristics of 'Morinokagayaki' in the National Trial (2006 — 2008) ”.

Number of axillary =~ Date of Date of full

Location Tree shape Tree vigor Number of spurs Aower buds bud burst  bloom
Hokkaido . . . .
(Sapporo) Spreading Medium Medium Medium Apr 15 May 19
Hokkaido oy . B
(Naganuma) Medium Apr 24 May 26
Aomori Modera.tely querately B Apr 8 May 14
spreading vigorous
Iwate . . . .
(Morioka) Spreading Medium Medium ~ Many Medium Apr 6 May 12
Iwate . .
(Kitakami) Medium Medium Apr 1 May 9
. . . Intermediate between Intermediate between
Miyagi Spreading Medium medium and few medium and many Mar 28 May 6
Akita . . . .
(Yokote) Spreading Medium Medium Medium Apr 5 May 9
Akita
(Kazuno) Apr 9 May 17
Moderately weak
Yamagata Spreading ~ Moderately Medium Medium ~ Many Apr 1 May 6
vigorous
Fukushima Spreadin Medium Medium Man, Mar 25 May 2
(Fukushima) p 5 Y Y
Fukushima Medium ~
. Spreading Moderately Medium Medium Mar 26 May 6
(Aizubange) .
vigorous
Ibaraki Intermedlgte Medium Medium - Mar 25 Apr 28
~ Spreading
Tochigi Modera.tely Medium Medium ~ Many Few Mar 20 Apr 26
spreading
Gunma Spreading Medium Medium Few Mar 25 May 3
Nagano Modera.tely Medium Medium Medium Mar 27 May 4
(Suzaka) spreading
Toyama  Intermediate Medium Medium Medium Mar 19 Apr 27
Ishikawa Spreading querately Medium Medium Mar 24 Apr 30
(Kanazawa) vigorous
Ishikawa 0 hediate Medium Few Mar27  May5
(Noto)
Average or . . . .
[Median] [Spreading] [Medium] [Medium] [Medium] Mar 31 May 7

“ See Table 1 for trait evaluation
Y Data not available
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Table 6. Continued”
Location Date of Preharvest dro Productivit Mean fruit Fruit shape Uniformity of fruit
harvest v pz VI weight () P d
Holdkaido Oct 22 Few High 323 Oblong Medium
(Sapporo)
Hokkaido Oct 24 Medium Medium 225 Globose Medium~Good
(Naganuma)
Aomori Oct 14 Absent ~ Few High 445 Oblong Poor~Medium
Iwate . .
(Morioka) Oct 22 Few High 377 Oblong Medium~Good
Iwate . .
. . Oct 21 Absent ~ Few Medium 395 Globose Medium~Good
(Kitakami)
Miyagi Oct 8 Few -y 389 Oblong Medium~Good
Akita Oct 9 Absent ~ Few - 372 Globose Medium
(Yokote)
Akita . Ellipsoidal, or
(Kazuno) Oct 16 Absent Medium 438 Globose Poor
Yamagata Oct 14 Absent ~ Few - 388 Globose Medium~Good
Fukushima . . _ Moderately good ~
(Fukushima) Sep 27 Absent ~ Medium 378 Globose Good
Fl}kushlma Sep 30 Absent ~ Few Medium 358 Oblong Medium~Good
(Aizubange)
Ibaraki Sep30  Absent ~ Medium - 369 Oblong, or Medium~Good
Globose
Tochigi Oct 8 Absent Medl.u me 370 Oblong Good
High
Gunma Sep 22 Absent ~ Medium Medium 366 Gl({bose., or Poor~Medium
Ellipsoidal
Nagano Sep 26 Absent ~ Few High 381 Globose ~ Medium~Moderately
(Suzaka) good
Toyama Oct 15 Medium High 388 Oblong Medlumggggderamy
Ishikawa
(Kanazawa) Sep 17 Few 501 Oblong Good
Ishikawa Oct 17 Absent ~ Medium - 406 Globose Good
(Noto)
Average or [Medium ~ X L
[Median] Oct 9 [Few] High] 382 [Globosel [Medium ~ Good]

? See Table 1 for trait evaluation
Y Data not available

* Mode
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. Area and position of Waxiness of Core Flesh firmness
Location . Watercore . Texture
russet skin molding (Ibs)
Hokkaido . . .
(Sapporo) Few at stem cavity - Absent Absent 14.5 Medium
Holkkaido Absent ~ F?W at Absent ~ Few  Absent 15.3 Medium
(Naganuma) stem cavity
Aomori Few ~ Medl.u m at Medium Absent Absent 15.4 Medium
stem cavity
Iwate Absent ~ Few at Absent ~ .
(Morioka) stem cavity Strong Absent ~ Few Fow 15.2 Medium
Iwate Few ~ Medium at . Absent ~ .
(Kitakami) stem cavity Weak Medium Fow 13.7 Medium ~ Good
. Few at stem cavity B Medium ~
Miyagi and calyx end Absent Absent 15.5 Moderately good
&‘; llil(:?e) Ab:;t;lzasiiv; at ﬁzzi{u; Absent Absent 15.4 Medium
Akita Absent ~ Few at Weak ~ Absent ~ .
(Kazuno) stem cavity Medium Absent ~ Few Few 14.7 Poor~Medium
Yamagata  Few at stem cavity Medium Absent ~ Few Ab;ilis - 15.5 Good
Fukushima Few ~ Medium at _ Absent ~ Absent ~ 147 Moderately
(Fukushima) stem cavity Medium Few ’ poor~ Medium
Fukushima Few ~ Medium at Poor~
(Aizubange) the side Absent Absent 14.9 Moderately poor
Ibaraki Fev&; t; mMCZ(i;;;;n at Medium Absent ~ Few Ab;(zrx - 15.7 Medium
Tochigi Medlum at stem Weak ~ Strong Absent Absent 14.5 Medium
cavity and calyx end
Few ~ Medium at .
Gunma . - Absent Absent 17.0 Medium ~ Good
stem cavity
(I;jfjl?:) Fev&; t;mlvlcz(ilzlilgl at - Absent ~ Few Ab;i:: - 14.0 Medium
Toyama Absent ~ Fgw at Strong Absent ~ Few Absent ~ 12.7 Moderately good
stem cavity Few
ew at stem cavity - sent sent . oderately goo
okawa g i Ab Ab 13.5 Moderately good
Ishikawa . Absent ~
(Noto) Few at stem cavity Strong Few Fow 10.8 Good
Average " [Few at stem cavity] [Medium] [Absent ~ Fewl] [Absent ~ 14.6 [Medium]
[Median] Few]

“ See Table 1 for trait evaluation
Y Data not available
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Table 6. Continued”

Soluble solids Titratable

g a0 ; Duration of
Location Juiciness  concentration acidity Sugar-acid Sugar-acid  Shelf life

(Brix, %) (2/100m]) balance ratio (days) storage (days)
Holkkaido High 14.2 0.30 Sweet 47.3 - -
(Sapporo)
Hokkaido — Medium = 14.2 042  Medium ~ Sweet  33.8 - 60 <
(Naganuma) High
Aomori High 14.3 0.28 Medium ~ Sweet 51.1 - 60 ~ 90
Iwate Moderately . .
(Morioka) high 15.0 0.23 Sweet 65.2 10 ~ 14 60 ~ 90
Iwate . .
(Kitakami) High 13.9 0.25 Medium ~ Sweet 55.6 60
. . Moderately _ _
Miyagi Jow ~ High 13.9 0.30 Sweet 46.3
Akita . Medium ~
(Yokote) Medium 13.9 0.27 Moderately sweet 51.9 12 <
Akita High 12.8 0.36  Medium ~ Sweet  35.6 - -
(Kazuno)
Yamagata High 14.6 0.26 Medium ~ Sweet 56.2 - -
Fukushima . Medium ~
(Fukushima) Medium 14.2 0.24 Moderately sweet 59.2
Fqkushlma Medium 14.3 0.27 Medium ~ Sweet 53.0 - -
(Aizubange)
Tharaki ~ Yederately 13.7 0.27 ~ Moderatelysweet 5, 10 60
high ~ Sweet
Tochigi High 12.2 0.97  Moderately sweet - -
~ Sweet
Gunma Low ~ High 15.3 0.30 Moderately sweet 51.0 - -
~ Sweet
Nagano Medium 13.4 027  Medium ~ Sweet  49.6 - -
(Suzaka)
Moderately Medium ~ _ B
Toyama high 14.2 0.26 Slightly sweet 54.6
[shikawa Medium 14.5 0.36 Moderately acid 40.3 - -
(Kanazawa)
Ishikawa . Moderately sweet _
(Noto) High 13.9 0.28  Sweet 49.6 10
Average or  [Moderately [Medium ~ B B
[Median] highl 14.0 0.29 Sweet] 49.8

? See Table 1 for trait evaluation
Y Data not available
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Table 7121%, ®WETHE 51U EHELEEEZR
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& RIAREE &R S 7z,

EACFEDEEIZOWTIL, [H] L L7228
B TwROEL, [H] ~ %] 2 [R#R£], b
& (%] LoHIE L72ahs 3T, 4] LHwE L8
i 3 ), hElX ] THh o7z,

FEFEHIE, dEETA AR ~TH, H&% AT
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~THTho7z. ZEFFHEIZ3IA3IIHTHY, 5L
INEEICIHEPS 7.

Table 7. Characteristics of 'Morinokagayaki' compared with those of 'Fuji' in the National Trial (2006—2008).

Cultivar Tree vieor Number of Number of axillary Date of bud Date of full Date of Preharvest
g spurs flower buds burst bloom harvest drop
Morinokagayaki [Medium] *  [Medium] [Medium] Mar 31 May 7 Oct 9 [A';,Z?]t -
.. [Medium ~ . . [Absent ~
Fuji Vigorous] [Medium ] [Medium ] Apr 3 May 8 Nov 13 Fow]
%% * *%

Significance ¥

“[] ‘Median.

Y NS, *, and ** Non-significant, significant at P = 0.05, and significant at P = 0.01, respectively, in two-way

analysis of variance for quantitative traits.

Table 7. Continued.

. .. Mean fruit . Uniformity Area and position Waxiness
Cultivar Productivity weight (g) Fruit shape of fruit of russet of skin Watercore
. . [Medium ~ [Medium [Few at stem . [Absent ~
Morinokagayaki High] * 382 [Globose] Good] cavity] [Medium] Fow]
Fuji [Med'lum - 336 [Globose] [Medium] [Few at stem [Absent] [Medium ~
High] cavity] Many]
*%

Significance ¥

“[] :Median.

Y NS, *, and ** Non-significant, significant at P = 0.05, and significant at P = 0.01, respectively, in two-way

analysis of variance for quantitative traits.

Table 7. Continued.

Soluble solids Titratable

Cultivar Core molding ﬁrm]r;‘liissh(lbs) Texture Juiciness concentration acidity Suiigimd
(%) (g/100ml)
. . [Absent ~ . [Moderately
Morinokagayaki Few] 14.6 [Medium] high] 14.0 0.29 49.8
. [Absent ~ . .
Fuji 14.8 [Medium] [High] 15.0 0.40 37.8
Few]
Significance ¥ NS wx wx wx

“[] :Median.

Y NS, *, and ** Non-significant, significant at P = 0.05, and significant at P = 0.01, respectively, in two-way
analysis of variance for quantitative traits except for sugar-acid ratio and in Steel-Dwass test for sugar-acid ratio.
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Fig.4Comparison of mean soluble solids
concentration at various regions in the
National Trial between ‘Morinokagayaki’ and
‘Fuji’.

Error bars indicate + 1 SD. Different letters indicate

significant differences among regions at P = 0.05, as

determined using LSD test for ‘Fuji’. NS and *

indicate non-significant or significant differences,

respectively, at P = 0.05, in t-tests between cultivars
for each region.
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EWEGGETHL 7259, VF /T L
DYV OPRE LrKTLE, EAHHT, T
F/ T—=)V K oHBKIEA 308 (BIE 5, 2012b), 30.6 (/)
5, 20000 THHOIKHLT, bHorresE’ T
1% 498(Table 6) & &<, RinfEIHBK LM KL 2 &
BREDOZ ENHLNIZEI N T, FERAEMEICH
LT, DYorre& BREEOHLBOHVEH
FETAFELDRDICEATYS UNES, 2012). S

Table 8. Resistance of 'Morinokagayaki' to Alternaria leaf spot and Scab.

Field determination *

Inoculation test ¥

Di
No. of . Disease No. of No. of . 1segse
. . . . Proportion . Proportion  severity
Expeiment station Disease Cultivar leaves . severity leaves plants . .
. of infected . . . of infected index (0-100)
examined index inoculated inoculated .
leaves (%) leaves (%) or disease
per year (0-100)  per year per year .
severity
Aomori Apple  Alternaria . .
M k k 154 11. 2.2% 1 - *
Exp. Stn, Jleaf spot orinokagayaki 5 7 a a 5 0 0
Tsugaru 154 30 a 05 a 20 - 0 0
Fuji 161 182 a 3.1 a 20 387 a 8.4 a
Starki
aring 159 509 b 114 b 20 923 b 436 b
Delicious
Significance ¥ * * i o
Hokkaido Central . .
Zgr.a;i‘;:p. grgn]?a Scab  Morinokagayaki 229 1.1 04"V - 3 +
Tsugaru 294 2.4 0.9 - 2 - +
Fuji 279 7.2 3.2 - 2 - +
Sansa 311 0.0 0.0 - 2 - +
Significance “ NS NS

? Alternaria leaf spot: average of 2003—2007, scab: average of 2004—-2008.
Y Alternaria leaf spot: average of 2004—2008, scab: average of 2004-2008.
* Disease severity index of Alternaria leaf spot: Y (Index of infection X Number of infected leaves)/(6 X Number of determined or

tested leaves) x 100.

Indices of infection classified by the number of sporulating lesions per leaf: 0, no visible symptons; 1, 1-5 lesions; 2, 6-10 lesions; 3,
11-30 lesions; 4, 31-50 lesions; 5, over 51 lesions; 6, high incidence of disease with defoliation.

" NS, *, and ** Non-significant, significant at P = 0.05, and significant at P = 0.01, respectively, by non-parametric multiple
comparison test according to Steel-Dwass. Different letters indicate significant difference at P = 0.05 or 0.01.

¥ Disease severity index of Scab: Y (Index of infection x Number of infected leaves)/(3 x Number of determined leaves) x 100.
Indices of infection classified by the ratio of sporulating area per leaf: 0, no visible symptons; 1, 1-25 %; 2, 26-50 %; 3, 51-100 %.

" Desease severity of Scab: +, extensive sporulating lesions; +, restricted sparcely sporulating lesions; -, no sporulation.



FEES ) > TRl b ) e g 27
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B TH L. AREOZD L) BT EET AR
L, Vv TRFEICH T B BEHALHRILL Tw 5,
HOERLZIFCETIZH 2L OBEHRIITTELD
NPT VEEZLNL, HOAKRTEEDOH S b1
OB E A, HOEEIAELEOMETH D D
Eb b, BRI 2 EEOE A O B EE
mfl e L CHE RIS NG,

m =

L Do E 13, BIOKES R ERY B i =
Y (Bl B REIIZET )~ IWFZEHLT) IS8V,
1981 4E12 28" 12 AT ML CEEED
LEIRE N, REPSELKRROBAEKRY) ¥ IifE
THAbH. 20024E05 [V TR 63 %5 ORKEL %
T ¥ TEE 5 R IO MR E SR B &
LTt L, 13 EIR 17 # T AL BRITse 4%, b
W FEERFIE X v & — & REWIZERT ) > TR
BOTHESEZME L7, 2010 48 3 HIZEMEOEN S 5
Tl & U CREMKEES O EAGEEmiE & S, 2011 4F 3
FIESRTE 555 20709 5 & L CHEH P 3D & s
FRE NI

2B RITBHIRIETT, BIBUITRETH L. D) Ohds
& OSHEETEILSSS7 TH Y, SEETEIDE
L "CAS LIIRMARMEHTHED, 5L, O
M5 FEOFEFEEWE S IIMEMETH 5.

3. RAR IS M E SRS B B R DB AN L AL
OFERTVTNOFRETH L. BFHIE &L
FU3H AR AU LD 1 HENENEr- 7.
4. FEONPHEREINIZ B & JbiEE Tl 10 H L~
T, BRI EHIRTIEIOA T~ 10 H
HTHY, 5L Y30 HUER»-72 EEDIE
mEyy, REEIF382 g THY, HL XD 40
gl b REDP o7z REETIZSIUPEE LTV,
SR LI A o . LHTDORERIE (A
U LRARBEICE,» -2, WEITHREET, ikt
WHE Do 72 BEEILTE 40%BETHY, 51T
L0 1% REEMD - 7225, FBWIFEHNIC BT 2 5k
HETE AL BIY VaFa-ur LREZEOH
XThHotz. BEEIZFEY029 g/100ml THY, 5L
£1 01 g/100 ml B - 72, HBRILIE S 498 ©
HY, S XD I0MUEEL, HEksmErsn
DR E A LT,

5. 9 EIIUMEIC BT 2 M E R R 5, b o
PR E N AF—=—F 7Ty R L) LA
TERERRNI A KPR EE AT & 2B v & g &
n, AL EREELZVUIRPIEREESRRE W E
Ezohi, BEWKIFLTUL, ") orse &
X AL R oD LU CREETH D EHE
SN,

6. b OH»HR & (T, FACH TR0 B AL
B Jukeih 7 SBEAF ) v TS I TRk C
&5, BUbHTALE R & DG HIZ BT H FFEEE
TTICEIETE D, RIS ERE R T,
Hids, 4ERICE > TRADELERIBDO SN TWD
DT, Aanflz 5UE L7256 I RAB IR O FE R
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Fig. 2 Fruit of ‘Morinokagayaki .

Fig. 3 Bearing tree of ‘Morinokagayaki on JM1 (7 years old).
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