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New Apple Cultivar ‘Santaro’
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Summary

‘Santaro’ is a midseason, triploid, subacid, large red apple (Malus pumila Mill.) released in 2000 by
the National Institute of Fruit Tree Science (NIFTS), Ministry of Agriculture, Forestry and Fisheries.
‘Santaro’ originated from a cross of ‘Hatsuaki’ x ‘Starking Delicious’ made in 1976. The tree was first
selected on the basis of its fruit quality and growth habit in 1986 and was subjected to the regional trial,
conducted at 18 research sites in 13 prefectures in Japan, as selection number Apple Morioka No.50 from
1989. The cultivar was ultimately selected and released as ‘Santaro’ in 2000 and registered as N0.11257
under the Plant Variety Protection and Seed Act of Japan on March 26, 2003.
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At NIFTS in Morioka the fruit of ‘Santaro’ on M.26 EMLA rootstock ripens early in October, about
137 days after full bloom. The shape of the fruit is round with a mean fruit weight of 356 g. The skin

color of the fruit at harvest time is almost 100% red blush. The texture of the flesh is moderately fine,

crisp and juicy. Mean soluble solids content (Brix) in juice is 12.5% and titratable acidity averages 0.69

0/100 ml as malic acid at harvest. The fruit maintains firmness and crisp texture in refrigerated storage

for about 80 days at 1 to 4 °C.

The tree is medium in vigor, spreading in shape and productive with medium preharvest drop. It

blooms 1 day after ‘Jonagold’. ‘Santaro’ is cross-compatible with major commercial cultivars such as

‘Fuji’ and ‘Tsugaru’ since the S genotype is S3S¢S,g, and is resistant to Alternaria leaf spot.

This cultivar is also regarded as a promising processing cultivar for its fruit quality and productivi-

ty.

Key words: Malus pumila, new cultivar, fruit breeding, cultivar description, processing
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Fig.1 Pedigree of the ‘Santaro’ apple.
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Fig. 2 Tree of ‘Santaro’ on JM 7 (8-years-old).

Table 1. Characteristics of ‘Santaro’ compared to ‘Sensyu’ and ‘Jonagold’ at NIFTS, Morioka 2.

Fruit
Date D. ks
Tree Leafing of ate Col 1
Cultivar/rootstock Y . full of Productivity " Mt.aan olor value
age date u. harvest * weight Shape Over color by Appearance °
bloom * (@ JHSC"®
. Solid deep red,
Santaro/M.26EMLA 9 Apr.13b" May 18 Oct. 2 a High 356 a Round . 0409 Good
attractive
Sensyu 17  Apr.l6c¢ May 19 Oct. 8 a Medium 256 b Conical Red, stripe 0415 Medium
/Marubakaido : . ’
. Solid deep red,
Jonagold/M.26 16 Apr.lla May 17 Oct.25 b High 316 b Round . 0409 Good
attractive
Significance ¢
Among cultivars - £ NS * % - *
Among years - EES * %k NS - NS
Table 1. Continued.
Fruit
. . Soluble Duration
Cultivarfrootstock Greasiness  Cracking Flesh wlids Acidity” o Shelf
of at stem . firmness ° Texture”  Juiciness ™ K life’
okin® cavity molding (Ibs) content  (g/100 ml)  storage (days)
s (Brix, %) (days) s
Santaro/M.26 EMLA Weak Absent Absent 14.4b Modfeiflz;tely High 12.5a 0.69 ¢ 83 12a
Sensyu . . . .
Marubakaido Medium Medium  Absent 13.5a Fine High 13.0 a 0.44 a 78 29b
Strong . .
Jonagold/M.26 . Absent Absent 15.4b Medium High 13.9b 0.55b 63 23 b
when overripe
Significance
Among cultivars - - - * - - % 3k % 3k NS *
Among years - - - NS - - NS NS NS NS

* Average of 1994 - 1997.

¥ Tree age in 1997.

* Date when continuous bud breaking was observed on more than three terminal buds.
" Date when 70 to 80% flowers of terminal flower buds blossomed.

¥ Date when maximum harvesting was performed in a day.

" Classified into three classes: Low(standard cultivars: Akane, American Summer Pearmain); Medium(Fuji, Tsugaru); High(Jonagold,
Mutsuw).

* JHSC: Japanese Horticultural Plant Standard Color Chart.

® Classified into three classes: Poor(standard cultivar: Indo); Medium(Fuji); Good(Starking Delicious).

* Mean separation within columns by Ryan's method, Z=0.05.

NS, #*, * % : Nonsignificant, significant at Z=0.05, significant at Z=0.01, respectively.

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

° Flesh firmness was measured using a penetrometer (FT327; McCormick Fruit Technology, USA) with an 11.1 mm probe.
" Classified into three classes: Coarse(standard cultivar: Ralls Janet); Medium(Fuji, Tsugaru); Fine(Sensyu).

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

! Titratable acidity as malic acid.

K Kept in a refrigerator at 1 - 4°C.

! Kept in room condition.
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Table 2. Cross and self compatibility of © Santaro’.

No. of Fruit set at No. of

2(S genotype *) (S genotype *) Year flowers  harvest time  seeds Compatibility

pollinated (%) per fruit
Santaro(S ;89S »5) Sekaiichi(S ;.5 5) 2011 30 0 Incompatible
Santaro(S ;8¢S 25) Yoko(S ;S ,) 2011 30 0 Incompatible
Santaro(S ;548 55) Korei(S 58 5) 2011 30 0 Incompatible
Santaro(S ;8 9.5 »5) Sekihikari(S ;.5 55) 2011 27 4 1.0 Incompatible
Santaro(S ;8¢S 25) Holly(S 4.5 55) 2011 30 0 Incompatible
Santaro(S ;84S ) Starking Delicious(S ¢S 2) 2011 30 0 Incompatible
Santaro(S ;8¢S 55) Sansa(S ;S ;) 2011 30 70 4.4 Compatible
Santaro(S ;84S 55) Tsugaru(S ;S ;) 2011 30 53 3.1 Compatible
Santaro(S ;89S »5) Fuji(S,;.S ) 2011 30 63 4.4 Compatible
Santaro(S ;8¢S 45) Santaro(S ;.8 ¢S 45) 1995 45 47Y Unclear
Santaro(S ;84S 55) Santaro(S ;54 55) 2011 30 40 1.3 Unclear

” Cited from Matsumoto (2008).
Y Fruit set at 5 weeks after pollination.
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Table 3. Tree and bearing characteristics of ‘Santaro’ compared with ‘Tsugaru’, ‘Sensyu’, ‘Jonagold’, or ‘Jonathan’ in the

regional trial (Mean of 1995 - 1997)%.

LOF ation . Tree . Number of Nurjnber of
(City or Cultivar Rootstock y Tree shape * Tree vigor ™ Y axillary
town) age spurs flower buds "
Hokkaido Santaro M.26 9 Spreading Medium Medium Slightly few
Sapporo) | Tsugarw M6 17, Spreading Medium FW e, Medium
Hokkaido Santaro M.26 9 - R
(Naganuma) | Tsugaru M26____._..... LT e e s et s
Aomori Santaro M.26EMLA 9 Slightly spreading Weak Medium Medium
(Kuroishd) . Tsugarn  M26EMLA 12 Spreading ] Medium S
Santaro M.26EMLA 9 Spreading Medium Medium Many
gjl?)i?oka) Sensyu Marubakaido 17 Spreading Medium Few Medium
remeennrenenenenn SORREOI MG e 16....Spreading ... Medium ... Many e Many, e
Iwate Santaro M.26EMLA 8 Slightly spreading Medium Medium Medium
(itakami) | Tsugarw MO 21 Slightly spreading _Medium Medium Medium
o Santaro M.9A 8 Intermediate * Medium Medium Medium
?ﬁ;ﬁ)ﬁ) Tsugaru ~ M.26 14  Intermediate Medium Medium Medium
Jonagold M.26 14 Intermediate Medium Medium Medium
s ........... O B T AL 5 5 -preadlng .............. R i any ..............
é;kollt;(l)te) Tsugaru M.26 13 - - - -
.................... Sensyu M0 e e e e e e
Akita ® Santaro Marubakaido 9 - -
(Kazuno) .5 Sensyu..._.... M26 e S S S S
Yamagata Santaro M?tsubaka%do 9 Spread%ng Stror'1g
(Sagae) Sensyu Mitsubakaido 22 Spread}ng Med%um
Jonagold 19 Spreading Medium

X Santaro 9 Intermedia Strong Medium Few
Pukushima = o yu® 19 Intermediat Medi Slight] F
(Fukushima) ensyu n ermfz iate edium 1g' y many ew-
ceeeeeeeemnneeeee donAgOM M6 L 21 ..Spreading ... Weak ... Medium _____.... Medium ..
Fukushima Santaro 9 Spreadlng Wea'k - -
. Jonathan 9 Intermediate Medium - -
(Aizubange)
........... Jonagold
Tochigi Spreading
(Utsunomiya)  Sensyu 7 Intermediate Medium Few Few
Gunma Santaro 9 Spreading Strong Medium -
Numata)  Tsugaru M26 ... 12 Spreading | Medium | Medium e
N Santaro M.26EMLA 8 Slightly upright Slightly weak Many Many
(Sagaar]l{‘;) Sensyu M.26EMLA 10 Slightly spreading  Slightly weak  Few Medium
uz:
Jonathan ¢ M.26EMLA 8 Intermediate Medium Few Many
Nagano Santaro M.26 8 Strong - -
{(Shimoina) __ Semsyu .. M6, eeeeeeeeeeeeneenensasienenssneeneennenens) Medium ... el
Toyama Santaro Marubakaido 9 Intermediate Slightly strong ~ Medium Medium
Do) .8 Sensyu ... Marubakaido ... ... 20.... Intermediate . Medium ... Many  _eeees Medium ..
Ishikawa Santaro M'26EMLA 9 Intermediate Medium Medium Medium
/Seedling
(Kanazawa) . . . .
.................... Semsyu . M326 e 12 Intermediate | Medium | Medium | Medium
Tokushima Santaro M.26 9 Intermediate Medium Many -
(Kamiita) Tsugaru”  M.26 10 Intermediate Medium Medium -
Santaro (18)? 8.7 - -
Tsugaru( 8) 14.5 - -
Average
Sensyu(10) 15.9 - -
Jonagold ( 5) 18.4 - -

“See Table 1 for the evaluation of each trait.

Y Tree age in the last year of the data.

¥ Classified into three classes: Upright(standard cultivar: Orin); Intermediate(Tsugaru, Starking Delicious);

Spreading(Golden Delicious).

¥ Classified into three classes: Weak(standard cultivar: Jonathan); Medium(Starking Delicious); Strong(Fuji, Mutsu).

V Classified into three classes: Few(standard cultivar: Sensyu); Medium(Fuji); Many(Golden Delicious).

! Classified into three classes: Few(standard cultivar: Starking Delicious); Medium(Tsugaru); Many(Golden Delicious).

‘ Intermediate between upright and spreading.

° Data of 1995 - 96.
" Data of 1996 - 97.
9 Data of 1995.

P Number of locations data were collected in parentheses.
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Location )
(City or Cultivar Lzz;ftl:g fu?lakt)i)o(())t;n Egjezt; Pz::sivest Productivity
town)
Hokkaido Santaro Apr. 26 May 30 Oct. 28 Slightly few High
Sapporo) . Tsugarw ... Apr.26 . May29 ... Oct. 1. Medium .. Medium
Hokkaido Santaro Apr. 27 Jun 3 Oct. 19 Absent -
Naganuma)  Tsugaru . Apr.26 Jun 1. Oct. 4 FeW e
Aomori Santaro Apr. 11 May 15 Sep. 23 - Low
(Kuroishi) Tsugaru Apr. 10 May 16 Sep. 16 - -
Santaro Apr. 13 May 18 Sep. 30 Medium High
%l\vjlzi‘isoka) Sensyu Apr. 17 May 19 Oct. 8 Absent - Few Medium
________________________ Jomagold _.....April May17 | ...Oct.26 _ _ Absent Few  High ..
Iwate Santaro Apr. 9 May 14 Sep. 20 Medium Medium
(Kitakami) Tsugaru Apr. 7 May 12 Sep. 17 Many Medium
Santaro Apr. 1 May 7 Sep. 24 Many High
Miyagi Tsu Mar. 28 May 6 Sep. 15 Medi High
(Nator) garu ar ay ep. edium ig
________________________ Jomagold ... Mar30  May5 ....0ct20 _ _ Absent Few  High ..
Akita * Santaro Apr. 13 May 16 Sep. 22 Absent - Few High
(Yokote) Tsugaru Apr. 11 May 15 Sep. 18 Many -
........................ Sensyu  ........Apeis o May16 Oct. 3 Medium
Akita * Santaro Apr. 17 May 20 Oct. 6 Medium - Many High
(Kazuno) Semsyw _.....Apr20 May21 . Qet. 7 ... Few ... Medium
Santaro Apr. 4 May 10 Sep. 16 Absent - Few -
Yamagata
(Sagae) Sensyu Apr. 5 May 12 Oct. 2 Few -
........................ dJomagold . Apr. 3 May9 . Oct. 8 . Absent-Few - ...
. Santaro Mar. 29 May 2 Sep. 13 Many Medium
Fukushima N . .
(Fukushima) Sensyu Mar. 31 May 6 Oct. 2 Med?um Med%um
........................ Jonagold . Mar28  May1 _  Oct.14  Medum _  Medium
Fukushima Santaro Apr. 3 May 9 Sep. 21 Medium Medium
(Aizubange) Jonathan Apr. 1 May 9 Oct. 21 Few -
g
Jonagold Apr. 1 May 8 Oct. 18 Few -
"Tochigi © Santaro Apr. 5 T May 3 Sep. 4T Few T
Utsunomiya) __ Sensyu ____________ Apr.2 ____ May4 | Sep..25........ Absent ... e
Gunma Santaro Apr. 4 May 6 Sep. 17 Many Medium
Numata) Tsugarw . ......o.Apco4 o May s Sep..1l....... Many.. oeeeeeennes High ...
Santaro Apr. 6 May 7 Sep. 3 Many Slightly high
?éii?lli(;) Sensyu Apr. 8 May 10 Sep. 21 Few Medium
..................... Jovathan’ . Apr. 6 May5 ....0¢t 4 Medium ___ Medium
Nagano Santaro Mar. 31 May 2 Sep. 19 Medium -
(Shimoina) Sensyu ... Apr. 1 ... May 3 ..} Sep.23 ... Medium
Toyama Santaro Mar. 26 Apr. 29 Sep. 14 Medium High
Wozw) ... Sensyu__ ... Mar. 28 ... .Apr.30 .. .| Sep.23 ... Few ... .Medium
Ishikawa Santaro Mar. 30 May 2 Sep. 16 Many Medium
Kanazawa) _ Sensyu . Mar. 28 May 2 ...} Sep.24 . Absent _ Medium
Tokushima Santaro - Apr. 23 Aug. 16 - -
(Kamiita) Tsugaru ™ - Apr. 21 Aug. 17 - -
Average Santaro (18) " Apr. 8 May 10 Sep. 20 - -
Average days of Tsugaru( 8) - 1.4 1.1 8.8 - -
gap with Sensyu(10) +1.0 +1.4 +11.5 - -
Santaro Jonagold ( 5) - 1.6 1.2 +26.2 - -

“ See Table 1 for the evaluation of each trait.

¥ Classified into three classes: Few(standard cultivars: Fuji, Sansa); Medium(Jonathan, Sensyu, Starking

Delicious); Many(Toko, Tsugaru).

* Data of 1995 - 96.
" Data of 1996 - 97.

Y Data of 1995.

" Number of locations data were collected in parentheses.
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Table 4. Resistance of ‘Santaro’ to Alternaria leaf spot and scab.

Field determination *

Inoculation test”

. . . . Disease
E t . .
R ;;I;iej:lmen Disease Cultivar No. of leaf ilji’:c(t):;)é ifgfiie No. of leaf No. of il:f;:’:)lc?:e())é severity
examined X v inoculated shoot index (0-100)
leaves index . leaves .
per year ©0) (0-100) per year inoculated ©0) or disease
° ’ severity
Santaro 197 9.8 1.7% 29 - 0 0*
Aomori Apple  Alternaria  Jonathan 162 8.5 1.4 25 - 0 0
Exp. Stn. leaf spot Fuji 175 24.9 4.9 30 76.7 23.9
Starking Delicious 171 60.2 11.2 30 100 66.7
Hokkaido Santaro 1,166 1.0 0.3" - 3 - +Y
Central Scab Sansa 838 0 0 - 3 - +
Agr. Exp. Stn. Tsugaru 1,030 9.8 4.2 - 3 - +

“ Alternaria leaf spot: average of 1996 - 1997.
Scab: average of 1992 - 1997.

¥ Alternaria leaf spot: average of 1996 - 1997.
Scab: data taken in 1996.

* Disease severity index of Alternaria leaf spot: X(Index of infectionx 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 symptoms; 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.

¥ Disease severity index of scab: Z(Index of infectionx Number of infected leaves)/(3 X Number of tested leaves) x 100.
Indices of infection classified by the ratio of sporulating area per leaf: 0, no visible symptoms; 1, 1-25%; 2, 26-50%;

3, 51-100%.

¥ Disease severity of scab: +, extensive sporulating lesions: +, restricted sparsely sporulating lesions; -, no sporulation.
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Table 5. Fruit characteristics of ‘Santaro’ compared with ‘“Tsugaru’, ‘Sensyu’, ‘Jonagold’, or ‘Jonathan’
in the regional trial (Mean of 1995 - 1997)2.

Location Mean Color
(City or Cultivar Rootstock fr?nt General Umfolfmlty Over color value Area and position
weight shape of fruit of russet
town) by JHSC
(g)

) Slightly Few at stem cavity and
éokkaldg Santaro M.26 344 Globose go0d Deep red 0108 calyx end

apporo,

PP Tsugaru M.2! 260 Globose Good Strong red 0415 Few at stem cavity
Hokkaido Santaro M.26 345 Cylindrical Good Deep red 0409 Few at stem cavity
(Naganuma)  Tgugaru ~ M.26 242 - -

. Santaro M.26EMLA 356 Globose Good Deep red 0409 Abslent * Few at stem
Aomori cavity and calyx end
(Kuroishi) -

Tsugaru M.26EMLA 318 Globose Medium - - Absent - Tew at stem

Absent - Few at calyx

Santaro M.26EMLA 358 Globose Good Deep red 0409 q
Twate en
(Morioka) Sensyu Marubakaido 292 Conic Medium Strong red 0415 Absent
e meeeeaadOAROM M6 Glebese L Good, L Deepred Lol L Q08 LAk Ll
Twate Santaro M.26EMLA 331 Globose Good Deep red 0408 g})\i‘im - Few at stem
(Kitakami) o » v )
e SO LM AN Qulindiial, S, ViNdred, L Rt stemeayity L
Santaro M.9A 323 Conic Good Deep reddish brown 0708 Few at stem cavity
Mivagi
(ngzili) Tsugaru M.26 311 Globose Good Deep reddish brown 0707 Few at stem cavity
Jonagold M.26 353 Globose Medium Deep reddish brown Absent
Santaro M.26/Marubakaido 357 Globose Good Deep red 0409 Few at calyx end
sy
é;lzizte) Tsugaru M.26 Globose Medium Strong red 0415 Medium at stem cavity
- SR . i i Q0T AR
Akita ¥ Santaro Marubakaido Oblate Good - - Few at stem cavity
(Kazuno) Sensyu i Medi i
Santaro Mitsubakaido 313 Globose Medium Deep red 0408 R ew at stem
Yamagata cavity and calyx end
(Sagae) Sensyu Mitsubakaido 289 Conic Medium Vivid red 0415 Absent
Jonagold M.26 383 Globose Medium Deep red 0409 Few at stem cavity
Santaro M.26 344 Conic Slightly poor Deep red 0408 Ab;ent * Few at calyx
Fukushima en
(Fukushima) ~ Sensyu ¥ M.26 324 Conic Medium - - Few at stem cavity
Jonagold M.26 Globose Medium Vivid red Absent
Santaro M.26 354 Conic Medium - - Few at calyx end
Fukushima Jonathan Marubakaido 255 Globose Good - - Few at stem cavity
(Aizubange) ot -
Jonagold M.26 380 Globose Good - - ?bhem Few at calyx
. Santaro M.26 285 Globose Good - - Few at stem cavity and
Tochigi * calyx end
Ut i i
(Utsunomiya) Sensyu M.26 230 Oblate Good . . Few at stem cavity and
calyx end
Gunma Santaro M.26 356 Globose Medium - - Few at stem cavity and
calyx end
(Numata) . .
e UL M2 B0 Globose S0 e L NMedim 2 stem canily,
Santaro M.26EMLA 368 Globose Medium Strong red 0415 Few at stem cavity and
Nagano calyx end
(Suzaka) Sensyu M.26EMLA 284 Conic Good Deep reddish brown 0709 Absent
Jonathan ¥ M.26EMLA 315 Globose Good Deep red 0409 Absent
Nagano Santaro M.26 424 Globose Good d red 0407 Few at stem cavity
(Shimoina) Sensyu . 69 Conic Good Bright red Few at calyx end
Santaro Marubakaido 419 Globose Good Deep red 0409 Abslent “ Few at stem
Toyama cavity and calyx end
(Uozuw) B
Sensyu Marubakaido 289 Conic Medium Strong red 0415 Absent - Tlew at stem

M.26EMLA

Few at stem cavity and

Ishikawa Santaro /Seedling 283 Globose Medium Deep red 0409 calyx end
(Kanazawa) i
Sensyu M.26 287 Conic Medium Strong red 0114 Absent
Tokushima Santaro M.26 336 Globose Medium Strong yellowish red 0713 Few at stem cavity
(Kamiita) Tsugaru * M.26 256 Globose Medium Deep reddish brown 0707 Few at stem cavity
Average, L .8amtaro (18, e B e e er le e r e e r e e e e e
Tsugaru( 8) -48 - -
Average gap = . N
with Santaro Sensyu(10) 59
Jonagold ( 5) +26 - -

*See Table 1 for the evaluation of each trait.

¥ Data of 1995 - 96.
* Data of 1996 - 97.
" Data of 1995.

¥ Number of locations data were collected in parentheses.
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S Durati
Location . Cracking Flesh QOIL.‘ble L Uraton - ghelf
. . Greasiness Core solids Acidity o x
(City or Cultivar . at stem . Appearance  firmness Flavor life
town) of skin cavit molding (Ibs) content  (g/100ml) storage ” (days)
Y (Brix, %) (days) avs
. Santaro Moderate Absent Absent Good 14.2 13.8 0.74 Slightly - -
Hokkaido good
(Sapporo) .
PP Tsugaru Moderate ~ Absent  Trace Good 13.3 13.8 0.34 S:f;ﬂy -
. Slightly
Hokkaido Santaro Moderate Absent Absent - Few  Good 15.1 13.3 0.80 bad 60 18
(Naganuma)
Tsugaru - - 134 14.0 0.30 - - -
Aomori Santaro Absent Absent Absent Medium 15.4 13.4 0.73 Medium 38
(Kuroishi) Tsugaru - Absent Absent Medium 13.5 13.8 0.28 Medium - -
Santaro Weak Absent Absent Good 14.3 12.4 0.71 Medium 90 12
Iwate Sensyu Moderate Medium  Absent Medium 13.3 13.1 0.44 Shg;xtly 80 25
(Morioka) gof)
Jonagold Strong Absent Absent Good 15.5 14.0 0.57 :ll)log;tly 60 20
Iwate Santaro - - Absent - Few  Good 16.5 13.8 0.78 E:gh“y - -
(Kitakami) .
RT3 VAP : SRR -5 Y - S U D (5 . T
i X Santaro Strong - Absent - Few  Medium 14.8 12.5 0.61 Medium - -
Mlyagl. Tsugaru Moderate - Absent - Few  Medium 12.3 12.5 0.28 Medium - -
(Natori)
Jonagold Strong - Absent - Few  Good 14.3 13.3 0.47 Medium - -
Santaro Absent - Absent Good 15.7 13.4 0.67 Medium 30 14
Akita ¥ R . Slightly .
(Yokote) Tsugaru Moderate Absent Medium 12.7 124 0.27 good
Sensyu Moderate - Absent Medium 13.4 12.3 . Good - -
W Santaro Strong - Absent Good 14.0 11.3 0.57 Medium - -
Akita
(Kazuno) Sensyu Weak - Few Slightly good 134 13.5 0.60 Good - -
Santaro Weak - Absent - Few  Slightly good 134 11.5 0.57 E:ﬁhﬂy 9
Yamagata Sensyu - - Absent - Few  Medium 13.1 12,6 04g  Sliehtly - -
(Sagae) good
Jonagold - - Absent - Few  Slightly good ~ 13.8 15.0 0.49 :iﬂ““y -
Santaro - - Absent Medium 13.6 12.5 0.57 i’hghtly 10
Fukushima a
(Fukushima) Sensyu " - - Few Medium 13.1 13.4 0.46 Good -
Jonagold Strong - Medium 3.0 14.1 0.45 Medium -
Santaro - - Absent Medium 13.0 12.6 0.49 §:§htly
Fukushima . .
(Aizubange) Jonathan Absent Slightly good 13.3 13.2 0.55 Medium
Jonagold - - Absent Medium 13.6 13.8 0.42 Slightly -
v Santaro - - Absent Good 12.6 12.4 0.71 Medium - 3
Tochigi Slightl:
(Utsunomiya) Sensyu - - Absent - Few  Slightly good 104 13.8 0.41 180ty -
good
Gunma Santaro Weak - Absent Medium 13.7 10.3 0.59 Medium -
(Numata) Tsugaru Strong - Absent Medium 114 12.1 0.18 Medium - -
Santaro - - Absent Medium 15.0 13.6 0.58 Bad - <14
Nagano
Sensyu Moderate - Absent Good 14.3 14.4 0.38 Good - -
(Suzaka)
ememeeeeeandomathan s Modenate o Absent | Geod LIRS0 Ced
Nagano Santaro - - Absent Good 13.3 12.4 0.53 Medium - -
(Shimoina) Sensyu - - Absent Good 14.0 14.4 0.38 Good - -
T Santaro Weak - Absent Medium 12.2 11.4 0.48 Medium - 8
oyama .
(Uozw) Sensyu Strong - Absent - Few  Medium 13.2 13.1 0.32 :(l)zg;xtly 9
) Santaro Moderate Absent Absent Good 12.1 12.1 0.43 Medium - 7
Ishikawa Jiehil
(Kanazawa) Sensyu Moderate Absent Absent Medium 115 12.8 0.33 Sologd ty 15
Tokushima Santaro - - Absent Medium 144 11.0 0.58 Medium - -
(Kamiita) Tsugaru * - - Absent Medium 10.1 12.9 0.27 Good - -
Average Santaro (18) " - - . 12.4 0.62 55.0 <11.4
Tsugaru( 8) - - - -2.6 +0.4 -0.42 - -
Average gap ~ . . N . ~
with Santaro Sensyu(10) 0.7 +1.0 0.17
Jonagold ( 5) - - - +0.2 +1.7 -0.11 -

“See Table 1 for the evaluation of each trait.

¥ Kept in a refrigerator at 1 - 4°C.

* Kept in room condition.
" Data of 1995 - 96.

" Data of 1996 - 97.

" Data of 1995.

* Number of locations data were collected in parentheses except “Duration of storage” and “Shelf life”.
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