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New Dwarfing Apple Rootstocks ‘JM 1°, JM 7’and ‘JM 8’

Junichi Soejma, Yoshio Yosuipa, Tadayuki Hanwpa, Hideo BessHo, Shichiro Tsuchiva, Tetsuo Masupa,

Sadao Komori, Tetsuro SaNADA, Yuji Ito, Shosuke Sapamori and Yoshiki KasHimura

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 N0.7443, 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 ', ‘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.O9EMLA'. 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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OEHIIEIZHRER E N5 TR LS A RIHTE
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WHEBRAROMEBNGERZHABL, 197 H4FEE TICED
WD HEREMC D 72 3 2TH OMB B AR Z 3 - B
U7z (Tukey, 1964 ; Preston, 1971) . £D 5 HBMY
X18TIFEIC T TV ATRENSEHLEN, Jaune de
Metz' EMHEIN T D WEBARBIET, 191441 —
ANE—U YIRS THEHERE I N, AROMYE
ZLDTANVACEBBRBLTWESD, BETYA
VAT U—{EREMEh, FROMY &ML
AN E x5 M.OEMLA' > Pajam 1'7% £ 2 ORI
PMEHENTHS. M26'1E A — A FE—Y > 55
MMAGIC MY 22U THKRL, 1958F ik L
DWEEHARHETES. M26ICELUTEREEICY A
VAT —{EhThN, ‘M.26EMLA: ¥ ORFEHEH
ENTW5 (Webster and Wertheim, 2003) . 26
DbWEEAMEE, BE, RSO U I
WTILLFHENTED (Tukey, 1964 ; Webster and
Wertheim, 2003) , 7, ®ET, FNFNEEDRE
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N TW3 (Cummins and Aldwinckle, 1983 ; BlFf,
1995) .
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PERAEFEFLEIREEE, 2009) .
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IM1, CIMTBEBXUT ITMSEE, 1972~19754
WM T TR LU A R A2 8 MY
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FRENMZ N EODWMERIRZE T 5 EREEKT 5
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Pl GEMD, 1985) . 19854EMNL Y v dHAR
F 18, ) rdEKREMT7E, U YdAARNS8 S
DFRFEGEML, D 7THRKEHHLETY Y IEKRE—
B RAR IS AE I IR U Tz, SIS BT 23 ED
R, 3FZRMICDVTHhWEEARE UTOEMHMENE
B, R 7 FERBERBTESTE - RREROE BT
B CGRIGHUERME, 19964F 1 A) ICBW Tl MR
KEEHbLWEDAEMNMELN, & HICHE 2 Alchft
ENTFR T AE SRS HEE &R BV TNl
BEiE T 5 EMPEEN, 19964 3 A BMKES
B E R R R BB EE (HRI4 34 BN
40%5) KA D MBI & ORI 5D <
BB ETT > /2. ZOER, 199648 H21 HATF
TIMLU (DAZEMEISE) , " TMT7 (DATKEK
B108) , ‘JM8 (DATEMAELLE) LmaBis
L (R BRG RIS B FEMISY 2, 1996a, b, o) , &
fz, 19994E9H 21 U THRERRE Nz, BRES
T M 1UEET4435, I M7 AHET444%, T M8’
WHT4455TH 5.

IML, CIMTBXT ] M8 DOEMRHKZFig.1
R LTz, 7B, WE%EERGTOIROKGERTTH
% [Japan Morioka] DFFEERRMFZICBERAIL

M. prunifolia
M 1 ‘Seishi’

M 7
M 8 1 M9

Fig.1. Pedigree of ‘JM 1','JM 7" and ‘JM 8.
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‘M.26EMLANE, S4ABFHETHAMIBLTM26D
SHRECBOTTAINWAT I —LENTZRKTHS.
IO - I - RIE - JiEn EORMEEOHR
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ZFigdlmUTz. TNH O 3[R DWTIEDNAY —
F1—7 O T A I E N T % (Oraguzie
etal, 2005) .
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WRAT M5 Ths. FiLAKIC XS REETEOHS X
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THs.

ARSI M.26EMLA & Hiig LT, REMNNENT &,
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Vi THE), WG k), 0T T, M

WORER My, BEoEXE TE), K& M
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W TE~fh ), RENERIZ16.6%, V> OdBERE
1.2g/100 mifgEZ-R L, HBKIE M), Bk TEl
BHE TH, FKE T, Ritozdid Tpy fE#
FORIE Ty, B THEIER) , REXWE T/ TH
%, BEROBEEITEND, M THEIEL, LD
Bl OEEICREE T,

FEFHEERMT 4 A LhaT T, BHERE 5
U'& D 1 EMEEEEN S5 AR TAT T REOREA
B TR L IZIFRBAO 108 ErhaT Ty TH5%.
FRUAKRIC K BHEBIOMS T TH) , BRICHWES
BOEERZOBET M) TH3.

AFEIE M.26EMLA & LRI LT, RENNEVT &,
B EWESOHPEOTH BT L, BHEIRNT &, iEA
MBS &, LA XD HRBEHEA G LN LE
T, MOEMLA' &L LT, BREMNNENWT &, BH
N &, AR T & UARIC & B 52060 5
LT EHETKANEDEDENS.

(3) JMS8

B T, BokEXxE T, B8
My, BfOREE TR, HiER Ty EZEO
K&EEWE TR, 20 T, EEOELOZDIE
ME~{Eh ) TH3. EHORIZ TH) , HEROENEE
Feigmps ) , HEEOKEXWX TE), B MR
FELDZPE T, {EDBIE THHE) , BXIE
Pl , BEMOEEIE TH) TH5. REONEIL TE
M, Fid ), OB TH1 , M hoB
TiE T, JRE, THOBDOHEEIBIUILEZE My,
RREOKEZIREN25gIRED TR/, REOH!
OB ICREENS G T, BREHS GO
AR , TUDRE M~y , BEAokE I
D), #EE TRy, AH—TAF 03 T, B
ORE TR, CUWE My, M OREE B8],
BoOEZWE M), K@ T, BoomE TE
My, RO MNEy, B Mhe), mxil
My, &0 Ty, B0 ME~fihr) , R
FHEEI313.0%, Y OREEEI32.0g/100 mIfEEZ R
L, HBkE TRy ki Tomg 8k T, &
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i, EANHBTDERIITHEI TV,
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X0 3 HARERV 5 AhaT T8, SREOREIAE D
MNB EIZERFHO OB TET 8] Ths. L
A K BHBEHOMBE T5 ], BRICHNIZSEED
BEARBOBEZ T TH5.

A M26EMLA' & LEIR U T, SREAVNENWT &,
By EETHE T L, BHIENC &, LK
2 X BHBEEAS LVT L5 T, MOEMLA LG L
T, BEHNNIVTE, BHEDTRN &, FHLAKRICKS
REEWENGH LN EETRIMEDNRDENS.

2) HhEtk

ERHOBRR 7 BB B A RIRK R L ORSR
I, ‘M.9EMLA'D0%, ‘M.26EMLADT%ICHL, ‘JM
1ME85%, ‘JM7'1394%, ‘JM8E74%T, JMHRE
REFVWTNORBBCBNTEEVWEERNELONE. 1§
LB SRAEUHEE L, EERIFT, LA
WEICHEARE L THHAREGZARE TOTWARICKE L
(Table 1) .

Table 1. Survival and growth of cuttings after 5 months in the nursery “

Survival after

Rootstock . Tree height Trunk diameter ”
cutting

genotype %) (cm) (mm)
M 1 85 101 7.0
M7 94 86 6.8
M8 74 77 6.6
M.9EMLA 0 - -
M.26EMLA 7 29 3.1

* Average of 1995 and 1996.
Y Measured at 20cm above the ground.
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3) ki
aVTFrEHWTe3HMOEKNEERE{T- T2
LT A, WERIIMIEMLADS 1% LT IM1E
23%, ‘JMTE19% &K<, " ITM 1L ] M7 Diiif7k
PR LR T E I L 72, —75, (T M 8 DKL
RIF83% T, MHAKMIEMIEMLA K W% -7 (Fighs) .

—— M 1
- M7
ez |8

- = M.IEMLA

e Marubakaaido

28 36 42

49 57 63

Water-logged period{days}

Fig.5. Defoliation of JM 1", JM 7" and 'JM 8 after water-logging.

4) ffEHEMYE

FER BN 2EhUMEE, BRESHBRICKDZED
R EMET L7z (Table 2) .

DY dDORMB I UREZNET 2ERTHZ Y > dY
Z LA LU T, ‘MOEMLA' & ‘M.26EMLA' 13 &5
TH-oH, " JML1, IMTBXT IMS8'iE 3 M
EEEFEER L.

FEBFREOP TSy ay MOV, HEE
M P. cactorum B XU P. cambivora’s Y] O K EMGE
UlefEs, "ML, ‘JM7'BXTIMSEVTNE
‘M.OEMLA®M.26EMLA' & bag<, s ET 5 &

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

Crown rot”
Rootstock  Wooly .aplple P cactorum P. cambivora ~ ACLSV”* ASPV™ Altemarlevl 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
M8 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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MW Nz, P cambivora i3 LTI F DFEEIERO
<, TRECEFMNTH D LHEEN BIFS
1989 ; Bessho and Soejima, 1992) .

BRI Y A )V A Td % Apple chlorotic leaf spot
virus (ACLSV) X L Tid, *J M 1 AVEEZIE,
THEIT M EETTH - 7.
pitting virus (ASPV) & Apple stem grooving virus

(ASGV) ot Ui ikt L 7z s SR B 2 7R U
fe. “IM7 i, FHHOACLSVEMREMEFHRICB VT
T BT Fh\?ﬂméhtu b, ACLSVVXX hEeEZDH
NCERED (EHEWHBL, 1997) , EFEICE D MEEHEY
BREME DR RO S EHIETH 5 T EDHLNICE S T2

(R, 2006 ; ¥iE5, 2006) .

PO SRS L TR, Bl U7e 2 iid@aMR s 2R
Uz, BERICHUTIE, "TM17& ] M8 M EHUE,
M7 RBEZETH > T, KGRI LT, KE
IV RZEIC RO THIRIE 2 920 L 7o/, T M
e IM7IEM26 & 05E<, FREOETIEZRL
7z (Bessho et al, 2001) . 'J M 8 OAJFICHT 2K
Pk OREIBIED L CARATH S.

IR, D EATHE, FRCHEIOH LTI Lce
DR TH - Tz (F—2 W) .

—7%, Apple stem

5) BXRE LTHELEBEOEFE

FRHUCBW T, 1982FIC S U ZHIARREE LT
IO HEE 23T 2IT> THARZEM L, 19854
4 AT 3~ 5 ARZ MG EM U, SOLEFRE:
BRUNEREEFOWEZRM L 7. MGERZOM L8

DBEARDODETEMIC L > TRRHEED, 42~152 cm
TH-oTz. fEERKICEIN 455 5 U DA ERE:
AT DRSS A Table 31779,

AROFEE IM1, JM7, IM8 7

WIE T ANV A ERE L MOEMLABEARZFRIE Uk
)Y OBOKREIE, SEEOMIEARE K DH40%K
EFEVEREINTWSD (Barritt, 1992) , ‘M.OEMLA’

ERHBERE LTHhWELEOEEE RS S U DOEHD
KEZEET A&, TM1EEHE90%, '] M7 &8
1393%, 'J M8 BHZ8T%E A0, 3MmERVIND
MOEMLA K D RRDWMEEDH D WWEEKRTH B &
HEI N

SUEOBERBMMEIRET, b Aagltd
AT FUREOHAEDEICALNS & 5 REERTH
M ETEESNTVWERY. Bldyhihes stz
B9aH, ZOREE IMUEHETENEL, JMT
EIMSEBTIIRED .

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

; Cumulative
Rootstock Tree height T}”;(; Trunk girth Relative Root Cgrr;él}atxve yield
genotype (m) W(lmg {cm) vigor suckers yie (kgt)ree eff1c1enc2y
(kg/cm®)
M1 4.3 4.7 41.7 90 32 338 2.44
M7 4.2 4.8 43.1 93 8.0 401 2.71
M8 42 43 40.5 87 140 327 2.51
M.9EMLA 4.4 52 46.3 100 22.3 337 1.97
M.26EMLA 5.2 5.9 59.3 128 8.5 373 1.33
LSDgos 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.
LSDggs = 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 @ (Brix, %) {g/100ml) (Ibs)
M1 264 153 042 16.8
M7 267 15.9 0.45 16.5
JM 8 257 15.2 0.43 16.9
M.9EMLA 256 14.4 041 15.9
M.26EMLA 262 14.3 0.43 15.5
LSDq0s 18+ 0.5 0.02* 0.3
* Average of 1993 to 1996.
*, **Significant at P=0.05, and 0.01 by F test, respectively.
LSDy 5 = least significant difference at P=<0.05.
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Table 5. Effect of rootstocks on orchard performance of ‘Fuji’ in the national trial in 1995.
Rootstock } Relative tree Trunk girth Tree height  Suckering Amount Swelling . Yield/tree C\fmulative Cumulz?[ive yielﬁ
Location Tree age L of graft Precocity yield/tree  efficiency”
genotype size {cm) (m) tendency of burrknot umion (kg) (ke) (kg/cnr?)
M1 Hokkaido 7 Dwarfl1-1I  17.1 2.9 Medium Intermediate  Medium - 107 24.6 1.06
Iwate(Morioka) 13 Dwarf [ 40.6 4.5 Extremely low Very few Very small ~ High 40.6 260.6 1.99
Iwate{Kitakami) 9 Dwarf 1 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 1L.20
Akita 7 Semidwarf  18.8 3.7 Absent Few Slightly small Moderate 5.1 7.7 0.27
Yamagata 8 Dwarf T 235 3.0 Absent Intermediate  Medium Moderate  24.1 53.2 L.zl
Fukushima 7 Dwarf 1 13.4 2.8 Absent Few Small High 18.8 45.3 3.17
Gunma”™ 9 Dwarf 11 38.0 4.8 Absent - Small Moderate  61.8 360.2 3.13
Nagano 8 Dwarf II 20.3 32 Absent None Medium High 17.2 56.0 1.63
Ishikawa 9 Dwarf I 29.1 4.0 Absent None Small High 28.4 83.6 1.24
M7 Hokkaido 7 Dwarfll 224 35  Exremelylow Intermediate Verysmall . e 219 055
Iwate(Morioka) 13 Dwarf1 41.5 4.0 Extremely low Very few Very small  High 66,9 331.9 2.42
Twate(Kitakami) 9 Dwarf | 28.4 3.6 Extremely low Very few Medium High 42.7 127.8 1.99
Miyagi 9 Semidwarf 253 4.7 Extremely low Very few Smail Moderate  30.2 81.2 1.59
Akita 7 Dwarf1 113 2.3 Absent Intermediate  Slightly small Moderate 03 55 0.54
Yamagata 8 Dwarf | 234 3.5 Absent None Medium Moderate 185 40.1 092
Fukushima 7 Dwarf [ 213 3.4 Absent None None High 35.5 85.3 2.36
Nagano 8 Dwarf | 178 3.1 Absent None None High 22.4 46.1 1.83
Ishikawa 9 Dwarf 11 289 4.0 Absent None Medium Moderate 354 1234 1.86
M8 Hokkaido 7  Dwarfll 244 - 37 High  Veryfew  Verysmall - s 307 084
fwate(Morioka) 13 Dwarf] 37.9 4.4 Extremely low Intermediate  Very small ~ High 61.6 2612 2.29
Iwate{Kitakami) 9 Dwarf1 277 3.8 Extremely low Very few Medium High 333 1111 1.82
Miyagi 9 Dwarf I 230 4.0 Extremely low Very few Small Moderate 156 276 0.66
Akita 7 Dwarf 1 89 2.1 Low Few Medium Low 08 0.9 0.14
Yamagata 8 Dwarf I 256 36 Low Few Large High 350 755 1.45
Fukushima 7 Dwarf 1 17.9 3.4 Absent None Small High 324 74.8 2.93
Gunma * 9 Dwarf I 39.0 5.1 Medium - Small Moderate  90.1 379.2 3.13
Nagano 8 Dwarf 18.4 34 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
MOEMLA  IwateMorioka) 13 Dwarfll 447 . 47 Medium  Intermediate Verysmall  High 508 2504 158
Yamagata 8 Dwarf [ 24.6 4.3 Low Few Medium Moderate 207 28.7 0.60
Fukushima 7 Dwarf Ii 299 5.0 Absent Few None High 34.3 76.0 1.07
M26  Hokkaido 7 Dwarfll 245 35  Extemelylow Mamy  Medium ST 9o 185 039
Iwate(Kitakami) g 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 9.4 134 0.54
M26EMLA Iwate(Morioka) 13 Semidwarf  57.0 53 Exremelylow Intermediate Verysmall Moderate 789 3107 120
Miyagi 9 Dwarf I 19.0 3.7 Extremely low Very few Small Moderate 146 24.4 0.85
Yamagata 8 Dwarf I 26.6 4.2 Absent Intermediate  Medium Moderate  38.5 77.5 1.38
Fukushima 7 Dwarf 11 24.6 3.7 Absent Few None High 19.6 52.6 1.09
Gunma * 9 Dwarf I 41.0 5.6 Low - Small High 29.5 293.1 2.19
Nagano 8 Dwarf 11 233 35 Low Many Medium Moderate  25.7 63.7 1.42
Ishikawa 9 Dwarf I 31.8 4.0 Low Intermediate  Small Moderate 259 79.9 0.99
* Relative tree size: Dwarf I equivalent to M.9, Dwarf II equivalent to M.26, Semidwarf equivalent to MM 106.
¥ Cumulative yield efficiency (kg/cm?)=Cumulative yield/trunk cross-sectional area.
* Rootstocks were used as rooted interstocks on Marubakaido in Gunma.
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&'M.26"°'M.9EMLA’, 'M.26EMLA’ & (ZIF A& D PRSI OME A TZIGATIC B BadBE R e 2 5 &,
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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 Relative tree Trunk girth Tree height ~ Suckering Amount Swelling of cocity Yield/tree yield/tree efficiency®
genotype size” {cm) (m) tendency of burrknot  graft union (kg) (ke) (kg/em?)
Sansa JM 1 Yamagata 8  Dwarfll 233 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  Intermedie Nome  High e 46l 268
Ishikawa 9  Dwarfll 24.5 3.7 Absent Few Large High 259 97.7 204
M8 Yamagata 8 Dwafll 185 35 Low  Few  Medium Moderate 17.7 326 | 120
Ishikawa 9  Dwarfll 235 39 Absent None Large High 257 83.0 1.89
'MOEMLA Yamagata 8 Dwafl 153 31  Absent  None  Medum lLow 96 156 084
Fukushima 7  Dwarfll 156 37 Absent Few Small High 18.8 473 2.44
'MZ6EMLA Yamagam 8  Dwarfll | 214 33  Absent  Nome  Medium Moderate 214 442 121
Fukushima 7 Dwarfll 159 33 Absent None Small High 158 35.1 1.74
Ishikawa 9 Dwarfll 249 4.0 Medium Intermediate  Large Moderate  27.8 813 1.65
Senshu  JM 1 Miyagi 9  Dwarfl 215 4.0 Extremely low  Very few Medium  High 10.6 26.5 0.72
Akita 7  Dwarfl 8.1 25 Absent Few Medium  Slightlylow 0.1 2.1 0.40
Nagano 8  Dwarfll 19.4 33 Absent None Large High 16.8 46.6 1.56
M7 Myag 9 Dwafl 210 40  Exvemelylow Veryfew  Small  Moderae 90 138 039
Akita 7 Dwarfll 14.1 3.5 Absent Intermediate  Medium  Slightlylow 25 53 0.33
Nagano 8  Dwarfll 21.5 4.0 None Moderate  31.6 66.6 1.81
M8 Akt 7 Dwafl 75 22 Absent  Slghlyfew Medum Sighlylow 06 19 04z
Nagano 8  Dwarfl 14.1 29 Moderate 139 326 2.06
‘M26 Akt 7 Semidwaf 180 41  Absent  Nome
'MZ6EMLA Miagi O  Dwalll 213 42 Buwenclylow Veryfew  Small  Moderae 92 218 060
Nagano 8  Dwarfll 19.7 3.5 Absent Many Medium  Moderate 182 43.1 1.39
Hokuto JM 7 Fukushima 7  Dwarfll 20.8 32 Absent None None High 470 76.4 222
M.OEMLA  Fukushima 7 Dwarfll 250 4.1 Absent Few None High 51.6 787 1.58
M.Z6EMLA  Fukushima 7  Dwarfll 24.7 4.0 Absent Few None High 48.3 90.9 1.87
Orin  JM1 Iwate(Kitakami) 8  Dwarfl 274 3.6 Extremely low  Very few Medium  High 253 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 4.2 Extremely low  Very few Medium  Moderate  34.7 100.3 1.60
M.26 Iwate(Kitakami) 8  Dwarfl 27.0 3.6 Extremely low  Very few Medium  High 12.6 69.0 1.19

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

Y Cumulative yield efficiency(kg/cm®)=Cumulative yield/trunk cross-sectional area.
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Table 7. Effect of rootstocks on fruit quality of ‘Fuji’ in the national trial, averaged for 1994 and 1995.

Rootstock o0 Fruit weight  Uniformity of Coloring Flesh firmness SOlgg;et;?thdS Mceggct :r(;,éd
genotype @ fruit size {Ibs) (Brix, %) (&/100m))
M1 Hokkaido 265 Medium Medium 16.9 151 0.53
Iwate (Morioka) 286 Medium Good 16.0 15.2 0.42
Iwate(Kitakami) 354 Slightly good  Good 15.2 13.8 0.27
Miyagi 299 Medium Medium 16.0 159 0.43
Akita 360 Medium Medium 157 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 Ashikawa 309 Medium  Medium 153 . 150 037
M7 Hokkaido 225 Medium Medium 16.7 14.7 0.56
Iwate(Morioka) 293 Medium Good 158 15.8 047
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 156 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 shikawa 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 15.9 159 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 13.8 154 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 ishikawa 289  Medium  Medium 139 . 149 039
M.9EMLA  Iwate(Morioka) 271 Medium Slightly good 153 14.1 0.40
Yamagata 300 Medium Slightly good 15.1 156 0.39
eooeooo. fukushima 367 Medium  Medium 133 . 152 040
M.26 Hokkaido 239 Medium Medium 16.2 14.4 0.54
Iwate(Kitakami) 344 - - 15.2 14.4 0.29
oo BKita 850 Medium  Slightlygood 151 140 036
M.26EMLA Iwate(Morioka) 279 Medium Good 14.8 14.2 042
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 15.9 0.43
Gunma” 310 Slightly good  Slightly good 14.1 14.8 0.39
Nagano 363 Medium Medium 140 16.1 0.42
Ishikawa 316 Medium Medium 14.0 14.7 0.39

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

o . . i lic acid
Cultivar ~ ROOSLOCK 1 ion Fruit weight - Uniformity of Coloring firl:gr?et]ss SOlcu(])Drlletsg{[lds Nf:?)rlctent
genotype ® fruit size (Ibs) (Brix, %) (&/100ml)
Sansa M1 Yamagata 219 Medium Good 15.1 15.0 0.29
oo shikawa 253 Medium  Medium 115 142 .. 036
M7 Fukushima 236 Medium Medium 11.0 13.9 0.30
oo lshikawa 248 Medium  Medium 113 187 ... 037
JM8 Yamagata 270 Medium Good 14.8 14.7 0.33
oo lshikawa 254 Medium _ Medium 113 187 040
M.OEMLA  Yamagata 255 Medium Good 14.7 14.5 0.33
oo Fukushima 235 Medium  Medium 124 1832 034
M.26EMLA  Yamagata 253 Medium Medium 14.9 14.5 0.33
Fukushima 253 Medium Medium 12.0 133 0.34
Ishikawa 269 Medium Medium 11.5 13.6 0.36
Senshu M1 Miyagi 222 Medium Medium 15.6 14.2 0.43
oo Nagamo 298 Good  Medium 142 146 03z
M7 Miyagi 225 Medium Medium 15.3 14.2 0.46
Akita 308 Medium Medium 13.5 14.0 0.44
oo Nagamo 313 Slightlygood Poor 135 139 035
M8 Akita 270 Medium Medium 14.9 14.0 0.45
oo Nagano 300 Slightlygood Good 139 144 032
M26 Ak T 243 " Medium _Slightly good 135 138036
M.26EMLA  Miyagi 221 Medium Medium 15.2 14.4 0.40
Nagano 285 Medium Medium 14.6 15.0 0.33
Hokuto  JM 7 Fukushima 459 Medium Slightly good 11.2 13.8 0.31
M.O9EMLA  Fukushima 449 Medium Medium 11.2 13.0 0.32
M.26EMLA  Fukushima 436 Medium Medium 10.0 13.5 0.29
Orin M 1 Iwate(Kitakami) 357 Medium - 15.5 152 0.19
M7 Iwate (Kitakami) 339 Medium 158 15.1 0.25
M8 Iwate(Kitakami) 326 Medium 155 14.8 0.23
M.26 Iwate(Kitakami) 339 16.2 15.6 0.21

U rdobuiiaARE, i EROBRDE SRR
HOEBRICE®EGZ, BRENELRZ1E EBH Y
LT b NTVS (BIRS, 1981) . ']
M1 M7 THERGEAMREDONTWA T &b
5 (AHS, 2002) , M EEEAEIZ20~30 cmZ 42
Helo, TEONKE, SAROE, HAREOBEOMR
PEEZHMRELUTESRZPEL, MBCERT 2 08085 5.

—fIcV Y IDDWIEERDOIRIZENELS, BR X2
MHFATEZELRT WV (LR, 1984) . "JM1'&"]
M7 & HEEZTRTV EMERENTEY, 2
AIWEOLOREMTIE, FHONS v TR HNTE R
AIDLEBEERRS T & oIS, SBHIORH 2B
JEM & DRAWS LXK U 20805 5.

W, STFRO—HEBT IM7 BRHEBICE
B EAREEIRORENHRI NS NS,
2006) , HEIZXBEDERBINTVS (LS,
2007) . T8, HEFRLEOEMRDD 5 RHUTIE,
EHERIOBMEO TR R ZH U 50805 5.

HARDERIC Y725 TiE, BHFOM.9M.26'% FIH

Lle bW DS &

L, EURBI LD DDA

WRETH 5.
wm E
LoSIMI, M7 BEU M8, WIhE1972

2.

~19754RICIVNAA RY A I MO 258k L
THRONRERMOERES MY ydOobWIER
KEHETHS. 1984MFIC—EIKE N, 19854EMH
5 ABAREM 15, ) IBEAREM 7=, U
v OdBARER 8 B ORMATY ¥ ABAKE—HRM
ISR E IR T N, 2O, 199648
HA2IANITOATEMEI S TM L, DATEMK
H105 M7, DATEMEILIE ] M8 Lt
FENT. iz, 1999F9A21 HN I TBEREFFH
74435, HT7444%, 74455 & U TEL MEEEER
Ehiz.

M 1UOFELINIE R T 4 A B4, BHESIE S
U LIZERIRHA O 5 A, HREORIARE 9 A
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THTHS. REIRHET, 25gHE LT L.
M7 OFIE 4 A BA, BIERIZ ST LD 1#
MITREE N 5 AR T4A), RIEORZUHIZI0H ks
THD. BREEMMET, 27gRELBNEV. JM
8 DFIFHIE 4 Arbfy, BEE' ST LD 3 HEE
N5 A, REORBNE AR TaTHS. R
FIIEMET, 25glRE LN E V. WENOMIEIC
BOTHBRIEAL, B, BEEEGT, MHT
FBERDER L, HARDH B HERICIEE T AUV,

3. WINOGREES RIREHT Ui X 2 ZE0TTHET,
UARICE o THREUHIEEN L, BERFT,
UARMEICEARE UTHHRTEER K E T OEARICHE
T3, IJM1I'E M7 Otk IEERRS, ]
M85, VdURLY, 770 ray FED
FERHFICH U TR EZE T 5. LML, &R
TAIWAD S BACLSVICH U TIE J M 1 IR T
HBOT, FENMBETHS. WITNOREE XX
SOEBEEZIRTN EEREINTEY, #EE
IEHEREGH U 20N H 5.

4. BARELVTHALESS, WINEMIEMLA KD
PROLWEEDBNDWEERTHS LHESN, B
BbEEL, ZIEoEmZRLE. WTIhofEd
ZHRH, OCRAOREEFVETV. £, SUOR
KWHZHD L, R LR E <, s E
DENTEREPEEINS.

IMMOR T, JM1IDBEEDWLENNE
<, FARRHICHZOMmOEEE VR IGEIE ]
M1I'DERELTHELTHWS., M7 UARESE
WEGT, EEIPREGEMEN TN S.

5. M1, "JM7’, ‘ITM8EbWHESKORHEMN
AR E O o OREEICE L, BERHENT
WAEMIRM26IH D, SBILSERTZT N
WiEEhs.
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M 7
Fig.2. Growing shoots of ‘JM 1', ‘JM 7" and ‘JM 8.
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Fig.3. Leaves of JM 1", M 7" and ‘JM 8.
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Fig.4. Fruits of ‘JM 1, JM 7" and ‘JM 8'.
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