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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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DOEEROBIEAERICH O A, N5 OFER & T
L CTHEZEDRTEDWERIEANDERAMEE - .
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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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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,
REOKRKEZIRED25gFEED M) , REo
OB XOCREZWS A T8, REZES aoRk
RAIHL , TUTORE ME~ED] , RAOKEZE
), BEE Ty, Ah—TRF 03 T, B
ORI T, O Ty, Mg ),
BROEXE My, K&E T, BOokE ME
M, RRNofE T8, gafkild M), i
My, ZHix MY, B2 G ME~{Eh ), R
FHERLIE13.0%, V> e EI32.0g/100 mIFEE AR
L, HBkE by Egekix Mgy | daid Tal , &%l
o), Fitoz i Ty rofud Ty, Bl
FEEE , REXWE VN THB. RIUIMD TSR
i, BeANH B EDERIITES TV

FFHNIE R T 4 AdAT T8, BERE ST



6 RESZCTseiS #5115 2010

&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.
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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

11

‘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) .
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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
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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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Fig.4. Fruitsof JM 1', JM 7" and ‘JM 8'.



