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

Junichi Soesma, Yoshio YosHipa, Tadayuki Haniupa, Hideo BessHo, Shichiro Tsuchiya, Tetsuo Masupa,

Sadao Komori, Tetsuro Sanapa, Yuji Ito, Shosuke Sapamort and Yoshiki KasHimMura

Apple Research Team
National Institute of Fruit Tree Science
National Agriculture and Food Research Organization
Shimokuriyagawa, Morioka, Iwate 020-0123, Japan

Summary

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

A controlled cross of Malus prunifolia ‘Seishi’ x ‘M.9" was made during 1972 - 1975. Over the
next 11 years initial screening of the seedlings continued at Morioka and three clones together
with other seven clones were selected in 1984 with the desirable characteristics for putative vigor
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estimated by bark/wood ratio of root and propagative ability. Beginning in 1985, these rootstock
selections were subjected to field trials executed by 12 experiment stations located in apple
growing districts in Japan.

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

Three JM rootstocks were resistant to crown rot disease and wooly apple aphid. ‘JM 7" and ‘JM &’
were also resistant against CLSV, but ‘JM 1" was susceptible. ‘JM 1" and ‘JM 7’ were less susceptible
to fire blight than ‘M.26".

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

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

Trees of ‘Fuji’ on JM rootstocks had similar precocity to ‘M.9EMLA'. Cumulative yield efficiency
of ‘Fuji’ was highest in ‘JM 7’, and it was higher in ‘JM 1" and ‘JM 8’ than that of ‘M.9EMLA’ or
‘M.26EMLA'.

Fruit weight, red color development, soluble solids content, titratable acidity, and flesh firmness
of ‘Fuji’ were measured. Large differences were not found in these traits except for soluble solids
content and flesh firmness among the fruits. Average soluble solids and flesh firmness were higher
in JM rootstocks than ‘M.9EMLA’ and ‘M.26EMLA'’ every year.

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

Key words: Malus, new cultivar, fruit breeding
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1995) .

DHEICHBT 5DV EBROFHICEET 35,
AFV A SEA TNz EEAREEEHY, 1962
FICEME R =R B s s G REZeaT Y >~
JFEHLRD TREBRMICHIEE Nz (HES, 1970,
1975, 1976) . Fiz, FFEHIORERG & EIINIC
DOHEEROREEABRICH O A, Th b DOFER & FAT
LTHEZEDOMTEDWERIEANDEANEE - /2.
) IOV EEIZ1970FEN b E&ICBE N, L
K, ZOmEMBEIHRLICHEML, 2006FEEICIFY vd8
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M. prunifolia
I 1 ‘Seishi’
M 7

M ¥ —— M9

Fig.1. Pedigree of ‘JM 1, JM 7" and ‘']M 8.
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N2 LZIEFEKSH O AR THT M5 TH5. FL
RNIC K2 REFIHOHZE 51, GRICHNTHLED
BERBOKEBE BT THB.
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REOHEDNERETHS T L, BHRLBRNT L, FiLAK
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2) hEtt

BROER 7 THEOFTEHNC I51) 2 ARARAHH L OF5H
&, M.9EMLA'®0%, ‘M.26EMLAD7%ICHL, ‘JM
1°1&85%, ‘JM7°1&94%, ‘J M 8'IX74%T, JMHRE
RKEVITNDOFFBOTERBOIEERVELN. i
LS RAELUHMEIEIENLL, FERHFFT, LA
BECAEARE UTHAMRERRE SOHARICKE LT
(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)
M1 85 101 7.0
M7 94 86 6.8
JM 8 74 7 6.6
M.9EMLA 0 - -
M.26EMLA 7 29 3.1

” Average of 1995 and 1996.
¥ Measured at 20cm above the ground.
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3) kit

a7 F VT3 HBDE KU Z1T- 7z
LT A, FBERIMIEMLADS1I%ICH LT IM1E
23%, ‘JMT71E19% &K<, “JM1'& ] M7 Difif7k
PR LRI RN S EHIBH LTz, —7, (] M 8 Di%HE
RII83%T, MHKMIZMIEMLA XD -7 (Figh) .
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Fig.5. Defoliation of ‘JM 1’, 'JM 7" and ‘JM 8’ after water-logging.

4) MmHEMYE

FERRFICN T B ETEE, #EREERIC KD 20
FREZME Lz (Table 2) .

VY IdOBMBIURZINET Z2ERTHZY TY
R LT LT, ‘M.OEMLA’ & ‘M.26EMLA' I &2 M
Thotzh, ‘JTM1, ‘TMT7T'HBXCJMS8'& 3 5
LR R L.

FEREOH TSy MZDOWTR, KREHE
D P. cactorum ¥ KU P. cambivora’ Y] D R HERERE
LfESR, “JM1°, “JM7'BXTIM8EWVIng
‘M.O9EMLA'®'M.26EMLA' X b, EyitzEET % &

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

Crown rot’

SEOBIEC Moy .apzple P. cactorum P. cambivora  ACLSV* ASPV ™ Alternarlzvi 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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HIWTE NizhY, P cambivora IZxf U TIEZ OREEITRR
55<, HREEOEIIETH S LHEE N G5,
1989 ; Bessho and Soejima, 1992) .

R ORI A )V AT & % Apple chlorotic leaf spot
virus (ACLSV) &L Ti&, ‘JM 1 DEZM, ‘JM
TBIT M8 EEGETH-%. —7, Apple stem
pitting virus (ASPV) & Apple stem grooving virus

(ASGV) 1T L TR L e 2 R H i 2R L
oo "ITMTE, FIHHOACLSVE @R IC BN T
BB TIABIERE Nz &b, ACLSVERZEEEZ S
NTEEH (EHHS, 1997) , EFEICED MHIGEISe
EREE DR SIGIETH S T ENHE MRS T

(FIE, 2006 ; ¥#i%5, 2006) .

PURESERICN LT, et Uic i@ Btz
Uz, BERISHLTIE, "TM1°& ] M8 Al
IMTIEEZMETH -z, KERICHL TR, KE
=RV RACB O THREREZEM U AR, T M
' JM7'EM26° K0 5R<, PREEOEIEZRL
7z (Bessho et al, 2001) . ‘J M 8 DAJFITH T 24
FEORERBHIEDO L A RHTH S.

IREWE, 2 EATHE, FRCHRICH LTIl Lee
mENEZETH T (T—2EM) .

5) ak& LTHALEES O

BRHUCIBONTIE, 1982FIC S U ZRIANEE LT
YD BMEX B> THARZEKL, 19854F
4 HIC&X 3~ 5 AKZBIGICER LU, BotER T
BRONEMEFOHREZF M Uz, B EMEZOM FE
DERDODETEFICE > TRORAELD, 4.2~152 cm
Thol. e RKIcE NIz 14FEE S U DEERT
FAE DR % Table 31C/RT .

BETAINZAZRELIZMIEMLAGAZFIH L 72
VOO RE S, EHEOMYEAE K DH40%K
TVEREENTVBSA (Barritt, 1992) , ‘M.9EMLA’
EXEERE LTHOWEEDEZEL X5 5 U DOFEHD
KNIz sT5E, ‘JM1'GEIE90%, ‘JM7 58
1393%, ‘J M8 EMIF8TBERD, 3HMEIIVINE
‘M.OEMLA & O R0 bWMEEDRNDWWEEARTH S &
HlEE NI

ST EOBREARBNMEIREGT, VAol As
AUFVRHEOHBEDRICHALND KD BEERSTHE
M INETHEEINTHAEY. BHEynwIhs ez
BIBEN, ZTOBREZ IM1IEBTENEL, TMT’
L ITM8ERTIERENSTZ.

UCCWRZDOREZDIMNGEEDENS D, 3 HER
WINEMIEMLA K D Diah o7z, 3 EDHTIE,
IMSIF IMIUBETIMT XORORRENE T2

L4EMZEFT LI ST 0 1 /47 0 BEEtiaR, ]
M7 58401 kgeimEb£<, ‘TM1I'BXUT' M8’
Bk3338F X U327 kgT, ‘M.OEMLA &1 & [FAfEE T
BHo iz, RENNEZ W AR CRR U 7z B W7 R Y
O DEEMFRERDE, JMTEEN2T1EREE
, ZIWETHBChBDENTZ. Tz, ‘ITM1'E
244, ‘JM8'£251£WVIFNEM26EMLA K D @<,
2D 2R Uz,

SEREIZLHETZ EHBETFICOENZD
‘IM1, JM7'BXUC ] M8 IEMIEMLA B XU
‘M.26EMLA' & D B S M FAE Doz (F—X2EI8) .

‘SUORFFEEHAS L, ‘MIOEMLA' B XU
‘M.26EMLA’ L LR LT, REOKRZET LY VOdESE
WICREGZZITFBD NG, ‘JM1L, " TMT'E
XU J M8 BB OREOMEE LW ERICHE N> T2

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

. Cumulative
Rootstock Tree height T.r(;%t(; Trunk girth Relative Root Cgrrllél}?twe yield
genotype (m) w(lm) (cm) vigor * suckers” yie (kg)ree eff1c1enc2y
(kg/cm®)
M1 43 47 41.7 90 3.2 338 2.44
M7 4.2 4.8 43.1 93 8.0 401 2.71
M8 4.2 43 40.5 87 14.0 327 2.51
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 05 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 ® (Brix, %) (g/100ml) (Ibs)
M1 264 15.3 0.42 16.8
M7 267 15.9 0.45 16.5
M8 257 15.2 0.43 16.9
M.9EMLA 256 14.4 0.41 15.9
M.26EMLA 262 14.3 0.43 15.5
LSDgos 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.
(Table 4) . J MAREAIMEOHTTE, "JMT7 &5 BIBIEDHALMN ST, SABROFEAG ] ~

OREOWEENREE L, JEEIREX15.9%Z2 /KL,
‘M.OEMLA BRI X D 1.5%, ‘M.26EMLA'ER L D 1.6%
molz, BEEE ] M8 EMORENREEL, 16.91bs
L, MOEMLAERIX D 1.0lbs, ‘M.26EMLA G X
D 1.5lbsE > 7z,

7z, REOEGHEDN60% EOREDEEIX ]
M1'BXUGIMT7T EETREZENZTN56%, 83%T,
‘M.OEMLA' D 49%, ‘M.26EMLAERID36%KL D &E <,
HORIFT, WMEOENZRIENEEINE. —T,
‘I M8 EBERITIE34% T, ‘M.26EMLA G L RIEETH
D, B -7z,

2. B ERERERICHIT SEIEDER

KGR SR Bz B B BT B ERG R 2
19944935 K U 19954F [ BERIE G « FeMEMUE R
s ER GEmHiRE) MHERL, SUNCD
W T OSSR Z Table 538X UTable 71”3, ‘5L
DS D FFEIC DN T OFRER B DR, TAT L
TR, e, FRMIT DWW T ORERRS S % Table 635 &
U'Table 8IC/R9.

AERBIRTR O HME L, MEENDERWGEH 5T
B, FEROMATICII LIRS ES., FEFENEIL

T RICEISTERUE S BRZ T F51 % Akt R 72 1
FLok.
1) JM1

(1) JM1EAHBOEETLE STIRRICRIEFTRE
19954 i RIS B U B FEAME & Tl g 2 b LhE
NORER, REFLANIITM26HYD MOV &
FHiiE NI, AT, B, WETEMIMHED b
WHET | ERHliEN, MO~M26HHHDDUMERES %

] &2 Ty LI 25mIcyhniz. O
CEZDREFINTNOHFRICHENTE K] ~ [
EFHliE N, M.26 L RFZNLAERNT ENHSMNIC
J£>7z (Table 5) . ‘5U & OWEAFMEE M) ~
TR LFHMliE Nz, HTHOKEICOWT, &F,
B, mETE 1651, B LA)IITE My LaHm
Nz,

‘SULAORFEICOVWTIE, TAILOEERE
Mg T TR, TR OBEIARBRMEE =T

B, MHEERT Ity , W& oA
WBAEFT TR LMl iz (Table 6) .

BAREE LTSUZHOWESEORIAREIEICD
Wik, I &9 28me &) LFHid 25T
Shidz. JM1U7ZERELTHWS &/ NIET
578, 1% 7z0 &, AIEREM26'X7zE
‘M.26EMLAZEARE LIcHak0%H -7z, LML, £
ERWTIER S 72 O DAEERRIE, (WE TIE'M.26EMLA’ X
DEH ST, ZNLSNDOGHTTIEI'M.26™ " M.9EMLA’,
‘M.26EMLA & 0 &<, ZUMEZ/R LT (Table 5) .

U EOFERMIS, TM1IIESUEDY Y IARFEED
BEEARBMEICEN, M9 ~M26 YD b UVMERES %
L, ZINEDOERTHZ T EHHLNMCES .

2) IM1EAPRRBHEICRIEZTRE

M UZERICHOZGGOS UOREEZ, BE
BEUOANIZFRE, ‘M26%'M.9EMLA, ‘M.26EMLA’
EAFZVLYPREDN >, BhiWICEL TE TR
7eid TR LR 250, ) LFHEd S
BAnc oo nie. HRICELTE TR L9 25L
M &35y niz. REMERZ VI NOY
FIC BT EM.26 0" M.9EMLA", ‘M.26EMLA' & [f]55
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Table 5. Effect of rootstocks on orchard performance of ‘Fuji’ in the national trial in 1995.

Rootstock Location Tree age Relatlive Z[ree Trunk girth Tree height ~ Suckering Amount S()v;/(;li;r;tg Precocity Yield/tree Cy\;:]l;j;;t:;e C;guizfg; ejd

genotype size (cm) (m) tendency of burrknot it (kg @) (g™

M1 Hokkaido 7 DwarfI-II  17.1 2.9 Medium Intermediate  Medium = 10.7 246 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 IT 228 4.5 Extremely low Very few Small High 159 495 1.20
Akita 7 Semidwarf 188 3.7 Absent Few Slightly small Moderate 5.1 7.7 0.27
Yamagata 8 Dwarf I 235 3.0 Absent Intermediate  Medium Moderate ~ 24.1 53.2 1.21
Fukushima 7 Dwarf I 134 2.8 Absent Few Small High 18.8 453 3.17
Gunma* 9 Dwarf II 380 48 Absent - Small Moderate  61.8 360.2 313
Nagano 8 Dwarf IT 20.3 32 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 i 7 Dwarfll 224 35  Extremelylow Intermediate Verysmall - TC 219 055
Iwate(Morioka) 13 Dwarf I 415 4.0 Extremely low Very few Very small  High 66.9 331.9 2.42
Iwate (Kitakami) 9 Dwarf I 28.4 36 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 81.2 159
Akita 7 Dwarf I 11.3 23 Absent Intermediate ~ Slightly small Moderate 0.3 55 0.54
Yamagata 8 Dwarf I 234 35 Absent None Medium Moderate 18.5 40.1 092
Fukushima 7 Dwarf I 213 3.4 Absent None None High 35.5 853 2.36
Nagano 8 Dwarf I 17.8 34 Absent None None High 224 46.1 1.83
Ishikawa 9 Dwarf II 28.9 4.0 Absent None Medium Moderate  35.4 123.4 1.86

M8 Hokkaido 7 Dwarfll 244 37  High  Veryfew  Verysmall S 173 397 084
Iwate(Morioka) 13 Dwarf I 379 4.4 Extremely low Intermediate Very small ~ High 61.6 261.2 2.29
Iwate (Kitakami) 9 Dwarf I 27.7 38 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 89 2.1 Low Few Medium Low 0.8 0.9 0.14
Yamagata 8 Dwarf II 256 3.6 Low Few Large High 35.0 755 1.45
Fukushima 7 Dwarf I 179 3.4 Absent None Small High 324 74.8 293
Gunma * 9 Dwarf IT 39.0 5.1 Medium - Small Moderate  90.1 3792 3.13
Nagano 8 Dwarf I 18.4 34 Low None None High 252 54.5 2.02
Ishikawa 9 Semidwarf ~ 35.6 4.0 Low None Large Low 657 116.7 1.16

MOEMLA Iwate(Morioka) 13 Dwarfll 447 . 47  Medium  Intermediate Verysmall High 508 2514 158
Yamagata 8 Dwarf I 246 43 Low Few Medium Moderate ~ 20.7 28.7 0.60
Fukushima 7 Dwarf II 29.9 5.0 Absent Few None High 343 76.0 1.07

M26  Hokkaido 7 Dwarfll 245 35  Extemelylow Many  Medium - 90 185 039
Iwate (Kitakami) 9 Dwarf IT 40.5 4.1 Extremely low Very few Medium High 50.8 154.4 118
Akita 7 Semidwarf ~ 17.6 36 Absent Few Small Moderate 9.4 13.4 0.54

M26EMLA IwateMorioks) 13 Semidwarf 570 53  Extremelylow Intermediate Verysmall Moderate 789 3107 120
Miyagi 9 Dwarf IT 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 246 3.7 Absent Few None High 19.6 52.6 1.09
Gunma * 9 Dwarf IT 410 56 Low - Small High 295 293.1 2.19
Nagano 8 Dwarf IT 233 35 Low Many Medium Moderate ~ 25.7 63.7 142
Ishikawa 9 Dwarf II 31.8 4.0 Low Intermediate ~ Small Moderate ~ 25.9 79.9 0.99

“ Relative tree size: Dwarf I equivalent to M.9, Dwarf I 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.

BOLRPEDN o, REFELRHANICE >T13.8~ U EDHRNS, ‘JM1'ZHKRE LTEESNIR

16.1%L7ZENDH D, AFTREPPEN D, 'M26™9 FOMEIIHBENEN TR EEX SN,
‘M.O9EMLA’, ‘M.26EMLA’ & [AZF750 LR @ MEZ R

T Zh o7z (Table 7) . 2) JM7
SULANDFFEICONT, TAZE TR, T T (1) IM7ERDEHOETLSVICERICRIZTHE
IEM.26°°M.9EMLA’, ‘M.26EMLA’ £ 1ZIZFRIZED B RS IR R DHEA TZIGATIC B Bl Rz 25 &,

DREMEFEES NIz (Table 8) . HARME ST IENT 2bWeaEhORER, AT






