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Characteristics of i vitro Rooting in the Apple Rootstock of JM-seriers
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National Agriculture and Bio-oriented Research Organization,
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Summary

A number of factors that affect the in vitro rooting of JM-rootstocks (JM1, JM2, JM5, JM7 and JM8) and three
Controls (MO-84; Malus prunifolia Borkh. var. ringo Asami, strain MO-84, Morioka-seishi; Malus prunifolia
Borkh. var. ringo Asami, strain Morioka-seishi, and M.9EMLA)have been examined.

When the concentration of sugar was raised from 0 to 30 g/l in a medium supplemented with 1/2 inorganic salts
of MS medium and 0.1 mg/l IBA, the rate of root formation in the JM rootstocks and controls increased, except for
M.9EMLA and JM2. The effect of sucrose concentration on the number of roots differed from the effect on the
rate of root formation.

With the exception of JM2, no influence of IBA concentration on the rate of root formation was observed in JM
rootstocks and controls in a medium supplemented with 1/2 inorganic salts of MS medium and 30 g/l sucrose. In
JM2, the addition of IBA to the medium decreased the rate of root formation. There was no clear effect of IBA
concentration on root number among the rootstocks.

The rate of root formation in all JM rootstocks and controls decreased under high concentration of inorganic
salts in the MS medium supplemented with 0.1 mg/l IBA and 30 g/l sucrose. Especially, the inhibition of root
formation in JM2 was particularly noticeable. Similar effects of the concentration of inorganic salts were observed
in both rate of root formatuion and root number.

No influence of kind of sugar was observed the media supplemented with 1/2 inorganic salts of MS medium, 0.1
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mg/l IBA and 30 g/l sucrose, in JM rootstocks and controls expect for M.9EMLA, JM2 and JM8. However, the rate

of root formation of M.9EMLA, JM2 and JM8 was clearly decreased by the usage of sucrose, fructose and glucose

as a sugar of the rooting medium, respectively. Similarly, the number of JM8 and M.9EMLA roots was decreased

by the usage of fructose and glucose, respectively.

The most favorable combinations for rooting were 30 g/ sorbitol and 1/4 inorganic salts of MS medium for JM2,
and 30 g/l sucrose and 1/4 inorganic salts of MS medium for JM8.

These results suggest that the rooting performance of the JM-rootstocks depended on the kind of sugar,

concentratuion of sugar and concentration of inorganic salts in the MS medium, and that the JM-rootstocks had

high rooting potential than the control rootstocks.

Key words : i vitro rooting, JM rootstock, rooting characteristics, shoot tip culture
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DB, 75 UARFSARME Mt 2 2 6 9 5]ME AR
MWEREN EHS, 1995a ; HH S, 1995b ; HH 5,
1995¢ ; HH 5, 19%a ; HH 5, 1996b), ZNS5HEARZE
FWERE - BHOFH L WY > THOWEREEO% &2
HEATHS., — &I, IMERIEIMRAERITEXXTHELA
FREDRRNEETN, IMEKROH L AREHIZDOVWTIX
2 < OB D HM, FEMBOIESE LEHARDERRE
WCBWTKRERBRNTYFERALNS @EIES, 199 ; &l
5, 1997 ; @l& 5, 2002 ; A FREEWALZ S —,
2004 ; RS, 2004). ENSOEKO—D
ELT, BULRIZHWDEAROEREF IR ORE, $#
BCRHE DRt 75 L1 X 2 EHE N, HLKRICHAWS
TELE, BLAROSIRSCHIRRENEZ 5ND (ix
AN, 2003 5 ATFREEDEE > & —, 2004 ; FKH
LR, 2004 ; SR REERSS, 2000). L,
NS ORBIIMBHABRTH 5720, FBBWIEITONWTH
LR O & HIRG R EAVER & 2 KB L T
AT B Z EI3NEETH S.

—, EERBERICBIT2FMARBRTIE, EECE
7R EHBEK & LRI —IC T B ZEMB S TH S,
NETIE, VO OBERBEOEEEEREZFMA Lz 2
— N DOEFESCFIRICDOWNWT, M9, M.26, M.27, CGR0, <
WWNHA RO ETEEROMENH D, ZNSEARMETI,
v a— MO < DG 1~ 3mg/l 6-benzylamino
purine (BAP) Z#siNL 7= MSE:#l (Murashige + Skoog,
1962) #HAE L, HEICIEL T0.1~1mg/l 3-indole
butyric acid (IBA) ZfNZ % & CRIFRARTNALN
LT EMHENTIRDTWD. £z, a— D5 D%
HUTIE, MSH: O M IR & 1/21208 U 7= i,

FT—=F 2R MUIEDDON—EIICHNSNTNS.
F—FTOHFTH, U>TDTa— b1 5DRMRIC
Id a -naphthaleneacetic acid (NAA) <°3-indoleacetic
acid (IAA) KV BIBAWEL THO, 0.1~ 3mg/l DiE
ENROTHDLEEINTNWS (A, 1980a ; AJH,
1980b ; ¥4 %, 1984 ; Styler + Chin, 1985 ; &5 - /N,
1988 ; &, 1990).

ZIZT, IMEROFEREZHSNTT 272012, H
B COR UARFEM & b U CEuB e — 7 S iE T
HTEMTELEERERZRAL, IMBEARSB IO
TREATEDin vitrolZH 1T B FEMIT KIT TN, Fricko
A O— AR, IBAJRE, HEERESREDZRICD
WTHRET L 72,

MBI UVHE

a4

RBRE N TEE - #iFFL TWAIMAAR (M1, JM2,
JM5, M7, JM8) WM IR S L T<ILNTI A1 B
MO-84 (Malus prunifolia Borkh. var. 7ingo Asami, strain
MO-84, LAFMO-84&M8), ~IVNAA Rkt A >
(Malus prunifolia Borkh. var. zingo Asami, strain
Morioka-seishi, LA Tt > &%) BLUM.9EMLAD 8
- R EH W, IMI~JMB8D & hfdild, 1 i
MOZAHEL, SN EENSEEINZHDTH 5.
X7z, YINAA RUIZE, BXESIVNAA R & #
BHESIVNIA RYDZDORMENH O, A1 TITE
PHEIVNTA RO 1 RZHETHO, MO-84IFE R~V
NHAA RTD 1 RMTHD. BAEXIVNTA RIdHE
et IVINTTA R EFEARTHR UARFERME TS 20
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BATE - KSR T 2 DIk L, TR IVNIA RIIBTE -
FEE LA, HURBHEENMENTSBD, ARELT
—fRIZCHWSN TS (LE, 1989 ; Tk, 1998).
v a—bDigE

Ta— MOEGEE, HES (1984)
ZHA L L7=Table 1 OF&MHETIT- 7=,
K5 DFRIE
— NS DOFARIT KT T RSO E, KT,
B 2 7 O— A B, IBAMEREE, EHEEEBIO

IZHED, MSHEEHE
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FEORBEOZZIZ DN TR L.
HBIIETHBRE Y20 1 AD> a—bZ2BKL,
BRKITABRE20ARD 3 KIETITo /2. #A&EIE, BhE6

fIIC, FEIRE, BBREBICEERIIDONTITY, J
WKL, WIEZZEH Mosteller « Youtz, 1961) L, %
BbTick D EEEZ2BE L.

FRICKITT A7 O— LBEDOZEEIC
HBEZ1/212/ UM

IDONWTIE, ZEHE
SEZ1120.1mg/1 IBA% N A 7=5%

Table 1. List of BAP and IBA combinations in the MS basal media
for micropropagation in JM-rootstocks (JM1, JM2, JM5,
JM7 and JM8)and control(MO-84:Malus prunifolia Borkh.
var. ringo Asami, strain MO-84, Seishi: Malus prunifolia
Borkh. var. 7ingo Asami, Morioka-seishi and M.9EMLA).

Rootostock BAP IBA
(mg/) (mg/l)

MO-84 0.3 0.1
Seishi 0.3 0.1
M.9EMLA 0.5 0
M1 0.3 0.1
M2 0.5 0.1
JM5 0.3 0.1
M7 0.2 0.1
JM8 0.5 0.1
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IBAIREDEEIZDNWTIE, EHEIEREZL/21ICHU
ZEMSEAHNZ30g1 A 7 O— A ZMA Tkt a2 AL L, 0,
0.01, 0.1, 1BXO10mg/IDIBAERE THETZTT- 7=

HEREHE I DB D WL, IR 21/16, 1/8,
1/4, 1/2, 1BXO2EDREICL ZMSE;#1120.1mg/1
IBAB X W30g/1A 7 O — A & A 7= 5 Tt 2475
T

BORBEOZEICONWTIE, EHEEIEEZL/2ITH L
7ZMSEMIZ0.1mg/l IBAZINA =iz zEAREL, 27
O—2Z, YIVES), VIVad—X, 757 h—RA&&X
30g/1& A 7= B Thigt 217 - 7=,

JM2B L OJMS8 D FEARIZ KT T hEDFfLE, [BAEREE,
HEMEHE RS D BT DWW TCIE, RS, BOED
L VIBARE 2% 2 KETH AR DY, TNTNOER
DRI DONWTHET L7z (Table 2,4).

105 L T30g/1D A 27 01— 2

ERbELUZER

1. RIBICRIFTE/ORIO0—-REE, BAERESB X
VEBIEREDTE

(1) BRICKIFTRIO—REBEDEE

FERRIL, MOEMLAB X UNIM2ZFRWT, A s
O—ZBEOEINE EBITELRD, 10, 30g/1DEEE
DA O—ATO~100% DFEMEBENA LN, ©1
BEIUMO84TIE 3 g/l LK WIRE TdH > TH100
% DFEMENZD 517=. —H, M9muA3;wmz
TlE, A7 00— ZEE10g/1TH50 % HEDFHERR
30g/ITITMIK T L7z (Fig. 1).
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Fig. 1. Effect of sucrose concentration on root formation in the JM-rootstocks(JM1, JM2, JM5, J]M7 and JM8)and control(MO-84:Malus
prunifolia Borkh. var. ringo Asami, strain MO-84, Seishi: Malus prunifolia Borkh.var. ringo Asami, Morioka-seishi and M.9E:
M.9EMLA). Rootstock shoots were cultured for 6 weeks on a 1/2 MS solid medium containing 0.1 mg/l IBA and several
concentrations of sucrose in test tubes. Left: Rate of root formation; Right: Number of roots per shoot.
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A7 O0—ZBEOHEME &I <Tao 720, MO-84,
A BIOIMSTIIEBED A O— A TR T D
FINA SNz, Fiz, MOEMLATIZA 7 00— A BE &
Rz < 2AREE Do (Fig. 1).

BB, BOEFIIONWTIE, 2 ZHEH 0~
30g/lDHFTIZA 7 O— ZIBEOHMNE & HITHRE (4
HE) NI 2ERRASNE (T—FHE).

T a— M5 OFEBRICTRIF—HE L THIZNAT
H0, Y ITEAZO—-ADFHN—RATHS. A
70— ZREIZ—RIZIZZITHWSNEM, 1~3
gAY O—ZMFRIC B TH B LENWS HREDH D
By« A, 1980 ; B, 1990). INETIT, BiAdD
27 TO—Z ORI L O FARNIH T N D & OHE T
W (A, 1980a ; A, 1980b ; Styler « Chin, 1985 ;
B, 1990). LAaL, AHABROBRTIE, IM2IzBN
TA7 O—ARENgIDEE &R T30g/10%E Tld
FWRME T T 272 E, A7 O0—A0T 3 KSHMb o
IMEBEARGHEEFR2>THD, ZHUIIM2OMEEEIC X
H5HDEEZ SN
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Hotz. —74, IM2TIE 0mg/l IBATIZI.6% TH -7z
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M.9EMLA TIZIBAJRE I BAfR72 <5.0~13.3% L{KHE T
Ho7z (Fig.2).
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M2, M55 K UIMSTIZIBA J4EE & 1372 BAfR AR
woshizho7- (Fig.2).

WOEBFIZDWTIE, &ff - BHEH0.1~ 1 mg/l
IBAATHERMBIFTH D, Imgl IBATIHEFL, FL
WHIVZ DR A SN (T—FHK).

) O OBERIIBIT D 2a— N5 OFMREITIE, 0.1
~3mgl IBABHWSNS Z EMNEL, EiBETIINIV
AR FEBEZHH T EFA SN TWDS (GE,
1980a ; fif, 1980b ; M5, 1985 ; HIE - /Nil, 1988 ;
BIE, 1990). AFKER TIM21ZH W\ TIBAIZ & % FEHEHIH]
NEBINEZD, CokHrARBGEcnETichanT
W, B TORE UARRBR T, IM2035E oM
AAREFERE, IBAYLEIC KD FRANRIFIC/R D Z EA
5NTWDS (FHIES, 1996). BRENTIES 2— )
5D, HEOEHMICIBADFZEZZITTNE,
BEGAR Tl URERNCUIE T 57200 THh D 2 En5
INEDEVWNETEHDEEZ HNE.

(3) RIRICRITTEREREDHE

FIREIL, MIOEMLAB X IM2ZFRNT, #E4al/16~
1 5 OMSE: A B 1 D MBI L 12 B\ T80~100% T
Holnt, 2MHEOMBIERETIININBELELTL
72, IM2TIE1/16~1/41% 0> MEREHE 2 B THE4280 % D ¥
BRENMESNTN, TN EORETIIEL KL
72, M.OEMLATIZ1/16~1/24% D Mt & T
135920% DFWRTH O, TNLAEOBETIIKFLA
(Fig. 3).

FREITDONWTIE, IM7TBENIMSTL/16~1/2f5 D #E
BRI T 21— M 472 0 6 ~ 8 A EFMEN Lo 208
FTNLULORETIIEZELLIE N LA, 1 o BXIUIMI
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g —B—Seishi
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Fig. 2. Effect of IBA concentration on root formation in the JM-rootstocks and control. Rootstock shoots were cultured for 6 weeks
on a 1/2 MS solid medium containing 30 g/l sucrose and several concentrations of IBA in test tubes. Left: Rate of root

formation; Right: Number of roots per shoot.
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T, 1/AEOEEIIBE T 2 — b4 0 OFEEN 6
KEETH-ZN, TNLLEOEE T Lz, MO-84,
IM2BEIME T, 1/16~1/1{5 DEHIEMEE TS 2 —
%4720 OFEMENTRELEHIRL, 2~4EKTh-oT.
%72, MLOEMLATIZ, 1/16~1/2f5DEHEHEE T 1 ~
2A LMD FFE - R & I UFERE N2, ENLA
LoREETIIE ST /2o7= (Fig. 3).

WOEFIZOWTIE, a&ffl - ZfLbl/4~1/2(%
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a— k5 DOFMIT, 1/2MSEHAL < FHENT
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R EE Z 5N,

2. BIBICRIFIHEOEEDHEE

FBRIZOVTIE, IMITIRWIThOZHWESE
BHIEIF100%, MO-84B LT A1 > TIE80~100% & &R
THo7z. IMOBLUNIMTTIEWT NOREZ A W=5EE
TH60~90% & R ENEIBR TH o7z —F, ]M2T
AV O—AZRWEHREITI326.7%, IMSTT 57 h—
Az HWZIGEITIE 5 % ol z Hnwi=i5a S ki L
TSR ICERWRERR ThH - 7=, £72, MOEMLAIZ D
MhFE - R & R U TR NWERRTH O, K,
TN A—=AEHWEHEICE L Eho7z (Fig.4).

FREITONTIE, BEORBEICXONTYFIEH DN
EMANTIMID R BEN, KW TIM7BEUIMS, TM2H
X OIM5, MOEMLADJETH >7=. LHL, FBRROD
e LRk, IMSTY 7 h—AZHWEEHEBXD
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Fig. 3. Effect of inorganic salt concentration in the MS medium on root formation in the JM-rootstocks and control. Rootstock shoots
were cultured for 6 weeks on MS solid media with various inorganic salt concentrations, containing 30g/l sucrose and 0.1mg/1 IBA
in test tubes. Left: Rate of root formation; Right: Number of roots per shoot.
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Fig. 4. Effect of type of sugar on root formation in the JM-rootstocks and control. Rootstock shoots were cultured for 6 weeks on a
1/2 MS solid medium containing 30g/l sugar and 0.1mg/1 IBA in test tubes. Left: Rate of root formation; Right: Number of

roots per shoot. Vertical bars indicate SE (n=3).
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M.OEMLATY ) A=A ZHWEEEIZEL <D, £
7z, IM2TAZ 0—Z &AWz HE b MOl TH
BRI A Sz (Fig. 4).

AL DT a—INSDOFEBICBWT, A7 O0—2
ERWESAICZIZINI—AR T T h—AL D HEn
FRENESN TS (K% - A, 1980). U > J0
“JBT B ‘Cortland’ DHFREMN S DIV AEERICH
WTIiE, AZ70—Z2X0DHVIVE =)L EHWZHEEIC
TIVAEFENEN, HIVAICETE 7007 ¢ )VAERN
RifFcholzEiE SN TS (Chong « Taper, 1972 ;
Chong * Taper, 1974). 19804ERi#&IC, 1 F 1 ADA —
A NE=Y D TRBEO 7 IV—T50M.9, M.2675E 1)
> IDWIEBRDin vitro DFEIRIT DWW THERIC AR %
o7y, MIOIZBWTHREDREICK D FRRNEL <

Table 2. Effect of the combination of inorganic salt concentrations,
sugar type and IBA concentration on root formation in the
apple rootstock, JM2. Rootstock shoots were cultured for
6 weeks on a modified MS solid medium in test tubes.

Inorganic v IBA Root formation No. of
salts” sugar (mg/1) (%) Toot
1/1 Sorbitol 0 45.0 2.54
1/1 Sorbitol 0.1 28.3 1.26
1/1 Sucrose 0 43.3 1.26
1/1 Sucrose 0.1 18.3 1.49
1/4 Sorbitol 0 100 5.17
1/4 Sorbitol 0.1 88.3 2.53
1/4 Sucrose 0 96. 7 3.52
1/4 Sucrose 0.1 46. 7 1.93

z: 1/1:the same concentration of inorganic salts of the MS basal
medium; 1/4: 1/4 inorganic salts in the MS basal medium.
v: Containing 30g/1 sorbitol or 30g/1 sucrose in the MS medium.

Table 4. Effect of the combination of inorganic salt concentrations,
sugar type and IBA concentration on root formation in the
apple rootstock, JM8. Rootstock shoots were cultured for
6 weeks on a modified MS solid medium in test tubes.

Inorganic . IBA Root formation No. of
salts® Svgar’ (mg/1) (%) root
1/1 Fructose 0 1.7 0.33
1/1 Fructose 0.1 10.0 1.61
1/1 Sucrose 0 13.3 1. 44
1/1 Sucrose 0.1 31.7 1.53
1/4 Fructose 0 26.7 2.94
1/4 Fructose 0. 1 60. 0 2.25
1/4 Sucrose 0 83.3 2.43
1/4 Sucrose 0.1 76.7 2.74

z: 1/1:the same concentration of inorganic salts of the MS basal
medium; 1/4: 1/4 inorganic salts in the MS basal medium.
v: Containing 30 g/I fructose or 30g/1 sucrose in the MS medium.
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K T3 2 E0®EITA SR (James « Thurbon, 1979 ;
James - Thurbon, 1981 ; Styler « Chin, 1985 ; & - /h
i, 1988 ; &, 1990).

3. M2BRUPIMSDRIBICKIZTHEDIEL, BARE,

EHIEREDHE

INETOA O—AYEE, IBAERE, THEEEED
K OEOREHEICOWT OB T, KIS RIM2E
FRIMBIZDWNWT, BERDEZEZEIIOVWTHLENICT S
728, PEOFEE, IBAREDIUOHEIERED 3 HRKT
% 2 /KEDRBRZ E N L 7z.

IM2OFIBRIZDNTIE, EHSERE ORI RS K
EL (FH5H63.7%), KWTIBAEE (FF5%19.6%),
HEOME (F5%5.0%) OET, WINOERKRD 1 %

Table 3. Dispersion analysis on the effect of the combination of
inorganic salts concentration, type of sugar and IBA
concentration on root formation in the apple rootstock, JM2.

v Root formation (%) No. of root

Factor”

Fo o (%) Fo o (%)
Inorganic salts (4) 311.47 ** 63.7 86. 76 %k  39.6
Sugar (B) 25. 52 sk 5.0 21. 78 % 9.6
IBA (C) 96. 31 *x 19.6 55.66 *k  25.3
AB 9. 63 *x 1.8 2.83 0.8
AC 9. b3 ek 1.8 20. 06 % 8.8
BC 13. 89 sk 2.6 12. 92 sk 5:6
ABC 4. 74 * 1.0 0. 45 0.2
e 4.5 10.2
Total 100 100

z: See Table 2.
* *%: Significant at the 5% and 1% level, respectively.

Table 5. Dispersion analysis on the effect of the combination of
inorganic salt concentrations, type of sugar and IBA
concentration on root formation in the apple rootstock, JM8.

Root formation (%) No. of root

Factor”

Fo o (%) Fo o %)
Inorganic salts (A) 195.51 %%  66.8  30.253%k 50.8
Sugar (B) 49.51 =  16.7 1. 06 0.1
IBA (C) 10. 56 sk 3.3 0.98 1.7
AB 5.59 * 1.6 1.13 0.2
AC 0.01 0.3 3.16 3.8
BC 8. 66 sk 2.6 0.03 0.1
ABC 0.04 * 1.4 4.94 * 6.8
e 7.3 36.5
Total 100 100

z: See Table 4.
* *%. Significant at the 5% and 1% level, respectively.
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KETHEENRD SN, £, FBEEICTOWTS,
FWROMREERRTH O, FHIHREODRNRD K
=< (F5%39.6%), KWTIBAREE (F5%253%),
HEOMME (F5%9.6%) OIET, WINOERH 1%
KETHBEENRD SNz (Table 3). AikBRICH W
FAaHOETIE, 1/4MBEEIRE, 30g1V)LE F—ILB
L0 mg/lIBAOFAA G OEDFARE, FREE B Ik
HEN TNV (Table 2) .
IMBDFEARERIZDNTIE, MHIEIEE ORI R H K
E< (F5HE66.8%), K\WTHOME (F5216.7%),
[BARE (FF5%3.3%) DIET, WINOERD 1 %K
WTHEENRD N, T2, BRI OWTIE, &
W IRE O RMPRBAELS (FF5HR50.8%, 1 %Ki
THEZEDD), FOEED L IBAEE O RITR
S5EMNo7z (Table 5). AFABRITHWAAEHETIE,
1/4EREE R, 30g/1A 7 O— A B K0 mg/IIBADHL A
BOEMNFERHEL33%, FRE2434, 1/4MEIRIRE
30g1A 7 0 — A B &L 0. 1mg/lIBADFA G HENFEM R
76.7%, FEAMRBL.TARLEN TV (Table 4).
bz &2k, IM2B XK OIMSDFEARIT K iF 3 48
R, EomMEB I NIBABEICOWTIE, il
HIREE D ZENR O RENT ENHLNERS T,

] =

IMBEROFREZHSNTT D720, IMBEAR (M1,
M2, M5, M7, ]M8) BIUHRME (IVNHA R
MO-84 : Malus prunifolia Borkh. var. ringo Asami,
strain MO-84, < J)V/NHA RUBER©A > :Malus prunifolia
Borkh. var. 7ingo Asami, strain Morioka-seishi, M.9EMLA)
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