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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.
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W KRR - AHOF LW > IbW B O &2
HEATHS., — I, IMERIIMRABRIZEEXXTHEHELA
FRENENE I, IMEROHELAREFHEICDNTIE
2 < OIRBRDHD B0, FEMMBOIESL LEHARDERRE
ICBWTKERBNTYFNAENS @IES, 199 ; &l
B5, 1997 ; 8IS, 2002 ; AFREEWHIEE & —,
2004 ; fR SRS, 2004). ENS5OFERD—D
ELT, HLUARICHWSHEARDORBIHASEORE, &
BRSO Rt 75 £ K B AEBIZEWN, HLRIHNDS
THLE, BLAROSIRSHIR/RENE 2 5D (ix
A« EL 2003 ; HEFIREEMIEE Y —, 2004 ; FKH
LB, 2004 ; RS AREERRS, 2004). L,
NS ORBRIIES B TH 2720, FREITONWTH
U ORI TER & TG EAM TR & & KB LT
AT 5 Z LIZNEETH 5.

—7, EERHERICBITDIMARR TIE, EECE
7 EHNER & LRI T A ZEMNRE TH S,
NETIZ, V2 OdAKGBEOEEREREZMALEZY o
— M OEFESLFERICONT, M9, M.26, M.27, CG80, <
WNAA RO ETEEOHEDNH S, ZNHBERNBETI,
T a— hOIEIZZ < DHE 1~ 3mg/l 6-benzylamino
purine (BAP) Z#iNL 7= MSE;# (Murashige + Skoog,
1962) AL L, HEIZHCTO.1~1mg/l  3-indole
butyric acid (IBA) ZfNZ % Z & TRIFBEFTNASN
BHIENHENIEO> TS, £z, Pa—FN50%
HRIZIE, MSHE:Hh O BRI 2 1/ 2100 U 72 55,

F—=F T EHRMUIZD DN —EICHNSNTNS.
F—FT DR TH, U>TDTa— N5 DFEMRIC
¥ @ -naphthaleneacetic acid (NAA) <°3-indoleacetic
acid (IAA) KXV BIBAWEL THO, 0.1~ 3mg/l DiE
ENNRHTHDEINTWD (A, 1980a ; AJH,
1980b ; #EH %, 1984 ; Styler » Chin, 1985 ; &5 - /th,
1988 ; &I, 1990).

ZIT, IMBROFBMEZHSNTT 27201, H
L COR UARFEMR & bLig U T — 7 R R iE 9
HIEMTELEEREERZRAL, IMBEARDE I U
HREATE Din vitrolZ BT B FMIT KT T HEIN, Fricko
A O—ARE, IBAIRE, MEEEIRELREOZEITD
WTHRE L7z,

ZESFSENO P S

A

ABRE N T2 - MiFFL TWBIMEBEAKR (M1, M2,
JM5, M7, JM8) MMM IRfESE L TSILNAA B
MO-84 (Malus prunifolia Borkh. var. 7ingo Asami, strain
MO-84, LAFMO-84&0%), <IVNAA RUEKRMEA >
(Malus prunifolia Borkh. var. ringo Asami, strain
Morioka-seishi, LA Rt > &%) BELUM.IEMLAD 8
Wil - B EH W, IMI~IMS8D &M, 1 i
MOZEZMEL, IBONTEEENSBLZINLEHDTHS.
F7e, RINAA RTITE, ENLERIVNTA R L8
MR IVNTIA RUDZODDORMENRH D, A NIET
TESIVNHA BTD 1 RHETH O, MO-84IF TN~ )L
NAHARTD 1L RHTHDH. BALESIVNTA R UIdHE
BetE< VNI A R & EARTH UARFRIE TS5 20
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T a— IS DOFREBICKIFT RS DR, B
B O 2 7 01— A PR, BAEE,%%ﬁ%E££U
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BREKITHABRE20ARD 3 KIETITo /2. FA&EIE, BHE6H
Mgz, FRE, EBHRBICEERIIOVWTITY,
WK, WIEsEZ M (Mosteller » Youtz, 1961) L, %
BT K D EEEZRE L.

FBICKITT A7 O— ZREOFEITDNTIL,
MR 21 /2103 U= MSE: #1120.1mg/l IBAZ A 7=k

ICHEL, MSH:Hs
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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/1) (mg/)
MO-84 0.3 0.1
Seishi 0.3 0.1
M.9EMLA 0.5 0
JM1 0.3 0.1
M2 0.5 0.1
JM5 0.3 0.1
M7 0.2 0.1
M8 0.5 0.1
100
Ir7
60

40

20

Rate of root formation (%)
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HiEHEAEL, 0, 1,
BE TR EITo 7.

BABEOFEICOWTIY, WMHEIEREZ1/21ICWU
7=MSEHINZ30g/IA 7 O — A ZMA Tt a AL L, 0,
0.01, 0.1, 13BXI0mg/IDIBAJEE THEZIT- 7.

MEREHE R D BT DWW, IEREEEE 2 1/16, 1/8,
1/4, 1/2, 1 BXO2f5DOHEICL 7=MSEH1IZ0.1mg/]
IBAB X W30g/1A 7 O — A & A 7= 5 Thgt 2475
7z.

WOREOZEITDNWTIE, EEEEEZ]/21ICHC
7=MSEM1Z0.1mg/l IBAZINA =85 zHAREL, AV
O—2, VIVEb—=)L, ZIVa—R, 757 b—A%%¥~%
30g/1& MA T Tt Z2fT o 7=,

m@ﬁi@m@w%ﬂt&@?%@@ﬁ,mA%E,
ISR OFEICOWTIE, HSRRE, HofEd
L VIBARE Z & 2 KETHAGDYE, TNTHOERN
DIIRIZ DN TG L7z (Table 2,4).

3, 10BXU30g/1D 2 Y O— 2

BERELUZR

1. RIBICRIFTEROR I O—REE, BAEBESSK
VEIEREDRE

(1) BRICRIFTRIO—REEDHE

FARRIT, M.OEMLAB X OIM2ZFRNT, Xy
O—ZABEOHME EBICE<RD, 10, 30g1DmREE
DA O—ATO~100% DFEARENH SN, BT
BLUOMO8LTIZL 3 g/ID LLERIKWRETH > TH100
% DFWRNBD 5N, —77, MIEMLAB XL M2
T, A7 0—ZAEE10g/1TH50%FEDFERKT,
30g/ITIEMITIE T L7z (Fig. 1).

FRBUTOWTIE, M1, M2, IM7B X IMS T
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—A— ). 9E
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Fig. 1. Effect of sucrose concentration on root formation in the 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. 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—2ZREDOEME EHITE L TE>7M, MO-84,
A BIOIMSTIIEBED A7 O— A TR T 5 H
FNA SNz, Fiz, MIOEMLATIIA 7 00— X jBE &
BafR/a< 2AREE Do (Fig. 1).

BB, WOEFIZOWTIE, Wi ZFEEH 0~
30g/IDHIFATIZA Y O— AREDIEINE EBITHRE (4
HE) NHEINT 2HEANA SN (F—FK).

Pa— M5 OREBICTFIIF—JRE L THITHAET
H0, V) oITEAZO—ADOFANR—RHTHS. X
70— AR —RAICII30gI THW S DA, 1~3
GIA O—=AMFBRICBIFTHD ENOS MEDH S (I
¥ - A, 1980 ; B, 1990). ZNETIZ, HEHi~D
27 O —ZDEFINT L D FARNIHI T N D & O
W (HJE, 1980a ; A5, 1980b ; Styler « Chin, 1985 ;
B, 1990). LAL, AHABROMKRTIE, IM2izB0N
TR O—ARENG1DBE & ART30g/10HE T
FWRME T B2 E, A7 O0—2103 5 KSHMto
IMBERFHEERZ->TRD, ZHUIIM20 FfEE I &
5HDEEZ LN

(2) RIRICKIZTTBAEEDEE

FARRIT, M.OEMLAB X OJM2EFR< & TO MM -
RHET, 0~10mg/l IBAREIZNND 5T 80~100% T
Hotz. —74, IM2TIZ 0mg/l IBATIZI.6% TH- 7=
MIBADEINZ L D50~60% F THBEMNIGH =N, £/
M.9EMLA TIXIBAJRE ICBfR72<5.0~13.3% L KHE T
o7z (Fig.2).
FAREUCDOWTIE, MO-84, 13, IMIBIUNIMT
Tld, 1mg/l IBAOERE THENNZ <, 10mg/l IBADHE
ETIHME T T 2N ALNEZ. LAL, M.EMLA,
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g 80
= y\ \/%
2 —,
&
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S 20
5
S A/A\A———A\A
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M2, JM53 LUMSTIZIBA JEEE & 13 HRE 7 BI{R VR
HouNano7z (Fig.2).

WOEFIZOWTIE, 2 - 2 EH0.1~ 1 mg/l
IBAATHERMELFCTH D, Imgl IBATIHEFL, FL
WHIVZ DR A SNz (T—FHK).

U2 OBERIIBITS L 2a— M5 OFEMBIE, 0.1
~3mg/l IBAWHWSNE Z ENEL, HEETIINIL
AR FEMEZNH T E3A SN TWS (G,
1980a ; fifi, 1980b ; B 5, 1985 ; HIE - /N, 1988 ;
B, 1990). AikBRTIM2IC B TIBAIC & 2 FEARHNHI
NEEINED, ZOXHIRBEIINETIIRINT
Wiz, @ TORLAHBRTIE, IM2054 Bittd]M
AR EERE, IBAYEIC KD FERANRIFIC/ D Z EN
5NTVS (FHIES, 1996). BRENTIES 2— )
5D, MEOEMMICIBADEEZZITTWDA,
B3GR Tl URERNICUIE T 5200 Thd 2 Enb
INSDEVNETEHDEE R 5N,

(3) RIRICRITTEREREDE

FMWRIL, MOEMLAB X NIM2EFRWNT, #EHl/16~
1 {5 DMSHA B 1 O MR IR 12 BN T80~100% T
Holzd, 2fEOREIERETIINI N ELETL
72, IM2TIEL/16~1/44% 0> MErh i B THEFQ80 % D ¥
BENE SN, TN EORETIIEL KL
72, M.OEMLATIZ1/16~1/2f% D M B & T
13HI20% DFEBETH D, TN EORETIHL L
(Fig. 3).

FEREKITDONWTIE, IM7TB L NIMSTL/16~1/25 0 4%
BB T a— M40 6 ~ 8 REFEMNEL - 723,
TN LEDORETIIEZELLIMEKTLE., 1 o BIUIMI

P —o—M0-84

4 —B—Scishi

}é&%‘g M. 9E

SN | o
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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, VABOEBIRIRE T 2 — MY D OFBEN 6 R EE 2 5N,
KREETH -7, ZNLL EOWRE T L7z, MO-84,

IM2B X IME T, 1/16~1/1{E DEHIEIEE TS 2 — 2. RIRICRIZTTIEDEEDE

472D OFMREIT KR EEETR<, 2~4KTH- Tz, FBRIZOVTIE, IMITIRWIThOZHWE5E
%72, M.OEMLATIZ, 1/16~1/2fF DIEHIEIEE T ~ H1F1F100%, MO-84B LUt~ 2 TIE80~100% & =R
2AREMMDIFE - R & iR URRE N DR, 2Nl THo=. IMSBIIMTTIEWT Nz AW EE
FowETIIE st <iaoz (Fig. 3). TH60~90% & BN EWIIRER TH > /2. —F4, ]IM2T

WOEFIZODWTIE, &M - JFEd1/4~1/26F A7 A=Az ANEBEIT1326.7%, IMSTT 57 h—
OEHBIEREICB W TRENRE S, TNLLELOREETIX 2% AW EITIE S % SMORE 2 Wz g & g L
ELUKFLEZ (F—FK). TR WHIRR TH > /. F/2, MIEMLAIZtLD

a— k5 OFEMIT, 1/2MSEHNL < FHENT TOAE - R & L TEMRICEWRERRTH D, FFIT,
W5 (Styler + Chin, 1985 ; [, 1990) 73, MSHihd TN A=A =HWEHEITE L {&ho7- (Fig.4).
AR R INOY N S VPA N AV t=3: M GI=Y SOAS 2 Ly FREIZDONWTIE, BOREICE NI YFIIH 2N
S5NTWBHIBHS (FE, 1990). KB THLN ERICIMIDR HEN, KNTIM7BEIUIMS, IM25
B Hi e o SERSHIB FE 10 S B TM2 D KOS 5 Mo LFOIM5, M.OEMLADJETH>7=. LML, FEHRERD
IMERBELIINAA R ERESTHD, IM2O% LE EERIC, IMSTTY I h—AZHWHAaRIN
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—o—M0-84

S 8 —8—Seishi
§ 3 —&—\. 9E
é “g 6 —%— M1
‘E -g 4 —k— JM2
3 2 —.— V5
§ 9 —+— M7
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Inorganic salts of MS medium Inorganic salts of MS medium

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/l 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/1 sugar and 0.1mg/l 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.9EMLATZ )L a— 2 &AW HEICE L <D< F
7z, JM2TAZ O0—Z %AWz HE b MOl TH
BWEANA Sz (Fig. 4).

‘S50 O a—ELORERIIBVWT, AZ0—2
ERWESAICIZINI—AR T T h—=ALD HEn
FRENESNTNWS (K% - AlE, 1980). U>I0D
B BXW ‘Cortland’ DFRMN S DAV AHEEICH
WTI, A70—ZAX0BVIVE h—ILEHWEEEI
TIVAEFENMEN, HIIVACETE 7007 1 VAR
BIfCTh-o=EMEZINTS (Chong * Taper, 1972 ;
Chong * Taper, 1974). 19804, 1+ U ADA —
A NE—U 2 TRBGO TN —T50M.9, M.2672EY)
> ADWEBARDin vitro DFEARIZ D W TEF A ER %
To72m, MIIZBWTREOHIZK D FMREMNEL <

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 y IBA Root formation No. of
salts” Sugar (mg/1) (%) root
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

2: 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/l 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 v 1BA Root formation No. of
salts” Sugar (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 3L.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/l fructose or 30g/1 sucrose in the MS medium.
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ETFd 2 E0HEITA B2 (James - Thurbon, 1979 ;
James - Thurbon, 1981 ; Styler « Chin, 1985 ; & - /h
M, 1988 ; &, 1990).

3. M2BRUIMSDRIBICRIZTHEDIEL, BARE,

ERIEREDHE

INFETOAT O—AHEE, 1BAEE, THEERESD
K OBEOFIAIC OV TOMER T, ISR RI2IM2B
SOIMSIZDWNWT, FSERDFEEICOWVWTHLENICT S
=%, FEOREME, IBARED I OEEERED 3 HKT
% 2 KEDRERZ K L 7z

IM2DFIRRIZDONTIE, WEEREOSREN RS K
E< (FHEE6E3.7%), KWTIBAEE (F5219.6%),
HOME (F5%5.0%) OET, WINOERKRS 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.

Root formation (%) No. of root

factor Fo 0%  Fo o
Inorganic salts (A) 311.47 %% 63.7 86.76 *k  39.6
Sugar (B) 25. 52 sk 5.0 21. 78 % 9.6
IBA (C) 96. 31 19.6 55.66 %k  25.3
AB 9. 63 *x 1.8 2.83 0.8
AC 9. 53 1.8 20. 06 =k 8.8
BC 13. 89 % 2.6 12. 92 sk .5
ABC 4. 74 * 1.0 0. 45 .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 sk 06. 8 30.25 %k  50.8
Sugar (B) 49.51 sk 16.7 1.06 0.1
IBA (C) 10. 56 =k 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,
FRROFREEFAKRTH D, EEFEREOHENRES K
=< (F5%39.6%), KWTIBAEE (F5%253%),
PEOREE (F5%9.6%) OIET, WINOEKD 1 %
KIETHREANRBD 517 (Table 3). AilBRICH W
FAaHOETIE, 1/4MBEEIERE, 30g1V)VE F—ILB
K0 mg/lIBADFLAADOENFRE, FlEkEHITH

HEN TNV (Table 2) .

IMSDFEIBHRIZDNTIE, EHIHREORREIRE K
=< (FH5HE66.8%), KWTHOME (F5216.7%),
IBAJEE (B 5%3.3%) OIET, WINOHERD 1 %K
ETHBREENRD SN, £z, BREKICOWTIE, &
BEEIRE O RN R B RKEL (FFH5HR50.8%, 1 %Ki
THEEAHD), FHOREPD I OIBABEEOZRITRD
53N o7z (Table 5). FRABRICHWMAAGHE T
1/ RS RS 30g/1A 7 O — A3 KN 0 mg/lIBADKH A
BOWINFEREL33%, FERE24374, 1/4MEIEIRIE,
30g1A 7 O — A B & 0. 1mg/lIBADF A G HENFEH R
76.7%, FEARBL. AR LEN TV (Table 4).

DUEozEizkn, IM2BXNIMSDFERIC LIF T 4
TR, BEOREP K OIBAEEICDOWTIE, HHid!
HEEIRE O ENRBRENT ENHSN EEo 7.

] =

IMERDOFBEZHSNTT 2720, IMER (M1,
M2, M5, ]M7, JM8) BIUHMEE (IVNHA R
MO-84 : Malus prunifolia Borkh. var. ringo Asami,
strain MO-84, ~IVNHA R A 2 :Malus prunifolia
Borkh. var. 7ingo Asami, strain Morioka-seishi, M.9EMLA)
D 8 il - FMDETAEERRZ ANWT, in vitroDFEIRIT
T ER, RO R 7 00— ZEE, IBARE, &
HHRES XIOHEORE ARy 0—2, VIVER—), 7
NA—=ABLARTT7 h—R) OB DN TR L 7=
1. 27 0—ZREOHEME LB, MIEMLAB I

IM27Z B < il - R OFMRRIIMRQMEM L 2. —75,

M.OEMLAB X INM2TlE, 3~10g1 O A Y O— A

& THMB N E N o Tz
2. JM2ZFR< i FE - R OFEREIC KT TIBARED

wEIHoNho7z. UL, IM2TIZIBAOTRMN

ICEDFRAMEX T L7z, FEREUC DWW TIE, W - R

#MTIBA IR & OUIRER BRI A 5 e - T
3. 1~ 2fEOMSEREIREZICSNT, &ETOMME -
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