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Influence of Growth Regulators and Potassium Humate
on in Vitro Multiplication of Apple Rootstock M.26

*Hak Tae LIM, *Young Rog YEOUNG, Yoong Narm SONG, Kyo Phill HAN, Jong Hwa KIM
Department of Horticulture, Kangwon National University, Chuncheon, 200-701; and
IDepartment, of Plant Science, University of Idaho, Moscow, ID 83843, USA. *Corresponding author.

This experiment was designed to improve the in vitro production system of apple rootstock M.26 as being influenced by
the growth regulators, TDZ, BA, IAA, IBA, zeatin, and GAs. Different levels of potassium humate (KH), known as
cytokinin and auxin-like substance, were also supplemented to the MS basal medium along with IBA 0.6 mg/L to find out
its effect on root formation in apple rootstock M.26. To initiate and establish the in vitro multiplication of shoots by way of
meristem culture, MS medium added with zeatin 1.0 mg/l. was found to be the most suitable, showing the 100% of
survival rate of shoot tips. A combination of thidiazuron (TDZ) 0.2 mg/L and NAA 0.5 mg/L promoted the shoot
proliferation when shoot tips were used as explants. MS basal medium plus IBA 0.6 mg/L was very effective for root
induction, but an addition of potassium humate (250 mg/L) to the medium containing IBA 0.6 mg/L stimulated the

induction and proliferation of the roots by far the better.
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A 2RISR AY BE RREMEAA 7P el
AeE T ole B F oshdd HE =3 e ghnsta
AE FAlelvh Abzte EEHEREES ol &sA BiIEE
RS ¥ 5 7] Wi BhERe] £80 AA
AR ZrhstR e Aotk T F A5 &iE
e AlZbA, FHA Aloks A e BRAEEEES o
84 75l Hooh AN EAREHEG RER
o] f=7b A olHAA 4] d el ZIUFAel B o
Hgol QAT Azt 22 Fa3 Fhfel slolMe HIFE
# 9 AEREERS ol fe|lA Al 2R} HkiEe) JEhEd
< =ol7] H3 AUl 28 Heisith (Alvares et al, 1989
: Baraldi et al, 1991; James and Thurbon, 1989: Krieken
et al, 1991: Lee et al, 1990: Zimmerman and Fordham,
1989).

gD Rl Wb Ao Bad oAl B 2 R
E7} 2w gubH ez abge] 7[EAle] glelAl oy
A WikE F712¥E PATS fFxste Aed
(Hicks, 1986: Zimmerman, 1984). |27 2E¥ Alalo]
A 2] e 42HE FA717] HEA NAA,
IBA, TAA 28 auxinffl 9] &abo] 7ulolA] 245 4l
£ AXFAY axinfE AY wiRol] s} whel 7]
22 T3 9Jv} (Alvarez et al, 1989; Byun et al, 1985:
Collet and Le, 1987; Lee et al, 199; Liu et al, 1983. Pua
and Chong, 1983: Travers et al, 1985). dulyg o=z IBAY
1AAZ} AbEhe] TEHR 5ol whel o} 853 slAgY, IBAYL
A WTEAE F B b wE Alg FEel A
49 4 3l7] dgel 7 9 o] 45T vk (Krieken et
al, 1991).
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H EolA AtaEZF Golden Delicious 7] AHE-A], B-A
- FE 9wk »&% ¥ potassium humate?] %%t A&
o2 BEEE U Baraldi et al, 1991). A=
potassium humater} 25415} 2 43§ s HEFHA
At (Vaughan, 1974), EMteE A3 ospd A E7Rd
(benzyladenine: BA)3} 2 -2-Al(indole-3-acetic acid: IAA) %
& ZEE FAl 3= ez 933N Cacco and DellAgnola,
1984).

2 a7 HEgS Al B M2 AxFA, A% 9 3
AT A 9% viAe MAERAA, 53] TDL
(Thidiazuron) 2} zeatin®] B35 FES|A #dshel Ab=id)
5 224 & fErsled ok =3 potassium huma‘uaS&]—
AR & M269] ER7] 9 A #a BHRE A
2 $Esigdrlel o RS st aA g

HE % Fi
ERBERS St IR

Ao B AU AFHHE M.
268 AlxAE 79 el of 5emE A FH M FAAA)

2 43 NS F 52 B 2087 kikHoh 10% &
Zofl 5E7F AASHA 13} %@iﬁﬁ% & IFRTE F
A3tk Tween 20 (0.01%)e] AHr7lE 10% sodium
hypochlorite {47 i 01% HgCbel 1087 23} EmAS
g F WA FHrE 453 Ao AR A=
F AR A8 s 5EeA ToA 0103 mm 2712 )BT
84 #%E e} 7) 2l A= MS(Murashige & Skoog, 1962)
ZA e T 3%, 83 (Bacto) 08%¢] H7154 3 pH: 575
WEAG. 27| AAE 337 AsiM BA(LO, 20
mg/L), TDZ(0.05, 0.1 mg/L), zeatin(0.7, 1.0 mg/L)E& ©=9
2 oA Hrlgck AT ARES 10ml 8 B59 25
X 150 mm Al g3 148 XA HelF 57 w2 S
AH8E kST e 2% 1500 ux, FF7] 1647 &%
2 CE HErpsle AR Tk
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dZ2FAd 7 &4 wiAE 2798 A
ekl A dofAl AlxE Aol 01-03 emZ Axts|A TDZ
02 4+ NAA 20 mg/L, BA 20 + NAA 05 mg/L, kinetin 20
+ NAA 05 mg/L, zeatin 20 + NAA 05 mg/L, TDZ 02 +
NAA 05 mg/L, BA 10 mg/L, BA 10 + IBA 06 mg/L, BA
10 + GA3 1.0 mg/Lo] M7} MS 7| RujA|oll #HEs ) =
Mg Az g 2 BT kel nlAe d3E zAbe)
A Az FA] g 92 x5 0510 an 2 A

e A 7] EujA)e]l IBA 02, 06 mg/L, IAA 05 mg/L, IBA
06 + BA 10 mg/L, IBA 06 + BA 10 + GA3 05 mg/Le]
7247 R e AFAU. HAE R ERERS F
Ag# F{—-#4

Potassium Humate (KH) 32

Potassium Humate (Veneta Mineraria SP.A, Italy)7} ¥-A
T B 2 MRl AL PFE RAE AN BT
717 71 & Hold w4 iz (1/2 MS + IBA 06
mg/L)¢l] o8 FE(50, 250, 500 mg/L)$] potassium humate
£ A7H 78R A Jle e 202 A Ay
Z k.

faR o EE

A& AR 2APWEo] AWET] A2 1F:A o A
9 Ao|, U] B B AEHAES FAEIH Yukdez 5
ofFoll A wiks LA 2P g FeA

& oA 3l7] o-Fol, NaClO g¥#s}7] §i 70% ethanol

oll A 587t FiEH 8}7vt, 10% NaClO =)4) 01% HgChs
AHERSH edel A9 HA gokdt AxAZE BE A
g oA FARIAIRE TDZ 0.1 mg/L o] H71E ujA oA
o otk :LEM AR 271Nk AN Fo3 A
A AEE-E TDZ 01 mg/L A7} wiA|o|A] 20%2 Pt
o} b 22 A AEEL zeatin 10 mg/L o] A7}E
Aol A ZAFES (Table 1). A wi kS E8iM AA
3} A];‘zE 04‘—7-] o] A]z.’ix}\;! ‘%}E"ﬁ‘iﬂ] .ﬂ_a]g}_‘;}, oE]H}
Ao ANzxZEAL 984 BAS 9ExE] = NAAY &
$3bod Ag3la glom, BASH NAAER MR BAY ¥

Table 1. The effect of BA, TDZ and zeatin on the shoot growh and
survival of apple rootstock M.26 after 7 weeks culture of shoot tips.

Media types No. of  Shoot lengthd  Number oft  Survial

explant (mm) leaves rate, %
Ba 10 25 48(1.3) 1.8(0.8) 80
(mg/L) 20 25 45(2.3) 1.7(0.8) 30
TDZ 0.06 25 55(31) 20(1.1) 50
(mg/L) 0.1 25 82(1.7) 35(1.0) 20
zeatin 0.5 25 48(34) 25(1.4) 35
(mg/L) 10 25 58(4.7) 24(14) 100

aValues represent mean(standard error of mean).



Figure 1-A. Meristem being developed into shoot tip in MS medium
added with BA 1.0 mg/L after 16 days of meristem culture. 128 x
B. Development of shoot tips in the medium supplemented with
zeatin 1.0 mg/L after 30 days of meristem culture. 15 x C. Multiple
shoots derived from a single shoot tip cultured in MS medium +
NAA 05 mg/L. A shoot tip was cultured for 30 days. 15 x D.
Differentiation of a single shoot cultured in the medium of NAA 05
+ kinetin 20 mg/L after 30 days culture. 15 x E. Abnormal shoots
that were induced in the medium containing TDZ 0.1 mg/L. 3 x
F. A plantlet of M. 26 root stock being cultured in the medium
supplemented with IBA 0.6 mg/L. 25 x.

7} NAAY sExd AR 2od Z7)A%te] 1
A G718 WForAEh NAA 10 mg/La BA 01 mg/L
o] Egtxelxl wiAelME Ax7t A F715HA gk
100%2] A& HFAEE BT Lee et al, 1990). whe}
A B AGME AAHoeRE AxE #7317 A3
A B 3%252 hA 22 Aejg Ad Al AR
Aujekoll 714 w@o] o] &%= BA 10 mg/L B} zeatin 10
mg/Lol A s AFREF BREFS A28 98 7 4
©HTable 1, Figure 1A-B).
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No hormone

NAA 2.0+TDZ 0.2 mgst
NAA 0.5+BA 2.0 mg/l 12.1a
NAA C.5+Kinetin 2.0 mg ST

NAA 0.5+zeatin 2.0 mg/
NAA 0.5+7DZ 0.2 mg/l
BA 1.0 mg/t

E BA 1.0+18A 0.6 mg/t
Q BA 1.0+GA3 1.0 mg)) !
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Figure 2. Shoot multiplication from shoot tips after 4 weeks culture
in the MS basal medium with various growth regulators. Letters
above bars represent mean separation by Duncan’s multiple range

test at P=0.05.

TDZ 02 mg/Le] 37bd wixelA BRAs e J7F 12002
74 ok, Bol FAEE At 2070 o] ATt ¥
AF g Figure 1C). FHAZ AxFAd U4 A&
NAA 05 + zeatin 20 mg/L A7} wiA|e]A HF 43742
Wzl g2 Aol visiA Ao Slea] & Aol E
oJZ=9]td. NAA 05 + kinetin 20 mg/L 7} 715 wjA]o|
AED Az 32 H5243 27439 9] oH(Figure
1D, Figure 2). AF7A4A #8ia A& M2%6 AlZF4
4 Fohd mix| AL MS 7] 2uj|e] BA 20 + NAA 0.
5 mg/LE A7 wiR2A, F7 7309 Az 9
43, BA 20 mg/LE 25xed wiAdAE 3743 4l
2 ZAlgo] wobrd(Lee et al, 1990). B AldoAx BA 20
NAA 05 mg/LE MS 7]EujAe] H7ps)A AzFAE
ZARA T F4 g 2T, 23]8 BA 10 mg/L A
FollA 344 oz gcHFigure 2). A&l oloiA ol
g zlole Ak o 43 Az R QA A
, AR A7), 27k DAY AR P
7 59 zeld 713 S Ao A7

Abab Golden Delicious &9 4122418 944 48 ¥
2] BAZ 7]EujA|(MS salts + LS vitamins + 2%
sucrose)ol] A& BA 1.0 mg/Lel A Az 48702 71
2 =obeh(Baraldi et al, 1991 Linsmaier and Skoog, 1965).
Apste] Al zFAle) 744 gho] ARS-E o] BA(L0-20 mg/L)
¢} w)mshd NAA 05 + TDZ 02 mg/L A7} wiA7} Az
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Table 2. The effect of plant growth regulators on survival rate and
root and shoot growth after 4 weeks culture.

Growth regulators(mg/L)} Shooty? Rooting No.of? Rootd Surviva
length rate%  root length rate%

IBM IAA BA GA3 (mm) {cm)
02 9.3(2.0) ¥ L1410 1287) &
06 10.1(2.9) 60 24(22) 13(27) R

05 11.8(32) 24 12(04) 1095 84

06 1.0 14.0(3.2) 0 0 0 100
06 10 05 133(27) 0 0 0 R

2Values represent mean (standard error of mean).

TDZ: Atshe] 74 o =% FEEHo =Y 713E3E

6& AlEA] Bl Al A ek i A}% solght} (Fiola et

,1990). el ARREE Galad] A2E ZAA)7)7] 94
H TDZ (00110 pM)E gh=x2]A] TDZ 1-10 M 43
oAl BAHZF wix|Bct =2 10709 AxE odg)
(Nieuwkerk et al, 1986). ¥ A& TDZ 0.1 mg/Le]
SAelAl 718 -l AEA7E 71597 d-Fel NAAgH &
A AbEete o] Alxfy] B Sl v sivha
A 7F = o K Figure 1E).

Nz RS FA47)= FA Zé & sx287) 94
A IBA, TAA, BA, GAE o5 2 Eahxgs 2 A3,
IBA 06 mg/L 5% 2] g] oAl Z-80] 60%E 7} =9
Awk IBA 06 mg/Lell BA T BAS GAE Ao &7}
g o= Al MRS dA SRS FAHE §7
= AE IEER] ofotet Wbl AlZe] AJEEel gleiM
¥ BAZF A7bel wiA]el A E%tzfﬁ)iﬂ} *JZE-91 AAE =523

o

BA (L0 mg/L)sk IBA (06 mg/L)st @7 =)o) #}a)
oAk Witk sl E3hE B 4 9l9leH(Table 2).
2SAFIE AP E g GRS el ¥ FIOF

T3 w52 Ffo] webd 2854 FH o 875 B2

ti= 722 o|n] uba AHrh(Alvarez, 198( Byun et al, 1985:

Zimmerman, 1961). 3% R4S SlaH QA oz

3L (0106 mg/L)e IBA7} we] A4-# 3 gloh g

v} A}Z}%Zé— Summer Rambo& ®HZ A]7]7] —c%] 3 A= NAA

7b RS, 5F Gala®] 75 [AAA HedAe] 7h

# 2 gledvh(Zimmerman and Fordham, 1985). flf £&2&

IBA == NAA7} %% (10 mg/L) 2 AelsEygSd o2

o] $% Hoith(Huth, 1978). #= IBA (0.1-06 mg/L)7}

G wEg WA £g el o $ET AN, A
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Figure 3. The effect of potassium humate (KH) on the formation
and growth of adventitious roots from shoot culture.

QFeke] HA3) Dch(Alvares, 1989). whelr] ApFEZ
ER A 2ag o8 TR vEE AR
3 53T AR AHA) Fol 2 e vAe AL

Potassium Humate (KH) £

AR B M2 FAER 71 2 YA )X = potassium
humate®] &= Tl KH A-Ex= 250 mg/LPg 3L
500 mg/L H7b iAo M FAT A4 Aol A g
o dAlH e YA T°r7l°ﬂ 2> 4%E ¥ IBA 06
mg/L @528 2}, IBA 06 mg/L + KH 250 mg/L # g
Fo A AT B Ee] 30% FUEa, FAT Bl 2led
ME B0%2] F7He BedFelet (Figure 3).
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of KHE %% (500 mg/L)Z A 3t9S o A&
F2E gl MM BITR7] 9 AAE dAggT 4
Zrgl ok

KH7} o] 28 98-S X 71 carboxylic,
oxidrilic groups} #7)7} ¢lvb3L gtk Phenole] Ababe] 7]y
AHEA TS AT AT o] KHE T4 v
H7kEl .&4lo] IBAS] AE whA|grewy WIAAE
fEiftsl= o2 A=z (James and Thurbon, 1979:
Zimmerman, 1984). AF}HES, W5 P 71 dde] ojE-
EE&52 7IWEA] A Al delA potassium humater} 2
ggg Aoz 7dde.
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zeatin 1.0 mg/L A7 wiz|oflA] 100% A28 JJehia
Az =3t JBifslodch A woks B8M 42 4l
z0] B S1sA e TR AFRAAF Ut F
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eneta Mineraria 3|Alel Al = ZFALS #3bo}. potassium
humates] $FE QAT $E AAYeH) Dol Qe

5207 v e,

N
<

o

2
S

Mo
rek

Alvarez R, Nissen SJ, Sutter EG (1989) Relationship between indole-3-

Growth Regulators and Potassium Humate 135

acetic acid levels in apple (Malis pumila Mill) rootstocks cultured in
vitro and adventitious root formation in the presence of indole-3-
butyric acid. Plant Physiol 89 : 439443

Baraldi R, Malavasi FFE Predieri S, Castagneto M (1991) Effect of
potassium humate on apple cv. Golden Delicious cultured in vitro.
Plant Cell Tissue & Organ Culture 24 : 187-191

Byun JK, Fordham I, Zimmerman RH (1985) In vitro propagation of
apple tree. I Effect of IAA, IBA and IAA-amino acids on rooting of
apple shoots. ] Kor Soc Hort Sci 26: 331-317

Cacco G, Dell'Agnola G (1984) Plant growth regulator activity of soluble
humic complexes. Can ] Soil Sci 64 :225-228

Collet GE Le CL (1987) Role of auxin during in vitro thizogenesis of rose
and apple-trees. Acta Horticulturae 212:273-280

Fiola JA, Hassan MA, Swartz HJ, Bors RH, McNicols R (1990) Effect of
thidiazuron, light fluence rates and kanamycin on in vitro shoot
organogenesis from excised Rubus cotyledons and leaves. Plant Cell
Tissue & Organ Culture 20:223-228

Hicks GS (1986) Adventitious rooting of apple microcuttings in vitro: an
anatomical study. Can ] Bot 65: 1913-1920

Huth W (1978) Kultur von apfelpflanzen aus apikalen meristemen.
Gartenbauwissenschaft. 43 : 163-166

James DJ, Thurbon I (198%) Rapid in vitro rooting of apple rootstock M.
9.] Hortic Sci 54 : 309-311

Krieken WM, Breteler H, Visser MHN (1991) Indolebutyric acid-
induced root formation in apple tissue culture. Acta Horticulturae 289 :
343-344

Krieken GJ, Smulders R, Benschop M (1990) Basic peroxidases and
rooting in microcuttings of Malus. Acta Horticulturae 280:29-35

Lee CH, Kim SB, Choi IM, Hyung NI (1990} Effects of growth
regulators and medium composition on the growth of each stage in
shoot tip culture of apple rootstock M. 26. ] Kor Soc Hort Sci 31 : 385-
392

Liu JR, Sink KC, Dennis FG (1983) Plant regeneration from apple
seedling explants and callus cultures. Plant Cell Tissue Organ Culture
2:293-34

Linsmaier EM, Skoog F (1965) Organic growth factor requirements of
tobacco tissue cultures. Physiol Plant 18: 10-127

Murashige T, Skoog F (1962) A revised medium for rapid growth and
bioassays with tobacco tissue cultures. Physiol Plant 15 : 473-479

Nieuwkerk JPV, Zimmerman RH, Fordham I(1986) Thidiazuron
stimulation of apple shoot preliferation in vitro. HortScience 21 : 516-
518

Pua EC, Chong C (1983) Requirement for sorbitol (D-glucitol) as carbon
source for in vitro propagation of Malus robusta No. 5. Can J Bot 62 :
1545-1549

Snir I, Erez A (1980) In vitro propagation of mailling merton apple
rootstocks. HortScience 15 : 597-598



136 Korean J. Plant Tissue Culture

Travers JN, Starbuck CJ, Natarella NJ (1985) Effects of culture medium
on in vitro rooting of antinovka 313 apple. HortScience 20 : 1051-1052

Vaughan D (1974) A possible mechanism for humic acid action on
elongation, in root segments of Pisum sativirm under asepic conditions.
Soil Biol Biochem 1:15-28

Zimmerman RH (1984) Rooting apple cultivars in vitro: Interactions
among light, temperature, phlorolgucinol and auxin. Plant Cell Tissue
Organ Culture 3: 301-311

Zimmerman RH, Fordham I (1989) Explant orientation affects axillary
shoot proliferation of apple cultivars in vitro. HortScience 24 : 351-352

Zimmerman RH, Fordham I (1985) Simplified method for rooting apple
cultivars in vitro. ] Amer Soc Hort Sci 110 : 34-38

(1949 24 1 AH4)



