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(Malus domestica Borkh.) after Stem Etiolation Treatment
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Abstract. This work was conducted to investigate the important rooting factors through comparative anal-
ysis of a physiological differentiation after layering treatment using four apple rootstocks of different root-
ing abilities; M.26, M.9, 0.3, and Mo.84. Mo0.84 showed the highest rooting rate in from rootstocks, while
0.3 was the lowest. Mo.84 also found to have the highest indole-3-acetic acid (IAA) content, although the
fluctuation of IAA contents was not consistent with layering treatment. In contrast, abscisic acid (ABA) con-
tent of Mo.84 which showed highest rooting was lowest among rootstocks regardless of layering treatment.
And ABA contents of all rootstocks were decreased after layering treatment than before layering treatment.
0.3 which showed poor rooting rate revealed lowest in boron content. Carbohydrate/nitrogen (C/N) ratio of
Mo.84 was the highest in all rootstocks. Therefore, we assumed that he IAA contents in layering treated root-
stocks were not seemed to be a major rooting factor, but the changes in ABA contents and boron levels limit
rooting in dwarf apple rootstocks.
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Table 1. Rooting and rootstock-quality of four dwarf apple
rootstocks after stem etiolation treatment.

= 299 Yeld wal

Table 3. Change of IAA content in dwarf apple rootstocks
after stem etiolation treatment.

Rooting
Cultivar  percentage  No. of root Length of oot
0 (cm)
(%)
Mo.84 100.0 a* 7.70b 7.7b
M.9 73.7b 8.60b 129a
M.26 57.7c¢ 11.6a I1.6a
0.3 23.0d 13¢ 44c

“Mean separation within columns by Duncan's multiple
range test, P=0.05.

Table 2. An appearance period of first root in dwarf apple

IAA (ng-g FW™)

Cultivar trE:tfcr)lr;lt After After After
10days  20days  30days

Mo.84 693.4 89.9 229.2 97.3
M.9 156.4 111.8 289.5 85.3
M.26 288.6 208.1 117.2 63.5
03 212.1 105.1 121.7 2459

Table 4. Changes of ABA content in dwarf apple root-
stocks after stem etiolation treatment.

IAA (ng*g FW)

rootstocks afler stem etiolation treatment. Cultivar trl::tfirceil . Afior Afier Afier
The day elapsed Appearance period of first root 10days 20days 30days
after covering  Mo.84 M9 M.26 03 Mo.84 502.1 116.3 144.2 162.7
25days None None None None M.9 766.7 461.5 393.3 137.6
30days + + None None M.26 790.5 305.8 278.2 150.2
35days - ++ + None 03 666.9 362.0 310.1 237.6
40days +++ 4+ + +

*Number of rooting : +, 1 ~2; ++, 3~5; +++, over 5.
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Table 5. Change of a total nitrogen in dwarf apple root-
stocks after stem etiolation treatment.

Nitrogen content (%)

Cultivar ~ Before After After After
treatment  10days 20days 30days

Mo.84 0.62 ¢* 0.46d 044 ¢ 0.35¢
M9 0.77b 0.71b 0.62b 0.65a
M.26 0.74 b 0.63 ¢ 0.64 b 0.52b
0.3 0.90 a 0.87 a 0.84 a 0.65a

“Mean separation within columns by Duncan's multiple
range test, P=0.05.
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Table 6. Changes of a boron in dwarf apple rootstocks after
stem etiolation treatment.

Boron content (pg- L™

Cultivar ~ Before After After After
treatment  10days 20days 30days

Mo.84 226.3ab* 316.0a 3314a 224.0c¢
M.9 2343 a 298.7ab 286.7¢ 3445a
M.26 2343 a 255.5b 303.3ab  293.0b
0.3 58.7¢ 442¢ 43.1d 374d

"Mean separation within columns by Duncan’s multiple
range test, P=0.05.

Table 7. Changes of a carbohydrate/nitrogen(C/N) ratio in dwarf
apple rootstocks after stem etiolation treatment.

C/N ratio
Cultivar ~ Before After After After
treatment  10days 20days 30days
Mo.84 13.9a* 143 a 214a 22.7a
M.9 99b 10.5b 13.5b 11.0b
M.26 103b 8.2bc 155b 183a
03 59¢ 5.7d 82¢ 102b

“Mean separation within columns by Duncan's multiple
range test, P=0.05.

3, AH Se3E 9k fructose 2 glucosed]
o] &3 (Yood} Kim, 1996), N& pi} KHT} o]
n)x)& g ¥ =Ach(Hartmann 5, 19905 B¢}
2 Aot

Boron &%

Aeld UlEE9] boron &He kﬂi}l‘— Table 67}
2t} 33lxg] A 28 boron TS B wIH
o] Yk 03% 58.7mg Lo 7P mb"_, a9
o] FFE2 Il duglel 226.3~239.0 pg L
2 I3 AR B3R & 7Rie] A
w2} boron®] ‘ﬂﬁ*‘: Al A v =
Mo.84, M.26, M.9& ¥& TS Hel ¥ 03
7 B s E‘ﬁ‘:} Boron Y FFolA F
AT A BHrhes Belo A Azl o
(Hartmann &, 1990), coffee(Coffea arabica L. cv.
Mundo Novo) 45 A] IBA % NAAXZ]A] boron
£ E43P FAT 848 HAA(Olieman 5,
1971) B3}tk Al &S o835 B APddMe
Hizgjo] ST ol4tel tigol e A7g3HAl borondt
o] Zokor}, wo] B3k 0.3 tiElA= boron

—154 -



Al JATEE] Z7) Sslxelo] we U 2ejo] el Wi}

ko] Woke-S Buf), ka3l IS 2] Yaie
boron gge) YA 7 o Bad AoR AZEHH
B AF AT borondt drel] BHEE 71Ee] B
a9} Hlgt AEE BT

3. Carbohydrate/Nitrogen(C/N) ratio #&}

2go] E gEE9] A £ i 799
CINES ZAK 23 Table 73 2t} 3lAe]A
2 FE7 ONES Mot 7H B8 AL,
037} 7P w2 AgS Rtk F3ke 3 7)ol
7A7ge] W} ONGS tEEE AR 234 Eof
Ae Aol RANNE, Wtgo] B iy #5121 037
71wkt

MM.1062] WA (EHtEE A % phenole] &
2 B3 ONEE BE Ay g0l %L (Shawky
5, 1993), T3t 3} vhue dhu AR ONEE
ZOAA Eo] frefsih(Hartmann F, 1990)1 31
ok ey MalusE2] 71 22 Al sucrose, fructo-
se, glucose, sorbitol, xylitol & 714 &3] Fe
sucrose®| ™ (Gorecki, 1979; Karhu®} Ulvinen, 1995),
T3l Gaspar 5-(1985)7 Hansen(1990Y2 Maluss:9]
2ol glucoseZ} 7FE F 83 A8 hobar it

by B Aol o] £ Mo.849] C/NE
o] 7P Ex1, W] v 039 C/N&°| 7
S B ONEo| B8 F5 UEEo] idrE
B} FUgH Ao At

opde] AAES 37 8 B Al A2ulE #HA
2 S A"3] 3] e e 2%
g8lxelA] IAA &%, boron &, CNS-S A
7le WA ABATRR AA9] TS U S
B} T R2oE Aol FElE Ao g HuE
At

¥ 2

E AgL 58 o guiE] M265 M9, EEEo]
e 03, deo] =2 Mos4 T 4 FH Al
s 53 AR R FEo] §IdA AsiAFd) e &
o 2o AEd HslE AVEE 247} v, 143
o] BART Wbl fojsle 890E sl sk

FlEo] WA e 282 Mo s} 7FE w3k

ol

3, 037} 7K gtk uiE E 3jEo] .o
IAATRE 33} Ag] A o] H2& Mo.sdollA]
7V ESkon} Ro| A4t AU $E 1AATH
Hahs Y3t Ao Qi) whd W] g F
& Mo.849] ABA T FEo] A7 A-F 2F
7R 9A el 8 1 o] Aol Hiskd A
YFoM ABATHE B Ul FFoll A A3t
Boron?] ke BEgo] Y& 0304 7Fg @A
ERor, ONES EE tiESdA B8] w2
Mo.84 tEo] 77g EA| VeIt

aHEE, giEe FEo] Azl UE 1AA
iEe] Wgol m|X= 8% Q%lo] ofd o=
HAERATE ABA 3 boron?] FE- AlEefAdh
BEo] g Addhs 2102 F4H}

ZA0) : ABA, C/NE, 1AA, F-7195,
A&

W, A,

ol

—_

=2
(=]

A
o

1. Christine, A.W. and O.P. Jones. 1991. Micropropaga-
tion of some cold-hardy dwarfing rootstock for apple.
J. Hort. Sci. 66(1):1-6.

2. Gaspar, T., C. Penel, FJ. Castillo, and G Greppin.
1985. A two-step control of basic and acidic peroxi-
dases and its significance for growth and develop-
ment, Physiol. Plant. 64:418.

3. Goo Y.B. 1995. A study on mass propagation of Larix
leptolepis gordon by cutting and its rooting mecha-
nism. Ph.D. Thesis, Seoul Univ, Suwon.

4. Gorecki, R.S. 1979. The effect of an auxin(IBA), fun-
gicide(captan) and wounding on the rooting of soft-
wood apple(Malus Mill) cuttings. Acta Agrobotanica
32:223-232.

5. Greenwood, M.S. and G.P. Berlyn. 1973. Sucroseindol-
3-acetic acid interactions on root regeneration by
Pinus lambertiana embryo cuttings. Amer. Jour. Bot.
60(1):42-47.

6. Hansen, O.B. 1990. Rapid production of apple root-
stocks by softwood cuttings. Scientia Hort., 42:277-
287.

7. Harrison-Murray, R.S. 1982, Etiolation of stock plants
for improved rooting of cuttings: . Opportunities sug-
gested by work with apple, in: “Proc. Int. Plant Prop.
Soc.,” 31:386.

8. Hartmann, H.T., D.E. Kester, and F.T. Davies, Jr. 1990.
Plant propagation principles and practices. Sth ed.

—155-



10.

11

12.

14.

15.

A - -

2%

ol

Prentice Hall, Englewood cliffs, NJ, USA.

. Karhu, S.T. and S.K. Ulvinen. 1995. The effect of dif-

ferent carbohydrates on the rooting of micropropa-
gated apple shoots and their adaption after trans-
plantation. Bulletin des Recherches Agrononiques de
Gemgloux. 30(1/2):87-101.

Kim, LY. 2004, Changes in calcium contents of leaf
and fruit during growth, effect of foliar sprays of cal-
cium on fruit quality of ‘niitaka’ pear. Ph. D. thesis,
Kyungpook Univ, Daegu.

Kwon, S.I, K.R. Kim, H.Y. Kim, and M.J. Kim. 1999.
Effect of various mixed-treatment by some growth
regulators, sugars and inorganic matters with IBA on
rooting in hardwood cuttings of M.26 apple rootstock.
J. Kor. Soc. Hort. Sci. 40(4):447-450.

Lee K.H,, I.J. Lee, S.W. Jang, and C.K. Sang. 2004.
Growth and flowering responses and changes of gib-
bereliins and abscisic acid contents by cold treatment
and cultivation temperature on chrysanthemum cv.
‘Daewhakang’. J. Kor. Soc. Hort. Sci. 45:354-358.

. Majumber, PK. and B.H. Howard. 1973. The response

of M.9 hardwood cuttings to various rooting inducing
treatment. Report of East Malling Research Station for
1972. 67-69.

Maynard, B.K. and Bassuk, N.L. 1988. Etiolation and
banding effects on adventitious root formation, in:
“Adventitious Root Formation by Cuttings,” T.D.
Davis, B.E. Haissig, and N. Sankhla, eds., Adv. in Plant
Sci. Ser., vol 2, Dioscorides Press, Portland. p. 29.
Olieman, van der Meer, R.L.M. Pierik, and S. Reest.
1971. Effects of sugar, auxin, and light on adventi-
tious root formation in isolated stem explants of

&g -

20.

21.

22.

23.

24.

- 156 -

. 7}o

OL.-H-

@53

Phaseolus and Rhododendron. Med. Facuilt. Land-
bouw, Weten. Gent. 36(1):511-18.

. Osborne, R.H. 1983. Propagation by softwood cut-

tings from root pieces to reintroduce juvenility in a
new dwarf rootstock (Ottawa 3). Proc. Intl. Plant Prop.
Soc. 33:301-365.

. Seo, H.S. 1983. Study on cutting propagation of apple.

Annual Report of Horticultural Experiment Station p.
245-247.

. Shawky, 1., H.M. El-Hennawy and H.F. El-Wakeel.

1993. Effect of IBA and cold storage on rooting of
hardwood cuttings of MM.106 apple rootstock. Annals
Agric. Sci., Air Shams Univ., Cairo, 38(2): 683-690.

. Son, M.R. 1998. Application of near infrared spectros-

copy for quality evaluation of apple fruit. Ph.D. The-
sis, Kyungpook, Daegu.

Thimann, K.V. and F.W. Went. 1934. On the chemical
nature of the root-forming hormones. Proc. Kon.
Akad. Wetensch. Amsterdam. 37;456-459.

Vasek, J. and B.H. Howard. 1984. Effects of selective
and biennial havesting on the production of apple
stoolbeds. J. Hort. Sci. 59:477-485.

Wen-Quan S. and N.L. Bassuk. 1991. Stem banding
enhances rooting and subsequent growth of M.9 and
MM.106 apple rootstock cuttings. Hort. Sci. 26(11):
1368-1370.

Yoo, YK. and K.S. Kim. 1996. Seasonal variation in
rooting ability, plant hormones, carbohydrate, nitro-
gen, starch and Soluble Sugar contents in cuttings of
white forsythia. J. Kor. Soc. Hort. Sci. 37(4):554-560.
Tsugawa, C. 1984. The cultivation technology of
apple. Yokendo (in Japan). p. 390-391.



