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Changes of Root Physiology of Tissue Cultured M.9 Apple Rootstock
after Layering
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ABSTRACT This work was conducted to evaluate the effects of rooting on tissue cultured M.9 (Malus domestica
Bork. cv, tcM.9) after layering in field. We investigated an appearance period of first root in shoot, rooting ratio,
contents of indole-3-acetic acid (IAA), abscisic acid (ABA), inorganic matters, sugars, and lignin in rooting areas
of stems by layering. First root in shoot of tcM.9 and natural M.9 appeared 25 and 30 days after layering (DAL),
respectively. Rooting ratio was much higher in tcM.9 than in natural M.9. The content of IAA was higher in tcM.9
than in natural M.9 before layering, but it was reversed at 20 and 30 DAL. In contrast, the content of ABA was
much higher in natural M.9 than in tcM.9 in case of both before and 10 and 20 DAL. The contents of N, B,
Mn, and Zn were significantly higher in tcM.9 than in natural M.9 both before and 10 and 20 DAL. The contents
of sugars in tcM.9 had the similar pattern of the contents of inorganic materials. There were statistically
significant differences in the contents of sucrose and glucose at 30 DAL as well as the content of maltose at
20 and 30 DAL. The content of lignin was significantly higher in t¢cM.9 than in natural M.9 before layering and
10 and 30 DAL while there was no difference 20 DAL. Therefore, improvement of rooting ability in the tissue
cultured root stock M.9 might be due to the changes of inorganic matters or lignin rather than that of sugars
and hormones.
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Table 1. A appearance period of first root in shoot and rooting ratio after 5Smonths in tcM.9 and natural M.9 by layering

Days after layering

Rooting ratio

25days 30days (%)
in vitro O @] 100 a*
in vivo X @] 83 b

* Mean separation within a column by Duncan’s multiple range test at 5% level.

Figure 1. An appearance of first root in shoot by layering (left: t¢M.9, right: natural M.9).
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Table 2. Changes of IAA and ABA contents according to an etiolated part of M.9 apple rootstock originated tissue culture after layering

Contents (ng/g fresh weight)

Hormone ;
Before layering 10 DAL? 20 DAL 30 DAL

in vitro 188.2 1364 109.9 67.1
1AA

in vivo 156.4 111.8 289.5 85.3

in vitro 407.5 223.1 104.4 296.1
ABA

in vivo 766.7 461.5 3933 137.6

* DAL : days after layering.

Table 3. Changes of minerals contents according to an etiolated part of M.9 apple rootstock originated tissue culture after layering

Contents (mg/L)

Mineral

Before layering 10 DAL” 20 DAL 30 DAL

N in vitro 0.8 a" 0.6 a 0.5 a 04 a
in vivo 08 b 07 b 06 b 0.7 b

Mo in vitro 147 a 83 a 8.8 a 49 a
in vivo 16.6 b 132 b 12.1 b 106 b

B in vitro 2343 a 2978 a 286.7 a 3445 a
in vivo 373 b 3410 290 b 249 b

in vitro 17.0 a 174 a 189 a 247 a

Zn in vivo 156 b 169 b 18.1 a 177 b

* DAL : days after layering.
¥ % cont.

* Mean separation within a column by Duncan’s multiple range test at 5% level.



7| vieF ALDE CHS MO9S & T FE20| 4 Al LT HE de|x Ed B3t . 185

712 M99 Alfdslel] e YEHe s 32
2o] ¥zl Hrbe 7| ek Al wiA]e] TR FUIERE
o] ATt 9J&l FA ol 224541’ Fgo] ¢k & F7]
AREES A Ul TE7 wolxl Fr|d4AgY Aolg F
Ak T3 31 2o & Ay Oa]'?% FAHE AAEHI S
o2 o] g A W 714 FHeEatoldl] 7)ld= A
o7 FAH

Ao} B BT A A 9L, B4 ofdS
AT A 2 A 21 98-S 19 (Hartmann et al.
1990), & AolM e vs=gt Aol

71 &g 2 Adul M9 =9 FEolo = o AjR 9
W 3l= Table 49F 2o 7]U-ge tlEo] duk M9 &9

=

E
o

]Hlﬂ—/\%t‘ ko] A =& Holglo}) gRrE Kok '

OO.L;

o] AA YA ko). 2t sucroseg} glucose= 3| 20| 3

& Z, maltose= 3]E0] 209 ¢ 30 Fof feo)ado] oA
A
BELELo] 5= }\] = AH &3 E g fructose, glu-

i (Stolz and Hess 1966), Malus/® "+
A sucrose7} 7}% ‘349l 24 (Karhu and Ulvinen 1995)
olgl= B 3is} o) Wy o 4 220 o] WO
E oo 71l e o

u23 Z7} (Table )& ':.L}EL H-9lo] el Wzl

A el B 9 MOt Hzold] e
Ho] W3l Table 5¢ Zth 7| fa 2@ dut
of glod ®igk= 8ol 4, 109 F, 304 &
o] 1A Ao FEo] 20U & o= FrefAe
A ekskeh

oA Ele A9 &7 249 ligninghe} suberin3E
Zo| MAEH o FAZ oFA 3t} (Biasi 1996)3L 3} L
o] o &#-& Olive®} Hedera hellx.J AME A 2L 7
AXez wafsts $248 (ring)o] UL rdstd 23
ZHel7F Ft} (Hartmann et al. 1990)3 3} }

EEEER R EEEE NPT EEEERE B
of W 27y ere] Holo] WE folyo] U A
Atk ol Ul MO9S 7|l wHEA QL Ao whek
of gk Alfdsir AxHe] el ofke] Js F
Tk 2ol ARk A e £x 57} okl A
ZHE ek ey B AES 71U - 9] fi e AlEd

E]ZH ayak_/] 2}.0]11 xe | —3].031 A=5=1 l?_xq:L s
AaR AR Aalel Az AT 9] g2 5ol A
44 B 28 B 27149 Al Bad Aos 4

7491w,

3

] ul=ro
= 1

Table 4. Changes of sugars contents according to an etiolated part of M.9 apple rootstock originated tissue culture after layering

Contents (mg/g fresh weight)

Sugars

Before layering 10 DAL? 20 DAL 30 DAL
in vitro 123 & 123 a 12.0 a 9.6 a

Sucrose
in vivo 93 a 93 a 9.0 a 49 b
in vitro 463 a 42,6 a 658 a 533 a

Glucose
in vivo 450 a 349 a 593 a 447 b
in vitro 1.07 a 1.62 a 1.97 a 1.66 a

Fructose
in vivo 0.90 a 1.13 a 1.69 a 1.56 a
in vitro 20.7 a 163 a 150 a 9.6 a

Maltose
in vivo - 153 a 122 a 77 b 48 b

* DAL : days after layering.

¥ Mean separation within a column by Duncan’s multiple range test at 5% level.

Table 5. Change of a lignin according to an etiolated part of M.9 apple rootstock originated tissue culture after layering

Contents (%)

Lignin -

Before layering 10 DAL® 20 DAL 30 DAL
in vitro 33.8 @ 30.5 a 298 a 310 a
in vivo 31.0 b 283 b 293 a 288 b

* DAL : days after layering.

¥ Mean separation within a column by Duncan’s multiple range test at 5% level
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