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In Vitro Plantlet Regeneration from Axillary Buds of
Tilia amurensis Mature Trees and Clonal
Variation in Tissue Culturability!
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ABSTRACT

The axillary buds of 15-vear-old Tilia amurensis were cultured on Saito and Ide (IS), Murashige and
Skoog (MS) media and woody plant medium (WPM) to establish an effective micropropagation method.
Five levels of 6-benzylaminopurine (BAP) were tested. On IS medium and WPM addition of 1.0mg/]
BAP enhanced shoot development and shoot elongation, whereas addition of 0.5mg/l BAP was effective
on MS medium. A better results were obtained from WPM with 1.0mg/1 BAP and MS with 0.5mg/1
BAP. Developed shoots were subcultured on each basal media but with 0.2mg/l BAP. Multiple shoots
were almost doubled in a month., Root formation could be enhanced at higher concentration of indole
-3-butyric acid (IBA). Better rooting rate (83.3%) was achieved on a half-strength MS medium with 3.0
mg/1 IBA, Regenerated plantlets were successfully transferred to soil. To investigate the clonal variation
in shoot development and shoot elongation by axillary bud culturing, seven plus tree clones were tested.
Clonal variation in tissue culturability among plus trees was recognized by the Duncan’s multiple range

tast at the 5% level. Kang Won No. 12 showed the best response on WPM with 1.0mg/l BAP.
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INTRODUCTION

Tilia amurensis Rupr. is one of the most
valuable hardwoods in Korea. Generally T.
amurensts is propagated by seedlings, However, it
is not easy to germinate its seeds due to
impermeable hard pericarp and seed coat and
irnmaturity of embryo.

Therefore, vegetative

propagation might be desirable., The clonal
propagation of forest trees, which provides
valuable methods for tree improvement programs,
has been achieved using tissue culture techniques,
In particular, plantlets regenerated from mature
trees are of great value, since selected genotypes
can be utilized within short interval after selec-
tion,

A few have been reported about in vitro
propagation of Tifia species. In vitro propagation
from juvenile seedlings and mature trees of 7.
(Chalupa, 1984 :
Youn et al., 1988). And Youn et «l.(1989) have
reported that 7.

cordata have been achieved

amurensis could be in witro
propagated from juvenile seedlings.

This report describes in witro plantlet regenera-
tion from axillary buds of 15-vear-old trees and
the clonal variation in tissue culturability among
seven plus tree clones of 34- to 44-year-old T .

AMUYENSIS

MATERIALS AND METHODS

Experiment |

Five 15-year-old Tilia amurensis trees, growing
within the Institute of Forest Genetics, Suwon,
were used as the source of test materials.
Axillary buds were taken in mid-May, 1989, from
leafed branches which had elongated in the
previous year. The buds were surface-sterilized by
scaking in 70% ethanol for two minutes, and then
in 2% sodium hypochlorite for seven minutes. And
the buds were washed with sterile distilled-water
three times. Then they were dried on sterilized
filter paper on a clean bench and cut into about

10 to 15mm lengths, These buds were cultured in

autoclaved 25 x 150mm test tubes containing 8ml
of agar nutrient media.

Three basal media of Saito and Ide(IS) (1985),
Murashige and Skoog (MS) (1962) media and
woody (WPM) (Lloyd and

McCown, 1980) were tested. All three media were

plant  medium

modified by the same method as described in
Youn et al. (1988, 1989). For developing shoots,
all media contained 20g/]1 sucrose and were
supplemented with five levels (0.2, 0.5, 1.0, 2.0,
and 5.0mg/l) of BAP concentration. After 4
weeks of initial culture, explants were transferred
to each basal media supplemented with (. .2mg/]
BAP to induce multiple shoots. For rooting from
MS medium and WPM with a half
strength salts and Gresshoff and Dov{(GD) (1972)

shoots,

medium with full strength salts were used.
Rooting media contained 10g/1 sucrose and three
levels((.03, 0.3, and 3.0mg/l) of IBA concentra-
tion. The media were adjusted to pH 5.8 before
(Difco Bactor, 0.8%) and

autoclaved for twenty minutes at 1207C .

addition of agar

Cultures were maintained with a 16 hour light/
8 hour dark cycle under white fluorescent-light at
an intensity of about 5,000 lux and a temperature
of 25C.

Rooted plantlets were transferred to four
different potting mixtures which were perlite, peat
moss | perlite (1:1), perlite: vermiculite (1:1),
and peat moss | perlite | vermiculite (1:1:1).
Pots were placed in the greenhouse.

Experiment I]

Seven 34- to 44-year-old plus tree clones were
tested on the clonal variation in tissue cultur-
ability (Table 1). Axillary buds were taken early
June, 1989, from leafed branches which had
elongated in the previous year. The buds were
surface-sterilized by soaking in 70% ethanol for
three minutes, 3% hydrogen peroxide for fifteen
minutes.. and then 2% sodium hypochlorite for ten
minutes. The preparation of explants was the
same as the Experiment | .

WPM with 1.0mg/] BAP was used for culturing
medium, After 3 weeks of initial culture, explants

were cultured again on the same media for 3
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Table 1. General description of T, amurensis plus
tree clones.

Plus tree Location Age Height* DBH*
No. (years) (m) (cm)
Kang 8 Pyong- 34 16.5 25.5
Won chang,
KangWon
9 " 43 20.0 28.0
12 Hongcheon, 38 16.0 25.0
KangWon
13 " 42 17.0 26.0
14 /" 44 18.0 29.0
15 i 36 16.0 23.0
16 " 39 21.0 26.0

. Data were taken at that time of selection made
from 1976 to 1979.

weeks, And then the shoot development rate and

skoot length were measured. Each treatment was

replicated three times with 30 explants. The shoot

development rate and shoot length were analysed

statistically by the Duncan’s multiple range test at

the 5% level.
RESULTS AND DISCUSSION

Shoot development and multiplication

Bud burst occurred within 2 or 3 weeks on all
wedia and at all concentrations of BAP tested,
and the shoots developed from axillary buds about
3 to 4cm of length after 4 weeks of culture Fig.
1'. Some differences of shoot development and
elongation among media were observed
‘Table 2y, On IS and WPM

development and shoot elongation were better on

shoot

media shoot

1.0mg/1 BAP than on higher and lower concentra-

tions. Especially, shoot development and shoot

elongation were suppressed on higher concentra-
BAP, while on MS

tons  of media lower

Fig. 1. Shoots developed from axillary buds of
15-year-old trees on WPM with 1.0mg/]
BAP,

concentrations (0.2-0.5mg/l) of BAP were effec-
tive. The best results were obtained from WPM
with 1.0mg/1 BAP and MS medium with (. 5mg/!
BAP.
cordata mature trees in which higher concentra-
tions of BAP (1.0-2.0mg/l)
development and shoot elongation from axillary

1988). This may have

These results differ from those of T

enhanced shoot
buds (Youn e «al.,
resulted from differences of genetic character of
species. WPM with 1.0mg/l BAP were selected
for use in the further studies.

To induce shoot multiplications, nodal stems

with a bud were cultured on basal media
containing (.2mg/! BAP after 4 weeks of culture.
About two fold increase in number of shoots were

observed (Table 3).

The best shoot multiplication
and shoot elongation were obtained from WPM
and IS medium, respectively. On MS medium
shoot multiplication and shoot elongation were
suppressed,  The multiplication  rates of mature
tissues were low in comparison with those of

juvenile seedlings of the same species which were

Table 2. Effect of interactions of media and BAP on shoot development and shoot elongation from

axillary buds of 15-year-old T'. amurensis*.

BAP(mg/1)

Medis E—
ledia 0.2 0.5 1.0 2.0 5.0

IS 57.1%/29.5> 78.6/36.4 82 8/37.2 59.3/30.0 39.3/26 .2
MS 85.7 /38.6 89.3/41.2 78.6/35.6 55.6/31.2 286,27 4
WPM 66.7 /39.2 79.3/38.7 89.7/40 8 58.6/36.2 33.321 4

* Shoot development rate (9%
" Mean length of shoot/explant{mm}

* Data were taken from 27- 30 explants per treatment after 4 weeks of culture.
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Table 3. Multiple shoots formation on each hasal
media supplemented with 0.2mg/1

BAP*.

No. of No. of ‘ . Mean

. nodal shoots Mult.'ph length
Media T -cation X
stems multipli rate of shoot

cultured -cated fmm)

13 60 93 1.6 31.2
AlS 601 78 1.3 19.4
WM 60 107 1.8 29.7

* Data were taken after 4 weeks of subculture.

multiplicated average 2.6 fold and maximum 6
feld Youn ef «/., 19891, This may have resulted
from differences of physiological conditions
between juvenile and mature stages.

Rooting from shoots

Following the shoot multiplication, shoots were
excised and placed on rooting media, MS medium
and WPM with a half strength salts and GD
medium  with full strength salts containing 10g/1
sucrose and three levels of IBA. The lower part
of shoots swelled slightly and the roots were
formed within 4 to 5 weeks and showed well
developed root systems (Fig. 2). The rooting
percentages after 6 weeks of culture varied with
IBA  concentrations used iTable 4). The best
result was obtained from MS medium with 3. 0mg/
1 IBA. Rooting were highly enhanced on higher
concentration (3.0mg,/17 in comparison with lower
concentrations (.03 and 0.3mg/l; of IBA regard-
less of the media. These results are same to those
obtained with 7. cordate mature trees (Youn «f

al., 1988), and suggest that in wibvo  shoots

derived from mature tissues of Tilia species can

Fig. 2. Rooting on 172MS medium with 3 omy |
IBA,
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Table 4. Effect of media and IBA on rooting
from shoots developed*.

(’('Hz,mm No. of No. of Percen
Media ration shoots shoots tages of
of 1BA ) .
; e cultured rooted rooting
{(mg/h o
1,2 MS 0.03 29 i 0.0
0.3 29 1 3.4
3.0 30 25 83.3
1/2WPM  0.03 29 0 0.0
0.3 30 2 6.7
3.0 29 21 72.4
GD 0.3 29 4 13 8

* Data were taken after § weeks of culture.

be rooted by higher concentraticn of [BA .

Transfer of plantlets and their establishment
on the soil

The in wvitro regenerated plantlets were taken
out from the culture test tubes, washed thorough-
ly to remove the agar medium and transplanted to
15 x 8&m vinyl pots four non sterile, different
potting mixtures. Potted plantlets were placed in
the greenhouse and high humidity was maintained .
by covering the plantlets with transparent plates
for 14 days, followed by watering with 0.1%
Hyponex cvery three days.

Transplanted plantlets started shoot elongation
(Fig. 3). After 4 weeks of planting, differences
among the treatments in survival rate were not
observed (Table 5). Best result 66.7%) was
obtained from peat moss | perlite - vermiculite (1
1013, After 4 weeks of planting,  survived

plantlets were subsequently transferred to  larger

pots.

o -
Fig. 3. Acclimation of potted plantlets  after 4
weeks of planting in the greenhouse .
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Table 5. Survival rate and growth of plantlets in
different potting mixtures after 4 weeks
of planting in the greenhouse.

No. of

Potdi No. of Jants Mean
2 tlng . plantlets s:rviv;d length of
mixtures planted o shoot (cm)
(%)
PER 18 9(50.0} 6.2
oAl ER 18 10(55.6) 5.6
FFARl; VER 18 6(33.3) 7.5
PEAT : PER: PEURN "
VER( 1. 1) 18 12166.7) 7.9
Total 72 37(51.3) 6.8

‘_PEAT . peat moss, PER : perlite, VER : vermiculite

Clonal variation in tissue culturability

The shoot development an_d shoot elongation
from axillary buds /n vitro was studied with seven
plus tree clones on WPM supplemented with 1.0
mg/l BAP. Percentages of success in culture
without fungi contamination were ranged from 71.
7 to 88.9% depending on clones (Table 6, In
spite of extensive treatments of surface-steriliza-
tion, more contamination rate was observed.
Axillary buds began to break within 3 weeks, and
then were subcultured to the same media to
promote the shoot development and shoot elonga-
tion. After 6 weeks from initial culture, shoot
development rate and shoot length were measured.
The shoot

varied with clones (Table 6). Significant differ-

development and shoot elongation
ences of clonal variation in tissue culturability in
tte view of shoot development rate and shoot

length were observed among seven plus tree

Table 6. Clonal variation in tissue culturability among T .

clones. Plus trees Kang Won (K. W) No. 12,13,
and 16 showed better shoot development rate than
K.W. No. 8. And similar trend was observed in
shoot elongation. The best shoot development rate
and shoot length were obtained from K. W. No.
12.

Rutledge and Douglas (1988) found that capabil-
ity for establishment of shoot cultures of Populus
was strongly affected by genotype. Tricoli et al.
(1985}
development of Prunus
(1984)

Tilia cordata varied with clones. It is proved that

reported the clonal differences in shoot
serotina  and Chalupa
also found that shoot multiplication of
tissue culturability varied with clones of 7.

aMUVENnSIS .
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