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In vitro Propagation of Betula schmidtii from
Germinated Seedlings

Yuji Ipe* and Hiroki NisHikAwa**

I. Introduction

Betula schmidtii Regel. is a large deciduous tree and has very hard, heavy, closegrained
and tenacious wood. It has been used for utensils, building materials, furnitures etc.
(KUuraTa, 1968).

Recently it is attentioned as a material for seals in Japan. For its genetic improvement
a technique for clonal propagation is needed for the propagation of selected plus-trees.

In vitro propagation of B. schmidtii was reported by LEE et al. (1986). They succeeded
in the plant regeneration from shoot tips and/or axillary buds of 4-year-old seedling of this
birch and also succeeded in mass propagation of clone by the successive subculture.

In tissue culture of Japanese white birch (Betula platyphylla var japonica), GA; (Gibber-
ellic acid) concentration is effective for adventitious buds and multiple shoots induction
(Ipg, 1987, Kawal, 1991, Sarto and Ipg, 1985). In this experiment we intended to clarify the
effects of GA; concentrations to the medium in the culture of germinated seedlings of B.
schmidtii. And we established in vitro propagation method for mass propagation of this
birch from germinated seedlings.

II. Materials and Methods

Seeds of B. schmidtii was obtained from the university forest in Chichibu, the uni-
versity of Tokyo. Their provenance was at the altitude of 800 m at Oochigawa in
Ootakimura, Saitama Prefecture, Japan. They were collected at August 1991 and stored in
refrigerator at 5°C until using.

The seeds were surface sterilized by 70% ethanol for 1 min, by antiformine solution
containing about 5% effective chloride and 1% triton-x for 10 min and 3% hydorgen-
peroxide for 10 min successively. They were laid on the germination medium. The
medium was 1/2MS medium where the concentration of macro inorganic salts of MS
medium (MurasHIGE and Skoog, 1962) were reduced to half and containing 1% of sucrose.
"~ After ten days on germination medium, explants were prepared by removing radicles
from germinated seedlings. They were inoculated onto 1/2MS medium containing 0.8 mg/
! of BAP (6-benzylaminopurine), 0.02 mg/! of NAA (a-naphtylacetic acid), 10 mg/l of GA;
and 2 % of sucrose.

After two weeks of culture, explanets were cut into three segments i. e. cotyledonal
node, hypocotyl segment and epicotyl segment (Fig. 1). They were inoculated onto fresh 1/
2MS medium containing 0.8 mg/! BAP, 0.02 mg/l NAA and 0 or 10 mg/! of GA,.

After one month culture of divided tissues, shoots which derived from explants and
elongated over 0.5 cm were harvested and transplanted onto 1/2MS medium containing 0.5
mg/! of IBA (8-indolebutylic acid) and 0.02 mg/! of NAA for rooting.

Shoots were harvested again after two weeks of previous harvesting and transplanted

* Research Division of The University Forests, Faculty of Agricuture, The University of Tokyo
RRAS B B BT
** Yamanashi Prefectural Forestry Research and Extention Institute

BRI £ v 5 —



164 Y. Ipe and H. NisHIKAWA

onto rooting media. Hormone free 1/2MS medium was tested besides former rooting
medium to confirm the effect of auxine concentration on rooting.

After shoot harvesting, basal tissues of cotyledonal nodes cultured on GA; contained
medium and epicotyl segments cultured on GA; free medium were cut into small pieces
about 5 mm in diameter and transplanted onto two types of fresh media for subculture.
One medium contained 0.8 mg/! of BAP, 0.02 mg/l of NAA and 10 mg/l of GA, and the
other medium contained 0.8 mg/! of BAP and 0.02 mg/l of NAA. The cultures were divided
into equivalent number of tubes for each medium.

All culture medium used in this experiment were solidified by 0.8% of agar and pHs
were adjusted to 5.8 before autoclaving.

Cultures were kept at 25°C and under
fluorescent illumination for 16h photo-
period.

Rooted plantlets were transplanted to
soil mixture (vermiculite and peat moss; 1:1
(v:v)) after removing agar medium and ac-
climatized in a growth chamber. In the
chamber, relative humidity was kept at 90%
for 1 weeks and lowered to 70%.

III. Results and Discussion

Primary culture

Hypocotyls of seedlings of which radi-
cles had been removed were 5-7 mm in
length at the beginning of culture. During
10 days of culture, hypocotyls elongated to
15-20 mm. Gebberellin has an effect of in-
ducing elongation of juvenile embryonic
tissues (Murakami, 1980). The rapid hypo-
cotyl extension appeared to be induced by

Fig. 1. Hypocotyl and epicotyl elongation
of seedlings which radicles had
been removed and cultured on GA,4
containing 1/2MS medium. GAs.

After 45 days of culture. Some explants were kept in the medium
for continuous observation. Epicotyls of

A B 63 D E
Fig. 2. Shoot elongation from divided tissues after one month of culture.
A: Seedling which did not divided and cultured on GAj containing medium.
B: Cotyledonal node cultured on GAj; free medium.
C: Cotyledonal node cultured on GA; containing medium.
D: Epicotyl segment cultured on GA; free medium.
E: Epicotyl segment cultured on GAj; containing medium.
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Table 1. Number of shoots derived from divided seedling tissues.

GAj; concentration (mg/!)

Tissue 0 10
st 2nd Total 1st 2nd Total
Cotyledonal node 0.3 0.7 1.0 (3) 4.0 6.5 10.5 (4)
Epicotyl segment 2.3 1.7 4.0 (3) 1.0 0.0 1.0 (4)
Hypocotyl segment 0.0 0.0 0.0 (3) 0.0 0.0 0.0 (4)

1st: 1st harvest of shoots after 1 month culture of divided tissue.
2nd: 2nd harvest of shoots after 2 weeks of 1st harvest.

Total: Total harvest during culturing period.

Numbers of shoots are shown as mean for a explant.

Numbers in parentheses are numbers of cultured explant.

Table 2. Number and length of shoots derived from 55 days of subculture.

GA; concentration (mg/!)

Original tissue

0 10
Cotyledonal node (4) 78 17.7x1.7 mm 9.8 22423 mm
Epicotyl segment (3) 2.7 17.6+x3.9mm 1.0 13.0+7.5mm

Cotyledonal nodes were cultured on GAj; containing medium and epicotyl segments were
cultured on GAj; free medium in the primary culture respectively.

Numbers in parentheses are the number of original seedlings.

Tissues derived one original seedling were divided into equivalent number of tubes.

these explants grew longer and calluses were formed at the cut end of hypocotyl after 40
days of culture (Fig. 1). But adventitious shoot or axillary shoot was never elongated (Fig.
2A).

Another explants were cut into three parts and used for successive culture. After two
weeks culture of divided tissues, multi shoots were elongated from a cotyledonal node
which cultured on the medium containing GA;. After one month of culture, they were
elongated to 5-20 mm (Fig. 2B). On the other hand, few shoots were formed from a
cotyledonal node which was cultured on the medium without GA; (Fig. 2C). Epicotyl
segments elongated plural shoots on the medium without GA; (Fig. 2D). No shoot was
formed from epicotyl segments cultured on the medium without GA; (Fig. 2E).

No shoot formation was observed on hypocotyl segment. Calluses were formed on the
hypocotyl segments in both medium. Callus formation was rather active on the medium
containing GA; than on the medium without GAs;.

Elongated shoots were harvested and transplanted to rooting medium. After tow
weeks of 1st harvest of shoots newly elongated shoots were harvested again.

Numbers of shoots obtained from two times of harvesting are shown in Table 1. The
cotyledonal nodes cultured on the medium with GA; produced 10.5 shoots from a explant.
Epicotyl segment cultured on GA; free medium produced four shoots from a explant. And
other combinations of media and explants produced only one shoot from a explant.

These results suggested that the culture of cotyledonal nodes on the medium contain-
ing 10 mg/l of GA; is appropriate for multiple shoot proliferation.

The multiple shoot formation also was induced from epicotyl segments when they
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Fig. 3. Multiple shoot formations by sub-
culture of cotyledonal node and
epicotyl segment.

After 55 days of subculture.

A: Tissue derived from cotyledonal
node which cultured on GA; con-
taining medium and subcultured on
the same medium.

B: Tissue derived from epicotyl seg-
ment which cultured on GA; free
medium and subclutured on GA,
free medium.

were cultured on GAj free medium. While the
concentration of GA; has a specific effect on
shoot multiplication at cotyledonal nodes, on
the contrary it suppress shoot multiplication
at epicotyl segments. It is supposed that GA,
stimulates shoot elongation when shoot apices
exist and it stimulates adventitious shoot for-
mation when shoot apices are absent.

Efficiency of GAj application to birch
tissue culture was reported on Betula platyph-
ylla var japonica (Sarro and Ipg, 1985b; IpE,
1987; Kawar, 1991). GA; was used for adventi-
tious bud induction and it was not necessary
for shoot elongation in these cases. This phe-
nomenon agrees well with the results of this
experiment.
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Fig. 4. Change in the proportion of rooted
shoots which harvested primarily
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Fig. 5. Rooting proportion of shoots which
harvested secondarily from divided
tissue on different rooting media.
F: Hormone free medium.

A: Medium contained 0.02 mg/!
NAA, 0.5 mg/l IBA.
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Subculture

The numbers and length of newly elongated shoots were counted and measured after
55 days of subculture as shown in Table 2. The tissues derived from cotyledonal segments
cultured on GA; contained medium in the primary culture developed more shoots in the
secondary culture than the tissues derived from epicotyl segments cultured on GA; free

medium (Fig. 3).

necessary for subclturing shoots.

Fig. 6.

Regenerated plantlets on rooting
medium.
After 45 days of culture on rooting
medium.

There was no significant of GA; concentration to the medium is not

Rooting of shoots

The shoots harvested first time from
separated tissues were transplanted to root-
ing medium. One weeks after the inocula-
tion to rooting medium, rooted individuals
were first observed. During 18 days on the
rooting medium 929% of shoots were rooted
(Fig. 4). Rooting occurred regardless of the
media on which shoots were derived.

The shoots harvested second time were
cultured on two types of rooting medium.
Rooting was observed after one weeks of
inoculation on the medium containing IBA
and NAA. Rooting proportion achieved
809% after two weeks of culture. And after
55 days of culture it increased to 95%. On
the hormone free medium, first rooting indi-
vidual was observed after 10 days of culture.
After three weeks of culture, rooting propor-
tion was only 12.5% and it was 37.5% after
55 days of culture (Fig. 5). Regenerated

Fig. 7. Plantlets successfully acclimatized and grown in room condition.

One month after acclimatization.
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plantlets after 45 days culture on rooting medium were shown in Fig. 6.

We concluded that the rooting medium with 0.5 mg/! of IBA and 0.02 mg/l of NAA is
appropriate for rapid clonal propagation of this birch. While LEE et al. (1986) achieved
1009% of rooting in the culture of 4-year-old B. schmidtii on the medium containing 0.5 mg/
! of IBA. This combination of IBA and NAA concentrations to rooting medium also was
effective on rooting of another birch species such as B. platyphylla var. japonica (Ipe, 1987),
Betula maximowicziana (IpE and YamamoTto, 1991) and Betula ermanii (IpE and Yamamoro,
1991) too. The combination of hormones used in the present experiments probably have
wide adaptability for rooting in birfch tissue cultures.

Acclimatization

Two weeks of acclimatization procedure in growth chamber allowed that 80% of
plantlets were successfully grown in out door condition (Fig. 7).

By this experiment, we demonstrated the effect of GA3 concentration to the media on
shoot multiplication from cotyledonal node and epicotyl segment of B. schmidtii. And also
established mass propagation procedure of this birch from germinated seedlings.
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Summary

Plantlets regeneration was achieved by the culture of germinated seedlings of Betula
schmidtii. When cotyledonal nodes of seedlings were cultured on 1/2MS medium contain-
ing 0.8 mg/l of NAA and 10 mg/! of GAy multiple shoots were formed and when they were
cultured on GA; free medium, they did not produce multiple shoot. On the other hand,
epicotyl segment produced multiple shoot on GAj; free medium, and they did not produce
multiple shoot on GAj; containing medium. Multiple shoots also were obtained by the
successive subculture of these tissues. For the rooting medium, 1/2MS medium containing
0.02 ml/! of NAA and 0.5 mg/! of IBA was appropriate. The regenerated plantlets were
successfully acclimatized on soil mixture.

Key words: Betula schmidtii, Germinated seedling, Tissue culture, Plant regeneration,
Gibberellic acid
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