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Introduction

Ginkgo biloba L. is highly important because the medicinal compounds, i.e. ginkgolides
A, B, C, ], and bilobalide, are present in the leaves. Numerous publications have appeared
on the pharmacology of these compounds. By contrast, little work has been done on iz vitro
cultures of G. biloba. Calli have been induced from male and female haploid tissues®?, and
from zygotic embryos*?. In addition, direct embryogenesis from microspores and female
haploid protoplasts have been reported®®. However, there is no published report of in vitro
plant regeneration from Ginkgo explants. The aim of this work is to establish a protocol for
the regeneration of plantlets from G. biloba explants or cultured cells.

Materials and Methods

1. Plant materials

Young petioles were collected from the end of May until the beginning of June from a
G. biloba tree in the Univ. of Tokyo. Seeds were collected in December and used immediate-
ly or stored at 3°C for 3 months.

2. Culture of petioles and embryos

Petioles were cut into about 1 cm long segments. They were soaked in 70% ethanol for
1 min. and in 1% sodium hypochlorite solution for 15 min. Then, they were washed with
sterile distilled water 3 times. Stony layers of the seeds were removed and megagameto-
phytes were surface sterilized as described above, and then embryos were aseptically
excised. Linsmaier & Skoog’s mineral salts” supplemented with 1.0 mg/l thiamine chloride,
100 mg/l myo-inositol, 30 g/l sucrose and 10 g/l agar were used as the basic medium (LS1).
Plant growth regulators of 2,4-dichlorophenoxyacetic acid (2,4-D), indoleacetic acid (IAA),
indolebutyric acid (IBA), naphthaleneacetic acid (NAA), kinetin (K) and 6-benzyladenin (BA)
were added in various combinations. The pH of all media was adjusted to 5.8-6.0 before
autoclaving. IAA and IBA were filter-sterilized and added to the media before gelling. Both
petiole and embryo explants were cultured on 10 ml of medium in 20X 150 mm test tubes.
Tubes were closed with silicon plugs. All cultures were maintained at 26°C under a 16-h
light/8-h dark photoperiod of 1200 lux.

3. Culture of callus

Calli derived from excised embryos on the media 7 and 9 (Table 2) were subcultured
every month on the same medium. After 2 to 3 times of subculture, small pieces of the calli
were transferred to fresh media indicated in Table 3 and cultured in the same condition in
order to obtain organogenesis from calli.

LS1 medium and LS1 medium without ammonium nitrate (LS2) were used as basic
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media. Plant growth regulators of 2,4-D, [AA, IBA, NAA, K, BA, zeatin (Z), gibberellic acid
(GAs) and abscisic acid (ABA) were added in various combinations. The pH of all media was
adjusted to 5.8-6.0 before autoclaving. IAA IBA, Z, GA; and ABA were filter-sterilized and
added to the media before gelling.

Results

Responses of petioles and excised embryos to plant growth regulators are shown in
Table 1 and Table 2, respectively. Organogenesis from petiole explants was not observed
on the media used. Green calli were easily obtained from both petiole and embryo explants
in most of the hormonal combinations of NAA, 2,4-D, BA and K, and the calli were able to
be subcultured on the same media. In addition, these green calli changed to white in color
when incubated in the dark. When exposed to light, the white calli gradually became green
again. This capacity was persistent over one year. Single addition of IAA, IBA and BA did
not promote callus growth in both explants, but promoted germination of excised embryos.
First experiment was done using embryos excised from the seeds soon after they were
detached from the tree in December. At first a little pale green calli emerged throughout the
embryo in almost all the explants. On the medium 2, 3 and 8, the calli grew no more and

germination was observed. On the medium

Table 1. Hormonal responses of petiole 1, only rooting was observed. On the
explants medium 4, 5, 6, 7 and 9, the calli continued
growing but germination was not seen. The
Plant growth * - .
regulators (mg/l) Growth responses second experiment was performed in March
using embryos excised from the seeds stored
NAA (1.0) Green callus formation  at 3°C until then. The embryos were rather
IAA (1.0) Dead bigger in March than in December. The
IBA (1.0) Dead media tested were No. 1, 3 and 6. On the
BA (1.0) Dead T ’

24D (0.5)+BA (04) Green callus formation =~ Media 3 and 6, growth responses of the em-
NAA (1.0)+BA (0.2) Green callus formation bryos were the same as observed in the first
experiment in December. However, on the
medium 1, embryos showed germination.
This result was different from that observed
in the first experiment.

* Explants were cultured for 30 days.

Table 2. Hormonal responses of excised

embryos Table 3 shows the effects of plant
Medium Plant growth Growth growth regulators on growth responses of
No. regulators (mg/l) responses*® the embryo-derived calli. When only cyto-
1 None R, [G] kinins were added, the calli gradually
2 IAA (1.0) G became brown and at last died. Single addi-
3 IBA (1.0) G tion of IAA or IBA, as well as no addition of
4 NAA (1.0) c* plant growth regulators showed the same
5 24-D (1.0 cr result. On the other hand, the combinations
6 24-D (0.5+K (04) cr of cytokinins and rather low concentrations
7 NAA (1.0)+BA (0.2) ct . .
8 IBA (L0)+BA (0.2) G of NAA permitted callus growth, but it was
9 NAA (2.0)+K (5.0) c+ slow. In all the media tested, organogenesis

from calli was not observed at all.
* Embryos were cultured for 40 days.

C™*: green callus formation, G: germina- Discussion

tion, R: only roots development, [G'] i . . .
Germination was observed only when This study shows that induction of in

embryos exciesed from the seeds stored vitro organogenesis from Ginkgo is difficult.
at 3°C for 3 months were used. By contrast, dedifferentiation easily occur-
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Table 3. Hormonal responses of embryo-derived calli on modified LS media

Growth responses*

Basal Plant growth

media regulators (mg/l) Callus growth Organogenesis
LS1 BA (1.0) D —
LS1 K (1.0) D —_—
LS1 Z (1.0) D —
LS1 BA (0.5)+7Z (0.5) D —
LS1 K (0.5)+Z (0.5) D —
LS1 BA (0.5)+K (0.5)+Z (0.5) D —
LS1 BA (0.5)+Z (0.5)+NAA (0.1) Slow —
LS1 K (0.5)+Z (0.5)+NAA (0.1) Slow —
LSl BA (0.5)+K (0.5)+Z (0.5)+NAA (0.1) Slow —
LS1 TIAA (1.0) D —
LS1 None D ' —
LS2 BA (0.4) D —_
LS2 BA (0.4)+NAA (0.05) Slow ‘ —
LS2 IBA (1.0) D —
LS2 BA (2.0)+NAA (0.2)+ABA (0.1) Slow —_
LS2 BA (2.0)+NAA (0.2)+GA; (0.2) Slow —

D: dead, —: not observed.
* Calli were cultured for 30 days, then transferred to the same fresh media and cultured for 30
days again.

red in petiole and embryo explants on the media supplemented with 2,4-D or NAA (Table
1, Table 2).

In the first experiment performed in December, excised embryos showed germination
on the media containing IAA or IBA alone, while the embryos did not germinate on
hormone-free medium. However, in the second experiment performed in March, the excised
embryos, which became bigger than those in the first experiment, germinated also on the
hormone-free medium (Table 2). These results suggest that in December, as soon as seeds
are detached from the tree, embryos were yet immature and not ready to germinate, but
embryos continued growing in the seeds and they were ready to germinate by themselves
in March. It was also found that IAA and IBA caused premature germination.

NAA or 2,4-D seemed to be necessary for continuous growth of the calli. Single
addition of IAA and IBA did not permit the growth of the calli. It suggests that the calli
induced from petioles and embryos of Ginkgo require not IAA or IBA, but 2,4-D or NAA as
an auxin for their growth.

In the present study, redifferentiation from calli and direct organogenesis from petiole
explants were not observed at all. In order to obtain organogenesis from these explants,
medium components and culture conditions such as light and temperature, are to be further
investigated.

Summary

Petioles and embryos of Ginkgo biloba were cultured on modified Linsmaier & Skoog
medium supplemented with various kinds and concentrations of auxins and cytokinins.
Calli were easily obtained on the medium supplemented with various combinations of 2,4-
dichlorophenoxyacetic acid or naphthaleneacetic acid as an auxin, and kinetin or 6-
benzyladenine as a cytokinin. The calli grew rapidly and were able to be subcultured on
the same medium. These calli were white in color in the dark, but exposed to light, they
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easily changed to green. Organogenesis was not observed in petiole explants, but embryos
excised from the seeds immediately after their falling to the ground showed germination
and leaf expansion on the medium supplemented with indoleacetic acid (IAA) or in-
dolebutyric acid (IBA) alone. When embryos excised from the seeds stored at 3°C for about
3 months were used, they germinéted and seedlings were obtained not only on IAA or IBA
containing medium but also on a hormone-free one. Redifferentiation from calli was not
seen by combining of growth regulators or modifying the mineral salt in the medium.

Key words: Ginkgo biloba, phytohormone, dedifferentiation, germination
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Hormonal responses of petioles, embryos and green calli induced from these explants in
Ginkgo biloba cultures were investigated. Addition of 2,4-D or NAA caused green callus
formation under illumination from both explants. These calli were able to be subcultured
on the same medium. Addition of IAA or IBA alone promoted immature germination of
excised embryos. Mature embryos germinated on hormone-free medium. Induced calli did
not redifferentiate by combining of growth regulators or modifying the mineral salt in the
media.

Measurement of the Properties of Standing Trees with
Ultrasonics and Mapping of the Properties

Noboru NAKAMURA

The MOE (Modulus of Elasticity) of standing trees was measured with ultrasonics. The
species for the experiment were Todo-fir (Abies sachalinesis) and Larch (Larix leptolepis).
There were differences between the values of the MOE for certain forest stands at different
locations and of different ages. The velocities of ultrasonics could be used instead of the
MOE as an index for the properties of standing trees. But more data are needed to clarify
the relationships between the diameters at breast height, tree heights and the MOE. Maps
of the MOE for standing trees in forest stands could be made by means of the estimated
density. These maps could provide very useful information for bucking and timber
production.



