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Along the coast of Hainan on the west coast of Su-
ruga Bay in Shizuoka prefecture, there once existed a
kelp forest of species such as Eisenia arborea (Fig. 1).
This kelp forest was a good fishing ground for shellfish
such as abalone. In addition, E. arborea was caught as
edible seaweed. However, the kelp forest disappeared,
along with shellfish, and fishery suffered serious eco-
nomic damage. Although measures to restore the kelp
forest have been taken subsequently, E. arborea has not
recovered. Therefore, we investigated survival in E. ar-
borea after irradiation with a heavy-ion beam and ex-
amined the optimum dose for creating useful properties
in E. arborea such as high growth and to contribute to
the recovery of the kelp forest.

Gametophytes of E. arborea were irradiated with an
Ar-ion beam (184 keVµm) at a dose range of 0.625–
20 Gy and with a C-ion beam (23 keVµm) at a dose
range of 5–100 Gy. After the irradiation, batches of
48 female and 48 male gametophytes (approximately
100 µm in length) were incubated at 20◦C with 12-h
photoperiods and a light intensity of 30 µmol m−2 s−1.
After 3 weeks of culture, they were measured with a mi-
croscope, and gametophytes not growing were deemed
to have died. Furthermore, to confirm the survival
again, gametophytes visually confirmed to be alive af-
ter 8–9 months of culture were regarded as surviving
individuals, and the survival rates were obtained.

Sporophytes of E. arborea (approximately 3 mm in
length) were irradiated with an Ar-ion beam at a dose
range of 1.25–10 Gy and with a C-ion beam at a dose
range of 10–100 Gy. After the irradiation, batches of
50 sporophytes were incubated at 20◦C with 12-h pho-
toperiods and a light intensity of 80 µmol m−2 s−1. The
survival rates were measured after 4 weeks of culture.

The survival rates after 3 weeks of gametophytes ir-
radiated with the Ar-ion beam showed a tendency to
decrease beyond a dose of 10 Gy in both male and fe-
male samples (Fig. 2). The survival rates after 3 weeks
of gametophytes irradiated with the C-ion beam de-
creased from 80 Gy in male samples and 100 Gy in
female samples (Fig. 3). The survival rates after 8–9
months of culture decreased and abruptly decreased for
Ar-ion-beam irradiation at 10 Gy and C-ion-beam irra-
diation at 80 Gy, respectively (Table 1), which almost
agreed with the results after 3 weeks of culture. The
survival rates of the sporophytes sharply decreased for
Ar-ion-beam irradiation at 7.5 Gy and C-ion-beam irra-
diation at 20 Gy, respectively (Fig. 2, 3). Susceptibility
to heavy-ion beams was higher in sporophytes than in
gametophytes.

Based on the above results, the optimum doses were
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Fig. 1. Eisenia arborea.

Fig. 2. Survival rates of male and female gametophytes and

sporophytes 3 and 4 weeks after irradiation with an Ar-

ion beam, respectively.

Fig. 3. Survival rates of male and female gametophytes and

sporophytes 3 and 4 weeks after irradiation with a C-ion

beam, respectively.

Table 1. Survival rates of male and female gametophytes

8–9 months after irradiation with Ar and C-ion beams.

Ar  C

 control 10Gy  control 80Gy 

Male 100% 71%  100% 17% 

Female 50% 29%  94% 8% 

estimated as 2.5 and 5 Gy for gametophytes and sporo-
phytes irradiated with an Ar-ion beam, respectively;
20 and 40 Gy for gametophytes irradiated with a C-
ion beam; and 10 and 20 Gy for sporophytes irradiated
with C-ion beam. In the future, we will perform mutant
screening of the sporophytes in the M2 generations.
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Heavy ion beam irradiation induces plant muta-
tion effectively, and is used for plant breeding.1) In
Kagoshima prefecture, we induced flower color muta-
tion on a pink-colored spray-mum cultivar ‘Southern
Chelsea’ (Registration number: 17847), using heavy
ion beam or soft X-ray irradiation. As a result, a
yellow flower ‘Southern Chelsea Yellow’ (Registration
number: 26523) was developed from the pink-colored
flower color. However, pure white mutants have not
been obtained from previous mutagenesis experiments.
We also reported that stem segments are more suit-
able for producing ‘Southern Chelsea’ mutants using
Ar-ion beam irradiation.2) In this report, we describe
the flower color variation that appeared due to the re-
irradiation of heavy ion beam on the in-vitro cultured
stem of the light-yellow mutant (B25CL-16) obtained
from ‘Southern Chelsea.’

Cultured stem segments of ‘B25CL-16’ with an ax-
illary bud were irradiated with Ar-ion beam (LET:
280 keV/ µm) or C-ion beam (LET: 23 keV/µm) at
doses from 0.5 to 3 Gy, and each treatment was car-
ried out with 40 stems. After irradiation, the stems of
each treatment were cultured using in vitro propaga-
tion. One month later, the elongated shoots of these
tissues were subcultured with the axillary bud sections
to separate the chimeric mutant sectors, and this was
repeated twice. The plantlets grown from subcultured
nodes were transferred to a greenhouse to investigate
the flower color mutation in August flowering cultiva-
tion.

The numbers of flower-color mutants obtained by
Ar-ion or C-ion beam irradiation were 89 out of 316
and 26 out of 275, respectively (Table 1, Fig. 1). In
the mutation induction of ‘B25CL-16,’ the mutants
in which the yellowish-white of flower petal were ob-
served also included the non-irradiated group. In the
cultivated chrysanthemum, the yellow pigment of the
flower petal is almost carotenoid, and the white flower
color is known to be obtained by the expression of
the gene encoding carotenoid cleavage dioxygenase 4a
(CmCCD4a).3) The yellow color mutants were thought
to be decreased expression of CmCCD4a. The mutants
of yellowish-white colors needs to be investigated with
regard to the petal pigment in order to clarify the rela-
tionship between the gene and secondary metabolite.
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Table 1. Flower-color mutation induced by heavy-ion

beam irradiation.

A B C 

Fig. 1. ‘B25CL-16’(A) and flower color mutation B: Yellow

C: Yellowish-white steak.
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