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Wasabi (Wasabia japonica Matsumura) is a perennial herb belonging to the Brassicaceae
family and native to Japan. Its enlarged stem (rhizome) has a hot and pungent flavor. Grated
wasabi paste is often used in traditional Japanese foods such as sushi, sashimi, and soba noodles. In
Japan, wasabi has not only been considered a food delicacy but also a powerful herbal medicine.
Wasabi plants contain the bioactive components such as 6-(methylsulfinyl)hexyl isothiocyanate
that shows several biological functions including anti-inflammatory, antimicrobial, antiplatelet,
and anticancer. With the increase of wasabi-based food productsin the international market and the
potential of the use of wasabi in the pharmaceutical industry, it is inevitable that demand will
increase. Micropropagation is necessary to create a large number of high-quality wasabi nursery
plants with uniform size.

In Asia, wasabi has been propagated through tissue culture for several decades to avoid
diseases at the production stage. Most research on wasabi is related to the use of plant growth
regulators in both shoot and root development periods. Losses of up to 30%—40% of cultures were
due to contamination of microbes. A major challenge of wasabi tissue culture is, therefore, to
reduce bacterial contamination. Photoautotrophic micropropagation (PA) with sugar-free medium
has many advantages over conventional photomixotrophic micropropagation (PM) with



sugar-containing medium in producing healthy nursery plants. Moreover, the acclimatization stage
is often eliminated when plantlets are grown under optimal photoautotrophic conditions.

In this study, development of an alter native method was presented with the combination of PA
and an acclimatization step to reduce cost and time for wasabi nursery plants production. The
thesis is composed of seven chapters and the contents of each chapter are as follows.

In chapter 1, a general introduction including the overview of Wasabia japonica, concepts and
background of photoautotrophic micropropagation, and the objective of the study are provided.

In chapter 2, growth and morphology of wasabi plantlets under the influence of the
micro-environment in shoot and root zones during PA and PM were investigated comparatively.
After 28 days of culture, dry weight, relative growth rate, leaf area, and leaf chlorophyll contents
of plantlets in PA were greater than those in PM. The number of leaves did not differ significantly
between PA and PM conditions. PA promoted root growth and development with a greater number
of roots, root length, root diameter, root fresh weight, root dry weight, and root xylem vessel
system. Dissolved oxygen (DO) concentration in PA culture medium sharply decreased after 7
days of culture and then recovered due to crucking of the gellous medium, which positively
affected the plantlet growth. In PM culture medium, no significant fluctuation of DO concentration
was apparent. The net photosynthetic rates of plantlets in PA were much higher than those in PM
and increased with culture time. In contrast, the net photosynthetic rates of wasabi plantlets in PM
kept a low and constant value during the culture period. With the presence of gas permeable
membranes attached to the vessel lids, the detected vapor pressure deficit was higher in PA than in
PM conditions. Higher stomatal density and larger stomatal aperture on the abaxial and adaxial
surfaces of the leaves in PM promoted leaf water loss following ex vitro conditions. Thus, PA is
applicable for producing healthy wasabi transplants.

In chapter 3, wasabi plantlets were grown under photoautotrophic micropropagation
conditions using nine temperature regimes by combining day temperatures of 10°C-26°C with
night temperatures of 10°C-26°C. After 28 days of culture, optimum temperatures for wasabi
growth in PA condition were 18/14 °C, 18/18 °C, and 22/18 °C.

In chapter 4, the growth of wasabi plantlets was investigated using four levels of Enshi
nutrient solution (25%, 50%, 100%, and 150%) using an in vitro hydroponic culture system for
photoautotrophic micropropagation. After 28 days of culture, most of the growth parameters such
as fresh weight (FW) and dry weight (DW), shoot/root ratio, and leaf area ratio were highest in
wasabi plantlets grown in 50% or 100% nutrient solution. These results indicate that the use of 50%
Enshi nutrient solution is suitable for the growth of wasabi plantlets in an in vitro hydroponic
system.

In chapter 5, the impact of supporting materials on growth and rooting of wasabi in PA
micropropagation to eliminate an acclimatization step in the transfer of plant material from in vitro
to ex vitro stage was investigated. In order to reduce the cost of time and energy in the
acclimatization stage for in vitro wasabi plant production, in vitro growth in the PA condition
using mainly two kinds of supporting materials, agar and vermiculite, and their ex vitro growth on



vermiculite were compared. The study revealed that in all aspects, the plantlets in agar and
vermiculite were no significant difference in growth performance, although DO concentration was
lower in agar than in vermiculite. In in vitro condition, both agar and vermiculite promoted root
growth and development. After transplanting to the ex vitro condition without the acclimatization
stage, plantletsin all treatments survived and grew with no significant differences.

In chapter 6, wasabi plantlets were grown under ambient or enriched CO, concentrations and 3
combinations of culture periods in vitro/ex vitro stages (14/106, 21/99, or 28/92 days). The growth
and morphophysiology of wasabi plants in in vitro stage, as well as the subsequent growth in ex
vitro stage in a greenhouse, were investigated. A low-cost culture vessel for wasabi PA
micropropagation was proposed using a plastic bag with the paper membranes. It was clearly
demonstrated that wasabi plantlets showed improved growth coupled with an improved
photosynthetic performance when cultured under an increased CO, condition. The shoot/root ratios
of plantlets were lower in enrichment CO, condition than in ambient CO, condition at all culture
periods. The acclimatization step was completely omitted and nursery plants were directly
transplanted to the stressful greenhouse condition without acclimatization. The relative growth rate
of plants decreased with time over the culture period in in vitro stage but that increased in in ex
vitro stage in the greenhouse. This study highlights that a PA system with CO, enrichment may be
potentially useful for the large-scale and low-cost commercial production of wasabi plants.

In chapter 7, the results of the study in meeting the objectives of the research are summarized
and assessed. Recommendations for future work to enhance the effectiveness of using the PA
micropropagation for establishing wasabi nursery plants production with a lower cost than the
conventional PM micropropagation are presented.
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