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Abstract Japanese butterbur (Petasites japonicus) is a perennial herbaceous plant belonging to the Compositae. The
petioles are used mainly as a human food source, and ‘Aichi-Wase-Fuki,’ the most widely grown cultivar, is triploid and
propagated vegetatively. Growth problems have been caused by three types of wide-spreading virus, arabis mosaic virus,
butterbur mosaic virus and cucumber mosaic virus in Osaka Prefecture. To establish efficient mass propagation of virus-free
plants, adventitious buds were regenerated directly from immature flowerheads of Japanese butterbur. Osaka native lines of
Japanese butterbur were collected from the production field, and the highest yielding clonal line was selected by comparison
cultivation using virus-free plants regenerated from the collections. To induce somaclonal variation related to plant yield,
adventitious buds were regenerated directly from immature flowerheads of Japanese butterbur. The total yield of the highestyielding variant induced by somaclonal variation was 20.89 t/ha, which was 129.8% that of ‘Aichi-Wase-Fuki’.
Subsequently, the highest yielding variant was registered in 2002 as ‘Osaka-Nougi-Ikusei No.1.’ Currently, all farmers in
Osaka Prefecture cultivate this high-yield cultivar ‘Osaka-Nougi-Ikusei No.1.’
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Japanese butterbur (Petasites japonicus), a perennial
plant of the Compositae, grows wild over a wide area
of Japan, reaching from Hokkaido to Kyushu (Imazu
and Fujishita 1962; Takagi 1994). Alongside Angelica
keisukei, Aralia cordata, Oenanthe javanica, Cryptotaenia
japonica and a few others, Japanese butterbur is one of
the few examples of original produce. Japanese butterbur
has a long history of consumption, with the earliest
recorded mention of the plant appearing on mokkan
(wooden tablets used as shipping tags) excavated from
the mansion of Prince Nagaya (684–729) in the Heijo
Palace of the Nara Era (Nara National Research Institute
for Cultural Properties 1993) (Figure 1). Since then, the
plant has been valued for its characteristic fragrance,
bittersweet flavor and rapid growth, and is indispensable
at festive occasions. It is a custom in Japan to eat
Japanese butterbur on New Year’s Day and on the Girls’
(dolls’) Festival on March 3 as part of a prayer for the
growth of the family. As its flower buds appear in early
spring, the vegetable is much esteemed as a harbinger of
the spring season.
Japanese butterbur has long been cultivated in Osaka
Prefecture, as far back as the Muromachi Era (1336–
1573). Existing records show that in 1911 the plant was

cultivated over a 17.2 ha area in Osaka City; this area
had expanded to 27.5 ha by 1915 (Masui 1984). The
plant, now cultivated principally in the Senshu region in
the south of Osaka Prefecture, was introduced in the
form of ‘Kawachi-Fuki’ (‘Aojiku-Mizufuki’) to what was
then Kishima Village (now Kaizuka City) in 1910. The
cultivar now under cultivation, ‘Aichi-Wase-Fuki’, was
introduced to Kishima Village from Aichi Prefecture
around 1926 (Masui 1984; Tanaka 1993). At that
time, cultivation was restricted to a select number of
producers, and the plant did not leave the region until
around 1940, when it began to spread steadily on account
of its profitability (Tanaka 1993). According to the
publication entitled ‘The Horticulture of Osaka’ of the
Osaka Statistics Information Office of the Kinki
Regional Agricultural Administration Office, the
production of Japanese butterbur in Osaka Prefecture
was the highest in Japan from 1960 to 1973. After 1973
however, the production of Japanese butterbur in Osaka
Prefecture has been falling steadily due to conversion of
land for residential use, ageing of Japanese butterbur
producers and declining demand. But, even at present,
Osaka Prefecture is one of the four major producing
areas in Japan alongside Aichi, Gunma, and Tokushima
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Prefectures. Japanese butterbur from Osaka Prefecture
has garnered much praise for its soft, juicy and crisp
nature, with the ‘Osaka-Fuki’ brand traded at high
prices. Furthermore, it can be shipped from November to
June, and has therefore brought producers large profits.
However, declining productivity and quality have been
observed in various locations in the Senshu region from
around 1980, and since the early 1990s many producers
have expressed their wish to give up cultivation, citing
inability to harvest good produce. The lack of desire to
cultivate the Japanese butterbur has reduced producer

numbers, and the problem has become increasingly
serious.
The most commonly grown variety, ‘Aichi-WaseFuki’, was introduced from Aichi Prefecture in the 1920s
and has now been cultivated for over 80 years.
Throughout this time, selection and interchange of
rhizomes has been conducted by individual producers in
efforts to maintain productivity; however, production
fields have become fixed with the introduction of
protected cultivation, and repeated cultivation over
several years in these fields has resulted in the aging of
rhizomes. Furthermore, viral epidemics are appearing
due to transmission by aphids and vegetative propagation
by division of rhizomes. Complex infection of BuMV,
CMV, and ArMV has been frequently found. Hence,
these plants display mosaic symptoms immediately upon
germination (Figure 2A). This results in decreased
productivity and quality and has become an increasingly
serious problem (Figure 2B). In the present review, the
efficient production of virus-free plants and the breeding
of a high-yield line by using somaclonal variation in
Japanese butterbur are summarized.

Mass propagation of virus-free plants of
Japanese butterbur using flowerhead
culture

Figure 1. The Mokkan excavated from the mansion of Prince Nagaya
(Possession of Nara National Research Institute for Cultural
Properties). It was written with 6 bundles of Japanese butterburs and 4
bundles of cutting lettuces given from the Yamashiro vegetable garden.

In a study of Japanese butterbur harvested from
cultivation fields in Hiroshima, Ishikawa and Chiba
prefectures (Tochihara and Tamura 1976), CMV was
extracted from 84%, and BuMV was extracted from 77%
of harvested plants, the majority of which were complexinfected with CMV and BuMV. The study reported that
ArMV and AlMV had been extracted from 35% and
12%, respectively, of the harvested plants, and no virusfree plants were found. In a study of viral infection of
Japanese butterbur in Osaka Prefecture conducted by
Nakasone (unpublished data), CMV, ArMV, and BuMV
were extracted from 60%, 80%, and 100%, respectively,

Figure 2. Stunting in vegetative growth by the effect of viral infection in Japanese butterbur. (A) Typical mosaic symptom by the complex infection
of BuMV and CMV. (B) Wilting symptom by the complex infection of BuMV and CMV.
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of the plants studied. All three viruses were found to
exist simultaneously in 50% of plants, a complex
infection of two viruses was found in 90%, and none of
the plants were free of viral infection.
It has been reported that apical meristem culture has
previously been conducted with the aim of producing
virus-free plants. However, the frequency of
microorganism contamination is very high due to the
apical meristems present on the rhizomes in the soil
(Matsubara and Masuda 1980, Morishita and Yamada
1979, Murakami et al. 1988). Morishita and Yamada
(1979) have reported that some kinds of actinomycetes
were found in cultured explants at a high level (70–87%),
that growth was slow in those apical meristems that
survived, and that shoot regeneration took at least 34 d,
with slower plants requiring 10 months. Matsubara and
Masuda (1980) have reported that tissues escaping
microbial contamination often showed browning due to
powerful sterilization. Furthermore, in some plants
regenerated from apical meristem, it was not possible to
remove the viruses. Hence, many problems remain with
apical meristem culture of Japanese butterbur.
Alternatively, Morishita et al. (1980) and Yabe et al.
(1986) used petioles and leaf blades with low risk of
microbial contamination as the explants for tissue
culture. Plant regeneration was reported to occur from
indirect adventitious buds via calli derived from the
petioles and leaf blades. However, Yabe et al. (1986) has
reported problems with this method; it is difficult to
exclude ArMV from callus culture, and long-term
culture of more than 1 year is necessary in order to
remove BuMV. Morishita and Yamada (1981) have
reported that such long-term culture reduces the
regeneration rate of adventitious buds via calli and
causes morphological variations in regenerated plants.
As another method, the author developed the
flowerhead culture in order to efficiently produce virusfree plants that were regenerated directly from immature
flowerheads (0.2–0.4 mm in diameter) without callus
induction. The period required for plant regeneration
from flowerheads is shorter than that obtainable using
apical meristem. Furthermore, the plant regeneration rate
is higher. In addition, difficult operations such as
extraction of the apical meristem are not required and it
is easy to extract aseptic flowerheads (Iwamoto and Kagi
1995). In addition, clonal propagules were rapidly
obtained when 2 cm shoots were transferred to MS liquid
medium (Murashige and Skoog 1962) supplemented
with 0.01 mg l1 NAA, 3 mg l1 BA, and 30 g l1 sucrose
(pH 5.8) and placed on a gyratory rotary shaker set at
100 rpm. After 8 weeks of culture, 80.9 shoots from
axillary buds were obtained (Iwamoto and Kagi 1995).
Although Japanese butterbur propagates vegetatively by
division of rhizomes, the low reproductive rate of the
rhizomes presents a problem for cultivation. The

flowerhead culture system appears to be an efficient
means of increasing reproductive rate by supplying
virus-free seedlings to cultivation fields of Japanese
butterbur.

Collection of clonal lines and selection of
highest yielding clonal line using virus-free
plants
Following an inspection of Japanese butterbur cultivation
fields in Aichi Prefecture in 1926, Japanese butterbur
producers Rihei Tanaka and Gon’ichi Tanaka brought
back a box of rhizomes to their home in Kishima
Village. At that time, ‘Kawachi-Fuki’ (‘AojikuMizufuki’) was being cultivated in the region. However,
the introduced rhizomes gave rise to high-yielding plants
with faster germination and excellent petiole growth.
These qualities earned the new clonal line a good
reputation, which caused it to spread over the entire
Senshu area. The clonal line was the ‘Aichi-Wase-Fuki’
cultivated in Osaka Prefecture (Tanaka 1993).
The Isewan Typhoon of 1959 brought extensive
damage to the Japanese butterbur-producing fields of
Aichi Prefecture, with salt damage causing a large
reduction in planting (Ishiguro 1981). It is said that at
that time, producers from Kishima who had heard of the
damage caused by the typhoon took dozens of trucks’
worth of rhizomes to the region to repay the favor they
had received many years previously (Tanaka 1993).
Having returned to its original home, the ‘Aichi-WaseFuki’ gained a widespread reputation for its excellent
qualities and was brought into Aichi Prefecture from
then on, eventually supplanting even the clonal lines in
regions that had not been severely affected by the
typhoon (Ishiguro 1981). Furthermore, rhizomes which
were left after transplanting were sold from Hokkaido
to Kyushu through refrigeration companies, and the
rhizomes were used to form several producing areas,
including Tokushima (one of the four major producing
areas), the medium-scale producing region Hyogo
(Awaji, Ichinomiya), and Fukuoka.
The clonal line introduced to Kishima thus spread
through the entire Senshu region of Osaka Prefecture,
then on throughout Japan. Selection and interchange of
rhizomes took place between producers, selection of the
clonal line advanced significantly, and there was little
difference between clonal lines. Given the historical
background of the plant, the general consensus at the
time was that, if the plants were made virus-free, they
would be almost identical. However, the differences
between the clonal lines had not been investigated
sufficiently. Furthermore, all of the ‘Aichi-Wase-Fuki’
clonal lines in Osaka were infected with viruses, and no
investigation of the differences between the clonal lines
taking into account the effects of viral infection had been
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carried out. Hence, to select breeding materials for highyield clonal lines, the author collected and carried out
comparative cultivation of clonal lines and then carried
out comparative cultivation of virus-free lines.
With the cooperation of the Fuki Production and
Shipment Association of JA Osaka Senshu, 20 clonal
lines were collected in Osaka Prefecture. A preliminary
study of these allowed the author to narrow this number
down to 5. Rhizomes from these 5 clonal lines were
transplanted to a plastic greenhouse in Sen-nan. The
culture practices and fertilization treatments used were
similar to those used in commercial Japanese butterbur
production. Furthermore, virus-free rhizomes were
prepared from the 5 clonal lines using flowerhead culture
and cultivated under the same conditions as the virusinfected clonal lines.
As a result, total yield for each of the five clonal lines
was as follows: the largest yield was found with line A,
at 17.4 kg m2, followed by lines B, C, and E. Line D had
the lowest yield at 10.5 kg m2. The total yield of clonal
line A was 1.66 times of that of clonal line D. Clonal line
A had significantly higher yield and clonal line D had
significantly lower yield than the other four (Iwamoto
1999). Following the production of virus-free plants
from 5 clonal lines, all lines showed increased yield and
the difference in yield between five lines decreased.
However, there were differences between the lines even
when using virus-free plants; virus-free line A had the
highest yield at 18.3 kg m2, followed by virus-free lines
B, C, and E. Virus-free line D had the lowest yield at
14.9 kg m2. The total yield of virus-free line A was 1.23
times that of D, and differed significantly (Iwamoto
1999).
In the test to compare yields between the 5 clonal lines
and the virus-free plants produced from them, the
tendency of differences in yield between the 5 lines was
consistent. The results obtained when using virus-free
plants that were free from damage caused by viral
infection or from aging of the rhizomes indicate that
there is wide genetic variation in the Japanese butterbur
produced in Osaka Prefecture. In other words, bud
mutation in Japanese butterbur occurs frequently in
nature; this, coupled with producer-specific selection, is
a potential cause of the unnoticed spread of differences
between the clonal lines. Accordingly, the highest
yielding clone (line A) was selected as the source of
breeding material.

Efficient selection of a high-yield cultivar by
using somaclonal variation
Plants can propagate vegetatively through cuttings,
runners, suckering, and tubers, and produce clones by a
means very common in nature. In the past, researchers
have skillfully taken advantage of these propagation

capabilities by isolating and culturing plant cells and
protoplasts under sterile conditions, then successfully
using them to regenerate complete plants (Nagata and
Takebe 1971). The first researchers to work in this
research field, believing regenerated plants to be
genetically uniform clones, conducted considerable
research using clonal propagation. After it became
evident that several characteristic variations existed
(Heinz and Mee 1971), research was actively conducted
into breeding the variants.
Carlson (1973) has reported adding a toxic analog
(methionine sulfoximine) of wildfire of tobacco
(Pseudomonas syringae pv. tabaci) to the protoplast
culture medium of a haploid tobacco plant, and
regenerating methionine sulfoximine-resistant mutants of
tobacco from the survivors. Building on this pioneering
work, the plant cells were exposed to germ toxins of
pathogenic microorganisms and various stressors, with
the result that disease-resistant and salt-tolerant cells
were obtained from many of the plant species tested.
However, non-resistant plants began to appear among the
plants regenerated from resistant cells, and the number of
undesirable variations began to increase. As a result,
researchers turned their attention to selection of the
regenerated plants themselves. In other words, selection
took place not at the cellular level, but on the basis of
variations apparent in the regenerated plants (Larkin and
Scowcroft 1981). This selection method is known as the
somaclonal variation, and although there are limitations
to the parameters of selection, the method does allow
for reliable extraction of target breeding material. In
Japanese butterbur, Morishita and Yamada (1981)
observed variations in petiole length, petiole trichome
density, petiole color, and yield in 22 plants that were
regenerated indirectly from callus cultures. All of the
variants had at least one of the undesirable variations,
including red petioles, low yield, petioles with brown
spots, and abnormal rhizome morphology resembling
that of horseradish (Morishita 1991). Moreover, 17 of the
22 variants were inferior to those of the original line
(Morishita and Yamada 1981). Although it is important
to use a regeneration method that results in a high
frequency of somaclonal variation in the regenerated
plants in order to efficiently select useful somaclonal
variants (Ezura et al. 1995), in Japanese butterbur, it was
difficult to control the high frequency occurrence of
undesirable variation, which was observed in the
regenerants from callus cultures (Morishita 1991). Thus,
the tissue culture technique has not been considered
useful in the commercial production of Japanese
butterbur. In light of this, the author decided to use the
flowerhead culture system that involves regeneration
directly from immature flowerheads without callus
induction (Iwamoto and Kagi 1995).
As the source of explants, we used immature
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flowerheads (0.2–0.4 mm in diameter) of a special
selected line A of the cultivar ‘Aichi-Wase-Fuki’, which
has higher yield and quality than the clonal lines
cultivated in Osaka Prefecture (Iwamoto 1999).
Immature flowerheads were cultured on MS solid
medium (Murashige and Skoog 1962) supplemented
with 0.1 mg l1 NAA, 1 mg l1 BA, and 7 g l1 Agar, pH
5.8, and subcultured on the same medium at 1 month
intervals. Plant regeneration via adventitious buds was
conducted according to the methods described by
Iwamoto and Kagi (1995). During flowerhead culture,
the following characteristics of the regenerants were
recorded: the periods required for adventitious bud
initiation and third leaf initiation, the number of leaves
per regenerant after 3 months of culture and the petiole
length of the longest leaf in each regenerant after 3
months of culture. In addition, among the regenerants, 50
randomly selected lines were each propagated by axillary
bud culture and the rooted plants were acclimatized
according to the method of Iwamoto and Kagi (1995).
All the 50 selected lines were checked for viral infection
of ArMV, BuMV, and CMV, and were confirmed to be
virus-free (Iwamoto, unpublished data). Twenty plants
per line were transplanted to a greenhouse on March 25,
1998 and the following characteristics were recorded
after 3 months of culture: the number of leaves per plant,
the petiole length of the longest leaf in each plant, and
the fresh weight of the rhizomes per plant. In addition, to
study the yield performance, the rhizome cuttings of
the 50 selected lines and the original line A were
transplanted to a plastic greenhouse on September 15,
1999, and the leaves (the petioles with the blades) were
harvested three times (on February 11, April 8, and May
22, 2000). The total weight of the leaves for evaluating
the yield was recorded at each harvest.
After 3 months of culture, 5.2 adventitious buds
per explant were directly regenerated from immature
flowerheads and 280 independent regenerants were
obtained from 300 immature flowerheads after 280 d of
culture. The period required for adventitious bud
initiation from flowerheads varied greatly from 21 to 280
d, although 214 flowerheads (76.4%) regenerated
adventitious buds within 90 d of culture (Iwamoto et al.
2007). Microscopic observations revealed they were
directly regenerated from flowerhead explants. Among
the 214 early regenerants, 50 lines were randomly
selected and used for the evaluation of growth
characteristics in the greenhouse 3 months after transfer
of in vitro propagated plants. These lines were finally
evaluated for their yield by cultivating mature rhizomes,
which were obtained after one season of cultivation.
The yield of the original line A (Iwamoto 1999) was
16.4 kg m2. In contrast, the yield of the 50 lines after
cultivation of the mature rhizomes in the field varied
greatly from 13.8 to 21.6 kg m2, and the mean yield of

the 50 lines was 18.2 kg m2. The yield showed a
significant negative correlation with the period required
for adventitious bud initiation (r0.492) and the
period required for third leaf initiation in vitro culture
(r0.869), which varied greatly from 44 to 180 d
(Iwamoto et al. 2007). The yield showed a significant
positive correlation with the number of leaves per
regenerant present after 3 months of culture (r0.618)
and the petiole length of the longest leaf in each
regenerant after 3 months of culture (r0.556).
The yield performance was also evaluated using the 21
lines in which the third leaf initiated within 70 d in
flowerhead culture. The yield was significantly and
positively correlated with the number of leaves
(r0.661) and the petiole length of the longest leaf in
each plant (r0.627) after 3 months of cultivation in a
greenhouse. The yield was also highly and positively
correlated with the fresh weight of rhizomes (r0.923),
which varied from 96 to 198 g (Iwamoto et al. 2007).
Based on these results, we selected the line with the
highest yield, which was 21.6 kg m2, as a candidate for
a novel cultivar.
Use of somaclonal variations is one possible strategy
for breeding vegetatively propagated crops (Heinz and
Mee 1971). Selection of somaclonal variants has
successfully been used to generate cultivars in a number
of plants, including apple (Donovan et al. 1994), banana
(Cote et al. 1993), celery (Heath-Pagliuso et al. 1988),
cucumber (Burza and Malepszy 1995; Filipecki et al.
2005), garlic (Novak et al. 1982), lettuce (Engler and
Grogan 1984), peach (Hammerschlag 1990), strawberry
(Swartz et al. 1981; Toyoda et al. 1991; Takahashi et
al.1992; Hammerschlag et al. 2006), and tomato (Evans
and Sharp 1983; Barden et al. 1986). Although it is
important to use a regeneration method that results in
a high frequency of somaclonal variation in the
regenerated plants so as to efficiently select useful
somaclonal variants (Ezura et al. 1995), in Japanese
butterbur, it was difficult to control the high frequency
occurrence of undesirable variation, which was observed
in the regenerants from callus cultures (Morishita 1991).
Thus, the tissue culture technique has not been
considered useful in the commercial production of
Japanese butterbur. Therefore, we obtained many highyield lines (39 of 50 lines), compared with the original
line A, that were regenerated directly from immature
flowerheads without callus induction. These results
indicate that direct adventitious bud regeneration induces
moderate somaclonal variation compared to indirect
regeneration from calli in Japanese butterbur, and that
direct regeneration is superior to indirect regeneration for
generating practically useful variants.
Both the number of leaves and petiole length are
important factors affecting the yield. However, in the
field test, neither of these factors nor the period required
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for adventitious bud initiation was strongly correlated
with the yield (r0.618, 0.556, and 0.492, respectively).
In contrast, it is interesting that a strong negative
correlation (r0.869) was obtained between the yield
and the period required for third leaf initiation after
initiation of flowerhead culture. The yield was also
highly correlated with the fresh weight of rhizomes
measured after 3 months of growth in the greenhouse
among the lines which initiated the third leaf within 70 d
of flowerhead culture.

Breeding method and main characteristics
of a new variety of Japanese butterbur
‘Osaka-Nougi-Ikusei No.1’
Based on the yield data in the production fields, we
selected the highest-yielding variant in 1999, which was
eventually recommended to Osaka Prefecture as a
suitable Japanese butterbur variety and thereafter
officially registered as ‘Osaka-Nougi-Ikusei No.1’ by the
Ministry of Agriculture, Forestry and Fisheries of Japan.
In 2002, ‘Osaka-Nougi-Ikusei No.1’ was assigned the
variety registration No.10632.
Agronomic characteristics
To evaluate the agronomic characteristics of the new
variety, mature rhizomes of ‘Osaka-Nougi-Ikusei No.1’
and ‘Aichi-Wase-Fuki’ were cultivated in a field at the
Agricultural, Food and Environmental Sciences Research
Center of Osaka Prefecture, Habikino, for 2 years (1998–
1999). Preparation of mature rhizomes, culture practices,
fertilization, and fungicide and insecticide treatments
were similar to those used in the cultivation method
applied for the characteristic test of Japanese butterbur.
The number of sprouts per mother rhizome of ‘OsakaNougi-Ikusei No.1’ was 5.7, which was 1.1 sprouts
higher than that of ‘Aichi-Wase-Fuki’. The number of
leaves per node of a mother rhizome of ‘Osaka-NougiIkusei No.1’ was 5.8, which was 0.7 leaves higher than
that of ‘Aichi-Wase-Fuki’. The petiole length was
71.0 cm, which was 10.7 cm longer than that of ‘AichiWase-Fuki’. The diameter at the midpoint of the petiole
was 11.5 mm, which was 1.0 mm larger than that of
‘Aichi-Wase-Fuki’ (Figure 3). The trichome density on
the petioles of ‘Osaka-Nougi-Ikusei No.1’ and ‘AichiWase-Fuki’ was classified as slightly low and medium,
respectively; the degree of green color of the leaf blades
was classified as deep and medium, respectively; and the
rhizome thickness was classified into thick and medium,
respectively. The number of flower-stalk buds per mother
rhizome of ‘Osaka-Nougi-Ikusei No.1’ was 4.2, which
was 0.7 buds higher than that of ‘Aichi-Wase-Fuki’. The
timing of leaf sprouting of ‘Osaka-Nougi-Ikusei No.1’
occurred earlier and the heat tolerance was slightly
higher than that of ‘Aichi-Wase-Fuki’ (Iwamoto and

Figure 3. Comparison of growth between
No.1’ (left) and the original line A (right).

‘Osaka-Nougi-Ikusei

Nakasone 2007).
Yield and quality evaluation
To study yield performance, the rhizomes of ‘OsakaNougi-Ikusei No.1’ and ‘Aichi-Wase-Fuki’ were
transplanted to a plastic greenhouse in Sen-nan on
September 15, 1999, and the leaves (petiole with blades)
were harvested three times (on February 11, April 8 and
May 22, 2000). The culture practices and fertilization
treatments were similar to those applied in commercial
Japanese butterbur production using plastic greenhouses.
The yield of the first, second and third harvests of
‘Osaka-Nougi-Ikusei No.1’ was 8.62, 8.06 and 4.21 t/ha,
values which were 1.88, 1.99 and 0.93 t/ha higher than
those of ‘Aichi-Wase-Fuki’, respectively (Table1, Figure
4). Therefore, the total yield was 20.89 t/ha, which was
129.8% that of ‘Aichi-Wase-Fuki’ (Iwamoto and
Nakasone 2007).
Japanese butterbur harvests for market are classified
into “high grade” and “middle grade” according to the
market standard. The high-grade component rate of
‘Osaka-Nougi-Ikusei No.1’ was 91.3%, which was 5.8%
higher than that of ‘Aichi-Wase-Fuki’ (Iwamoto and
Nakasone 2007). A higher grade enhances the profit
margin for farmers because the high-grade price is twice
that of the middle grade. The moisture content of the
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until now. The leaf blade of Japanese butterbur is hard
and thus has traditionally been used solely for boiling in
soy sauce, with the majority being discarded unused.
However, the leaf blades of ‘Osaka-Nougi-Ikusei No.1’
are suitable as a foodstuff, being soft and without the
usual harsh taste. In addition, the dark green leaf blades
contain large amounts of the strong antioxidant fukinolic
acid, 3,4,5-tricaffeoylquinic acid and other phenolic
constituents (Watanabe et al. 2007), as well as vitamins.
The leaf veins of the plant are soft and have a texture
when bitten similar to that of the leaves of the Japanese
radish. The author is now pursuing further research into
the use of the Japanese butterbur as a novel foodstuff.
Figure 4. Field performance of ‘Osaka-Nougi-Ikusei No.1’ cultivated
in the commercial plastic greenhouse.

Acknowledgements
Table 1. Yield and quality evaluation of ‘Osaka-Nougi-Ikusei No.1’
and ‘Aichi-Wase-Fuki’ (Iwamoto and Nakasone 2007).
Varieties
Characteristics

‘Osaka-Nougi-Ikusei’ ‘Aichi-Wase-Fuki’
No.1’

1st harvest (t/ha )
2nd harvest (t/ha )
3rd harvest (t/ha )
Total yield (t /ha )
High-grade component rate (%)
Petiole moisture content (%)

8.62 a1
8.06 a
4.21 a
20.89 a
91.3 a
95.23 a

6.74 b
6.07 b
3.28 b
16.09 b
85.5 b
94.40 b

1
Within the same characteristics, means followed by different letters
(a and b) indicate significant differences at 5% level by Tukey test.

petiole was 95.23%, which was 0.83% higher than that
of ‘Aichi-Wase-Fuki’ (Table 1). In addition, the new
variety displayed a good food performance, because the
petiole is soft, juicy and crisp.

Conclusion
Since 1999, ‘Osaka-Nougi-Ikusei No.1’ has been
distributed among Japanese butterbur producers in Osaka
Prefecture by the Osaka seeds and seedlings supply
industry. In 1999, the total volume of Osaka Prefectureproduced Japanese butterbur traded at the Osaka
Prefectural Central Wholesale Market, Osaka Municipal
Central Wholesale Market and Osaka Municipal East
Wholesale Market was 580.2 t. As ‘Osaka-Nougi-Ikusei
No.1’ spread, the total volume increased steadily,
reaching 615.4 t in 2000 and 643.3 t in 2001. At present,
all Osaka producers of Japanese butterbur cultivate the
new cultivar ‘Osaka-Nougi-Ikusei No.1’. Furthermore,
the quality of ‘Osaka-Nougi-Ikusei No.1’ deteriorates
little during transportation, and keeps for long periods of
time. These characteristics make Japanese butterbur
favorable as a foodstuff. Furthermore, the plant is
pleasing to the bite, and not only is it delicious when
used in cooking staple dishes, it is well suited to use in
salads and on rice—new menu possibilities unthinkable
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experiments. I also thank Mr. Norihiro Tanigawa, Mr. Kazuhiro
Sarashi, Mr. Tetsuya Tuji, and Mr. Hajime Fujioka of the Osaka
Prefectural Senshu Office for Agriculture Forestry Promotion and
Nature Conservation for previous arrangements regarding the field
experiment.
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