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SUMMARY

I. Title

Studies on the Wild Sea-Mustard, Undaria
pinnatifida, Culture

II. Purpose and Importance

1. Purpose

Chindo’s naturally grown wild sea-mustard is the best of its kind in
the whole nation. It is a special product of Chindo, which has a high
monetary value. However, due to limited area of natural habitat,
availability of the product is low; thus, artificial cultivation of the product
is imperative. The purpose of this study is to provide foundation for
seccessful culture by developing artificial seeding and cultivation technique
and by analyzing ecological and biological data which can be obtained

through investigation of the natural habitat.
2. Importance -

Due to location of wild sea-mustard’s natural habitats being near
southwestern part of Korea, where exist strong currents and clean ocean,
it has unique good aroma and taste with a lumpy chewing texture. Thus,
it is considered to be a better product and more highly valued when

compared to other common sea-mustards.
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Howerver, a yield of the wild sea-mustard is decresed constantly.
For the developmnt of the local economy, culture techniges of wild

sea-mustard should be developed.

III. Contents and Scope

1. Ecological Study of Wild Sea-Mustard

Three islands which are natural habitats of wild sea-mustard, Tokkodo,
Chungdungdo, and Kujado, were selected for experiment sites. The

experiment was performed once or twice monthly from January to August
of 1996.

1) Natural Habitat and Ecological Study

(1) Habitat Distribution and Life Cycle

Through investigation of habitat distribution, morphological comparison
and life cycle were studied by observing development and growth stages
and by comparing the difference to those of commonly -cultured
sea-mustard. Also, relationship between ocean environment and harvesting

at different growth stages were studied.

(2) Ecological Characteristics

D Ocean Environment : Water temperature, specific gravity, current

velocity, water depth, and transparancy were studied at experimental sites.
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@ Appearance and Growth of Thalli : From the attachment of zoospores
to germination, growth of the thalli were measured in the three
experimental sites were compared for the purposes of growth rate.

@ Release of Zoospores : The time when zoospores release and
maximum release period were studied.

@ Attachment Zone and Density : Attachment condition and density
were investigated according to the water depth and slope degree of natural

habitat, between lower intertidal zone and subintertidal zone.
2. Seed Production

1) Seeding

A total of 200 kg of sporophylls were collected from the three habitat
sites of wild sea-mustard, and they were transported to the seedling site
in an ice-box, filled with ice, for the purpose of keeping the activity of
zoospores. The culture of in situ took place in Kujado which is one of
the wild sea-mustard’s natural habitats; whereas Chosa-ri, Chindo was the
site for tank culture, where the actual seeding was performed while a
cooling device was attached to the tank to keep the constant water

temperature constant.
2) Seed Culture

(1) In situ Culture Method : Seed collector that zoospores were attached,
were enclosed to vinyl bags (60 cm X 100 cm, thickness : 0.1 mm) with
holes(405 cm). And 50 seed collector(5000 m) were hanged to the
long-line rope. The seed collector remained underwater and were
monitored for analyzing life cycle from zoospore attachment to development

of young sporophyte.
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(2) Tank Culture Method : The growth from zoospore attachment to
development of young sporophyte was monitored and analyzed in a tank
that had a cooling device(3.5 HP) which could keep water temperature
between 21.0C and 23.0C. A total of 150 seed collectors were used for

the experiment.

(3) Intermediate Culture Method : A total of 90 seed collector were
submerged in Kujado coast to the depth where transparncy was 1.8
meters. Fertilizer was applied for a large number of young blades to
appear simultaneously. Then, budding rate and state of young sporophytes

were investigated.
3. Cultivation and Production
1) Cultivation Experiment

(1) Culture System and Marine Environment : Fifteen long-line
ropes(1,500 m) were installed on December 24, 1996 after an area(1.0 ha)
along Kujado coast was approved by Chollanamdo government for an
experimental cultivation. The long-line ropes were submerged at four
different water depths with three distinctive attachment densities. Marine
environment around the culture ropes, which includes water temperature,

specific gavity and DO, were investigated.

(2) Cultivation : For two times a month, the followings for thalli were
investigated for each depth and attachment density : @ total length and
wet weight @ growth per different parts of thallus @ shape @

attachment status of harmful fouling organism ® diseases ® hardness.
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(3) Maintenance and Harvesting : A special attention through proper
maintenance was given to preventing loss of the culture facility from
strong currents. The cultured wild sea-mustard were harvested twice for

sample tasting events, and six times for actual production.

2) Production

The harvested wild sea-mustard were transported to a drying place,
and naturally dried by being placed on drying racks. The drying took
two days. After drying, they were placed in vinyl bags which were later

sealed and stored.

3) Analysis from Economical Perspective

By visiting people in the wild sea-mustard culture business, a survey
was conducted in categories of production system and status, forms of
sale, distribution channels, and supply-and-demand system. Then,
profitabilities of wild sea-mustard and common sea-mustard were analyzed

for one culture set(100 m of long-line) basis.

IV. Results and Suggestion

1. Results

A. Basic Ecological Study

1) Habitat and Ecological Study
(1) Distribution and Life Cycle

@ Morphology : Growth of young blade of wild sea-mustard was

similar to that of common sea-mustard; however, when total length of
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thalli was around 8cm, formation of growing point between pinnate blade
and midrib appeared, which is a wild sea-mustard’s unique characteristic.
Thalli had a feather-like shape with deep lobations. It had many pinnate
blades, and sporophylls and vegetative blades were connected. They were
as little as two to six ripples per sporophyll. These results are
characteristics that are between Undaria pinnatifida f. typica and Undaria
pinnatifida f. distans. These results are thus interpreted as a way to
survive in a harsh marine environment created by strong wind and wave,

rapid currents and eddy.

@ Distribution : Chindo’s wild sea-mustard  massively grow in
population near the subtidal zone around Tokkodo where marine
environment is heavily influenced by strong wind and currents, and there
are active circulations of water from different depths. Natural habitats are
distributed throughout islands of Tokkodo, Chungdungdo, Chukangdo,
Tonggochado, Sogochado, Pyongpungdo, Maenggolto, Sangnamdo and Kujado.

@ Life Cycle : This speciés had one-year life cycle heterogeneratae
which contains both microscopic gametophyte and macroscopic sporophyte.
Sporophytes attached themselves between lower intertidal zone and
subtidal zone, and grew from early spring to all through the summer.
Sporophylls began to appear near the holdfast and midribs around June
and July. On those sporophyll surfaces, zoosporangiums were formed, in
which zoospores were produced. Zoospores were pear-shaped(85 i X 45 m),
and had two flagella in mid-section and chloroplast near the rear. After
attaching to a rock, zoospores lost flagella, and became a globoid. They
then budded and developed into male and female gametophytes. Young
sporophytes were formed from fertilization of matured gametophytes, and

grew to become sporophytes.
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@ Marine Environment and Harvesting : The amount of harvessting
showed a close relationship with marine environment, i. e., water
temperature, rainfall and number of high wind days. During February to
May period of 1996, in particular, water temperature was lower than the
yearly average. And that is expected to be the cause of less harvesting
for that year. If the number of high wind days were high during zoospore
release period (July~August) and young sporophyte budding period
(March), abundant harvesting is expected. That is because high wind and
strong waves wash out undesired organisms from the natural habitat.
However, harvesting and production were not necessarily directly
proportional to one another. That is because harvesting is limited to
August period and weather condition plays a big part. In addition, aging of
local fishermen and danger involved in harvesting also made a big

difference in production.

(2) Ecological Character

@ Cultivative Environment of Culture Ground : Water temperature
ranged from 80T to 195C during the period between January and
August of 1996. The lowest temperature, 80°C, was recorded during the
month of February. From late March to early April, which is the period
for appearance of thalli, the temperature was 95C. During the main
growth period, June to July, it varied from 159C to 18.0°C. Harvest
period, late July to early August, it was 195~20.0C. Specific gravity did
not show any significant chahges, due to open sea location of the sites.
It ranged from 1.026 to 1.027 during winter, and 1.024 to 1.025 during
summer. Current velocity was 1.0 m/sec to 2.0 m/sec between flood-tide
and ebb-tide, which is considered rather fast. There was a wide spread
of eddy with strong wind and currents, especially near wild sea-mustard’s

growth—in—pdpulation site. Wild sea-mustard’s natural habitat was located
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on steep rocks that were 8 m to 26m deep. Surrounding water had a

transparancy of 1.6 m to 2.0 m and was turbid.

@ Appearance of Thalli and Growth : Thalli appeared the following
year, 1996 during late March to early April when water temperature began
to rise. On April 4, 1996, thalli with 0.3cm to 0.8cm length were first found near
Chungdungdo. Thalli grew to 6~8 cm by May, which was considered
insignificant; however, between June and July, when water temperature rose to 15~
18T, thalli grew to 95~162cm. Thus, June and July proved to be the rapid
growth period. After July, end parts of thalli were dissolved and erroded by

strong waves and current, thus, causing loss,.

@ Release of Zoospores : In early July, when sporophyll length was
around 3 cm, zoospores were relcased in small numbers. At this time,
only three zoospores were sighted when examined with a microscope( X 100).
Eventually, the number of released zoospores increased to 20 for mid-July,

and 200 for late July which was the main harvest period.

@ Attachment Zone and Density : The area between lower intertidal
and subtidal was the attachment zone, where corals(Corallinoideae sp.) also
exist. Steep rocks provided a narrow attachment zone, about 0.5 m to 0.8 m;
whereas, relatively levelled rocks provided a wide attachment zone, about
3 m to 5 m. Attachment density was high near the areas with strong
wind, waves, currents and eddy. In those areas, there were large numbers‘
of wild sea-mustard growth in a stock, and 8~50 were attached per 900
cm® area. Three species of Chlorophyta, four species of Phaeophyta, and
eleven species of Rhodophyta were observed around low density zone. Of

these, Rhodophyta(Family Corallinoideae) were the majority.

_25_



B. Seed Production
1) Seeding

(1) Preparation of Sporophyll

High quality sporophylls were collected from the natural habitat. High
quality is characterized by 3~9 c¢m in length and yellowish brown—~dark
brown in color. A total of 200 kg of sporophylls, 50 kg from Kujado on
July 31, 1996 and 75 kg each from Tokkodo and Chungdungdo on August
4, 1996 were collected. The collection dates were the days of maximum
release of zoospores. Collected sporophylls were transported to the seeding

place, using ice-box.

(2) Drying .in Shades
100 kg of tansported sporophylls were dried in shades for an hour,

where air circulation was good.

(3) Release of Zoospores and Seeding

@ In situ Culture : On July 31, 1996, in situ culture was installed
underwater near Kujado coast. Five minutes after being submerged,
massive release of zoospores occurred. By 25 minute, 100~200 were
sighted for each microscopic view(X100). Seed collector were placed in
the zoospores solution, and submerged for 40 minutes while attachment
process took place. In ordér to keep water temperature between 21.0TC
and 23.07C, ice was used.

@ Tank Culture : At Chosa-ri tank culture site, two separate
installations took place, once on July 31, 1996 and the other on August 4,
1996. Seawater, of which temperature was maintained around 21.0C by

using a cooling device(3.5 HP), was used for tank water. Zoospore release
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and attachment to 150 seed collector(15,000 m) were carried out utilizing

the same method used in situ culture.

2) Seed Culture

(1) In Situ Culture

@ Environment of Culture Ground : Surveys were conducted for 116
days, from July 31, 1996 to November 23, 1996. Results from the surveys
of environment were 20.0~23.6C for water temperature, 1.0231~1.0260 for
specific gravity, 82~92 mg/ 2 for DO, and 1.5~2.0 m for transparancy.

@ Cultivation Method : Each seed collector that zoospores attached
was enclosed in a vinyl bag(60 cm X 100 cm, thickness: 0.1 mm) with
five to six holes(¢05 cm). Hanging long-line rope with 50 seed
collector(5,000 m) were cultivated. Weekly maintenance was conducted to
detach mud from seed collector and vinyl bags, while damaged viny! bags
were replaced with new ones. Depth of the long-line rope was maintained
at where transparancy was 1.8 m.

® Growth and Number of Germination of Young Sprophytes
Germination of young sporophy'tes of in situ{no vinyl bag) culture was
unsuccessful because of epiphytic algae. Howeve‘r, with the use of vinyl
bags, 4—8 gametophytes after 14 days, 3~6 after 30 days, and 3~5 after
60 days were observed per microscopic view(x100). After 100 days, on

November 7, 1996, some young sporophytes were germinated as a result of

fertilization.

(2) Tank Culture

Tank culture was conducted at Chosa-ri facility for 113 days, from
July 31, 1996 to November 20, 1996. 120 seed collector(12,000 m) were
cultured in temperature controlled seawater with use of a cooling device,

and 30 seed collector(3,000 m) in natural seawater.
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@ Cultivation Condition : Constant water temperature of 21.0~23.0TC
range was maintained by the cooling device, even during August and
September. Light intensity of 1,000~2,000 lux, specific gravity of 1.0224~
1.0253, and DO of 74~8.1 mg/{ were maintained. For natural sea water
method, temperature range was 24.5~26.6C, and light intensity was kept
at 400~1,500 lux.

@ Culture Method : For natural sea water method, light intensity was
maintained at 1,000~400 lux during August and September, and 2,000~
3,000 lux during October and November. On the other hand, light intensity
of cooling device method was maintained at 1,000~2,000 lux during
August and September, and 2,000~3,000 lux durin'g October and
November. Seawater was changed at the rate of 0.5~3 times daily. To
accelerate germination of young sporophytes, seed collector were
submerged in water for 15 minutes, which contained fertilizers, NaNQOs at
500 : 1 dilution ratio and NaHPQO4 at 2,000 : 1.

@ Growth and Number of Germination of Young Sporophytes
Zoospore attachment and gametophyte growth were better in tank
containing artificially cooled water which was cooled by 2.4~3.6C than in
natural seawater tank. Per microscopic sight(x100), 5~10 zoospores in
artificially cooled water tank, 4~8 in natural seawater tank were observed.
However, zoospores from natural seawater tank fail to grow, showing only
an average of 0.5 individuals survival, whereas, most of zoospores from
the artificially cooled water tank were successful in growth and
development. Number of budding sporophytes in artificially cooled water
tank was 3~6, which was much better than an average of 0.1 in natural
seawater tank. Therefore, It was proven that a cooling device would be

required for a successful tank culture.
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(3) Intermediate Method

@D Experiment Period and Environment : A total of 70 seed
collector(7,000 m), 50 collector(5,000 m) for tank culture and 20 collector(2,000 m)
for in situ culture, were installed near Kujado coast from November 20,
1996 to December 23, 1996. At these sites, water temperature, specific
gravity, transparancy, and DO were 105~13.6C, 1.024~1.0262, 1.7~20 m,
and 86~9.8 mg/ £, respectively.

@ Method and Application of Fertilizer : Water depth was maintained
between 1.8 m and 2.0 m. Mud was cleaned out once every two days,
and seed collector were tumed upside down once every four days. While
young sporophytes were budding, fertilizers, NaNOs at 500 : 1 dilution
ratio and Na;HPO4 at 2,000 : 1, were applied to accelerate growth and
simultaneous appearance of young blades. The fertilizer application was
conducted once in two days for a total of three times. As a result, two
to four young blades germinated per lcm rope for both in situ and tank
culture.  Without fertilizer application, germination of young sporophytes

was poor with an average of 0.5 per 1 cm rope.

C. Cultivation and Production

1) Cultivation

(1) Cultivative System

Fifteen set of long-line ropes(1,500 m) were submerged for a total of
146 days, from December 24, 1996 to May 19, 1997, after an area(1.0 ha)
near Kujado coast was approved by Chollanamdo government for an
experimental cultivation. Polyethylene rope( ¢ 16 mm) was used as the
main rope, and young blade length ranged from 0.5 cm to 1.0 cm. Seed

strings were coiled around the main rope, and were differentiated by three
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different attachment densities, more than ten young blades, five and less
than one per 10 cm of the main rope. The main rope was installed at
four different depths, 20 m, 1.5 m, 1.0 m and 0.5 m, in parallel direction to
current created by flood-tide and ebb-tide at four different depths, 2.0 m,
15 m, 1.0 m and 05 m.

(2) Environment

Water temperature, specific gravity, DO and transparancy were 8.3~
1547, 1.0260~1.0267, 9.2~102 mg/¢ and 1.7~20 m. During spring tide
period, current velocities were 0.9 m/sec for flood-tide and 1.4 m/sec for
ebb-tide. Ocean depth was between 16.1 m and 20.5 m, and the bottom

of sea consisted of mud and seashell fragments.

(3) Growth and Harvest

@ Growth of Thalli : Growth of thalli was poor showing mean length
growth from 0.5 cm to 10 cm(mean daily growth of 1.5 mm) in a total of
66 days, from December of 1996 to February of 1997, and weighted 2.0 g.
After that period, growth accelerated, where mean daily growth was 23.3 mm
until mean length of 8 cm in May, and daily weight increase was 34 g
until mean weight of 2749 g in May. April, in particular, showed the
highest growth with increases of 100 ¢m in length and 200 g in weight.
Cultured wild sea-mustard has advantages over natural ones due to the
fact that natural ones are less exposed to the air than culture ones. Mean
length of thalli and sporoph&lls were longer than those of natural one by
20 cm and 3.2 cm, respectively. Growth rate of cultured thalli was
superior to that of natural ones, while the longest pinnate blade measured
at 4 cm, meaning cultured ones retained natural wild sea-mustard’s

characteristics.
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® Harvesting per Attachment Density : Low attachment density
part(less than one per 10 cm of the main rope) produced thalli with less
lobation, wider midrib by 2.2 cm, thicker midrib by 0.8 cm, and longer
sporophylls by 45 cm than natural wild sea-mustard’s thalli. Thus, wild
sea-mustard from low density area did not retain natural wild
sea-mustard’s characteristics. On the other hand, high density part(more
than ten per 10 cm of the main rope) produced ones that showed
characteristics of natural wild sea-mustard. Therfore, in order to culture
desired wild sea-mustard, high attachment density is a must.

® Harvesting per Depth : When total length of thalli was less than 10 cm,
05~20 m proved to be the depth for the least existence of harmful
marine organisms, and where budding of young blades and growth were
excellent. When total length of thalli was between 10 cm and 70 cm,
0.5 m depth provided rapid growth with short distance between sporophylls
and vegetative thalli. After thalli grew to be longer than 70 cm, 1.5~ 2.0 m
depth provided the environment for narrow lobes with deep lobation and

hardness which prevented aging.

(4) Maintenance and Harvesting

@ Maintenance : Due to strong wind, waves and currents that are
resulted from open sea location, presently used equipments were reinforced
to prevent loss of anchors and floaters, which occurrs frequently. Lost
thalli were not replaced, and removal of epiphytic marine organims from
thalli that were shorter than 10 cm was conducted on a weekly basis.

® Harvesting : 250 kg and 500 kg of cultured wild sea-mustard were
harvested for sample tasting events during two separate occasions, fishery
business guidance/explanation event on April 4, 1997 and Chindo's
Youngdung Festival on April 8, 1997. Through these events, possibility of

cultivation and superiority of the cultured wild sea-mustard were explained
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to the public. The cultured wild sea-mustard were harvested in six times
from May 2nd to 16th of 1997, totalling 2,080 kg. Cultured wild
sea-mustard can be harvested during April and May period which is two
to three months earlier than July and August harvest period of natural
ones. This i1s because artificial seeding of cultivation process allows
acceleration of vyoung sporophytes’ growth into young sporophytes;
whereas, the same process in the harsh natural environment takes much
longer, which results in appearance of young sporophytes in March or

April of the following year.

(5) Epiphytic Marine Organism and Diseases

Epiphytic organisms were Ulva and other seaweeds, but when thalli
grew to be longer than 10 cm in length, attachment of undesired
organisms disappeared where attachment density was higher. Very little
Ceinina japonica, which belongs to Amphipoda, was found around roots,
and Copepoda was not found. No other diseases were found, which is due
to the cultivation sites 'geographical locations’ consequential harsh natural

environment.
2) Production

(1) Transportation
Harvested wild sea-mustards were put in bags and transported which
do not allow light to penetrate, and sprayed with seawater to prevent

deterioration due to rise in temperature.

(2) Drying
Transported wild sea-mustards were individually placed on drying

racks to form a marketable shape. The racks were placed on 30° ~ 45°
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inclined slopes where there was ample sunlight with good air circulation.
They were turned over three to five times daily, and complete drying took
two days. All of harvested wild sea-mustards were dried from May 15th
to 10th, and a total of 40 moots(l moot = 44 kg, dry weight) were

produced.

(3) Storage

Dried products were stored in a dry, cold and dark space. First,
boards were laid on the floor and the products were stacked in cross
paths, then enclosed in vinyl bags(W: 5 m X L: 2 m X H: 6 m) which then

were covered with large blankets.

(4) Sale
The basic sale unit is one moot which is made of 20 long stems of

dried products, and they were sold at an average price of 92,500 won per

moot.

3) Economical Evaluation

(1) Analysis of Sea-Mustard Culture Business

From 1 set installation(100 m long-line rope), 25 moots of common
sea-mustard can possibly be produced. Price per moot is 20,000 won,
thus, the total sale from 1 set is 500,000 won, and production oost is 194,040 won
Therefore, net profit is 305960 won. For experimentally cultured wild
sea-mustard, 15 moots can possibly be produced, and total sale from 1 set
can be 1,387,500 won(92,500 won X 15 moot). With production cost of
259,637 won, net profit is 1,127,863 won. Comparison of net profits from
the two different types of sea-mustards, difference being 821,903 won,

shows superior added value for the experimentally cultured wild

sea-mustard.
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(2) Suggestions for Improvements on Business Management

In order to increase income from wild sea-mustard culture, stable
production of high quality product is more important than production of
large quantities of no-so-high quality product using large production
facilities. Also, there is a need for selecting more highly valued products,
hybnd breeding, and utilizing inherited characteristics.

There is a need for continuous efforts on public relations, direct sales
with end users, and diversifying product types, in order to promote and
increase domestic market. To achieve this, more efficient cultivation site
management is needed; this can be accomplished by adjusting cultivation

sites according to location and product type for quality improvement.

2. Suggestions on Maximum Use of the Results of the Experiment

Development of cultivation technology, which revealed biological and
ecological aspects of wild sea-mustard, made it possible for successful
artificial cultivation. It is expected that establishment of cultivation method
will vitalize culture business near the areas of wild sea-mustard’s natural
habitats, and consuquently improve local economy.

It is possible to culture wild sea-mustard only near Chindo area where
waves and currents are strong, and lacks man-made pollution. Wild
sea-mustard is helpful in preventing human diseases, such as hypertension,
diabetes, over-weight, and afteriosclerosis. It is also good for improving
blood circulation in women who recently gave births. This product will
eventually be valued more highly as a result of being recognized as a
natural health food.
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A. Accomplishment of Technical and Economical Goal

The experiments, which throughly investigated natural habitat and life
cycle, became a solid foundation for making artificial cultivation possible,
by succeeding marine culture and tank culture which was made possible
with an aid of a cooling device. This successful experimental cultivation
set a foundation for realizing long 'awaited dream of local fishermen's
desire for cultivating wild sea-mustard. Fishermen can earn up to 120,000 won
per moot(average price of 92500 won), and low income fishermen from

remote islands are expected to benefit from this.

B. Possible Use of the Experimental Results

Near remote islands which are natural habitats of high quality wild
sea-mustards, lacks benefits of electricity and land base culture facilities.
Thus, tank culture method proves to be impossible for the area. However,
the experimented long-line rope system method is \}ery simple and
inexpensive to implement, and is considered to be best suited for
cultivation near remote islands. Since this cultivation method is a
reinforced version of existing methods, it can easily be implemented and is
considered to boost local fishermen’s income.

But, it is possible that cultivation sites are limited to remote islands
around Chindo in order to produce wild sea-mustards with similir, if not
the same, quality and characteristics. Therefore, to produce better quality
common sea-mustard, more detailed study about inherited and

environmental factors are required.
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A
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E 1 SEve ngga Al 2 AiE g
Table 1. Production and facilities of wild sea-mustard in Korea from
1990 to 1996

Year
1990 1991 1992 1993 1994 1995 1996

Installation

225,628 211,121 201,721 181,700 167,714 149,289 123,094
(Dae’)

Production

328,373 320,906 301,294 294,548 305,350 298,439 215,357
(M/T)

* Dae : 100m of long-line rope

v 9 (Undaria pinnatifida)& #5342 ©AntE(Laminariales)e] v
HH(Alariaceae)ol %3t= iy Zz2F2 ¥y S e FHEQIIDE
Undaria pinnatifida f. distans MIYABE et OKAMURA, Undaria pinnatifida
f. typica YENDO 2 Undaria pinnatifida f. narutensis YENDOS] 33X &0 3
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| Zolst FE} 239 HUE, IAPY FEF9 A FolUh
ay ol FFo] FFU Ao JYeEUIIE A 2 308 T oY
o2 Hole AX Wol EE(1960), mEE - FA(1962), 0 %£(1981) A4

874 ztolo] & W3o] AHE FAC

ule] e 3 FAo] M AE1952), BA - BKLA19BT), #6)i1(1962),
A H(1963), #KLL(1965), Chang and Chang(1970), B&(1984), &5 %(1989)2 |
Eotd B2 AFAE s dFML HA

A7HA A7 EE $ELE 5~690] UdFHoE AP GHA)ANAN B&

= TS FAl RAAA FxudA @t 9~1090] Hlthe
7ol A& F FA s

Ax 244} Evg(Yd AE$HS AEF 25He 2
EA AQY g AE oo F5o JFL @o] wm
7F B e T 4 - EEY ngol g I &
ata gl

EF EU9L AAFTFS ol &F BT HIAEoz gua
F712(Z%, <, #), 8t (vitamin A, B, B;, C)
Ao & %-?—%*P(glutarmc acid), ot 3} 2 E 4H(aspartic acid)
Heol o] ulg=e B o E0]9 S8 RARH AP e
or, didle] ¥, B, B wHF SUASS A oue
o A A steu 5747} ‘i‘%ébﬂ H AdAe #
FoA WA O A3 g 1 Qo A Enjde AZ AUt

deog Af oA
7t 38 ek&

Z7
TEHS FA A4

—r*ﬂS Holx glo] gFo £28 wax Rstn glo] ¢4 %.&é
é’éﬁl 2353 4.
mEA AEA Ev]ge) MAx de zALE $F AYAHE P,
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AFFE AN F FPAY, 281 £94 BAHE 48 A 24 =A
ol e dFz e #E F & Ue A& EvY Y4 Tes

#yaq s
AEAET e 42 72aT
AA 2 Augs 47
AT FE 44 Ad
AN 2§ SR 7hol 4] AA AR 5
FH L AFLVAY
F 4 2 AE AN AAA £

g 1. 298 FA7]E Y dAd FAE

Fig. 1. Overview diagram of cultivation technology
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N 23 A S0/Ho MBEE J|ZHP
A1 AE B9 44 L sty 97
1 g ® 9y

2o A8E EPFE Ad IET 259 SAZEYID, I5=E(F
of), SAd FAE(EIE)GETAA d 1, 28 dzA At e xAl
713k 19963 1€7H 8973 AAlstden, A AlRE ofolxutxo]
Yol ddd2 st de ® F9d 4SS SAHSAHIY 2). I
ARG B2 R A8 oZ 8 H ey 548 A8, AgH
Ao BAE ALY f1Ete A2 5979 #EE FAF RAsAT

2. 4% 92 3%
7h X 9 A}

NE |

vl Pels AS3D Ue NGy F4, £, 2F 2% #3zA9Y
AuE wodM o AL ik ER(1915)E Undaria pinnatifida £. typica
(&%3¥)9} Undaria pinnatifida f. distans(2%3)9] 2¥Z o2 Uy, o
4 ZlEel @ AL E7] Hols FE A4z HYE, ¥APY FESF
st A Foldeh a8y ol FA EF3 49 YgUrE A 1
Y B oJYFE Bole AT Bol BH(1950), higk - hA(1962), B0 %(1981),
BB F(1981), Lee(1991) A4 &7 zlolo] wra Wslo BAS FUrh

Ax 2Ad E79 dA9 Feus $AAQ 75T TS Gtk )
A FeAYE TS d3A (AR 1-2), dHAR) 8 cm A oA
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a9 2. AR V99 HH,.

1, A% 2, £7140]; 3, AUEE; 4, AUNAFHY 7]FALelg Ho); 5,
FE23 439 HAAE; 6, T5F; 7, TAY Zo 8 TAY &9, 9
FA3} TARGALele] Ael; 10, 59 FA; 11, 7HAF-9 Zol.

Fig. 2. Dimensions of the thallus of Chindo’s wild sea-mustard.

1, total length; 2, stipe length; 3, length of the longest pinnate blade;
4, length between the longest pinnate blade and holdfast; 5, longest
length between basal top of the incision and midrib; 6, width of
midrib; 7, sporophyll length; 8, sporophyll width; 9, length between
vegetative blade and sporophyll; 10, thickness of midrib; 11. length of

available part.
- 5 7 -



dHol FAH7] AFstAX FH Evid 54 dEdq(Abd O-4).
AEA At vjge gAF AA 2go] ddE == AFYolH 83
Yo dzto] @1, AFVE Bx, XAAT Lol olojAn XAE F

E 2~4/olth. ER¥e 27|17 23 99 EFo] An dAFI Hen
ExGe FEFE 6~20/12 Bk ¥, I AL EVFS 4F JA
EY EE IdY I $EFHERES I Jeni(A 1-5)
13 dE gon ¥ANEH dddol dAR ojojAH Jeov A
E2~6702 e T @HEA 5P FHEE vEdD A
(R.2). ol 2& L& AYA o] Ao Ha 4o 1 FH7 A3
o 2771 Za ARV EHE @3N THE A3 Hol dU] A
HERAYolM v XE Rer Add.

o
—
2 A
a1

¥ 2. 9ty nign A= VY FHH £

Table 2. Morphological comparison common and wild sea-mustards

Common Improved Chindo
sea-mustard sea-mustard wild sea-mustard
Color light brown dark brown dark brown
Number of
pinnate about sixteen about twenty-two about twenty-five
blades
Th“‘ti’:;sis of thin thick thick
Length
V:;;\:;:;e long and round short and wide short and narrow
(about 40cm) (about 6cm) (about 4cm)
blade and
sporophyll
Number of ) . .
pinnate many small ripples a few large ripples a few small ripples
(7 ~ 8 3 ~ 5 2~ 6)
sporophyll
Length of short long long
useful part (about 90cm) (about 160cm) (about 150cm)
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Ab Evj(U Ao 259 EAEE FA0Z AH 97
a, 277 A3 &R
7} BA3E 5 A ZS ¥4 Msta
ATHARA 1 -3).
53 =28 dET AT FF9 vge] BE MAstE A9e 99
S XRE ZEE BALE, FFE, Y5, §AAL AR HEE 9EE,
E, i #AxE & F A2 3).

ox 8
ol X

3) AgA}

09 AXNH 2AA 9 @ujFH wl$Age oJPFARRAL e 1d
A = Fol (L, 1993).

EAA(IE 4-DE o2 BRE AFo A4 23U st Hzd B
=8 ube] R QK3 6~797 ’3}719} 7] B2 FEEF 23}
Ho] EEFd EAFo = 2 FHo FFAgo] v 5011]-1— T3t 84
1 (ad 4-2). FF27F A58 530 HAM 3= Bdz 2o
Hedd F32 e 74 ’z} 8 Alasle 793tERE 8Y ZwAlold
HANAE o280 WEd $FA(2Y 4-3)= HYNP@5 x 45 pmyol ™,
EXole 2708 HEE FXEs GEAE 71N Ut FAsd HEEs &
A3 FRE(AY 4922 AU 2718 e o)L Hol@olgtn
sto] ol S AAStE WEELS 0|53t B HEE TEC WolAE
XA Bgog HAste o uteE 2 AXY A A(2Y 4-5 6)2,
OE Wes e AX2 2RV B8 SAuSA(2Y 4-8 92 w2y,
uj 8- % *‘Fﬁi HX‘ Bitie] ohutel] R st A&E AWt} olg weAE
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Fig. 3. Natural habitats of wild sea-mustard in Chindo.
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aY 4. SV G JEAL

Fig. 4. Life cycle of wild sea-mustard.

1, Sporophyte. 2, cross section of the fertile sporophyll. 3, zoospore. 4, settled zoospore.
5, 6, germination and development of the female gametophyte. 6, female gametophyte.
7, egg. 8, 9, germination and development. 10, spem. 11, germination of the fertilized
egg and development of the sporophyte. 12, young sporophyte. a, antheridium.

¢, chloroplast. f, fertilization. fe, fertilized egg. ff, sporophyll. o, oogoium. pa, paraphysis.
us, unilocular sporangium,
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Fig. 5. Production amount of wild sea-mustard in the natural population
during 1993 to 1997 in Chindo.
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Fig. 6. Fluctuation of seawater termperature at Nokjin, Chindo from
1992 to 1996.
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Fig. 7. Monthly high-wind days during 1992 to 1996 in Chindo.
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Fig. 8. Average rain fall in Chindo during 1992 to 1996.
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Fig. 9. Locations of three ecological investigation sites(% : sampling site).
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AHE 3).

¥.3 2AAEE 5% 2 5%
Table 3. Directions and velocities of currents at individual natural habitat of
wild sea-mustard in Chindo

Flood tide Ebb tide
Natural Tide Velocit Velocit
: . . €I0CILY . . elocity
habitat D ti Direct
trection (m/sec) wrection (m/sec)
Tokkodo P& NNW 14 SSE 2.0
tide
Chongdungdo S‘t’;zg NNW 1.3 SEE 19
Kujado SPHNg  Nww 1.0 SEE 16
tide

3) T4 FHx=

ZARAEE Evg AR FAL 80~260m HYE YutelA FAHAL
g o]F3 UL, FPEE 16~20 m2 H 2 g9t 2+ zAA A4
B AL ot TTHE 4).

E 4 E7g MY HEFH 2 Fys
Table 4. Depth and transparancy at individual natural habitat of

wild sea-mustard in Chindo

Natural Flood tide Ebb tide
) Tide Depth  Transparancy Depth  Transparancy
habitat
(m) (m) (m) (m)
Tokkodo spring tide 26.0 2.0 195 18
Chongdungdo spring tide 18.2 1.8 12.3 1.6
Kujado spring tide 135 1.9 8.0 1.7
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sto WAz Aelgst A Ao @ FAVA(=E, 27, 5L,

HE, ol g dsdte 385 FHE AA olEAZ Holstd A
et 3€ FhollA 48 2ed SAERA THe T AAR FHsie AL
ok 1996 49 4Y AT =(FANA EF 03~08 cme] FFA T 3
HASG AR 1 -2).

e
o £ 8
AW

1) AR E
A7t EHY 4YRE FU7A 794A 2 2ANWE HFES 23
SATHE 5).

E 5 Ev9d MAxY 98 PHF AAE
Table 5. Monthly growth at individual natural habitat of wild sea-mustard
from April to July 1996 in Chindo

) Month
Habitat Growth
April May June July
Total 02~07 27~63 221~475 95.0~1420
length{(cm)
Tokkodo Wet
. 0.1~0.3 08~16 125~30.2 1106~161.3
weight(g)
Toal s 09 26~68 225-488 104~162
length(cm)
Chongdungdo Wet
) 0.1~04 07~18 126~31.0 120.1~1723
weight(g)
Total 05~1.1 35~86 26.1—492 103.0~160.0
. length(cm)
Kujado Wet
) 02~05 09~20 132~31.2 1195~171.2
weight(g)
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Fig. 12. Growth of natural wild sea-mustard at investigation sites.
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Fig. 13. Amount of released zoospores of natural wild sea-mustard.
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2aEsd glo] Eu]de 2FAFo Fov Ens Astn FI A
e Mg £7Fe g4 Yo, dAF L2 900 cm’d 8~507H A7}
2aASAN, FY FroAE BAYs] ue} vjde] Fe zpo]s YR Fo}
2 4 A9k 1-3, 4).

Ev|do] At G Evdo] $Hsn YNoY, ¥ LEJ} RL
ZAME %Z2F 3%, 22F 4%, $2F 1130 B2IUY. o] & FxH
4323 (Family Corallinaceae) $E°] ¢d3atx JAon, iz a3
Q SHz2Ee BN Gutdl BAH ] YERHE 6).

.6 =09 AR HAxHF EXY

Table 6. List of marine algae species observed at three localities

. Locality Tokkodo Chongdungdo Kujado
Species
Chlorophyta
Enteromorpha linza + + ++
Ulva conglobata ++ +
Codium fragile + +
Phaeophyta
Pelvetia siliguosa + ++ +
Hizikia fusiformis + + ++
Sargassum fulvellum ++ ++ +
Sargassum thunbergii + + ++
Rhodophyta
Porphyra seriata +++ ++ ++
Porphyra suborbiculata ++ ++ +
Gelidium amansi +++ ++ +++
Amphiroa dilatata : ++ ot +
Carallina pilulifera +++ + ++
Jania ungulata ++ ++ 4+
Marginisporum crassima ++ ++ ++
Calliarthron modesta +++ ++ +++
Gloiopeltis furcata ++ +4+ +
Symphyocladia latiuscula ++ +++ ++
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Fig. 14. Overview diagram of artificial culture of wild sea-mustard
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EAAYE ¥ 200¢ nFE7]9) M5E 23AE ¢ 4L F 58 A
o FFA7F AF BEHY ARsA. olg Algd 1 =
e 34, FFHE ARANE 1S A9 M-2).

BEd A7 YERZ 23 25L YUY B3] Adu ¥4 njd &
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Ao AZANAY Bl % E% AE: AY =A& gol FFA Az
o] Bigtth ol9h 2o WRL AN BAol FAst AL 2Fs w2
S57F sy WEol Aol $UA PN ReEs] WEQ Rog
BaE,

$A% HAE TAAT ofolxnre] e TAAL WEZ KT A
sty SFA Ax 08 A% F Ae 1000 140k FFA
Ag ANG ZolA 10044, $AE AN @R ofo)AdriolA ul
Aol fEAde Axd ZolH 00MAZAH ol BY B opy

o = FEaAT olm £ 45 YAE o) vde] E AL A
Fee 210~230CE #ASoH, 258 FHHAE FFAF7)
7 9ol EAQEAAE AT AREC] $F24E FASA.

¢

==

il
A

fe W

jad

op B U
nigk

27

4) A =H

Azd FFAH(E0Z 1008 1A10kF 52 100~20070 3 &<l)el} Fu)
g AEES ¥ 408 AL ZAHH Axd FFAAFTY FFA7 dnF
1008] 1A10F 207041 wto g2 #RANZ, FF27t S83] Fitd Aoz @
et MFFEE FHAY ABAIY 22 &S ¥4 21.0~230CE FA
SFATHAR II-3).

7 e

19969 79 319 A Ev19 AN AEZ oUW FAE Yutciol
A FEFE F 505(5,000 mE MR}, 8B A (60x100 cm, F7
0.1 mm)ol 794(405 cm)& 5~67 EX FFE £33 AEEL 1744
FRUF V559E 18 mol fANA dsFaiaen B,

) s34

1996'd 74 31943 89 4%, 23] FA A= A At SAulGA
A F 150&(15000 m)E ME3}Hct AMBEL Fxo 1544 192 8%
< 2Asa 288 dislg s HASHT WAZAN AAE WG F
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z9 $£28& 210~230T WY E FA3¥.
3.8 ¢

Eu|ge] FAol ¢ cTHAYAM EAG(MIFH) Zoj7t 3~9 cm
Mo g~ AMg we AL Ao HdEsid

532 & AYAE Holt 19%6d 7¢ 31¥ A=T gAY AR
(3t%) ulthollA 50 kg, 8¥ 4¥Y IA=T £25W SASCGUHID, IT=(HF
o)l A 2z 75 kg¥ F 200 kgS FEIGAY. FEI TAAEFEH)S E
&0l £ ofolxutxo] Yo AMBFATLA] EukstH
e AP YT) 100 kgs TFol F2 SAAA 1A T 2
T2)7]1E st

FEARE AAL 29 AR A= GAE FAE dutddelA 19%6d
74 31Y 2AEAT. FFAE EAFE sligol ¥ 58 F g@dEol A
2t o] 258 7kA dw7 1008 1A10kF 100~20070 A 7F ek AzdE #
Fatdo] Fuld XNEEE ¥ 08T FFAE EFAo, ol £ 4
s HAE Al €& 848 210~230C HAs

S-S 19969 749 314, 8Y 4Y 280 A AET AW Al
SEMF YA dAsA $A4FAE EE35td 21.0C WY F2& #3
g A Abgsded, 5 WE 2 AR e 3G 5 108
(15,000 m)e MBS AT

f

rm

(o]
ey

il

il
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A 24 2w A Y

TR FS 19969 7€ 31YNE 1Y 23U7A F 116YU3 AAls AT
WEZ1HE 712, 2, HF, £E2ALD0), 25 2 FHEE ZH3A
FEMFE 4E8H 2527 AL e wAs7]) Ystd W2 (35 HP)
1RE 24 9t 28n SAMIE 1505(15000 m) L FFulFE
505(5000 m) ¥ 2005(20,000 m)& WY 7|F A7IEE §F: Ry
oA, olEAMFE dulZ 10080 120kl A ZAMste] Ank xpoduj oFA) 9}
Hial 243t

L% < ) s LT

D 3 F
7h 84 A v
FHe o] Myas 24 A AGdEs ArAde] UL wt o}
Het 436G AdE glera M YRS 883 SA4uYe B
Satth O, FENEEe NdB R ARES Y1 A+FsiAoz Bl
T WHeE Bvq Ad AMxMe 01%35}733_ %%6}@1 HEFS HA3)
|

ro oZ
-0,
%
_,é
™
=
é

< 8 9¥ A= 200~236TEA WA HFS A
Fm FEdeol UAE @dtth £80] 00T HFHE 109FAE W)
A7 legu*,—-}w; FHE o|RAHA Ygtom, £20] 170T oldT %
she 11850l WAzt 4% FRs0] ofEAZ wolsylo
1023~1026% 2o} %ol A@stach. SEV2(DO)E 82 me/ !
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ooz FHT FHILY, FHEE By ¥ 15~20 mAloldh

FE 7. FFHEA AFZ8A
Table 7. Environment of culture ground from August to November 1996 in Chindo

Ocean environment
Air Water

Month Specific D O Transparancy
temperature temperature ravit (mg/ 2) (m)
() (cy By
Aug. 252~259 20.0~235 236~233 82~89 1.5~2.0
Sep. 20.3~204 236-~21.1 231~233 82~88 1.6~20
Oct. 192~126 21.0~172 234~250 85~88 1.7~20
Nov. 142~ 84 169~124 25.0~26.0 88~9.2 1.5~20

th) s gy

09 AAMAA EFA MY FFUFE 5055000 m)E H
(60x100 cm, F7 01 mm)el 798 (405 cm)E 5~6/18 1 F5X
25 ANBEES T8 degsidoz BYsHEA 150 & MY
AAN F1 &Egolg vldEAE A Y HAIR M-5).

ol A3ty AHE AE5F HEL IS Ue A9 Hx e
o, ¥ 84 T FPEAHUA 18 mAS FA%EY G YEE Y
A7z FUE AASH FA

L

2

3

ﬂd
il
oy o

ys

-t

oh A3 2 ol

1996 79 319 FE 119 23U7A 116Uz MFe A sgon )
FHPL g Pk HLBEE o83 Fe A FRuPRL f32x
RARAE du|gor FAHAYOY, Aol Ao wat gz W m
2 owMeR A AEHE " BAY 5 000 olTAS AXN £93
a2 Zatth ol FEst AT Hol wat RzLoA wolstx] Zatm Abg
= Aoz W@
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ey, BidBFE 0] 8 FFMIGES AAHA 4SS Hd AR 149
A% F dnjz &< A 1008 1Alokd 4~8HA, 3098 A#HF 3~678A,
60¥ ZTF 2~57A 9 WLAFE I £ AMen, 1F 1004 B
119 79 wWeAZt dsstd FADAN =LA SS &0 AU
a%F 790l A 119 14U V@M o2 ol EAJt 2d87] AFEEAH.

2) 4w ¥

7hH w g &

YAFAE o] & SYMFS nF271Y 8~9¥ FEd WY F2&
21.0~230Cel st3o g en, 2374710 10 FEHE EF 729]
230T olatz2 3st3atr] wiol ¥z7) A5& FAsto dutsfjy 2= %
FAHALY M-6). 74522 AddfsF £2 245~266T BT 24~367T
RE 221~230C2 243t wigstAdeh G 255 12:00~14:009 =4
FRNeY, 2EE F2Wste we} A Ao Fxo HAo Y HAF A
dE A3t HFES 1.0224~1.025322 Ao Ao, L&A
(DO)= 74~81 mg/ ¢ & FH-3AHE 8).

E 8 F4uYgA B7
Table 8. Conditions of tank culture of wild sea-mustard seed collector

from August to November 1996

. . Culture with natural
Culture with cooling system

Air sea water
Month  temperature  Water Specific DO Light Water Light
() temperature gravity (mg/ 8) dencity temperature density
m
() Y w0 @uw)
2,000~ 1,500~
. 265~252 212~230 23.1~224 75~80 24.5~26. ’
Aug 3.0 23.1~2 5~80 1.000 5~26.1 400
1,000~ 500~
. 254~194 226~230 225~230 76~80 .0~ 26.
Sep 5 9 6~23.0 5~23.0 7.6~80 2 26.0~26.6 1.000
2,000~
Oct. 195~129 220~171 229~250 74~78 2000 22.0~171 3

Nov. 142~ 80 174~136 249~253 7.8~81 3,000 174~136 3,000
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) si gy

e AZEAYE $FZ2(0U8 m X 6 m X 1 mE AHgsgen, A
BEE 15708 192 8%FS HA39 F 1205(12,000 m)& F&33dth Ay
Fe HBE S & 2o Hx F&319 wId3ldd. AdFe g=
T 20 250C7 H¥ 25 & 1,000 lux AE HEE dFo F3 7~10¥
Atolel 22 & 1/24 Y 3o Fof 260T ol4o] Edols 500~400 lux®
2154 F&o] &dFstE 10~11¥s 258 IFHs] 9 2,000~3,000
lux& A8t

YAFAE o] &8 vYTEE 8 98t w$Ad 4SS AHE n8sty
Z£EE 1,000~2,000 luxE FAst #FeEdHen, 10, 11¥€9+= 2,000~3,000
lux& FA3tq BKS £

Edole AME 74 FHE A x76dE 19 0537 §A39e
o, #7191 14 1-38"d& fA&AL. Able ofxAst 9% 2da= 11
4 13¥¢5H 1597t A& 33o] AA FAYEF(NaNO; 500:1), #2204kt
E &F(NazHPOs 2,000:1)& sligoll & 843l ARES 1587 AA § o
Al vl F sz WolA wigsdch

AZE HAAZIE 2% 1,000LuxDd 10¥9) 13], 2,000~3,000 luxd m=
5ol 13 HAJs4.

o 4% g gobs

1996 74 3147 H 11¥ 2097k $ 113U Wi FS AAstgon, b
FAFe et 2ok 79 319 ARES] B 434 WEE dn 74
¥(27) 8~9 ez AYoni(aY 15-1), 89 29 FAAY BF Bo| 55
& FolB (37 14 m) FHHAHAY 15-2, 3). 89 49 AME Y§
go] Wolwg ol B HER2 o|F(27) 19 m) FUTHIY 15-4),

84 8Y olFale] $E R¥ol Us AAW(AI] 25 m), Mo HyMoz
Asts JeEBithad 15-5). 89 139, AMTE A& AHAN 27 ojgos
d Acl wol YEIRTH2Y 15-6). 89 249 AMEE 4~7/) AEZ ¥ Iy
Ao el Frol vehi
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SRS AE AEA 2L dAR 24 HAeH AGueAs 27
2 Bdsld FARTg 24AE A old Avle ¢3e] 8~10 m, FHO]
4~6 mm R=ATHIZE 15-7). 99 15Y, Agul¢Ae F8&(27] 4H5~56 m)

< d&gs Ach(ad 15-8). 11€¥ 139 dn|ZEH o2 olx A/ MFez &
#3}7](27] 200~260 im) AASFATHZE 15-9). 11¥ 16¥ otZ A7 b=
283%2(27] 250~320 m) FJ3Aom(2Y 15-10), drjF o2 FAYE
o 1008) 1210 1~3704 W2 veldon, 119 208 F 7ol & AAlst
o o2 A (2d 15-1D).

g WARAE o4 WP AAAFE AT HFR THIA
FEs) B An §32 23 dAdMEs B2 aelg RolA oy, a
e HEFEe FAF ol dAM 25T FAE £X2BE LolE X
Z3n iy g5 Aoz Yepgon, meAz A3 AL FHE AA
ol A3 st oyt =t F3] Rol FR2ZA M7 YATHE. 9)

olg} L olfE FFaA EF dAldM FE AdMAAYgE 5C Fx9

.SL

=

R

A3

i

b
Iil

14 FAZ {54 A st e PoldAldA tiF B dido] do
g RAeg Atgdd. e ZAdA Ev9ge EAF(GH)S E8F $4

E 9 S4wG 2y
Table 9. Result of tank‘culture

Number of Number of Number of
attachied zoospore  gametophytes young sporophyte

Culture with
cooling system
Culture with
natural sea water

5~10 o~10 1~-3

4~ 8 05 less than 0.1
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& SAuY 2 FFHF Foyg Hu

(1) Sl
O & A :- F4A Aol o]Fo4A #H27t &olot
- OLEA A dHFEAol dot
O 9 A :-dx9 vy % WG A Ado] ozt
- A71s § #Hlgo] Wo] &Ao"
- A =MME sjgo] 7t

(2) =Ful %
O & A :-dxe wjga|do]l o3ta gt
- AlAdRo] ofg dste HE37F gt
- #2jHl g H AjAdu] o] HA L2edr)
O H:-ddAdez st EHsd
- obE A A hF Wolr} b uFj)
- AAMAZR A2 A A g sHEEo)

Fgolyt F#30Y 2F Faud A3 sy, ¥AZAE 84
& SAGE FHolm Bt &l Bold, WY L WA 3
ZIRkAIE Bl go] Bol AgHT KMol Aot s wiFE 1005
(10,000 m) 71& <oF 300k o]Fel wlgo] Agdct ey, ST
Hxo] wigAldeo]l Yoz ol 407U Hxe He HLozx wiYo] 7%
sttt

o2t A MR AZA G vdBAE &8P FENRS
AARGE A 2AEA ofdRlEdAE dgAol & FrHe wPoez
BE AT
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o 8 o

FFTHFS JA=T giAdE FRESuichA 1996d 7€ 31U FE 11¥
234 7tA F 1169 HAAstgTh. o3 #H & $L0] 124~2367T, v F L
1.0231~1.0260, DO 82~92 mg/¢, $9 %=+ 15~20 m3id}.

FZHEEHLS S JAE MAA EF AHAA ¥ D8F(60X100 cm,
574 01 mm)oll 7+38(405 cm)& 5~67] £ FFAE FAT J2EL 144
TE3d AdsFIA 2R 5055000 m)S WFsith BPE 1FLd 3
H AEE R Bldd FAF RUE AAH Fu &44d 8dBEE 2A s
o FAoy, ojnf ASSFHAE @A FEEHY 1.8 mE FAFAT

Ad FEFES FxUFe gt ul A AF AU oA g
T UN2H, ok EAE AX FrgststA R 2y HdEFEE o] &%
TEHYL AEF 149 AASE FulF 1008 1A 4~870, 309 A &
3~674, 60d BF 3~57A 7 EAHYew, 2% 1009 A4 119 7Y
de FH3E AA 47 X AZ Polste 5 WY F22

SENGFS J=T JAE A S EFoA 19969 7€ 31U 2 H
1149 204742 ¥ 11347 HAlstden, ¥4 @881 1205(12,000 m)3}
Adde FEuY 053,000 mS ¥y AT WAFANE 8319
8~9¥3F 9 & 21.0~230C, ZEE 1,000~2,000 luxE §A3tgony
T2 1.0224~1.0253, DOE 74~81 mg/ L Jot. AAsSG vige §-20] 45~ 66C
ojeH, TEE 400~3,000 luxE ZAsg. 102~11¥8 $231 3oz
a2 7he S FUstan Adsls £29 136~220CE S84,

10~11€¥9 25+ 2,000~3,000 lux2 Zdsga, Szdol:= 19 05~33]
< @t ed, Anle WA FSAF ofx A WolxL YA AAY
E §(NaNO; 500:1), #1243 E §(NaHPOs 2,000:1)2 1527 A3t}
ANEE FAM7IE 2% 1,000 luxolAE 1099 13], 2,000~3,000 lux o
5l 13 2dAadth YA E &8 24~36T A I oA
T2 B3 2w eA Aol Fzsto], ol 100 1A oFR 5~1070A)
YEHHA R, Ada g ol e 3 R35E 4~8032 Rgoy,

ue e rr
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wo} wA N % wetsted 05704 vlwg vhEhdch

SHEA WoliE @R FuAdAE 3~6AAT B W, AAs
S ool HE 0LAA MRoe ARt A4 Sulge] EAAL BEY
SmFAclE WzRAs B4AA Ao e

2. 7kol A Al ¥
7 g 2oy

19961 1149 209, 119 23¢Y ol&3 =T Ad FRE vt A &
AR 505(5,000 m)} FFuYE 205(2,000 m) £ 705(7,000 m)E 7}
ol A sttt ZlolA A @7kEN FE, v F, FEE, £E442(D0) § AF
B73& AU oY, ok A HAE H3 ABE AASAG. E=F stof 4]
WY Fgtol JHE ZAMSIATH

4. 2% 2 0%

1) kol A7

FEAA TAFE o ofx A wolst AL FRstm, FAFe
B0 HEA717] A BEAL AIEE &7 He stola g A ]6}711 5 &
H, #2422 & 7ll4AZle Wite A9E 200C A%, 98 Aee
170~180T7F #7122 WMk o] AFA 092 vjFS 8YFE Az
St7l AEol wiA A, A L ol XA Wold 113~116Y AHE 428F
of ma} F20] 136TE 373 19969 11¥9 20¥, 23Y 2Yztel A=A 7}o)
A& AASAT. olm otEH o A7E 260~350 molA L, sol4szhe
30zl Ztoj 4ol Edwo] FHEZ7IE 5~10 mmyPTh
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2) 7tolA g & o387

7toldl A4 AEF AW FRE gulge gajo] Rt o} =
Fr 2%2 FoU FHE 2ol FuUrt gol ARt 2HLE Ao, A
1422 XA 7told g AAFozA o] AN U9 ALY, Hx
B T Ado]l glo] Floj Ao & o g AN

Ztol Al Aol oFBAF L 0] 105~136T, v¥F S 1.0254~1.0262, &1
5 17~20 m, DOE 86~98 mg/ ¢ & Yl

N

3) 7hol4] Wy

AeFotd A AFol AMBES gty olw MuE gt mE
HNEo] vbd Fol A7 ¥A F9 A oy F2e xUld EHA
¢ 18 mE FASAL, 2F HRHoE2 $3& ¥d 7104 FrdE 15 m,
L7l 1.0 mAE fA8ATD. By 29707402 AANFYL, 49 A
o2 ARES A, 3 mAste T A3 BAE AA Y.

4) A8l R fFdo}

7relHF ob XA Z7] FotAl A £ P #99 YA WP 2EL &
58 FHos SAuMGE 3053000 m), FFUYE 105(1,000 m)<
B & Atz Ue] 30&(3,000 m)& AWE AASA] Yt AlHlE AR
ol #33] ol F JE 2000 nFFo] AANYEF(NaNO; 500:1), #129]
AP E & (NaHPOs 2,000:1)2 a5l & 8Asle] ARES YW1 1587 A
F oA oigstic

Alale 9 WHoz 29d7Aog 33 AAsigen, AuATG SAuj
= R FIHFE F8] FAF 1 cmT 2~474A 9] fo] wolsto] slo]A A
Mol ¥z, AHlE HASHA ¥ 305(3,000 m)e Fuye Rato] 4

¥t olyz}t o XA Wolr = AL 1 cmB 0570#) wivte g Azsn #
4z F3Hd.

Al
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5) Az 58
HE 54 2707 A ge 4z Surstodol Ass] wEel A
zo 48 ANBHEL AYF AES A3Fo slobAE €& g w2

7hol Al Al7]= 1996 119 204 % ¢ 11Y 23¥7bA] A=T 4Ald 72
T gujohol] S ulYE 505(5000 m)T SFulFE 205(2,000 m) F 05
(7000 m-& 7tol4] &t} 7holA% o1 F#AF-E 4-20] 105~136T, HlF 1024 ~
1.0262, ¥9 % 1.7~2.0 m, DO+ 86~98 mg/ L oAt}

7bolA #3 L 18~1.0 mE fAGFHoY, FUE 2dA2 AAH
AL, 4dA o2 HBES 482 2 gt} ol XA x7] dolr] AFE
2 FEY dA dF £88 98 AU EFENaNOs 500:1), A204h+4
F(Na:HPO4 2,000:1)& 343t AlH1E 2 A 2= 33 AA3IH ).

O A S4GE 2 FEMGEE T3 FA 1 emT 2~4MAY Rl
Holstglch AlHE SAAE dRFAME DAL 1 cm@ 05704 vwte =
dholgo] ) zstrh

m ey
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A ad =0/9e &Y A NSYLt

1. Alg 92 uby

1996'd 12¢ 249 F¥ 1997d 5¥9 19¥971A] 0|9 GAANFLE HAEY
th. o] FAANAHELE JAEF id FARAE guitde]l AlY - mFoige
1.0 haoll dis] AGxE2 FE $AL do] 1501500 mE dsFstaez

Nt

ARy oFBRL ZASALH, $5U(FA 20 m, 15 m, 1.0 m,
05 m) 2 FAYEP(AS 10 cm 71Z 10444 o4, 545 W, 1A4A o
RE o E(W4)S A e ZANAT. APEE L FA P
AAZF(EZHS 2ASGon, 44F, 2242 Hs) T4 5L =
Abarsie.

2. 4% 2 3@

7} GHRY B3

o

D =

& & < 83~154T HA=Z, AEAZIY 19963 129 24Y ]
T 105CHed, A 83L& s 1997d 2¥0l€ 83CEA HAXE
e ol F &2 oAl FFdte, 19979 4€¢lE 116TE, A3 7
Q59 Feole 154TE HERAAT

71 A P9 109Fe AAdstd 4719 &0 200~150T

oX

2t

7]

o

.32

=
P
T
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g Holy, o] AN E AL 129 steol AAstd §FE717F 0]
83~105TC BHARA F¥AH7IT T AL @stth. wapy o] A F2
AZlel 4718 Bl 20] Asdle A7ld F 4378 BUHE 10).

E 10 9% 019 Fg 50 FHAe 52 um
Table 10. Comparison seawater temperatures between common and wild

sea-mustards culture grounds

Installation  Young blade i Harvest
Growing stage
stage stage stage
Common Wild Common Wild Common Wild Common Wild
sea- sea~ sea- sea- sea- sea- sea— sea-

mustard mustard mustard mustard mustard mustard mustard mustard

Water
temperature 20.0 105 13~20.0 83~105 5~13 93~150 5-8 153

()

FAFY FE5 £2F2AY ZFZF7 04 m/sec, 2 F7F 06 m/sec, E

} 77F 14 m/secE f&o] wWE AHoz J¢

d FF0] 428 AFo|Uth. FA4HL wEA 205 m, tFA] 161 mEA %

BARLEZAE tad AAAT, AL YA dF HfAA=Z 240 Qo]
3
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® 1l EvY A% &7
Table 11. Ocean environment of sea-mustard culture ground in Chindo
from December 1996 to May 1997

Air Water

Speci T
Month  temperature temperature pe(:l.ﬁc Do ransparancy
. . gravity (mg/ 2) (m)
(C) (C)
1996. 12 7.8 105 26.3 98 1.8
1997. 1 -1.0~45 88~93 262~266 94~96 1.7
2 25~43 83~86 266~267 96~10.2 19
3 40~160 93~109 265~267 95~100 2.0
4 90~190 109~116 264~265 96~10.2 1.8
5 181~214 137~154 260~262 9.2~96 1.7
i} ojul &3 XE ol
o] F249 B2 ol FE F dE JIEL BE F7] YA
oulE& AMg3t=d Z2HG Tt B daolA FAA OVTX 1 &A 3
T A2 EE FANAS gAs7] Y98A ol E AgE 416 mmIE
LA T E ALGstH T
AZE Eol7le AEA7IG HEAN L7140 e, o FAHANEL HEL
ojulEo] #AZ WFgoz Zolr ndge & AR fH9 &AL U2 FHH

o, #49¢ Y=EE 39A (AL 10 cm% 10704 o)A, SAHAWSY, 1745
MR FE AE EO7IE FAGAI V-1, HF Bole d& vy FA
o AAM ¢ T3 Yoz FAVL AAFHAE eAY AzxHA] g2
asdA AEE AL, old {49 A7E 05~10 cm WK F
set ZF7F AG Aol Aol 7] WRe] NFo] =& YEE
AA3 2% stfnh ovE L AEEe)7] 4UdARE dFo Yol FUGst
FEE Fol =¥ F A& AT AR V-2).
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Fig. 16. Location of cultivation facility.
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= O 2 R

FEAMNLY e AxT QAE FAE AED 2L VPR A
o ooFe AXNHLS SR FEH 221 4 9300 m AAH, DAHE §47)
Ho= H¥E 193 30° 9 300 m A FolAHIY 16).
FAANELE el Ha =R TR FE A& FEI PyUsg Aanw
Alde flsl H2 Mdait 93 d FRA FAFAA st 2AER l
o3 28 dAsAen, AL dsFA(FEA)E AMdEHT. 4
2 g ot d2F WP dgen, 2L FEE 2HHS Qi

=
g 5 AEF 49 4] 80 m2 FAHZE 17).

Fas 5 m FAeR HAAoH, ANMA e 2XNZE2H 600 R
2 AL AEsEY. I 20m, 15 m, 1.0 m, 05 m 4GAZE T8 A

datgon, ARE 600 g S8 AFRFAGRIA V-3).
HE3 21530 AAFHE REoE o] & 600A 2N2E 22
AE AHESEon, I dgoli 00Re 2A2E 22, 4180 mm PVC ¥
Ao sof BEA AME @ds] Akt AL WAHAG. Rz
AL 600 g LS Bol $98 ZHFAHE 12).

i

12, FA8AAE A8 AA HAAd : 100m 71E )
Table 12. Parts list for installation materials of the cultivation facility( 1 dae
: 100m of long-line rope)

Materials Requirement Quantity Remarks
Main rope $ 16 mm 100 m
Rope ¢ 16 mm 200 m
Rope $ 5 mm 100 m
Kuraron fiber 18twisted thread 200 m Coiled around main rope
Floater 60 ¢ 2
Floater 40 £ 10
PVC floater ¢ 180 mm 10
Wooden anchor $#15%150 cm 2
Anchor 600 g 20
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Installation of long-line rope s&stem

Ground plan

@—— = - = —

10m

! 100m ! 80m

PP rope ¢ 16mn

Styrofoam floater(60 ¢ )

Sectional plan

— e w— — —

N —= ‘.
Styrdfoam floater(40 ¢ ) PVC floater ¢ 180mn
PP rope ¢ bme
Surface
@~ Q- -9=-0—-0- -ONo-—O--@—-— ==
5m
—
- Anchor(600g)
4} % —$F
0.5m
1.0m
depth
der’th 1.5m

PP rope ¢ 16m

Anchor( ¢ 15X 150cm wooden)

[HT1]]]1

adg 17. 4844 %‘él*l’éi
Fig. 17. Nlustration of long-line rope system installation.

Ocean floor

.

depth 2.0m

depth

T
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2 A% 2 &%

DA #

0] FAA AFES AHEY $£20] HAXE Bo|= 287AE A
o] RAsd @A 05 cmol 100 cm AR edE 6690 288 § 19
15 me AZFHE BAen, dA FZFE 20 gol EAFAHAZ V-5).
F&o] Asste 3EHEH AHUA 58 FeAAE AR 10 cmolA A
ARAE Bole 230 cm7tAE 19 HF 275 mmrt ARSY, GASE 1Y
F 40 go] T/ 2™ 18). ®g HF FAF9 18 cmZAA = 19 H
# 233 mm9 BF S 2ion, AT 19497 34 gZ7HstAH 1Y 19).

o]} ol HA 10 cm7tA] Aol BT AL Ay 9 g FAF
AL Ee P& B0, HYHA 230 AHNE BE Algto] 225
T AeE gadrr. )

d&ol 8 cm "X E U¥t v AP} FAI}AoY, HF 8
cmo] Ao A RH dHol PYAHUA v EAL FFo] vel] Az}
FAHE 13). 53] 4¥8Fos AFo] Ad &d3td A 100 cm, FAF(F
%) 200 gol F7HA AR V-6). AlFH 7o) A Ev]go] nlsE
F Aol 20 cm 7 WY, ¥AEL 32 cm A3, FAHA Zol7t 4 cm
A HES ¢ F AJAHE 14).

ojgt & FRE x4 FHXEd g3 A E xFo o TdA7ze] ¢
71 WEolH, Exgo] AL RS FAUAFY AV & Aoz AIHA
o}
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200 185

Total length(cm)

05 = 13

96, Dec. 97,Jan. Feb. Mar.  Apr. May
Month

a9 18 HTFE AT €44 ARE,
Fig. 18. Monthly growth of total length of wild sea-mustard thalli

300

250 e e e e e

200 e e e e e —— e e

150 f——--—-

Total weight(g)

100 -

50 |-

0.03 0.4 2
0 ! 5 !

96, Dec. 97,Jan. Feb. Mar. Apr.
Month

a9 19 7 GAFY €4 AR x
Fig. 19. Monthly growth of wet-weight of wild sea-mustard thalli.
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H 13. 599 £9d 494 AHx
Table 13. Monthly growth of wild sea-mustard at various parts of thallus

Length Longest
between length
Total Length Stipe Sporo- Sporo- length Width Thick- the between lLength
of phyll phyll between  of ness longest basal top of the
Month length available length length width vegetative midrib  of pinnate of the longest
{cm) part {cm) (cm) (cm) blade and {cm) midrib blade incision pinnate

{cm) sporophyll (cm) and and blade
{cm) holdfast midrnb  (cm)
{cm) {cm)
0.5 0.5
1996, 12 + * - - - - - - - - -
0.2 0.1
1.3
13
1997. 1 + - - - - _ _ _ _ B
0.4 + 03
10.0 9.0 1.0
2 + + + - - - _ _ _ _ _

14 10 0.5

506 486 20 06 03 14 04 02 301 12 52
3 0+ o+ o+ o+ oz + o+ o+ oz +
214 204 10 03 02 07 02 01 98 01 28

122 80 50 32 30 09 05 6 13
a 2 7t + o+ % + o+ ox % + 160
7 o043 14 09 04 05 03 01 125 o1 8

177 90 58 38 32 12 06 8 13
5 1;?;: + + + + + + + + + 200
9 434 15 09 08 06 03 01 107 o1 2

E 14 AL 09 A4 S99 B HAE
Table 14. Monthly growths of natural and cultured sea-mustards at

various parts of thallus

Length Longest

between length
Total Length Stipe Sporo- Sporo- Length Width Thick- the between Length
of phyll phyll between of ness longest basal top of the
length available length length width vegetative midrib  of pinnate of the longest
(cm)  part (cm) (cm) (cm) blade and (cm) midrib  blade incision pinnate

{cm) sporophyll {cm) and and blade
(cm) holdfast midrib  (cm)
{cm) (cm)

Cultured 18 177 90 58 38 32 12 06 80 1.3 200
Natural 1656 153 105 80 6 25 08 05 104 06 24
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2) adcd 23

A% 10 cm 71 URA vlwk B335 22 A7 QA EA Ezfo] 2
2 gn E71E% 271747 21, XYl & ALE YEY AdL 9
o geges B2 Aolg RAH(AAA d]l £7]F +22 cm, 19 H08an
¥Agdo]l +45 cm). A% 10 cm 71 10704 ol F&Ag & A7 F
o] A E7NEH 7154 FodA A Ev]Y9e
HEY £ 0dd e $EHHAEKRE JeEhAATH =3 5743 W
7 < 1070 A ¢ 1A vty F0Ye|E oYt

wetd Ev]" G QojM RAWUEE MAF5 1 cmT 1A e 53
stojoltt e o2 A4 Ev|gH fAG 99 e A e Ao =
ALE ATHE 15).

o
0
=
4
N

E 15 #AUEE Evide) ey 3=
Table 15. Wild sea-mustard growths for three different attachment

densities

Length Longest
between length
Total Length Stipe Sporo- Sporo- Length Width Thick~- the  between Length

Attach~ of phyll phyll between  of ness longest basal top of the
ment length available length length width vegetative midrib of pinnate of the longest
density (cm) part (cm) (cm) (cm) blade and (cm) midrib blade incision pinnate
{cm) sporophyli (cm) and and blade
{cm) holdfast midrib  {(cm)
(em) {cm)
More
h 177 90 58 38 3.2 1.2 06 80 1.3 20.0
thanten 4+ & + & x + x + x %
er
PT 49 434 15 09 08 06 03 01 107 01 25
10cm
About 180 1696 104 76 59 2.8 21 09 116 1.9 21
five per = + + + + + + * + + +

10ecm 256 241 15 11 09 04 03 03 58 0.7 1.8
Less

175 1610 140 125 85 15 30 13 110 32 19
than v+ & 0+ 0+ oz = o+ o+  x %
OMEDEr 402 84 18 15 11 03 05 05 62 11 32
10cm




3) As+aAdE 2%

A% 10 cm "PAME JASTFAE 15~20 mA(FE=A) FAE A
Ax FEH AY T AHYE FFAE Hagsd §FG Lol € 27| 4P
Fzstd oy, AF 05 mAddAEe A5 F2F A4Y 2 AHHPE 23 4
=2 #F4 gobgol AzxsA Yeh

72 10 cmelA 70 cm Atole A9 15~20 mAdME 4380l
& dojzn] AP FFH Alelst Z2A JedS B 5 dden, 3
0.5 mAdMe 4F&o] wan 24374 JFA Atolzh &A Yehgd

FE 70 cm olBdAE FFF 1.5~20 mAoAM HAe FHol Fu
dZo] Zon, TET AT T A FAY REF(EH)S SU¢eE 4
A AEE 7 e, AA =3t @4o] LA ot AF 05 mAdA
€ g™l "WolAy A FHY EF(EH)E FHo FIY F AeH,

o
3

Ao =3 4= 279 vEyg FEFHA o e 4+ AU IS
79 1.0 mAAME G 78R F3) 15~20 mAH} 05 mA FPHL

wol At

A E0]q FA AoM AFFAE I3 10 cm U E 1.5~20 m
Aol FRAEY Fx/ A T AHAYE 22 HAANA fgdold F
< stodof 3tm FF 10 cm~70 cm Al E IE5UE 05 mAioz &
B B FIAE FA Lo wE HFE AN D, TAEH YD Aol
FA f=ste FHAH o2 QALY Evdd FA UE + UA=E Qg
dF 70 cm ol B E IEFAE U 15~20 mALE §A8 gH) &
A dzto]l A fFxda, dA dEsY 3¢ 9 =sdNE g sjor &
Aoz Atg =Yt

o el 2 58

D # 3

dalel Fohst 2R FE Aol AYE BAZ BA B A %2
RRol AF A $A2 nyRgon, As+9E AL NUARH
7174 4eAZ $98 2UAGG 53, 1559 10 m¥F 05 mol A=
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A5ol Agol A% PolA A4 F91 60 cm FhRe U WA BHIA
o olgid WAL EFo UL F 4180 mmel A% FAFAN Fz 24

&
gttt ol & WAEI] AsA AFdA Buigan e ZiAEH Fd(H]

=
50 cm, 7 2 cm)€ ALgSR Asts 24¢ 44 24¥ F ;DS
Aol A7le At B4R gob o3 EHE AS 4 UL ROZ ARW

=3
e AAsA gen HAYEEY F) FAE 9% 10 cmvl oA
2559 10 m3 % 05 mAe AL 159 #Ae2 AAsAch

)
o

) & 8
2T Al AWA FAeg 2509, Alule] witkd GEZAA 5009
S Aoz Sude) GArksA 2 F4 Bujde $FHe TR s
of 2l7]7be] 99 2 105Y A3k 19973 49 29Y, 19973 49 7Y 239
A AFBoZ 250 kg, 500 kg® AAstd A2 AAFAYG. £ FA
AEolA AR WEZ udRxe] $Rsto FYol FRHEE SAhAR V-5
6).

olwf &9 Ar)E 110 ecm Welgon SRAQ Feh: AN B0y
B U 54 FHol Yehgow, AHAA(LSLES % AR)ME
Aol Burs] WaFololy A Eudo] HlHME o] WolMh B
2l 3 8o %27 129Ye} AE 19979 54 29 AFF 500 kg S
AR 13 AZE SATHAIA V-2). oo]A Far]do] 1429 e
1997d 5¢¥¢ 15U HE 169, 17Y, 189, 19¥d] ZAA «d<% 543 2080 kg
5235 A THE 16).

olmj gHe vA FEE F3sted AHoT QE0EI WS =7
AT wetA Ay vl FAFIZHS 110~1208Q) Aol wla) FaA
Mg e 140~150Y HES FA7INE Fd GAS 223 @Az A
2HE FAS & Aot
FA7)Zbe] Autulde] Hs 30Y AT AFSHEM FM ) wsEA o

LA @F7] dM e 2RHAE0 F3stn T don =zl L] &

>

2wt A

[
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g7t FE Haiol o]l A9 sHA=Z AlgEY.

214t Erjde] FHAIZ(7~88)0 uld FAA S| *Q*171<4~5é)
T 2~370¥ Ax Z7]d Aol sbedid. guksty FAAE AFFHRE
Tl BldEe ol2AE AA FHsEtd A AdEe T AFH
w7t dgEn dom, RE HAHol FFAAM o]FojAm de utd zALL
e xF ZFH, 7L, 45T AQ8AH dxd g 2 |

o ohEA T
ol Retn MSAZ AL AAF FLd 3~49e] FA%ss G2
o)},

d
O
S-R

E 16. FAAF EV|Ye] A 85
Table 16. Daily harvested amount of cultured wild sea-mustard

1997 Date
4/2 4/7 52 5/15 5/16 5/17 5/18 5/19 Total

A’(rl’:;“t 250 500 500 400 350 350 400 80 2:830

of, RN E & B’?"fﬂ

o FALEL g FRH (U7 FE2 gHsged, o
A7} 10 cm ol AZ3tE FaAUEs F353} AF 10 cmP 10714 W2l
Me AHYE0 ngd At A Algsidey, 2RAYEs} gL i
10 cm% 170A pil M E vjge] RF3x] e HRd s g=zFrt
AMAREsAT. TF G EGHEME  Amphipoda)d) &8 Ceining
Japonica Stephensen< Y F F 7] BREAM dAHJoY o £ HYo
o, BlE THFE 4ol A RHEHE Copepoda) A5 AY &A&F
UAT. Al B2 Foo L9 vy Aldo] A ¢ Bk olysg, 9
ol Hal =F R TV A RozA ¥ AFE A @z Fkrh
0% 58 FE(FL 150 od fFdd AN A FA NG BEo]
B 2R o HFAHUA IR Ex3 Ao s wAs )
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38 ¢

FAANAE L AdA 29 AR EQ JEF AW FAE(EE) Futtt
of 1.0 ha?] Al - AFAE ALGEZRY 5 Lof, 1996 1249 24¢
FE 19973 5¥9 19U 7bA 14697 1591(1,500 mE A5FdtA oz A
t}. ou]E e 416 mm EYIZLZE AMgEen] 99 A7) 05~1.0 andd
th dxE2 3GAI (AL 10 cm 1070 o] 3, S57HA Wie), 1704 vlethHE
B RNEEo)7E slgoy, 154 E 49420 m, 15 m, 1.0 m, 05 mE

¥ A4 &

|g@#B e & 83~1547T, ¥lF 1.0260~1.0267, DO 94~10.2 mg/ ¢, ¥
B2 17~20 m, %52 d=A] ZZ2F7F 1.1 m/sec, =77t 1.4 m/secel
onj, AL 161~205 mEA AL YA 4 siAAz 245 AN
=3

AAEE 1996 1290014 19973 2€7HA= H A3 o] 05 cmollA 10 cm
AAsted 66Y 2850 dY 15 mme B3 A AHE vgoen, ¢
AZFE 20 gol BFstdeh. A4 10 cm ol M E A3 st waa 5
4 FFEF 185 cmZhA = 19 233 mme 433 AFS Byon HE g
AFE 19 7 34 g 718 BT 53] 4830 Aol AP &eeiy
HAZ 100 cm, GAF 200 gol F7FetAh. 42 Ev Qe Aol v &
ol o3 @A zto] QI7] W&o A 20 cm Aoy, Ex1Eo] 32 cm
Za, H% g9 o7 4 om A% FA UERRGT o9k 2 AL &4
gzo) o3 A =L wFof olg d#Hs|Ze] Qly] WFEoln, ExPe] A

RE FEA7AF A A& Aoz fgddr)

A% 10 cm 71 10 9 B e zpd4te] vls) g7 Wi
A gzto]l ZA] & F71E(+22 cam), E71FA(+08 cm), EAE ZHol(+45cm)7t
Aoz Jeht Ev9e P AL Holx gt

X% 10 cm 71E 10704 o] a3t & G Fejrt AAAH /A
s HHE dZo] H1, F71F 2 E/1547 vxdA JdeEy Euld 1 H
S fRE7] AME A5 10 cm 715 10704 o)At RAAEr} Be

do

al
=
L.
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@ Aoz zASAL
@4 10 cm M BANE DS55E 15~20 mA(AF SREH)e] 47
@ o] AW 2ago] A 59 wol 2 HFert F3HY B2 10 cmel
.70 cm Al M E 05 mUelA 4ol 2ol TAG GFe Aol
e Ay =ude) FeE 2Ah GF 0 cm ol PN E BEFAZ 1
5~20 m FAMAM AAMe] FHo] F2 Aol Bom AH BAT £
A3 xs@gol WASHA dgich
e dad oo 2R 38 Ao AN BAZ I3 L 2
o} falo] Wol $AZ HFHUL ML AASHA Ypon HHAE T
= @A 10 cm PlRAA 1579 BHoz AR
$%e oJ@AEAY MW (1997, 4. 2) 2 AL An9 vtz JE A
A1(1997. 4. 8) AZ Lo 2 250 kg, 500 kg2 AH AYIe 8 A5 S d
of YA D B4 Bride] $44L T 19974 59 24N 1
9U7t 630l AH AF AAES Bs) AE Vo2 2080 kgd FHshAT)
A4t Euleds] £8A7|(7~8Q)o] Hll FAA Bu|E 28 7)(4~5)E
2~379 AT 27 Aol ssstth usE FANE ATER ANS
S aldEo] olEAE AN FASSA PP AT HIH Be)
7t MR o, BE Byo] +FoM o]FoAm Ut wh, z}eaf&e
%, 2%, 5€ 35 S 448739 42 G2 FHARe] o} TAZ
batx) Batn WEAZ ALe AW T thes) 3~490] S5l 42 }
7] W]t}
2RAZe et 2F2 QA7 10 om o4 4FEE RRRTs)
58 RolME AR st} 229e) D2 Anphipod)ol $3He Ceinina japoniaa
Stephensene YR Ry BEolx wAHYOY, 1 5= Hon ups
TEFE do7le 24 F(Copepoda) Al 52 Ad o} B4 QAT AJER}A
b Slsiol Wel 25 2 E3t B9 RoA WANEE A LAA %
o},
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A 24 A Z A
1. A 2 4y

S 717ke] 129~1469 Z g 1997d 59 24 HE 549 19947 63l
A Aldo] ol AFRAL BEdoz 3 Evjde AzAFY. %
3 mAE AxFor A vy 8T Axdd 7tg ndes A Az
AT A7 BE 290 £85Ax, AxAY Fee dUdE nHdH
of & Fo BusAY.

2. 4% % n%

R ITE

Fog mee 22AF 30~40 kgd Wol Mwez BEFaA &
Watdt vlde ¥e EARE AANBMe] wEHA UEZ ABL A4
son, AR Az 48 He A=A LEF R FU. ol
Azrel Aol meh Aol T WAFA Pow I1BAFS e LE
eow As) WAt BYA WAHE 5 AF9 ol Atk A
AzAs0] EaEE 28AF6] E oo wre oA Yol¥u dzEd
be el wER AT ue 186 £ vde 4oz ewsAd o
A% 224549 o] £x ool o AEY AsE AT + AN

o,

L= S
282LFo] gopzl vge AZXEES emx130 cmyel @A g 0] 9
HHE Q. ol 7w He] e L FA AAHI] wHE £EH
Zlgol Bastt. of FAFL UxE 1dM 24 11007H4] SR3IATHAR V-2).
g 7tee] sl 4AdE HWEES Yol A 3 FFol FH oFAAE
Faol 30~45" HAIS Fo] Azsgey, AxAAAME vjdge] HE L ¢
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A2 237 ¥wA "3 F& I+E 19 3~53 HAHd. 4d dx7
Ae #HE EA7F ALH] 290 £28HAY. ol Uz R FEL 14%
Wel7t =5 stg(Atd v-3).

19979 59 29 AAY 500 kg(AF B¢ AT 2607HH13R) S BE
ou, SFRE YAz 3Uz A% seAm Ity HF/E g Az
o A¥e tatgAW AFHA Rakdch 59 5Y¥H AAG v Y
A7t FEsted Azl oj@So] glol 4028 ATsaAon, 129 FAE
H 3 44kgolATHE 17).

B 17. Ev|ge I Az
Table 17. Daily dried amount of harvested wild sea-mustards

1997 Date(Month/Day)
5/15 5/16 5/17 5/18 5/19 Total
Dried
amount 10 9 9 10 2 40
{moot")

* moot ! Bound amount of 20 dry pieces wild sea-mustard(about 4.4kg)

1= SRR

AZZEE F3@ v AFL2 AFd 238 5+ Jdod, 7HA¥E
S AlAel mE Fr3 Raste A7 Aok

vl s BaATAE 53] g7ld FAstool gk Az nde F7)

€ WA Ao F717F AL A3 o] T del UFuxEs Zn A48
19€ 794389 712 5 m, A2 2 m, ¥°l 6 m9 2 HEdEEEZE =Yt
zd vge 2 HdBEge] AAYA g} 28 oF Y¥sd go g
Ho] BT oluf vld B Fo] Foo] MK GEE M Fost "He
ot A7 19979 59 209FE 10€ 13Y7HA] 14693 B@stgon,
olZA BAZ Y vl 4G5I

.
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2 & 3

09 HA 7tHol FAHHA £3E AAGAor g, FFdF njge
FAYR qA¥sto Aol & AL AYAIAk Ul BHGE I FE e
o HAE Ho] LAHA @

Az Ev]YL 20714E 1R 22 Fof o=z A7 dg&Eo 207t 7]
ol 1Re= E%?‘S}?\‘A’C}(*V’ V-4). oldf 1%9] FAle 43~45 kg(B 44 kg)
ol Zde $H FE BUE HAdE oIt E: FFF) HAT
dostd e, =2 *J%-E’: 120,0009, aE< 64600922 HF 92,500€¥ &
ErTHE 18).

E 18 ¢ sujde #Ho) H3
Table 18. Sale status of Cultured wild sea-mustard

Total High Quality Mid-Quality Low Quality
Moot 40 9 21 10
A -
mount unit - 120,000 94,000 64,600
price(won)
T
otal 3,700,000 1,080,000 1,974,000 646,000
(won)
. 8 ¢
88 ng e TERFo 30~40 kg® o] 233 2 Z& By 2 A
o W2 FTZASE LA sIHA Mutozw AxFsd TEsH IEAF
E 0d9g g vigo] YolFa udg AFEN HXdE Ax o o
B E vde 402 ALY
o] S 3ty 24 FFZE@EEX130 cm)dl] wA v g g2 & A}

A A2EL Aol & 83 FFo FL2 X 30~45 ° FAE Fol 1¢
3~53] H3o] Fof nEA AXE ANAoH, A AxAAE HT 29°] &
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AxE 19979 59 15958 1997 @47t $o} 5d% A% AzxE 4
Aste] 40% 9] A FE BEUY. F 2 FAE FTF 44 kgoldh

BES F717F Ao Am ofFg ol 4R RS 21 Y48 HdS

T 712 5m, M2 2 m, 0]l 6 m9 & ¥ld $5& Wso] dxd vy
S olZEA %ol 2 g YB3 F/2 Hof gqa}ﬁq

07YHE 1X(AFTH 44 kg)2 2 Fol Anisiglen, 713E 29 Fa 25004
o vl A% wojstAt.

A 34 AAE &4

nge vt H ZHAol A AAE7] g Fo) o] Rg AFHsAd A%
o2 § A= vje e WHAL

HZ IR digsrl A% S BHE Holxn U] "ol #HEzH
o] AHlE F3 A MAY A, TEARN JFHFAS HEA d¥4HY
A BRE oty SAAET A EEIER)Y AdAdY EH4E H43H
o2 FRIGW xFHo 2HE F/MAEH # dg AHolh.

aF A=A Evge AeHoz FEY HAFT YAdd g =
F7F deta A91AH 2@ de] e A TA e A AT g o]
7best7] & FRAG AFozA o JtXE 8z Aol

AL 09 g A v Fo vls] FHo] 4351 gto] FHojy Ax
olgtE EAFLE F8d v FFo] dE HAHSZ stHo] ulg HAA
A At

kA4 S0l AAFE A BAFAHE Roli glo, A¥d EXHE F
23] 83t FIPMAE Foli YoYU e R ddg HFHoE Evd
2o A3=F sof zloltt. wepA AHAY BHdAe durd v
St E9ge] AAEHE AN olE EUR o7t &5 Fdlo 713
Uz AxE HE A o

o

d
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1. Ag 2 9y

Autold FAe] A EAHE ZAsY] st AP FAIPSEF
& Bated AW G nlde EANMNES vl on, FAN vy
ATAIY LS YA o um EAsAc

EG, BAZALE Fato] A Bulde ATz 2 ANEY, Bold
B 2§54z £3722 24 2AsAd.

33 vlggAdel A9 5S4 2 AFRAL Euz AGAAE A B

oz Foi Zd, UFAA o, ojFaa W 5 ANSACL

flo
re

2. 4% 4 ;3
7b, @4 2 f34E%

1) F4d%

A= vggae 19709dx AFZFRALY 713 d55s2] F4
Mol wet BAAHA FHd Qdatr] AlFtate, 1980 FkrkA] whd
150009 Al Aol 17,000M/T W&o v]gg Y4 dA7MFstd dAdFE=2
382 Fay s Y59 Fo F£2EZFo02 Ay Yo

ey, 1980t FukEo] Aol 200009UE Frteti, ANRT
20,000M/To 2 Eoluyr] Al&tste] 1990 d o= 24,986t Al Aol 32,855M/T
g Adste T AT APl JdiXE RYoy, AN dAdFER
Zlol 7tAsterE z#idta, Aztol ofg WL AR HA AMAA oztz &
Ao 2 HolEo], 19960 2,246t Al Aol 4410M/T A4t X2
AE HAAoltHE 19). |

gy JEA EMdRIED)Ee ey 53 FAAAM 1 $54E
QA ol Fgo vl FEol 2t} il rtFe] dsME Beolxn Adrh
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19 A= FAv|ge AJd @ yAEH
Table 19. Installation and production of cultured sea-mustard in Chindo

Year

1930 1991 1992 1993 1994 1995 1996

Ins(‘(‘;‘::f)“’“ 24986 24485 22150 17371 10316 3759 2246
Production ) ooe 5465 10072 12006 11500 8250 4,410
(M/T) ’ y ’ ’ ’ ! !

* dae : 100m of long-line rope

Ae A S99 LAEAN oddEe] =83} 32 AFEY =4
ojF dAel HA rhE oddel HFHA FAMARID) R HZNAFHIL o] Fo
AA F3f eid YAFL Fa FAE Bolxn Jon, stARgAE HEF
53% FAWRELET )N 548 AA Lol uid JHHol AsAHE
Holzm ot a2y dwt ¥4 ugde U AFCEn ez Hsded
Buj7tAol vid 29t GRAAHE BHoln YSE ¢ F UAHE 20).

E 20. g FAvign Evg9 714 vl
Table 20. Price comparison between common and wild sea-mustards

(unit : moot)

Year

1990 1991 1992 1993 1994 1995 1996

Cultured
common
sea—mustard

{(won)
Natrual wild

sea-mustard 100,000 110,000 130,000 140,000 150,000 160,000 180,000
(won)

20,000 20,000 20,000 20,000 20,000 20,000 20,000
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2) Boj¥E F /TR

At FAA v E dEE tETHE T A%, FAH ddFE
2 FURAR HoAz glon], dFE APl A JteEvigez HY
Azt dwt AFoly ANAZE Tl wiufrt o)X e dA0
o 2y Ada Eulge FAvidae 28 O 544 Ad 4BE ol %
¢ Azgyos FHol Fx, AFo] FAH A wie ko o @
4 w&el ofrtellA gitd Evide 207t9E 1Re2 ¥RFH FF, B
¥, e dEAS Eojdely, FHEAA HAvisn Aok H25 AN
T AWFo, £AEAE, WY R FUFE BojFo] o]FojAI U

lr‘

[+3

3) vlg ¢4 Ay 43 +=

YrFA P2 1PIEE 7hAE dd 90 Y FE2 Jd A AN
Fo] 74%<) 243 117TM/TS &3 oy, 19929 = FeHE dd €40y +
EFdez s AMATF 6% 18861M/Tell Eastw ez 94%9
s Fate 282433M/Tol Wl &H Ha e AAHoltHE 21).
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Table 21. Export and domestic consumption of common sea-mustard

Year
1990 1991 1992 1993 1994 1995 1996
Total 328,373 320,960 301,294 294,548 305,350 298,439 215,357
(M/T) (100%) (100%) (100%) (100%) (100%) (100%) (100%)
Export 243,117 211933 18861 19988 19407 18,796 13,707
(M/T) (74%)  (66%)  (6%) (7%) (6%6) (6%) (6%)

Domastic

85,256 108973 282,433 274,560 285943 279,643 201,650

comsumption
(26%) (34%) (94%) (97%) (94%) (94%) (94%)

M/T)
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2 #uHAoY, H2de nEFZE I AAAFoE #FE ol AnAY
o] &dixo] 7t 3.

. v FAojde] AYGEY

D FAE&4

A5t FAAA 19(100 mE 71E2 2 3l gurgyugs Eng
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U X, A0 AR vuPE 3
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ey E0]o gl 259637924 Awk FAnd iy 655979 ¢
2880 Y. AL ZAE Qg2 nHo] 2580 sy, 0|9 ¢ o
AME 15% Yol Aol HR] ol 1079 WY 2o]E 2.

X7 7HA AT AnbgA ulgo] H# 2000084 AdE Ao H
3 FH EvgS BE 925009 AU dwFy vldo] uls G
72500901 =A WeiEAG 2L YWk wo] 500,000€1A, B
2 gu] ¥ o] 1,387,500 o] i}

B A=AmLddA Asrsta 44 F5d 94 24 AN 2
Foll oJatd, WG] g S FAIME TR AZE2 BojAlE dig £IF
4L 70,000€ 019, £9] A& 2300009, TAllE 210,0009 Ao},
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© GutFY vl o] 305960€ wHH, ¥4 Enjde 1,127863¢ o2 A Yt
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Table 22. Profit analysis of common sea-mustard from 100m long-line rope
. . Unit .
Category Requirement Quantity price Total Calculation
Sale 25moot 20,000 500,000
Main rope $ 12mm 100m 128 4,267 100x128/3
Rope ¢ 12mm 100m 128 4,267 120x128/3
Rope # Smm 0m 44 733 50X 44/3
Install- Kuraron fiber 18twisted thread 0.1 30,000 3,000 0.1x30,000
ation Anchor ¢ 150mm X 1.5m 2 8000 5333 2x%x8,000/3
cost, Floater 60 ¢ 2 1,200 800 2x1,200/3
Floater ¢ 180mm 20 1,200 8000 20x1,200/3
Sub-total 26,400
Produc-
tion Miscel- Drving rack 38%130cm 50 3,000 30,000 50x3,000/5
t
COSEaneous g b total 30,000
Seedling m 50m 100 5,000 50 % 100
Labor 3 30,000 90,000 3x30,000
Main- Ses conmrission 20,000 500,000 4%
amn Boat 5,000
tenance  gorvices 17,640 176,400 % 10%
Sub-total 137,640
Total 194,040

Net profit(sale - production) : 500,000 - 194,040 = 305,960

* Production per dae(100 m) : 25 moot
* Average price per moot : 20,000 won

* Production cost per moot : 7,762 won
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Table 23. Profit analysis of wild sea-mustard from 100m long-line rope

Category Requirement Quentity Unit Total Caleculation
Sale 15moot 92,500 1,387,500 15%92,500
Main rope # 16mm 100m 250 8333 100%x250/3
Rope # 16mm 200m 250 16667 200x250/3
Rope ¢ S5mm 100m 44 1,467 100 % 44/3
Install- Kuraron fiber 18twisted thread 0.1 30,000 3,000 0.1x30,000
ation Anchor ¢ 200mm X 150m 2 10,000 6,667 2X10,000/3
cost Floater 60 ¢ 2 1,200 2400 2X1,200
Floater 402 10 800 8,000 10X 800
Floater ¢ 180mm 10 1,200 4,000 10x1,200/3
Sub-total 50,534
Produc-
tion Miscel- Drying rack 38 % 130cm 50 3,000 30,000 50x3,000/5
cost aneous g, h_total 30,000
Seedling 50m 300 30,000 100X300
Labor 2 30,000 60,000 2x30,000
Mai Sdes commrission 55,000 1,387500%4%
ain-
Boat 10,000
tenance
Services 23,603 236,034%x10%
Sub-total 179,103
Total 259,637

Net profit(sale - production) : 1,387500 - 259,637 = 1,127,863

* Production per dae(100 m) : 15 moot
* Average price per moot : 92,500 won

* Production cost per moot : 17,309 won
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Table 24. Chemical composition analysis of Chindo’s and other’s sea-mustard

Composition of Foods, 100grams, Edible Portion

Carbohvdrates _Minerals
Foods and Energy Moisture Protein Fat Ash
Description  (Kcal) {g) (g) (g} Sugar Fiber (g) Calcium Phosphorus Iron
(g) (g) (mg) (mg) {g)
Chindo
230 113 128 18 420 32 303 930 415 78
sea-mustard
Common
195 13.8 9.8 13 51.5 35 25.0 780 180 32
sea-mustard
Vitamins
Foods and

Total RE Retinol Carotene Thiamin Riboflavin Niacin Ascorbic acid Remark
Description

(ug) (ug) (ug) {mg) (mg) (mg) (mg)
Chindo
0 420 0.33 1.05 8 18
sea-mustard
Common
52 0 660 0.10 0.32 2.6 12
sea-mustard
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(Explanation of plate 1)

AbR -1 27 R e RANEA

PL. 1 -1. Attachment organisms of lower intertaidal zone

AR 1-2. AAA REAH03~08 mm FAA X2
Pl. I -2. Investigation of rock near natural habitats of wild sea-mustard

(Discovery of 0.3~0.8 mm thalli)

AR 1-3. F971 Aty R/7F 2AstE A A A
PL. I -3. Wild sea-mustard habitat’s strong waves, wind and eddy

AR -4 #FFE B4 AE AAY E01Y

PlL. 1 -4. Natural wild sea-mustard forming a stock

AR -5 42 BE2 2AE 9% TAG A

PL. 1-5. Collecting sporophylls for investigating release of zoospore

AR 1-6. AR E A =xE AF
Pl. I -6. Collecting sporophylls for seedling
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(Explanation of plate II)

AR -1, ol A)e] wol(An| A 1004))

Pl. O -1. Germination of young sporophytes(microscoﬁe, 100X)

AR O-2. 99 238(d9 74 4000)
Pl. 1-2. Appearance of young blades(microscope, 40X)

AL -3, 27] 499 430 cmy )
Pl. 1-3. Early growth of young blades{around 1 cm)

AL T-4. 43 GAE o e

PL. II-4. Morphology of young blades at different growth stages

AR -5, AAQAE Evld 9 gy

Pl. I -5. Morphology of natural wild sea-mustard

AR T-6. G4 BRI} e

Pl. II-6. Morphology of cultured wild sea-mustard
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(Explanation of plate M)

APR -1 AHE E34

Pl. OI-1. Collected sporophylls from the natural population

AL mM-2. fFAY AlxHA

Pl. I-2. Process of making zoospore solution

AP M-3. AREC #5352 2334w

Pl. M-3. Dipping seed collectors in zoospore solutions

AL -4, 0B EE o] g8 FEuY

Pl M-4. Vinyl bag used in situ culture of seed collector

AR M-5. Sl EAl Bid A 2

Pl. II-5. Replacing vinyl bags for in situ culture of seed collector

AR -6, 7HEAE B8 LAY

Pl. I-6. Cooling device used in tank culture of seed collector
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(Explanation of plate IV)

AbR V-1 ofmEe HE27

Pl. IV-1. Coiling seed string around main rope

APz V-2, A2 & € onlE

Pl. IV-2. Main rope with coiled seedling rope

AR V-3 2 AEAY B3

Pl. IV-3. Installation of long-line ropes

ARZL V-4, Fd% A2 A3

Pl. IV-4. Culture ground in Chindo

AR V-5 ERlY Rl 4%

Pl. IV-5. Growing young blades of cultured wild sea-mustard

AR V-6 437 FH B0l

Pl. IV-6. A growing stage of cultured wild sea-mustard
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(Explanation of plate V)
AR V-1 8] %A S0l
PlL. V-1. Cultured wild sea-mustard during harvesting period

AYA V-2, AZXE 71 g TrE7)

Pl. V-2. Placing the picces of wild sea-mustard onto drying rack

AR V-3 Az

Pl. V-3. Drving process

ARl V-4, dzd vds Zd9E A&8tn e B

Pl. V-4, Bundling the dried pieces in a moot unit

AR V-5 EUS ¥4 ATRE

Pl. V-5. Educational seminar studies on the culture wild sea-mustard

AR V-6 ¥4 S0 A43%

Pl. V-6. Sample tasting event of cultured wild sea-mustard
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