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INTRODUCTION

Undaria pinnatifida is one of the original seaweeds of Japan., It

grows in coastal waters of the greater part of the Japanese islands and it
has been a popular sea-food for Japanese people from old times, Of late

years, the demand for Undaria pinnatifida has increased, because its nutri-

tive value such as vitamines, minerals, end protein (Table 1) are thought

mich of and because of its low price.

Table 1. Nutritive Value of Undaria pinnatifida

Components Dry Products Wet Products
calorie cal 75 L
water g 17,41 96.73
protein g 12.45 0,65
fat g 0,88 0.03
sugariness g L,b2 0.25
cellurose g L,15 0,20
ash g 19.70 0.55
calciunm ng 389 18
phosphorous mng 636 24
table salt nmg 5.737 33
vitamine A IU L0oo -
vitarmine By mg 0.10 -
vitamine B2 mg 0.15 -
vitamine C mg 15 -

After "Shokuhin Eiyoka Yoran," (Handbook of Nutritive Value
of Food), Kokuritsu Eiyo Kenkyusho and Kokumin Eiyo Kyokai
edi., 1956,
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Concerning the production of Undaria pinnatifida, it is a very im-~

portant resource for fisheries propagation industries because of ils wide
occurrence and the higher rank among seaweeds resources of our country.

The importance of Undaria pinnatifida is followed by those of seatang (Lamina-

ria), purple laver (Porphyra), and agar-agar (Gelidium and allied species),

Recent production of Undaria pimnatifida, including Undaria undarioides and

Undaria peterseniana, is shown in Table 2 after "The statistical table of

fisheries, cultivation industries and fisheries catch." This table shows

how the harvest of Undaria pinnatifida varies from year to year., There are
ZO\_, /,:,.',._ Aaochirelian

several reasons i the variation efthe.produce; the most important reason

is the variation in amount of resources, which is controlled by natural con-
itions.,

Fisheries propagation industry had been practiced by setting stones
on the sea bottom from the Meiji era (1968-1912), Since 1952‘the industry
has being studied based on a long-term and large-size project as one of the
government supported inshore (and off shore) fisheries industries.i However,

the propagation techniques and the plans practiced currently can not control

the harverst of Undaria pinﬁatifida. In addition to that, they are not ef-
fective enough for the larger production., There are several reasorsfor the
ﬁneffective culture practice; among them the lack of research and effort

to unveil the ecology of Undaria pinnatifida may be responsible, The escology

=L R . .
of Undaria pinnatifida, however, has hkeiwmp revealed, so/;ﬁ'the future prop-

agation plan studies the natural contions of the shore where Undaria pinna-

tifida will be propagated and applies proper methods to the conditions,

Thus, "fields in sea" will be developed and ifnprovedg




Table 2, Tiscal year produce of Undaria pinnatifida
(Weight in raw or wet,metric ton)

Sea. District Fiscal Year Produce
Di_str:.ct or state

'53 'S4 '55 '56 '57 '58 '59 '60 '61

North east 622 820 1,004 920 1,318 722! 601 1, 206! 7231 ‘ ‘
South 5,176, 3,521] 2,730] 2,449) 4,322 3, 168 3, 869 7, 313l 4, 458, ) |
,8 West '4,375‘ 2,989 3,397} 3,738 6,007| 4,364 4,897 8,471 5, 134 ‘
S Total 10,173 7, 330! |
© 173 7,330 7,131] 7, 116l12, 734) 5. 255] o, 368117, 081]10, 317 |
AL
2
Aomori. ﬂ 1,258 1,180 1,119 1,704) 1, 521] 1, 639l 3,319 3,149 2, 104
Twate '12, S?G! 5, 84612, 210,10, 674{12, 574114, 137{15, 23916, 00113, 480
Miyagi 9, 075' 1, 607] 6, 150! 7. 262] 6,801] 5, 444110, 450{10, 089] 7, 578
Fukushima u_s' 34 112 52 82 113 63 132 186
Ibaragi szs] 45  464] 28§ 419 219] 171 216 447
Chiba 2361 71 206; 307 o614 613 433 664} 777
Tokyo R — 4 187 1500 172 6 | —
g Kanagawa 434 423] 517| 88| 816 598 166 548 569
3 Shizuoka { 36| 333l 1,315 1,386, 614 167 200 88| 216
© Aichi | 4088 255 2321 277 318 =234] 56 561 419
.,°.’. Mie 1, ss7, 1460 356 419 311 339 122 507 907
a Wakayama 165, 56 206 255 15| 12 a 200 62
M Tolushima 7 o 7 o 4 0. 10 10 47
A Kohchi. 0 ! A A AN (A IO R
Ehime o 15l —| 4 30 46 38 12 s
Ooita 0 4 0 4 n 3 6 2 5
Miyazaki N IR R BN [ 0 o !
Total la7, 553)10, 015,22, 891123, 197]24, 680}23, 751/30. 100]32, 080126, 838

*  "Gyogyo, Yoshoku-gyo, Gyokaku Tokei-hyo (The statistical table of .
fisheries and cultivation industries and fisheries catch)," editfed by
Nohrin-sho Nohrin Keizai-kyolku Tokei Chosaw~bu (The Department of Statistical
Study, Bureau of Agriculture and Forestry Economics, Ministry of Agricul-
ture and Forestry).



Table 2, (Continued)

Sea District
Dis‘trict or state P53 gl ¥55 vgh 95y i5y v5g VG 147
Aomori I s18l  s28l 410l 270 258 eau 25 e6s 212
Akita 6] 1120 971 41 67 1s7] 195 348 141
Yamagata 330] 513 592 285 760| 600] 442 46! 520
Niigata 210 8091 393 288 719 1,096 281 446' 141
o Toyama 220 49 71} 22 7y 27| 46 230 26
8 Ishikawa 333 465| 670, 251| 513] 463 341 201 213
= TFukui 408  423] 449) 236] 367| 464 460, 514 514
o Kyoto 311 303 303 258 479 449, 289 221 696
o Hyogo 187 199 4420 281 393 681f 1,029 494 41§
© Tottori 67 49 82 90| 202 267 147 144/ 173
02 Shimane 2, 094! 2, 903| 4, 247| 2, 461| 4, 240| 2, 781| 3, 019; 4, 282 4, 892
Yamaguchi , 517|  708| 1, 169| 1,419} 1,506 834] 465 616] 1, 166
Total | 4,861 7,064 8, 934| 5,902 9,575 8,483| 6,739 8, 215 &1%'
<
X Fukuoka 843] 551) 993 9s5| 1,127] 848 597] 648 894
o Saga 71 260 45 112 157] 82l 131) 90 249
& Nagasaki 3,449| 2,925 2,899} 3,232 3,131] 2, 873 1, 589] 2, 695 8, 090
d Kumanioto 416 920|513 674] s24) 1,191 1,125 711 1,604
O Kegoshima 22 of 30 57 97 72 6 1| 355
2 "Total | 4, so1 ¢4344,bq mq 5,036| 5,068 &45q4,u§qf§ﬂ
&
@ Wakayama | 206l 400 2ss| 83| 101 202 173 1ﬂ of
3 Oosaka I o 0 0 4 of 89 49 14 108
3 Hyogo 303 348] 487| 400 161 286] 280 447 377
g Okayama 4 7 1l 76 76 34 18 33 116
‘E Hiroshima -7 4 11 71 19 22 211 14 7
= Yamaguchi a] 60l 30 176 83 44f 73 116 126
5 Tokushima 23] 206] 408 2920 199] 197] 308 244 248
- Kagawa o 4 o 79 79 58 200 17l 78
I Ehime a6l sy 202 52 3 s 78 a5 62
& Fuluoke N N (N [ U
% Qoita oo o 4 1 2 16| 7 15 56
? Total 823 1,083 1, 4;1] 1, 28] /bO' 053] 1,021 1,137, 1, 281
Sum Total 18, 211129, Q"al44 377‘42, 657;:;1 SOa 16, oi"laO /11:62 emlas 73%

Note: the produce of 1953 - 1957 was converted to metric ton from
an unit used in the statistical table.
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Recently the cultivation industry of Undaria pinnatifida becom%{

, T
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fisheries management., Artificial speriwyg and cultivation of Undaria pinna-

tifida have been studied since the beginning of the Showa era (1926-): Messrs.
Toraichiro Kinoshita (Hokkaido) and Yojiro Ootsuki (Kanto-shu) primarily

established the techniques in 1942-1943y following the research by lMr. Toshizo
4 £ .

{ S

: '
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Sudo., As a result of their studies, manufaetuwre of seedling became possible

in sea or indoor at many culture stations. And the cultivation of Undaria

pinnatifida is spreading over the country after the successful industrializa-
Fa %

tion in the sssshores of Toholu district, The figures of cultivation ef

U Undaria pinnatifida are shown in Table 3 for the fiscal years of 1962 and

1963,

In the following chapters the cultivation of Undaria pinnatifida
N
e XN oW

will be described. To~be successful fes=bke cultivation, first we must know

the ecology of the seaweed. The ecology of Undaria pinnatifida and the tech-

niques of its cultivation will be described in details in separate chapters,

o




Table 3. The present figure of cultivation industry of Und.afia pinnatifica

Fiscal year 1962 Fiscal year 1G63
b _ Venmdint,
Sea State Humber of Amount of HNumber Producg Progoce  MNumber of Amount of (Prescribed)
District séadlings seedlings of ' in Ay scedlings seedlings Humber of
culture cultured cultivation weight p/r:‘flce culture cultured culiivation
station (m) rafts (raw, kg) (¥1000) station (m) rafts
Hokkaido Hokkaido | 7l(25,000) 370 6.000 | (489). 7] (21,0000 300
Aomori” Pool a2 | 108 22,000 | (1,760 7l 22,500 ] 120
Twate 461176,545 | - 673 (185, 549)! (27, 770) 5812, 785. 344 | 1,262
Miyagi 183 1235, 310 | 2, 127 (1, 654, 930)1(50, 000) 454] 327,430 | 5,12
Fukushimse 0 0 2 200 10 3 1,000 4
5 Tbaragl 0 0 2 - - 0 0 0
8 Chiba 3| 1,100 2 0 0 2l 1,500 1
© Tokyo - - = — - — - =
2 Kanagawe 1 36 14,000 | 175 16,500 | 1,149 24] 19,000 | 400
H Shizucka L3l 4,400 4 300y  (39) 2| 3,200 4
g Aichi f 4| 60,800 | 366 (37, 500)] (2, 300) 34| 72,140 506
- Mie 12} 82,000 | 250 50,000 | 2,500 14{ 39,000 130
Miyazalki 0 0 1 — —_ 0 0 3
Akita
Yamagata 1 50 _IJ 0 0 4 150 2
g Fiigata i1} 5,000} 56 22,300 | (200} 23| 38,200] 222
= Toyama 1 %000 ! 100 | (10) 2l zo000| —
= Tshikawa 1 4,500 16 — — 2| 7,200 20
= Fukui 2| 32000 16 22 20 3] 6950] 35
O
¢ Iyoto 2| 4,000 2 (300) — 2] 8000 4
& Tottori 0 0 0 0 0 1 700 1
: Shimane 0 0 3 - — 2 600 10
Yamaguchi 1} 15,000 60, 3, 000 500 1| 1s,000| 175 -
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Table 3. (Continued)
Fiscal year 1962 Fiscal year 19€3
- Tiew _ VALuE . ]
Sea State Fumber of fmount of HNumber Produez" Proguce lumber of Lmount of (Prescribed
District seedlings seedlings of in ¥n seedlings seedlings Mumber cf
culture . cultured cultivetion weight ige culture  cultured cultivation
station (m) rafts (raw,kg) (¥1000) station (rz) raftg
g
93] %
@ Fukuvoka 4] 2,500 3 57|. 6 | 3 210 —
E Saga 4| 17, 000 2 — 30 5| 20,500 | 20
5 Nagasald. 135| 57,950 | 268 18,000 | 1,800 ' 184] 255,935 | 1,185
o Funmemoto 3{ 25000 | 28 (8,000)  (400) 5/ 30,0001 35
@ Kagoshima 2| 32,350 | (100) — — 5| 88,780 | (250)
L‘;.q
o
’% Wakayama,
= Ooseaka — — — — — — - -
5. 3
5 Hyogo 3] 9,160 | 6§ (3,000)] 198 : 17| 49,080 | 200
ot Okayama ! - - - — —
o * »ashi - 1 -
& Hiroshima 5| 5,750 3 4,600 | 320 ! 23] 48,000 ] 200
é% FQMEWEQ 2l15,500| 70 1,540 | 250 1] 95,000 | 100
T Tokushima 15]31,700 | 115 25,840 | 3,869 74) 202,775 380
2 Kagaw:g} 1l 200 2 100 7 70 3,100 27
A Eh:}me* 1{ 100 2 100 10 2 800 | 120
Ooita 2| 1,500 30 36,000 | (3, 000) 3] 5000 150
Sum Total Tomtl
uin - 1o i492:833.815 4,926 2, 095, 269 106, 630 | 9744, 171,994 {10,956

Note: 1. The data are btased on studg;'\gby the fisheries laboratory in each state (ken
2. The states (ken) marked with * have more than one sea district end their data indicate
total amount. _ ’
One cultivation reft is equiyalent to 200 m of main rope.
Amount in parentheses j.nclucaé an estimation, 09

£\
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Ecology of Undaria pinnatifida e

At
Undaria ovinnatifida grows on reefs and stones in coastal waters faced

v or close to a warm open sea, Along the west coast of Kyushu and the Sea

of Japan, Undaria pinnatifida occurs in the coastal waters of Tozakibana,

Kagoshima~ken, Kyushu and northward, all coasts of the Sea of Japan, west

coast of Hokkaido, Rishiri island, and Rebun island. The straits of Sohya

is the northziimit. And also the seaweed occurs in the coastal waters of

the Pacific Ocean: Yamakawa in Kagoshima Bay (very small amount), north of
Kadokawa Bay, Miyazaki-~ken, eastern coast of Kyushu, all coasts of the Seto-
naikai inland éea, most Pacific coasts of Honshu, and sast of Maroran, Hokkaido.
Along the coast of Shikoku, the seaweed occurs in the ceastsl waters of Yurazaki
(western coast) and northward and Hiwasa, Tokushima-ken (eastern coast) and
northward, but not of Kohchi-~ken. Along the coast of Kii Peninsula, the

seaweed occurs im=the north of Sakaiura, Wakayama;ken (west coast) and of
Mugizaki, Mie-ken (east coast), but not in the Sea of Kumeno-nada., Generally,

NS
Undaria pinnatifida does not occur in the deep inside of a bay nor around

the mouth of a river where the bottom of the sea is sandy or muddy. The
seaweed occurs in the coastal water of Korean Peninsula: south; east (south
of Zozen Bay); and west coasts (south of Daisei Island),

Undaria pinnatifida can be classified into the following two types

based on the shape of frond and its occurrence (another classification shows
three types: the following two types and Naruto wakame),
Southern wakame (wekame) --- generally smaller in size, short stem,

shallower emarginated frond, #%eo many leaflets for the frond length, The
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reproducti&ﬁ frond has few waves (2 to 4 waves), The reproduction fronds

and the nutritive fronds are often continuous, and sometimes small tongue-
. LVE .

like fronds can be seer on the edge of the reproduction frond. This type

of Undaria pinnatifida grows mostly in the coastal waters of the middle-south

of Honshu Island (Pacific coast) and of the Sea of Japan, especially in ¢hs-
ARS8,
shallow plaeces,

Northern wakame (Nanbu wakame) --- larger in size , longer stem,
deeper emarginated frond, few leaflets for the frond length., The reproduétiégL

R
frond has many waves (6 to 20 waves). This Undarla pinnatifida grows in

the coastal waters of Sanriku coast of the north of Inubo-zaki and of Hokkaido,
e '
Zhis- also grows in other coastal waters, where is deep and strong current,

Undaria pinnatifida is an anmual seaweed and its life cycle is shown

&/ Al

in Fig., 1. The full-grovn Undaria pinnatifida gole, at the lower part of

Sporophyte w4 w ——Sporophyl

% #

)

=

Tertlllzatlon ﬂ-\?a“\. .
A

anf 2
lﬁipeness Rhizoid’ 8 }

Resting at high-
temperature

B1He KER (23 CIA k)
(at or above 2)°C)

Gametophyte///i:?mﬁ: %
= 8 g y — ;g T e S

|~
Reproduc»len frond

B OF ML BT
l
. ‘

Germination Zoospore

Fig, 1. Life cycle of Undaria pinnatifida
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its stem, the plea;ts called reproduction fronds viich shape;'are different
from those of a nutritive frond., Zoosporangia are formed on the reproduction

fronds and when time comes, the cusp of the zoosporangium is broken and zoo-
. ?

. f 4 - B 4
CAAST A T T b P R T S N PR PLE TR

spores produced in the zoosporangium come into the sea water. with a viscous

s L

Jiquid im=3t. The zoospore, about 9 micron long, is pear-shaped with two

N I .
‘O“\’.fb . . <:.:/,.,; Ry f{.(‘ t1onf . V- L , (.\.‘Cu}
hadrdines on its side and can swim by wawing-the—hatrlines. As the halrlines.
. . AW - »
_—‘2;'\: r_A(.,\ n',@. e gl e \1' By i ! (A_,'Z.}'(x r‘_:‘- [RECEN { ,
reach. bo—a—Foundabion in the sea water, germinadbien of the zoospore occurs,
C—\‘-Q.f .

The zoospore, thus, looses the hairlines and becones round; after this, it
e L

grows a pipe-like process (germination organ) into whewe the contents of

Lo i

the zoospore body moves, then a new cell wildd—be formed at the peind of the

process., As the result of the division of the new cell, the cells called
gametophytes successively (sometimes branched) grow forming a thready body

(its size is generally microscopic, but in some cases it grows to a large
(“ Lo [§ARY ¢
size te-be observed withAnaked eyes). There are two types of gametophyt%:

Q.
male gametophyts having thinner, longer, and more. cells anqxfemale gametophyte
-{?ﬂ.‘x LELS WY

having fatter, shorter, and less cells, When they ripen, the former will

have an antheridium and the latter an oocegonium. One male gametophyte pro-

et

Y omaltn nead

duces numerous antheridia on—ik, which ar? seen as a racemose shape soredimes;

each antheridium produces one antherozoid, which has a similar shape to that
q/ ’,E(’ ? '
of zoospore, The ooegonium is formed at the peoint of the female gametophyte
K . [
Cla~
or by extending newly divided cells to a hat-like form; each ooegonium has

i ii’dn FANRS Taeast

one egg., Stayimg-in the female gametophyte, the egg is fertilized with an

antherozoid which is swimming in the sea water and germinates (a sporophyl
A
is called a sporophyte when it is microscopic size and consists of a single

b
v
Do

layer of cells), At the beginning, the sporophyl -steys-on the foundation
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. o
by means of a rhizoid which is an extension of cells at the base of sporephyl,

then it grows a stem; subsequently the cells of the sporophyl become rmlti-

. &
layeijaround the border of their stem and frond, The sporophyl becomes
chet .
a lanceolate or oval single young-frond with a complete histology until the

n
- .
b~ [@R BT

sporophyl grows to several centimetenv}ength. Avourd this time the stem

of the sporophyl also has a complete histology and the sporophyl grows fibri-
form roots around its base so that it sticks to the foundation (Referito
Plate I)., Then the sporophyl grows at its growing region at the boundary

of stem and frond' the growing region will have comb-like leaves on both

Ja A
sides; the comb-like leaves grow to th9;g$gwn fronds as the body length of

Lt Al anta LA} 1’4 doals ofin
the sporophyl grows, The growy frond ripens to havd the renroduCLlaﬁ fronds,

ks

dispaches zoospores, falls, and ends its life, Undaria-pinmatifidaechas=this
£

life historyy-howsdver, time of $$G~ripeness and growth differ in each sea

;& P ————

d153r1ct\?ecause of 1t5 ulae occurrence Nevertheless, according to the

T T e e

deta1l 5uud1eu by the flsher1es experiment stations in each state (ken),
water temperatures are avout same at the time of releasing zoospori, the
e sbip Qe
appearance of sporophyl, and growing. The relationkamsng the ecology, water
temperature, and time(month) is diagramatically shown in Table 4 for northern
and middle-southern sea districts, respectively.
v B . .
The reproductieﬁ fronds start to grow without tim relation to the

n .
. o (& \‘., .
water temperature, however, releasimg zoospores begins above 14°C of the
A

4

10-day average temperature, continues up to about 22°C, and is most active

between 17 and 22°C, Experimental results in an indoor water current shows
Aelrase CL[ -

that releasiag- zoosporef has a clear-peak once a day and ik other time the number

of zoospores released is small, The number of zoospores released in one



T S-Gametophyte grows slowly--—-

7
Iv
- 6
111
5

TT o — oo e e e o

Table 4,

Beology of Undaria pinnatifida

Water Temperature

Re

Gametophyte rests

Releasing zoospore ends

Gametophyte grows well
Releasing zoospore is
most active

Releasing zoospore
begin

L Frond grows

(S P

™
o

17°

13°

— = 10%-

|

|

sting

Gametophyte regrows- 9
Gametophyte ripens
Sporophyte grows .10

Sporophyl grows well il

i

12
Frond grows well ;
S O
especially well

5

Arabic on a loop indicates a month in the northern sea district;
Roran in the middle-southern sea district.

XTI

13
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peak is 100,000 to 1,000,000 per one gram of ripe part of the reproductiégl

frond; only one day per three days or more, one to ten millions are released,
The peak frequently appears between 9 a,m, and 4 p,m,, but not between 0 a,m,
and 9 a.m, The time of appearance of the pealk changes from sample to sample;

generally the peak disappears within two hours. %he girect observation
) Z

aox .
ofr 'the release of zoospores has not been reported in the natural sea; however,

a similar phenomenon is supposed and a large quantity release (one to ten

At

millions) is expected at a four- to five-day period. The large quantity

Lagathoa

release has not been observed in two-to three-daxé<after bad weather; re-

. . L E .
leasing period of one reproductien frond is 20 to 40 days. When released
SOELTR e
zoospores contaclt widh a ﬁ@aﬁ&qb on in the sea water; most of them swim
e
along the surface of the ~9aqdawﬁon and move against the water current,

SuBn

bl

Along a glass surface they can stan%(up to 8 em/sec Ui(g water currcnt
1 e e

. x\'\'\

some of them are washed doww above 8 cm/sec; all of them are completely

Quarataa

washed dowmr at 14 cm/sec, On the other hand, when the zoospores have no
SURSTRETE
chance to contact witll a foundalion, they swim continuously for a long time
(1 - 2 days), However, their swimming area is small; their swimming direc-
AT s
tions are at random; they don't have any light tendency. Therefore, zoospores

Contied “ALs aoe o Ak bty

are accidentally £lowm to nedshbour of a foundaltien bJ the water current,

then They swim to germinate on it. The swimming £gg;fand the efficiency

of germination depend upoan the temperature, the specific gravity, and pH

of the sea water: generally at a higher water temperature and in the sea
‘5

water with lower specific gravity, the swimming hé;;fis short; a good ef-

ficiency of germination is observed at or below 20°C of water temperature

and in the sea water with 20 or more of specific gravity (at 15OC);an extremely

weak efficiency at or above 25°C and with or lower than 10,
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K;?gqsp9f§§\%ermlnated become gametophytes. The germination and the

growth of the gametophytes are best at 17 - 20°C, but above 27°C the ger-

mination doesn‘t occur, The gametophytes grow at a temperature of up to
s i 5

23°C; at above 23°C they stop to—grew; their cells become round and cell

Lsas S oL
skins become thick; they get into resting stage. The resting gametophytes
Lt iieda. A acelle an

can bear a high water tempsrature igke 30°C (See Plate I, B and C). Con-
cerning the specific gravity of the sea water, the germlnatlon and the growth’

\ P
of zoospores are active in the sea water w1th/22 - 24(9f<;Pec1flc grav:Ltyy

those are extremely poor with lower than 12; at higher water temperatures
theserare poor with 20 or below, The effect of light on the germination

and the growth of z00spores also depend upon water temperature: at or below
20°C the growth is better tﬂ brighter days (clear, daylight average 2,000 -
6,000 luxes); at a higher water temperature the germination prefers weaker
light (below 1,000 luxes arcund 28°C),

The ripeness of gametophytes and the germination of sporophytes occur
below 20°C and the growth of sporophyte is good below 17°C, Under a bright
light, the ripeness of gametophytes, the germination and the growth of spor-
ophytes are active, but under a dark light (below 150 lux) even the rlpeness
doesn’ t occur, In the-sea water with below'ZOlpf;w~1301flc gruv1ty the
ripeness, the germination, and the growth become slow. Moreover, the ripe-
ness of gametophytes is likely relatégé-to the length of daylight, probably
a short daylight (8 - 12 hours) affects tﬁé‘ripeness.

According to the results ggi;n~indoor culture, an egg cell moves

A
to a pointed oééb of an ooegonium and is fertilized; the egg cell germinates

(LV‘

to sporophyte as staying on the pointed euge (Plate I, D); cells at the
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base of sporophyte grow to be a rhizoid; the sporophyte sticks to a-feunda-—
$sion by means of the rhizoid. The egg ceyl/sd/scldom germinates away from

its ocegonium, Although the reproduction of Undaria pinnatifida has been

o~ ' i
(oI VNI IR G R |

supposed to be Ppreceeded only by its zoospores, the effect-determination-
study of the fisheries propagation industry or other experimental results

show that Undaria pinnatifida occurs in the growing period of the following

year.on the stones and on the foundations which were thrown into the sea

and the place where reef-blastings were performed, when the time is not

a zoospore releasing period. This indicates that the reproduction of Undaria

s o r
05\/\‘\.':.9 o et oLt

pinnatifida is preceeded by something rather than zoospores, The result

of axr”indoor experiments revealed that the gametophytes in a resting stage

a tta :‘.‘./l«. e

are easily removed from a foundation and they haxddy gawmanave~on it again
without any conditional change, At a lower water temperature the gameto-
phytes are not removed easily; very few gametophytes are removed by the

water current of 3 cm/sec, On the contrary, the gametophytes removed arti-

axtacell TR ~Qoin.
ficially gewmtnate ea51ly again and also the gametophytes, whleh removed

Tl de
naturally from the foundation at a higher water temperature and are float-

a,f_;nx\a
ing, can easily germinate again when the water tomperature comes down,

Fertilized egg cells and sporobhjtes which do not have rh1z01dskyet are

(j [E BV :'/ C\/u.\ul g
hardly removed from the pointed edc s of their ooegonium by a weak water

current, however, when some of them are removed, they germinate well, It
is hard to conclude that the results of these indoor experiments are quite

" similar to the situation of the reproduction of Undaria pinnatifida in the

natural sea, but.these phenomena might occur in nature.

As for the growth of the fr»ond of Undaria pimnatifida, its natural

condition has not yet been revealed because of few observation reports,
K

10

11
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Fig. 2. Relation among time, water temperature, and growth of
Undaria pinnatifida

Cultivated in Toyohama Port, Aichi-ken (1956 - 1957). Frond length
is an average value among well grown fronds.
Date cultivation began: X - Sept., 14; )=- Oct, 25; - Nov, 21;

()~ Dec, 14, 1956,

Cultivated in Matsushima Bay, Miyagi-ken (1952 - 1953), after Kuroki
and Akiyama, Tohoku Sea District Fisheries Experiment Station (cf,
Bibliography),

Date cultivation began: (O- Aug. 12; ¢)- Sept, 27; O\~ Nov, 14; &-Dec,

16, 1952; ()~ Jan. 19; {%~ Feb, 19; @)= Mar, 17, 1953,
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nevertheless, the following phenomena are known by cultivation experiments, -
! .
~,/ Hu <

Two examples of the :L“ela’clon-eanarvv growth, water tompevaturp, and time are
ol it
shown in Fig., 2. The youn%{;rondq (5porophyl)—a% the staga of\EES?ophytod

b on et

tand a single leaf grow ever entire fronds; this growth is good in the water
temperature range of 15 - 17°C, slow below the temperature range, and ex-
tremely slow below 10°C. The growing region of the young frond moves to

tho boundary between its stem and frond and the young frond has a midrib

and comb~-like leaf, The growth of the young Undaria pinnatifida is

good below 12 - 13°C; the growth is comparatively good up to l5°C; the rate

of growth becomes very slow above 15°¢; the growth is extremely little but
RE R v\\l\"

still exists at about 20°C, Lightrness in the sea water, which depends upon
A

the insolation, the transparency of the sea water, and the depth of the

sea also governs the growth of Undaria pimnatifida, Probably, not only "

lightaess but also period of sun shine affects the growth, The lightness

-h
[T S AN 3
and the water temperature correlate on the growth of Undaria pinnatifida:

13

[
it grows well .a¥ less-lighted area (deeper area) when the water temperature
L
is high, or at well-lighted area (shallow area) when the temperature is

low, Fig, 3 shows the relation between the water depth where Undaria pin-
A
natifida is céltivated and the growth of Undaria pinnatifida which are ger-
ol
minated 4x different times (seedlings whose growth were controlled to a

similar degree were transplanted from a pilot plant to the sea to be cul-

I PN RN {
tivated), The figure shows the correlation of-the lightness and the water
tenperature, mentioned above, 1

When the upper part of the frond of Undaria pinnatifida is cut off

leaving the main growing region at the boundary between the stem and the




19

Y
-
j
1
.
i
|
4

Plate I
Gametophyte immediately after the germination, x 600,
Growing gametophyte (at 21°C; after 10-day culture), x 600,
Resting gametophyte at a higher water temperature, x 150,
ibid, enlarged, =x 60O,

Gametophytes which start to re-grow as the water temperature goes dovm.
x 150,

Sporophyte germinated on the seedling rope (Kuremona fiber: polyvinyl
alcohol), x 600

Young fronds, Origin: Toyohama, Aichi-ken,

12
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Plate II

A, Seedling device (screen made of palm rope) and culture tank (under ground
type made of tufa, Mr. Ryuzo Tsuji, Oginochama, Ishinomeki-shi, Iiyagi-lken.

B. Seedling device (palm rope, culturing in the sea). At Miysko Bay, Iwate-
ken, Division of Fisheries, lMiyako-shi,

' C, Undaria pinnatifida grown on oyster shells (hanging from a raft)., At
Toyohame Port, Chita peninsula, Aichi-ken,

D, Frond cut at lower part of the frond (the frond length 36 cm, stump

. ~ length 7 cm, March 10, 1958),

D. Re-growth of the stump D (frond length 17 cm, March 25, 1958),

. v
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frond to its stump and when the stump is large enough to grow, it re-grows
well, The relation among the re-growth, water temperature, and lightwess
in the sca is similar to that of the initial prowlh of the frond. This
can be secen in Plat IT. D and E.

\,»\"1’
Undaria pinnatifida occurs forming a sheaf (several fronds vrowg

at a point) or a grouv. When Undaria pinnatifida grows in a small area,
- Lf»
several groups are formed according to e dlfferenb growth: a group show-

ing the best and fastest growth grows well without any relation to the growth
density in the area; a group showing slower growth is affected by the growth
density and the group always has many small fronds, This phenomenon can

be seen when it i1s observed in a very small area, On the contrary, if it

is observed in a large avea the growth density affects the water current and

other circumstances and the growth of Undaria pinnatifida will be different 14

in each area (c.f., Fig. 7).

# 2k 12 (w) Frond length

10 2y B 4D £ €0 70 40 ‘0 60 70
1 2 1 1 LI ] " e -l

]P 2'0 a‘a
»m\;gf>\\\\ 2RBE | m\kl\jQ\\\\ 313 March 19
Vs SR Feb, 25
n/ \‘\\a ‘:\\\\ N \?;;\\\\\\

2% X e

’00)}2 ] \D . \3'\~\Ao/ ‘ | m \X\\O’/A/
)t N T L S
5 ;n/ = e
- |

e

Figure 3. Relation .ameng—the growth of Undaria pinnatifida, the
water depth, and the germination time. (Dcolgnatlons and the water temper-
ature are referred to Fig, 2, A)

Broken lines indicate the unusual growth, which are caused by the
mechanical interference or by the extremely delayed germination time, in
those water depth,




As mentioned previocusly, the frond shape of Undaria pinnatifida is

briefly classified into northern and southern types, besides other charac-
teristic shapes in different arcas, Not only the frond shape but alsc the

degree of growth,/d color, and the sofiness of frond show characteristics |
5
dv each area, These properties, naturally, would be altercd with the cir-

cumstances in the area, where Undaria pinnatifida grows., However, some
ases iy,

roperties show little change when circumstances are rergely changed. Ex-
S) [

perimental resulis which Undaria pinnatifida from different origins are

O

cultivated in & station are shown in Table 5-1, In Table 5-2, the compar-

ison between natural and cultivated Undaria pinnatifida, which are cobtained

from the same origin, is shown., The tables indicate that the shape of a 15
4

young frond, a/stem length to @ frond length, and the degree of growth show

characteristics of the originads, This observation does not change until

at least the third generation in cultivation; these properiies are thought

Pt !
hereditary. Quality of Undaria pinnatifida are not yet clear because of
J"'__C\.L\.‘i‘, (_,,'_-,

few experimental data, however, thei—seewr-to~have a tendency that the thick-

ness and the softness of a frond vary little bul the color -of=enfrond varies

greatly in the different circumstances,




Table 5-2.

Undaria pinnatifida from the same origin

Comparison of forms of natural and cultivated

Cut-in depth

Distance betieen
nutritive a4d

2
o

Cultivation Stem length  of frond reproduction frond lurber
Origin station Sample of
(Investigator) Frond length TFrond width Frond length messurerent
Toyohama Toyohama Pori; Cultivated 0.08 + 0,04 0.41 + 0,25 v
Aichi~ken Hatural 0.07 * 0,01 0,33 ¥ 0,02 141
Chita
Perdinsule,
Oono, Adchi~ken Cultivated 0,20 + 0.05 0,3% + 0,07 11
Tokoname—shi Hatural 0,14 4+ 0.04 0,37 + 0,04 2
Alchi~ken - -
Mie~mure Kugajina, Cultivated 0,13 4 0.03 0.32 + 0,01 0,05 + 0,01 30
Nishisonogi~ Fukue-shi, -
gun Nagasaki~ken Hatural 0,19 + 0.08 0,34 + 0,06 0,09 + 0,07 8

Kagasaki-ken

(Goto)

N
\-L‘



Table 5~1. Comparison of the forms of Undaria pinnetifida when
as

the speccies of the different origins are cultivated in a stebion

Cultivation
station
(Investigator)

Jtems studied

re

Miyagi-ken
rigin
Yorthern type

Aichi-ken
origin
Southern type

Tolcushima=ken
origin
Naruto type

Peach-like shape

Toyochama Port Shaps of a young frond Peach-like shape Ellips

Chite Peninsula

Adchi~ken Coriparison of stenm Too long stem Too short stem Too short stem
length to frond length for the frond for the frond for the frond

(Saito)
Season of the appear- Late Early Tate
ance of comb-like leaf

E Frond length to form 4O - 60 cm 30 - 50 cm e

reproduction {rond

Coisozaki Shaps of a young frond Peach-like shape s Ellipse

Naruto~shi

Tolcushims~ken

(Kato et al,)

Comparison of stem
length to frond length

Season of the appear-
ance of comb-like leaf

Frond length to form
reprocuction frond

Too long sten Tor
the- frond

Larly

36 - 60 cm

Too short stem
Tor the frond

Late

40 - 70 cm




Cultivation

The purpese of the cultivation of Undaria pinnatifida is to intensify 0,

fishery and to stabilize its management., The cultivation cannot take the

place of harvesting the natural Undaria pinnatifida, because the natural

4 o¥ Dan v
produce is very huge, therefore, to practice the cultivation industry one

A

Lo
"4y B
should work for stabilizing his-maragement by clarifying the purpose and

the goal of the cultivation. When tke cultivationgis performed)w%il:@n

industriél sizex thé"géal of “theculiivation will be changed according to
fhe'circumstances: the cultivation as a seasonal principal occupation or
the cultivation as a side occupation, and the amesal special problems as
to the different locations. In case of the principal cccupation or very
close to the principal occupation, generally it is necessary to aim the

following things for the cultivation of Undaria pinnatifida:

(1) Early harvest --- Prices of Undaria pinnatifida greatly differ

from early season to late., TIn the early season the quality is excellent
and the production is small, sco the price is high., Afterwards, the price,
Qee e i

which is quite changeable by the quality and quantity of the produce, gen-

erally decreases, Therefore, the culiivaltion of Undaria pinnatifida should

!

be cultured early and harvested early so that thamcultivatgavproduce can

. s R X
be harvested before or’in the early season of the natural production, when

the price is not governed by the retural rich or poor harvestf§1£$,n&IuAkﬂ (}Lmiu{ﬁ
(2) Mass cultivation and improvement of the quality ~-- The growth

o

and the quality of Undaria pinnatifida are affected by the environment con-

ditions at the cultivation ground. As mentioned in the previous chapter,




‘the shape and the quality of the original spcecies are kept well, therefore, 16
the cultivation should use gocd original specles having the good growth

and the good qualily which are proper to the secondary usc so that the high
ecarnings may be expected, For that purpose, it is necessary to cross or

transplant the proper Undaria pinnatifida to ias environment of the culti-~

vation ground,

(3) Marketing --- If the cultivated Undaria pimmatifida is utilized

I
gt

to manufacture products which-is similar to the products made ‘ef natural

Undaria pinnatifida and if the products made of cultivated Undaria pinna-

tifida are sold on the same markgt route with those made of the natural

[&]
products, excepting the early harvest, caltivated products are overwhelmed

e
AT

by the natural products and cannot make good earnings. DLven 1f the special
narket such as selling the raw or wet produce is opened, when the amount
of the cultivated producis exceeds a definitequantity}/aﬁ'expected earnings

cannot always be obtained, Therefore, a cultivator should always try to
Al el
make new secondary products and to open the new market, He must also try
A
<

Rt
O O N

' to cultivate Undaria pinnatifida with proper qualiﬁ?dfor his/‘pu'rposes°
;“\-

In case the cultivation is taken up as a side occupation, a culti-

vator must consider the ecology of Undaria pinnatifida as well as the changes

of the environment conditions of the cultivation ground; what is more, he

should consider the allocation of the labor for the principal occupation

,
Frvee ol

in an effort to perform the reasonable management, . The techniques of the

cultivation are described below, In any case, the most important thing

is to understand the relation between the ecolagy of Undaria pinnatifida

and the varieties of the environment conditions of the cultivation ground,
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1) Sporing (seeding)

’ ,,9 PR

In the northern sea coast the sporing of Undaria pinnatifida is sore-

times operated directly on cultivation becds, however, in most cases the

FUNIR SRR

sporing is done on broper see@lﬁng beds which are convenient to culture

seedlings. Materials for the beds are as follows:

T Doe
U sy

For cultivation by direct sporimg --- timbers of pinec, Japanese oak,
etc., ropes (2 cm or more in diameter) made of wisteria vines, palms, or
rice straws, split bamboo,

For seediing; outdoor culture —-- palm ropes, coil- yarns (3 - 5 mm
in diameter),

For see%iing; indoor culturse --- fiber yarn made of Vinylon or its
family: polyvinyl alcohol, (Wo, 20 count, 36 to 45 yarns in a three-plying
thread, ete.), porous tubings or plates, shell,

Among these bed matefials, most kinds of ropes are used for the seed-
Aing culture., The ropes are popular as "éeeq#ing roves,”" As for the seed-
}1ng culture techniques the seedﬁ&ng ropes will be described in detail,
For convenience of care requiremsnt the see%#ing ropes are prepared in the
see%}ing devices as shown in Fig, 4. A& frame type (1) is common, but for
outdoor culture types (2) and (3) are better because of the large amount
of miscellaneous germinations. In case of the small amount of culture,

hanks of ropes, only by decreasing the overlaps of the ropes, can be used

Llf et
or the sporing and the culture,

[3)

When a ten~day average water temperature is 14 to 22°C which is the
,u,"." [=3 K.Q:\\
zoospore releasing temperature, the sporeling may be performed any time,

.

however, for the best result for the shortening of the culture period and

also for the growth of gametophytes, the water temperature 200C, the most




active zoospore releasing time, should be choosen,

(RS

The selection and the amount of the reproductien frond of Undaria

pinnatifida should be carcfully prepared, At the time mentioned above most

, VG . . - ' ,
of the reproduction frondsis well ripe, but it is not krown whether the release

¢des ;
of the huge amount of zoospores occurs on thet day when the seed}ing ropres

are set. Avoiding the time just after the bad weather, a cultivator should

. LWt . .
selects the revroducticn fronds which are larger, tnicker, brown or dark

brown, especially dark~colorced edges, softer, and rich with a viscous liguid

O PR
. 5 i . .1
in order to expect the huge amount of release (about % to 1/3 of the repro-

N
XTI

duction fronds prepared will release a lumge amount of zoospores), The re-

1%

productién

fronds which are yellow-brown, hard,; and poor with the viscous

P Y

. Ve
1iquidﬂfinished their zoospore release, The mumber of the reproductier
7

fronds prepared can be determined by using the following equation:
1 2~3
AxBx g X = X
10° 10

where N: number of reproduction frond to be prepared

A: number of zoospores germinalted per 1 cm of a seedling rope
B: length of a seedling rope (cm).
(1)
i |
'al |
%lf !
M | !
1]
efa
Vinyl tub."““h::ﬁ:ﬁbﬂm =
S — ity — =T S \ /.
2 -3 em T i 3 N @3 ~ 5 seedlink
in dias H ' Pai s g i 3~ VS S
1 c‘j 1’1;,' e HTh s 4 ropes
Hlemd 0DCBCLING ~ 12-34 N :
) i Thin bamboo |
rope t

Fig, 4, See4§ing devices for Undaria pinnatifida

17
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According to the above equation, when A is 1000, several reproduc- 12
tiég‘fronds per 100 m of B are enough to prepare and if the culture is in
a good condition, at least ten germinations are observed per 1 cn of a seéed-
/fing rore,

i

Upon the sporimg of Undaria pinnatifida the important thing is to

prepare the sea water with a dense liquid of zoospores, To do this, it
/L':Z ‘;_}‘ .".f_« . “-~‘.\i VLliasntlans
is recommended to-minimize-the quantiity of sea water t6 be used and tomlet Li-~

.

" Onar v iy

the reproduction fronds release their zoospores at one time by drying the

I

L . v s . . .
reproductien fronds in the shade in advance., Time for the drying, which
depends on weather, is aboult one to several hours, which=are just enough

to dry up water on the surfaces of the reproduction fronds by spreading

~ . . . ~ \ S
them flatly in the airy and cool shade, If the reproduction fronds change
their color to green or droop, they are over dried,

fome
2aN Qe

Procedure of the sporing is as follows, A proper gquantity of sea

water is poured into a container so that the materials may be just covered

-4
£}

Eth-the=sea=water when the materials for the sporing bed (seedﬂing rope)
is dipped into the container (the matsrials may be placed in the container
irst and then sea walter can be poured into the container as an allernate
way). The seca water should be clean and fresh. ts densilty should be 20

or more, The temperature is preferably 20°C or lower and should not be

A v LREV.ANY
23°C or more during the sporing. The place for the sporing is preferably
(=
k)

. . RECASEEN
sthe light place but not under the direct sun light., Reproductien fronds
dxied in‘g’shade in advance are dipped into the sea water for a quick wash

and immersed into the container, Zoospores begin to be released into the

Y
s aand

sea water around five minutes after the immersion., As the releasing zoospores

vecomes active, (ten to fifteen minutes later) the sea water turns pale




brown or yellow brown., At this time, if the small amount of the sea water
is exaumined mlcroucochally actively swimming zoospores can be observed,
Then the materials for the sporing bed are immersed into the container,

By slowly stirring them occasionally or by turning over the materials, the
zoospores are uniformly attached to the material, In 20 to 30 minutes after
the immersion of the reproduction fronds into the sea water, ﬁhe reproduc-

LU . . ~ . ~
tioir fronds finish the release of their zoospores for that day and after-

0
'\-L-\.»t'\.tk\

wards they’deterioratgg the quality of the sea water by pouwring -out a vis~
cous liquid, from-their-breaks. The roproductiég'fronds should be taken

, o . o . ~ . .. . .
out of the contalnep/at 30 minutes after their immersion, The materials

e v
e

0

At
(RSP S
aalaice v Ate ety

for the sporimg kewp immersed in the container for a while so that the enough.

das . , . . .
amount of goospores germinate on them, In 40 to 60 minutes after the begin-
S

P
(L\ LRSS

ning of the sporimg, the sea water is slowly changed with fresh eme; or the

[T
materials is weplaced into another container filled with fresh sea water,
. afa s
or the material is dipped into sea, The sporimg of Undaria pinnatifida

ends, In case the see%}&ng device is left in the sea water where the sporing

Dete
was done, the zoospores germinated in the device wllbe weaken, because lthe

[ £ W T S N

sea waler contains a viscous liquid bearing tannin, dirt, and/impmo;eb4oom»
N N

ponents, For the reason mentioned above the seedYing device must be removed

[t

n
Frssen e

into ;’fresh sea water after the spo;gﬁg. When a glass plate is immersed
/ s

T 1t g
ints the container where sporWV“ is progressing, the glass plate will help
T Tiorl ¢ \'
obseerng the germination and the growth of zoospores,

[
Lok 25

In case of/g’dlrpct sporisg on cultivation materials, the timing
RETS .
of sporxdm and the selection of rbproauctﬂﬁﬁ fronds (larger number is better)

are similar ©to the previous method. The procodure is as follows, Repro-

duction fronds are directly inserted into cultivalion ropes, which are called
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main ropes, with 30 cm spacing ana the cultivation ropes are set in the

N
1N ',.-»u‘c oo

sea, An alternate way is tna:k1be rgDrodac tlen fronds wiith are inserted

N v

T NN 7

into ropres made of r:co—btraw arb set in the sea along with materials for

‘:‘

the cultivation. Drying the reproduction fronds in the shade is thought
to be effective, however, if a release of zoospores occurs before the cul-
tivation materials becomes dirty, all requirements for the sporing are sat-

isfied, therefore the drying is unlikely to be effective,

2) Culture of seedling

Therce are two methods of the culture of Undaria pinnatifida seed-

[SXY ar st
lings: the sea culture (outdoor)<which set the seedling ropes,in the sea,
£ N

and the indoor culture which are performed in a tank or in a proper container.

Chtada

The former has several merits such as simple facilities and utilizing the

¢
seedling ropes made of low priced natural fiber, on the contrary, this method

Qléa e (e T
has a couple of weak Uoints such as the risk of washed-away and germination
G e P A A

of tbb miscellancous lrv*n@s and the dirt on the seedling ropes, This method

f,
Y '\,. ’f oy {ro "’~"’

is lwmproper in the middle southern Honshu, where &#ts water temperatures
[ :- t

are comparatively high and th?(}ergod of-the-geedling is long, and many

Q

- ¢
r:u,,-\xc-\ I S [ 2ol SRS L

miscellaneous goym1n~t16ﬁsmﬁxis.; this method is practiced only in the north~

ern area, However, even in the middle southern Honshu the former method

e ) /
e G GNALE e s

is not impossible by preventing the attachings of miscellaneous germination 19

, A . - . .
on the seedling rope., For exemple by sealing the seedling ropes, the fil-
H
tered sea water; and the air in a sirong polyethylene bag (the amount of

L\_U. s BUow e nd -"J

air is adjusted to float the bag), the_miscellaneous.sormln&tlons~can be

prevented, The bags are hanged from a raft by means of a rope; the water

depth for the bag is adjusted by a weight balance,
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The latter rvequires,facilities in most cases. Another weak point
A

©

of this method is tho seedling ropes made of natural fiber cannot e used,

because the culture of Undaria pinnatifida seedlings is performed with a

A
i

small quantity of sea water, The several merits of this mcthod are<tho

f
water temperature, the light, and the nutrients are controlled artificially;
the method can be practiced in any area and is espoecially good in the middis .
southern Honslu, In some cases a culture room is specially bullt as one

J

of the facilities, The lighting and the ventilation of the room should

be carefully considered; the lighting should avoid the direct sun light

—
v

semitranspgrent glass or a plastics plate are used E;Lshade); the light-
ing is similar to the light at the sea surface during the daytime ggxa fine
day and should be adjusteble over the range of 300 to 10,000 luxes according
to the time, A water tank for the culture is made of wood or concrete, e .
which must not contaminste the sea water in it., The depth of the water

tank is preferably up to 80 cm to decrease difference in the light at the
top and the bottom of the sca water in=the~tenk, MNMoreover, a skylight is
preferably installed above the water tank (despite gf,the skylight, differ-
ence in the growth of seedlings exists, therefore, the interchange of the
sporing devices resting the top and the bottom of the tank is necessary),
The maximum water temperature in the water tank is prefersbly up to 28°C
with a good ventilation, A sea water flow or circulation device or a water

@ect il (o,

temperature regulator is nolt necessary, but{if—%te~waterm%anRNiS“equippad
¢

5

with-them,. it.is~very-favourable. For a small quantity of culture, a small
water tank made of glass or wood (a polyethylene sheet is placed in it for
better results) is used; the small water tank is moved to proper places

to adjust the conditions for the culture depending on the time; in soms
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stations ditches are used to place the small water tank,
A

s
The stage of culture.is classified into three, the initial, the

middle, and the final, according to the degrec of the growth of Undaria

A
4

LR
Lo ~

pinnatifida; each stage has its own method <o contro% the culture,

ir

aaie e
The initial stage is about 10 to 20 days after the sporimg; this
Cgeo Ui e , Jff”._ o
stage is th%<period torgrow zoospores germinated on see%}ing ropes to ,the
A
) 3 0 . » . Q.
canetophytes, The water temperature in this period is preferebly 20°C or
lower and should not be 23°C or higher. e light, 2000 to 6000 luxes,
g
is needed, Accordingly, in case of the indoor culturs, the water temper-
ature should be minded, the direct sun light should be avoided, bul the roon
kept lighted, and the seedﬁhng devices should be interchanged up and down

occasionally. In some cases, 0,1 g of sodium nitrate and 0,02 g of sodium

phosphate per one liter of the sea water are added as nutritive salts dwnto

the culture tank. In case of the sea culture (outdoor), the seedﬁing devices

are generally set in/i'shallow sea water, After 10 to 20 days under these
conditions a male gametophyte will be 5 to 10 cells, female 3 to 5, thus
the initial stage of the culture is over, However, if the gametophytles

are left under the good condition, they grow long and in sonme cases they
A f e e
e 2 A CHENCIE I S

will ripen to grow sporophytes., These gametophytes ofte§<re§ul$«&seless,

because the longer gametophytes easily drop off from their see@l&ng ropes
o~ [ -
P S O e U R

in the middle stage. When theZgoodsconditions stErl continue, it is better
to depress the growth of the gameltoprhytes by reducing the light., For the

seedling)the gametophyte may be only one cell, but judging from the experi-

e

<0G
ments, %o grow a gametophyte to the size mentioned above is recommended.
~

il

Iz

The middle stage is the period of high water temperature; the stage

requires a good control to keep a high survival ratio of secdlings of Undaria

20
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pinnatifida, Accordingly, the stage does not exist in the northern cca
district where the water temperature is low or even if it exists, it's out
of consideration for the very short period of time, On getling the stage,
the light must be reduced in proportion to the increase of the water tern-
perature, Gametophytes rest-at about 24°C or higher of the water tempera~
ture and some of them will die at about 28°C or higher,; therefore, keeping
the water temperature between 25 and 26°C is ideal, The light for {#mzy good
survival ratio is 1000 luxes or less at 25 to 26°C and 200 to 500 luxes
at 27°C or higher, The density of the water largely affects onTitie growth
of the gamelophytes at the high water temperature; the density is prefer-
ably kept at 20 or more., Concerning % the sea water change of the indoor
culture at the middle stage, it may be better that the sea water change
is not performed unless the quality of the ssa water has hcen deteriorated,

because the resting gametophytes easily drop off from the seedling ropes,

ll)

If the dropping-off is few, changing a whole or one~third of the sea water

per day by the water~flow or circulation device prevents the increase of

the water temperature and likely results in a highwéurvival ratio, In the

.ﬁ\

sea culture (outdoor), the seedling devices are set in a deep place at the

-|.

itial stage and the depth is not definite., They awze depending on the

_J.

, ‘ ey
conditions of the culture ground. The middle stage is the perlo§Kwhlch

. Lo
O g :a»n:,\w_,; o {la. ",

¢

xets many miscellaneous kv P“S on the seed jnﬂ TO :S the light as well .
?
? LL\/\*( et

as the water depth which gets least miscei dneous-—-livings must be determined,
The kind and the amount of %h wllV“ﬁg‘w‘Or?LdeGd on the seedling ropes

- /

ferent in each area, seasons, and the water depth: in the northern

[
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area they are mussels, Mytilus edulis, and Polyzoa or Bryosoa; in the mid-

. 3 . & R
dle southern area barnacles, ascidians, and Polyzoa or Bryvozoa. The Iagngs iswios
e 3 g ~ U
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which cover tightly and perfectly the surfaces of the seedling device

Q

0

k]

kill the seedlings; they should be kept away from the seed}&ng devices,

. L \ .
The final stage is the period which gametophytes ripen and grow
A

4

sporophytes and the seedlings of Undaria pinnatifida are completed, If

the cultivation of Undaria pinnatifida is begun and developed at the pro-

gressing stage of the seedlings, the fertilization ratio decreases and
s . .
the growth of sporophyls swe-often unsatisfactory, The finished seedlings

By

are Those which at least grow sporophytes or sporophyls which can be ob-
N ‘(/’3'\-/
served by the naked eyeg, The first step for- the control of the seedlings

at this stage is to increase the light gradually from 2000 to 4000 luxes
when the water temperature reaches to about 23°C or lower, Under these

conditions the resting gametophytes begin their re-growth and ripen at
Ladods v

about 20°C, and grow to sporophyls., While the sporophytes are seen the

I3

light should be increased again to 4000 to 10000 luxes. At the beginning
of the final stage of the indoor culture that the sea water change has
not been performed through the summer, ripeness of the gametophytes and

the growth to sporophytes can be promoted by performing the sea water change
: Qs

or circulation, or by adding the nutritive salt (same to those for the

initial stage)., Despite ¢f an adequate sea water temperature for Ili$ cul-

gar (D

tivation, if decreasing the water tewmperature of culture tank delays and
. in . ad

if the ripeness of the gametophytes and the growth to sporophytea(delax,

the water temperature must be artificially lowered to about 20°C to pro- 21

move the growth of seedlings. The ripeness of the gametophytes and the |

y
&

growth to sporophytes are retagred sometimes in spite of these controls,

. . . . . o
In this case, if the water temperature in Lhe sea 1s about 22 °C or lower,




36

the ripeness and the growth are promoted by setting a Q;;dle of the seed=~
}&ng devices in‘;hG'shaIIOWOESZ?(This procedure is called a ripeness oper-
ation or a sporophyte operation)., In §hé’indoor culture, when the sporo-
phytes grow about 100 to 1000 microa? their growth terminates in niost casés.
In the northern area the sporophytes easily grow to sporophyls observable
by the naked eyiﬁ'in a_culture tank; in the middle southern area this is
difficult, If the water temperature in the sea is 20°C or lower at this
time, the seeéiﬁng devices are preferably set in the sea. The seedlings
which have been cultured in the sea (outdoor culture) are reset in shal=
lower depth according to the decreaigég-of the water temperature in the
sea, The seedlings which have been cultured in a polyethylene bag are
taken out of the bag and are reset directly in the sea when the water tem-
perature reachgé to 20 to 22°C,

Timgﬁg to start the cultivation and the degree of growth of the
seedlings will be mentioned later,

—mtalefe

In any case the seedlings which f&b=to the water temperature of

the beginning of cultivation should have been cultured,

3) Cultivation

(a) Selection of the cultivation ground, The cultivation ground

AN . r
may be the places, where Undaria pinnatifida grows naturally, or any-oiher

ptacses where it does not grow naturally, but the reasons why it doesn't
are clear and they can be removed artificially, Thefe are several limits
for the effective cultivation,

(1) Water temperature, Undaria pinnatifida grows even at 15°C or higher

of the water temperature; the.seaweed grows well below that temperature,
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especially at 10°C or lower (c.f, the chapter of the ecology; the minimum

o&mbhe adequate water temperature is about 5°C for ten-day average), The
ATl

longer the period at 15°C or lower, the more effective for the cultivation,

Where the low temperature period is long Undaria pinnatifida grows well,

T T
Thinning and cg} harvests are possible and a larger producy’ can be expected,

W:[CL\J* {:t\ n/

(2) Water density. The fronds of Undaria pinnatifida can beam-with a
very decreased specific grav1ty of the sea watqr. but the place where it.,c, /v o |
\f’(g"n. ()A,\v‘\% ‘_,“'\9 PR ZR o\(c,-u ')OCL:L‘ * {
is alwa: lﬁ“or~lowaw—&s-&nadequate ’ |

?-t et Atant eadly "é
(3) Nutritive substances., éNutrltlve substances for the growth of the

AL LF
seaweed may be very l:%t}e The concentrations of the nutritive salts,

AR Gk Bl

which are bhe—neeesa&é&es for bhe-better growth and {h€ better quality ji?
of the fronds of the seaweed, ;;ziggggk'determined. Generally speaking,
jhé’good concentrations can be found where the ocean water and the bay
water meet rather than the-euwdtiwation-ground where the ocean water washes Wae
/( ’giggzlly. *
(4) Water current, As the water current in the cultivation ground affects
the supply of miutritive substances and the gas exchanges by)ﬂﬁrassimilad

tion and @hé’respiration, the water current is a very important factor

for the growth and yaé quality of Undaria pinnatifida., The water current

relates to many other coné}ions. As it has not been studied so much, aw

w l,’A(o..C't"
pioper velocity of the water current is still unknown, With the exception

of the»piége like a strait where the water current is extremely fast, gen-
erally, }hé'places with a moderati7fast water current are preferred, The
current is commonly obtainable in a bay or/rf a coast, The velocity of

the water current and the wav%yé;;}e notky?ly “the¥factors for the selection
of the cultivation ground but also the factors for the determination of |

the method, the size, and the density of the cultivation. o

i
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(5) Water depth and sea bottom, The water depth in the cultivation ground '
will be discussed in detail later, Although the water depth depends upon
—-/()A S @ ™ g\*m

alls
the cultivation method and the sea bottom, it is preferyed to measure—mo

sll">l [ 2o

a

A

than one meter ﬂiz;’an adequate depth for the cultivation &= the sea bot-
tom, In some cases the quality of the sea bottom limits the cultivation
facilities., E;erally it has no relation to the cultivation,

(b) Cultivation facilities., The cultivation facilities for Undaria

pinnatifida are devised in many forms at each cultivation ground all over

the country, Here, the major methods are taken up and explained briefly

(Structures and specifications of the facilities shown in the following
figures are only standard. Actually there are too many ways., It is neces-
sary to devise proper ways for the circumstances of each cultivation ground),

(1) Preparation of main ropes. Undaria pinnatifida grows as it holds

the foundation with its fibriform roots, When the base of the frond of

the seaweed is not firm because of the 1ﬁproper holdlng of the foundatlon,
the growth of the seaweed is poor. The cultivation roqulres-%he founda-
tionjig;éhgze roots hold well and the fronds become stable, Accordingly,
the direct sporing culture method performs the cultivation by széﬁgkfl<éa &
a larger gauge rope. For the seedling method, the seeq#gng ropes with

a smaller gauge are mostly employed foq‘phé'conveniencgﬁ. Therefore, the
see%iing ropes must be set on the ropes with larger gauge, stones, or con-
crete blqcks to give the seedlings a sound foundation, The ropes with .
a large gauge are usually employed; they are called the main répes. The

Q-
main ropes are 10 to 30 mm in diameter and are made of rice stppqﬁ, manila

(these two are dyed with coal tar in some cases), hemp palms, palms; or

YR
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synthetic fibers, There are two ways, winding and inserting, to attach

. the seegz&ng ropes to the main ropes as shown in Fig. 5.

¥ 5 o a8 42 &

Winding ; Insertiné

10~15em i e
- #w1th main twists

XKLL IR
) }Q—- 10~15 —-9]

plugcl
Againé% main twists

Fig. 5. The methods to attach the seed}&ng ropes to the main ropes,

Winding --- This method winds the seed}gng ropes around the main ropes

with or against the twists of the main ropes, The winding interval is

commonly one wind of the seengng rope per 10 to 15 cm of the main rope,

This method gets Undaria pinnatifida on the main rope continuously, When

a number of ;hé;germinatiogiis small on the seeq;&ng rops, the winding

method is p&t&g}. Whenfggﬁumber of‘}hé germdnatiogiis large, this method

causes a waste of the seedlings because of the high density of~ithe-seed-

lings. The winding @ethod also requires long seegiang ropes (the length

dépends on thewgggyéf winding.' The léngth of the see%}ing rope is required & b

1.1 to 1.2 times that of the main rope), The method is not suited to begin ;
Thiat A yab 208" ' -

arf early cultivation at a cultivation ground where the—dir®—is much and 23

the water current and waving are less, The germination of sporophytes

sometimes is impeded when the water temperature is too high or the growth

, of the seedlings is delayed, or much dirt attaches to the main ropes.,



3

40

Inserting —-- The seegling rope is cut at the length of about 2 em
longer than the diameter of the main rope to be used; the cut is commonly
3 to 5 cm; the cuts are inserted in the main rope at thé intervalsof about
15 em, The ways of inserting are shown in Fig., 5. The merits of insert-
ing are(thatﬂiﬁgéfamountsof the seed}ing rope is required (25 to 30 m per
100 m of the main rope) and that the germination of sporophytes is favor-
able even at a dirty cultivation ground. A low labour efficiency is the
weak point of the method, When the cuts of the see@l&ng rope are too long,

~—Lae .Q
Undaria pinnatifida will not be firmly holded on the main rope, The seed~-

lings are scratched off from the seedling rope during the insertion, so

*

the specia%<cautions are needed for the inserting, : Y
& Ao e

In either waxﬂ, the seedlings are very weak againsi.dryness- (under
the direct sun light, they die 5 to 6 minutes after drying). To prevent
this, devices and tools - for these procedures should be made to improve
the labour efficiency. And the main rope should be set in the sea one
by one right after Ehé attaching'yf'the seed}ing rope.
(2) Cultivation facilities (methods), As shown in Fig. 6, there are many
ﬁ:;;:gnighg cultivation facilities. They can be classified briefly into
two groups: horizontal and verticai methods, The former sets the main
ropes (or other materials) horizoﬁtally; the latter sets them veftically
by hanging them down or by floating one end of the main rope with a float
and the other end set near the sea bottom, Another classification is raft-,
rope-, lattice-, laver rack-type, etc., Oné .type from each classificatioh

LK »
is combined %o other types for/é practical use, Generally, the horizontal

method can be set in the right water-~depth for the growing Undaria pinna-

tifida so that the growth will be uniform, At a cultivation ground where




L1

its circumstances are changeable from time to time, the main ropes can

T
be conveniently reset in the best water-depth for the tlme.K/The vertical

¢
'L(&aj‘ e

method has~a difficulty in the adjustment of the water-depth for the cul-

a
tivation; the growth of Undaria pinnatifida show€<difference at the top
and the bottom of the main rope, The vertical method is useful to knoew iscors.
Ll ‘[:w—/\. LS O
the best water-depth for the cultivation and shows better germ&nation~to~§

sporophytes and better growth of Undaria pinnatifida than those by the

horizontal method at a cultivation ground where the water current and wavigg—
are weak,

i, Raft type ==-- The raft type has a sli%étly larga?resistance-against]?
waves, This is good in a bay where wawﬁﬁé?ggﬂiess. Any number of rafis
may be connected parallel to the direction of the water current, It is
not preferablevfo connecgbéérpendlcular to the direction; a proper interval

should be set for the connection,

" Horizontal method, The rafts (called simple rafts) are made of bamboo

or strong ropes; the main ropes are sitretched horizontally, using bamboo
floats (this is practiced all over the country, especially in Tohoku dis-
trict), The interval of main ropes is commonly one meter; at a cultivation
ground where the water current and the wavigg are strong, the interval

may be 0,75 m, The size of the raft is 1.5 m wide and 100 m (or 50 m)

long for two lines of the main rope, 2 m wide and 50 to 60 m long for three
lines, or 2,5 m wide and 50 m long for four lines. This is standard and

'('V‘ WAL o~ MQU.(‘: n( W stanl @ ¢ IMV\-\ Y

the line is reduced at—a—place w1th/g’weak water current$and less—wawving,

sl

The horizontal method is desirable in a -ses district where the water-depth

af Lthe—cuttivation is shallow.? On the contrary, in a sea district with
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Fig, 6. Cultivation facilites for Undaria pinnatifida

A. 1. Raft (simple)-horizontal type (three lines of the main rope) ===
Iwate-, Miyagi-ken, etec.

Stem rope

Anchor rope, : A Sy
bt 1. -

3 - 5 times Go-7 oy v =i SN
0

water depth 158

In case of deep water depth
Stem rope ___Bamboo float
2 o1 " (Pnyllostachys mitis)

Hang rope
s [ g
ﬂ*&;ﬁ* < 4

wclght

Main rope

2, Raft-vertlcal (hanging) type --- Mie-, Hyogo-ken, etec,

5 A5&

20 kg anchor

B.-1l. Rops type (sinking, radially stretched) === Tokushima-ken,

2, Rope (vertical-horizontal combined) type
a., Floating rope type --- Mie~ and Hyogo-ken,
g%-Zex (hé§h density polyethylene) float,

cm in ameter. two haneers.
#27m2 YHN{ X9 7R 79—}

Wire rope, ~
9 rm in dia. length is 3 -~ 5

F"times water depth,

<& ; f& ,1

24
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Fig., 6 (Continued) 3

b, Sinking rope type --- Hyogo-ken
Mark float ,Main rope or wire rope, 9 mm in diameter

X

Anchor — 3 i —ayu— P\ ——————Hi-Zex (high density
rope ‘ polyethylene) float,
{ i 18 cm in diameter,
Anchor,
‘15 kg

25
c. Sinking rope type (improved) --- Tokushima-ken. ~

Bambclm -(25 cm in‘girth)

i
& (25eni8) .;;‘Qw
‘-7- _

. - S § ’37% 3% ﬁug : Branch rope

Welght Stem rope

Mark float .

-H:S

C. Square type (10 m square) --- Aichi-ken

ngare rope, Hi-Zex (high density ‘polyet}wlene), 14 mm in
dia,

\Float (polyethylene, 30 cm in dia,)

miE ARG ﬂo:-'H‘?\

\Main rope, sisal, 19 mm in dia,

Hanging rope

i
P07 N 257 A1)

&1

- RN

1=
]

Plane view [

ey
N

(Vophex

} :  Hanging rope, Hi-Zex (high density polyethylene), 6 mm in dia,
: : Side view ';‘ﬁé%’sif?m-\ﬁ\scluare roye

Y

Main ropes




Fig., 6. (Continued)

D. Laver rack utilization type

1, Horizontal type --- Tokyo and Aichi-ken

Sporing rope.—m-—"""
2
/

Main rope

Weight
Palm rope, 10 = 15 mm in dia,

2, TFloating net type -=-=- Nagasaki=-ken

Side view (tide-net relation is shown)
1“' 3.3m “"ﬂ 1
Palm ro i ‘
(10 mm fﬁﬁ)\

Bamboo sta}ce 1

Yo pumwe—— Major tide, average high water

e We—Minor tide, average high water.
Bamboo ring——m——-4

Hanging rope———"|"
Bamboo float—"""

mam ————AvVerage water surface
ApFmLW.—Minor tide, average low water

XA ok FHL. W —Ma jor tide, average low water
.7111//////// ’

Jxmxmm —-—Standard level surface

. . ,‘
Cultivation net

Plane view

Bamgboo stake (15 em in dia,)
a.\ Hapging rope _-Bamboo ring(l5 em in dia.)
WCSTR)  am— o 0 & ———Bamboo float
o7 CEise) [T T (€ s90) ~i——————Cultivation net
(hard twist rope,
.10 mm in dia.)

R
ZKIRKEK4
SRR

— ' M6m ' —




Fig. 6. (Continued)

E. Others (concrete block)

l, Stool ~-- Mie-ken

i 4

RbLn rope

2, Bullding block --- Hyogo-ken

.‘ .
Main rope

b5
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the deep water-depth this is not suitable, because hangers are needed be~ 26:>
tween the main ropes and the bamboo floats. The main ropes also could
contact each other because of a large slack/&?'the main rope. The hori=-
zontal method uses a net which is directly spored or tied with the main

ropes on each knot of the net (Toba-shi, Mie-=ken).

Vertical method. The raft may be a simple types the—wafi-is made of

bamboo or timbers and drum cans as the floats in most cases, The main
ropes are cut to fit the best water-depth of the cultivation and are hung
with a weight at one end and about one meter apart each other (the interval
should be changed depending on the water current and the wavigé at the

cultivation ground), The sporing of Undaria pinnatifida is done on shells

or porous ceramic plates. The shells or the plates are tied in series
with a No. 8 gauge wire by spacing with the bamboo or thke”vinyl tubingg
of 15 to 20 cm Yomgy L Th.
ii, Rope type =--- This has a small resistance against waves and is
A&AL<%ér for a cultivation ground with 9/high wavesfé%gg:%éﬁin ocean, The
ropes with the main ropes can be parallelled 10 m apart, each-other,

Horizontal method, Commonly one line (rarely two lines) of the main

rope is set near to the sea surface or at the middle between the sea sur-
face and the bottom with vinyl floats or drum cans as floats (Miyagi-ken,
etec,)., This is similar to the simple raft-horizontal method, Atgigé rocky
cultivation ground a large anchor (stone, etc,) is placed at the center

of the main ropes, which are extended radially (B, 1., Fig. 6). The main

ropes are set along the sea bottom by means of the smaller anchors which

: Ccaa
are tied at the middle and the end of each main rope (eeubiens should be
!
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taken to avoid the contact between the main ropes and the bottom roék).
To avoid y:xé/ coqtac’c)the main ropes are floated in the middle water by
floats in some cultivation grounds (Naruto=-shi, Tokush;'Lma-ken, Hyogo~ken,
ete, ), |

Vertical-horizontal combined method., There are two ways: floating

rope type (B. 2. a, b, Fig. 6, lHama;jima-cho, Mie-ken, Hyogo~ken, Iwate-
ken, ote.,) and sinking rope type (B. 2. C, Fig. 6, Tokushima-ken ete,).
Branch ropes (made of the main .rope) which are vertically hung down with
the”weights or hung up by yaé floats from a stem rope, arermajor part of
this method, The stem rope e:;tended horizontallyiﬂ:'rg only ulizized as the
main rope in some cases, or %he wire rope is employed instead., The stem

rope is usually set near the sea surface; it is seldom set in the wmiddie

"Mw*-water. The length of the branch rope depends upon the conditions of the

cultivation ground as described in the raft-vertical method, The branch
ropes are tied to the stem rope at intervals of about one meter; too narrow
intervals or too long branch ropes causes 7';/ contact or 57{ entanglement o T
each other, In case of the floating rope type which is set .a&ga' yvery windy
cultivation grctunc}(‘,5 the branch ropes sometimes entangles the stem rope;

this can be prevented by attaching heavier weights to the branch ropes

so that one end of the branch rope, which is longer than the usual length,

may bjf reached 6 the sea bottom or by setting the stem rope in thé _middTe

vl water rather than close to the sea surface, In case of the sinking rope

type, where the sea bottom is not rocky, the stem rope and the part of

the branch rope (up to one mete_r from the sea bottom) cannot be utilized asthe
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main rope., In other word those parts cannot be utilized as the main rope.

DM—C\ ’)n cl .pyl

The former is prdper at a cultivation ground where Epa’w1nd and/;hé'wave
00“}’:\ (\{rn{
are not strong; the latter is {weéeruwhere the sea bottom is rocky even

if the wind and the wave are strong,

iii. Square type (C, Fig. 6) =~- This is a method which employs the
s
merits of the raft-horlzontal and the floating rope types and makes up the
aros C\ o C.Cc

weak points of those types; this is Preper at a cultivation ground where

the sea bottom is not rocky (Aichi-ken), A rope makes a square (standard,

10 m square) with floats such as glass balls, wooden barre%j or vinyl prod- .

ucts on the four corners. Each corner is anchored, The main ropes are

horizontally set in the square so that they make anet of 1 mx lmor 1 m
“Ligihg

x 2 m mesh, There are two ways to set the net in the square: t&é&nk the

main ropes to the square rope and hanging the net prev1ously made of the

main rope from the square rope (the latter is convenlentdjd adgust ghe water~

depth fer—the—cultivatien), One float on each corner or one more at the

ad” ha I3
center of the net is enough in-therbepinning of the cultivation. The number
of floatsis increased to prevent sinking of the net with the growth of

Undaria pinnatifida on the main ropes. 4&n alternate method of this type'

is as follows: the main ropes are set to make a net of 2,5 m x 2,5 m mesh

and about 1,5 m long branch ropes are hung from the net at intervals of

0.5 m, This is a vertical-horizontal combination., By connecting several ag

these nets in series the cost of the cultivation can be .cut—dewn, e
iv, Laver rack utilization type --- This method utilizes the lower part

of.a supporting pole type laver rack, The main ropes are horizontally set

among the poles of the laver rack at the lowest level of the tide, At a

cultivation ground where the sea bottom is muddy or sandy, the main ropes
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are preferably set at more than 0.5 m above the sea bottom (D, 1,, Fig, 6,
Aichi-ken, Tokyo-to, ete.,)., In the Sea of Ariake, Nagasaki-ken, a net with
40 to 50 cm mesh is made of the ropes with 10,6 mm in diameter and with
avhard twist; the main ropes are tied to each knot of the net; the net will
be set sc that the net can be movedup and down with the tide, The culti-
vation is done successfully at the water depth where the net can be seen
above the sca surface only at the night of a major tide (D, 2., Fig. 6),

v. Others --- None offzgeviously Tz?tioned cultivation methods can be

¢ eeranas.

practiced at some cultivation grounds for their own special circumstances,

If they have the rocky sea bottom, the cultivation of Undaria pinnatifida

is possible by the methods mentioned below, These methods are somewhat

et G ok '\p
inconvenient to contro%i and cannot be said to be the perfecg(cultivation.

The cultivation facilities cannot be taken 9pt/from the water and are not

. )
adequate for a midterm harvest, In some areig these methods can still get

[ g
tiw” better harvest than Epd’cutting the natural Undaria pinnatifida; these
_are desirable for ﬁﬂ'union-unit management rather than private_ones.

Net type. Sporing is applied directly to an old net of the laver cul-

tivation; the net is set on the rock so that Undaria pinnatifida can grow
on the rock and the net., The method has been practiced in Aichi-ken. >Re-
cently, the method is improved: 10 m x 10 mor 10 m x 5 m of net with a
large mesh (0,6 to 0,9 m) is made of a large gauge rope (4, 6, or 9 mm in
diameter) similar to that of the sqﬁare type (the net made of 9 mm in dia-

meter rope may be used for the square type cultivation); sporing is prac-

-y

. Ca Al @
ticed directly on the net, or t&%&nﬁ the main ropes to each knot of the

lAr-Q~~~. Jx
net, then,-the-net is set on the rock for the cultivation, Nets for this

purpose are commercially availabefl:
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Concrete block typs (E, 1, 2, FFig. 6), The main ropes are wound around
the concrete blocks of many different shapes and sizes (cautiogg should be
taken to prevent damage of the main rope from the abrasion or the dropping
of seedlings), The concrete blécks should be between the rocks so fhat they
may not be moved. This method is not impossible even at }héfplaceswhere
the sea bottom is sandy or mud-sandy by taking the devices so that the con-
crete blocks may not be bﬂrried in the sand or so that the germination of
sporophytes may not be disturbed éﬁgg the sand or the mud,

R * ot
(¢) Water depth of cultivation, As mentioned in the chapter of the

ecology of Undaria pinnatifida, the growth of the seaweed depends upon the

al
water temperature, the light in the water, and other environmen§<conditions
of the cultivation ground and also the best condition depends upon the age
of the seaweed, Accordingly, the water depth of cultivation will have been

changed with the environment conditions of the cultivation ground, the degree

of growth of the seedlings and/or the state of growth of Undaria pimnatifida.

of [has
Stricly speaking, since the environmeng(conditions differ from timgi the
i 020 K
best water depth for the growth vary fromtime, However, the water depth
X o e e

of the cultivation has no need to bd'the best(alwaysy) To aim 4he cultiva-
tion with,7/least labor, the best water layer through the entire period of
the cultivation should be found; it is taken up as the wﬁter depth of the
cultivation. From this point ofiview the water depth of>the cultivation

in each area is shown in Table 6.by the experimental results, In Hokuriku-,
Sanin-district, etc, where the amount of the sun light is largely changeable
with the season,the water depth of cultivation should be changed according

. ‘\'PL:L(’M
to the season. In case the cultivation starts with the seedlings which degree

28
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of growth does not fit the water temperature at that time or starts undef
the special circumstances or at the time éggt:;s the water surface is always
low, a different water depth from the standard ones as listed in Table 6
mist be considered., To study the best water depth of a cultivation.grOund,_
the cultivation experiments should be done by means of a vertical type or
a horizontal tyﬁe at several depths. The results from only one experiment
does not always show the best water depth of the cultivation ground. The
environmengféonditions'differ from each year. ‘The best water depth of cul-
tivation depends upon the water tempesrature at the beginning of the culti-

‘ U aan clils
vation and the state of the seedlings. By examining the all changeable fac=-
tors the standard water depth of the cultivation s;;:;é be determined,

(d) Time for the beginning of cultivation and seedlings, For an early

harvest the cultivation should begin early. If the seedlings of Undaria
pinnatifida have grown to a proper degree toﬂagzrthe water temperature at
the cultivation ground, the beginning of the cultivation may be delayed’a
little, Commonly, aﬁ a cultivation ground where miscellaneous germinations
are few, the cultivation is preferably begun at about 20°C of water temper-
ature with the seedlings grown to sporoph&‘tes° On the other hand, at a éul=-
tivation ground where miscellaneous germinations are many, the cultivation
is desirably begun at 17 to 18°C with the seedlings grown to sporophyls -of

1 to 3 cm long. The cultivation begun with the latter case wlill not fail
:g)any cultivation ground, As it is after the state of the germination of
the seedlings on the main rope is examined, the following advantages can

be observed: there will be no main ropes that the germination and the growth

of Undaria pinnatifida do not occur; an uniform growth can be expected; the

29
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Table 6, Proper Water Depth of Cultivation for Each Area

State (Place experiments done)

Proper water depth
of cultivation

Note

Iwate-ken (Miyako Bay, at the
mouth of the bay)

ibid (ibid, in the bay)
ibid (Oofuna?o)
Miyagi-ken (Ayukawa)
ibid (Onagawa)
Shizuoka-ken (Shirahama, Izu)

Aichi-ken (Toyohama, Minami-
chita)

Tokushima=ken (Naruto)
ibid (ibid)
Ooita-ken (Usuki)
Saga=ken (Karatsu Bay)
Yamaguchi-ken (Senzaki)

Kyoto-fu (miyatsu)

Niigata-ken (Sado)

2 m

lm
0.5 - 1.5m
0.5-1m
0,5=-1m

Deépest 3m

1.5 -2m
2,0 = 3,5 m
3 -5 m

3 m
2 =-3m
2 =-3m

0.5 ~-1m
2 =-3m

3-5 - 405 n

Raft-horizontal type
ibid
ibid
ibid
ibid

ibid

Raft-vertical(hanging)type
ibid

Sinking-rope type
Raft—horizéntal type
ibid

ibid

ibid, March or before
ibid, March or after

Raft-vertical (hanging)type
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loss of the main ropes is little, On the other hand, the seedlings groﬁn
to the large sporophyls are not suitable bocause the seedlings may be mechan-
ically injured during the cultivation operations or the edge of the frond

may be dried up and the seedlings may die,

(e) Transplantation. Transplantation of Undaria pinnatifida is prac~
ticed not only for the transfer and the distribution of the seedlings but
also for the cultivation of the seaweed, having a good degree of growth,
or an excellent quality, or the proper qualities for its use (e.f, the chap-

ter of the ecology of Undaria pinnatifida), There are two ways of'transplah-

tation: the first, transplanting the original Undaria pinnatifida, then spor-

ing and culturing the seedlings, and the second, transplanting the seedlings
(main ropes)., In the former method the reproductigg fronds are cut off from
L
the well ripérbriginal seaweed in the sea, taken out of the sea, then trans-
ferred avoiding/é extrens dg%ﬁess and a temperature rise, The reproductigg
fronds are packed in open boxes and preferably transferred during the night,
A three- to four-day postal delivery has been successfully reported with
this method, The method is generally suitable for the area where it can
be reached by a 12- to 24-hour delivery under the conditions mentioned above,
e
A long distance or a long »-delivery prefers the latter. Seedlings can Lo
transplanted almost any time with the following precautions; an allowable
water temperature range depends upon the degree of growth of the seedlings, 30
so an adjustment of the water temperature is needed; large seedlings have
some difficulties such as }hé'mechanical injuries, The safer and the simpler
a—[;':: C‘..,G—e—v\ 7
transplantation would prefer the—cultivatiom groumd-to—be transplanteqiwith
y :Z:(

the 4propez;< facilities for the culture—of gametophytes. The reasons are that

the gametophytes have a wide allowable temperature range and can be conveniently
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transferred in a saturated water vapour immediately after taking out of
the sea, In case the facilities are not available, of course dependiﬁg
upon the season, - the transplantation should be done just before the begin=-
ning_of the cultivation while the seedlings are sporophytes 6r sporophyls
(up to 2 em long)., In this case, adjustment oﬁ/x water temperature is es~
pecially important, When the amount of transplantation is small, a.Dewar
jar can be used for transfer.

(f) Harvest. As mentioned in the chapter of the ecology of Undaria
pinnatifida, the seawsed does not always germinate and grow all at once,
according to the experimental observations on the growth of thé seawesed

o on a main rope (seed rope; the seaweed as an example observed at a certain
| time shown in Fig. 7, grows by forming the several groups varying in their

degree of growth, The reasons are that the fertilizations and the germination

. %‘0
§ Feb, 5
3% 2A58
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8o |
LA (6274 (357 %)
15" 62 fronds 35 fronds
o | x,
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. [0)) J 8 U5 r4k) 1’(25)3 (Rrtk)
5~
%ﬂﬁm-&}}" 45 fronds 32 fronds
4?: 1 2 10
5
o7 4
om 17
B 7
A i|||||A'Fal ||||/||lr
B R 20 40 60 80 20 40 60 )
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Fig, 7. Structure of the growth of Undaria pinnatifida grown on
each oyster shell (30 em?): Jleft --- higher growth density,
right --- lower growth density.

Date of the beginning of cultivation: October 25, 1956,
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to sporophytes last for a fairly long time at 20°C or lower ﬁater temper-
ature; the seedlings which germinated to sporophytes at 15°C or lower have

a long.period as sporophyls; and even if the germinations occur at ihe samo
time, the difference in growth £;£;;;5»for some reason and the seedlings
growing slowly are checked -’&ws grm\fjéby the ones growing quickly, However, .
these phenomena depend upon the sea conditions such as the water temperature
at the cultivation ground and the growth density of sporophytes, The seed-

lings germinated late do not grow well enough at a cultivation ground where

its water temperature is slightly high (the period at 15°C or lower is short),

o Qs
For that reason the growth of Undaria pinnatifida which e objec%# of har-

S
vest tends toﬂuniform. At a low-water temperature, number of groups being

different in growth tendﬁkhigh. e low growth density of the seedlings
& ar o Leros 0
has a tendency to grow uniforé?and tdw high density to grow égvuniform.7

~

When the upper part of the fronds of Undaria pinnatifida are cut off leav-

WY
ing the main growing area between the stem and the frond ke—%ts stubblef,
the remainde%?/can grow again., Accordingly, there are three ways of har-

vests of Undaria pinnatifida:

i, Simultaneous harvest ---‘when most of the Undaria pinnatifida grows Gku?v .
enough to harvest at a cultivation ground, they are harvested all at once |
by cutting their stems.. This is mainly practiced when the growth derrsity-
is low or where the water temperature at a cultivation ground is compara-
tively high.

ii., Cut harvest --- the fronds are cut at the upper part of the grow-
ing area leaving about 5 cm of comb-like leaves t;;;tSStubbleg. The remain=-
der will be harvested later'iﬁgg_re-grow . ‘This can be practiced when the

growth density of seedlings is low, or where the period of low water temperature
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is long, and where the water temperature stays at 15°C or lower at the time
of cut and after (at least about one month),

iii, Thinning harvest --- fast growing Undaria pinnatifida are harvested

by thinning to promote the growth of slow ones, The harves}ﬂ'dég repeated
by thinning. This can be practiced when the g?owth-dene&%y of the seedlings
is high, and where the period of the low water temperature is long, and
also the water temperature is at 15°C or lower for a long period after the

thinning, and the growth of the slowfgnes is good,

(B,
The method chosen among these three must be determined by the growth

density of the seedlings and by the sea conditions at the cultivation ground,
When the seawseds become old, their weight increases, and their quality

Locre anen

degradates because of the harder fronds, the top withering, or the decolor-
% (s
ation. Moreover, ;hé'consideration should be takem—en the changes of the
market price and the uses (selling fresh (raw) or secondary prodiucts) for
the best harvest method, The comparison tests consideregfall those factors
have not yet been reported, but a comparison test clearly indicating the
number of the seedlings and the changes of the water temperature has been
reported by Izu Branch, Shizuoka-ken Fisheries Experiment Station., Accord-~
o 7. : :
ing to the report, whquaverage&ZO to 30 seedlings per 10 cm of a main rope
germinate and grow (the main ropes are inserted at intervals of 15 cm and
cultivated by a raft-horizontal type), the produce ratios of simultaneous '
to thinning harvest are as follows: the simultaneous harvest (harvested
fronds of 40 cm or longer on March 28 or on April 11) to the thinning har-
vests (case 1l: thinned fronds of 40 cm or longer on February 20 and 28

and 51mu1taneously harvested fronds of 40 cm or longer on March 28, case 2:

thinned on March 7 and harvested the remainder on April 11, case 3: thinned
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on March 16 and the remainder on April 11) are 1 : 0,37, 1 : 0,69, and 1 :
0,88, respectlvely. As fordphgaquantlty of the produce is concerned, the

Rn ot b e
- highest mertt can be obtained by a simultaneous harvest at their season,

If thinning is practiced, it should be done aéiﬁQQf;t their season, In

this case,fthe number of the seedlings is comparatively small, and the growth
is very-well, and the ratio of the number of the grown-up weeds into good
size to the total number of the weeds is high, and the water temperature

is comparatively}high (the last ten days of February 13.3°C, the first ten
days of March 13,9°C, the second ten days 14,3°C, the last ten days 14.7°C,
and the first ten days of.April 14.400). The experimental results indicate
the reasons mentioned above, Generally speaking, if the dag;:égiiggloif\
the quality of the produce is not considered, the highest guentity of-the
produc@%ﬁ;ill be expected by the similtaneous harvest at their season,
According to the author's experimental requ%; when 14 seedlings of Undaria
Einnatifid;u%roﬁZ§;; about 50 cm of a main rope (the main rope is wound
around a r;;e and adjustments were made so that the seweeds in the same
length grow uniformly on the main rope), the three mesthods of the harvest
are compared as shown in Table 7. The number of seedlings was small and

the simultaneous harvest was done at the time when the growth reached to

the maximum and while the degééégg;;n oﬁ—%he quality did not occur, In
addition to that, the thinning harvest was done based on the same conditions,
As a result, these results were obtained, If the timing of the simultaneous
and the thinning harvests is delayed, the differences between the produc¢22:§
6f those two and that of the cut harvest would be smaller or might be re-

versec Considering the change of the market prices, it can be said that

the cut harvest is more effective than others when the number of seedlings
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Table 7. Comparison of producg by the harvest methods

(Results of cultivation in Toyohama Port, Aichi-ken, 1960)

A: Frond length B: Stump length C: Produce

Method Feb, 18 Mar, 12 Apr, 14 May 6
A B C A B C A B C A C Total
. cm em| kg cm cm| kg cm| em| kg cm| kg kg
Simultaneous  32~168 34~226 2030 12080
harvest 77.7
.. 32~168 [32~T72{840 (72~112/72~99/590 |85~117|  |1300!
Thinning 0)} (4) ©)| ) 2730
harvest 77.7 47 95.2| 85 100.0
51~121 20~70 26~52 21~49
Cut
20 1075 20 |1553 | 20 h309 547] 4484
harvest 83.5 56.7 36.1 260

The second number for each frond length indicates an average,
The figure in the parenthesés indicates the number of weeds,

are small and the water temperature is low as in this case., As seen in
the examples above, the best method of the harvest ;Xiﬁi be determined by
the length of the low temperature period, 15°C or lower. However, it )%ould
be hardly determined by the number of }hé/seedlings. Although there are

some differences in each case, in case of the inserting, the number of

Undaria pinnatifida which grows very well and fast does not depend mchﬂumw:,—

upon that of the seedlings and is likely about 5 to 10.per main rope (in

~ case of winding, per 15 to 20 em \gé‘f"'a main rope). Therefore, if more than

G

10 seedlings exist, it is preferable to thin the weeds until the number
\,\,!.'—. u

reaches to 5 to 10 as..-ilargeas—' the water temperature stays in -ec-\'f)roper range.

If the number of the weeds is less than that, depending upon the water tem-

perature, the simultaneous or the cut harvest is considered ag—thie better,
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T

Standard Producg of Each State

(Per 1 m of main rope or per a not; weight in wet (raw))

State Production Cultivation method employed
kg

Iwate-ken 10 Raft-horizontal

Miyagi-ken 7.5 = 15 Raft-horizontal

Tokyo O - 1.2 - Transplantation experiment by the Miyagi-ken
origin seedlings.

Shizuoka-ken 75 Raft-horizontal

Aichi-ken 5 =10 Square

Tokushima~ken 2 = 3 Transplantation of the Miyagi-ken origin
seedlings, rope and vertical (hanging)

Tokushima-ken 2 = 17 The Naruto origin seedlings, rope and vertical
(hanging)

Kumamoto 2.2 = 3.9 )

Nagasaki~ken 4ol - 5,7 Vertical (hanging)

Nagasaki-ken 5.8 - 9.2 Horizontal

Nagasali~-ken 180 Poer a net (laver rack)
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Note: +the number of the germinatiogfon a main rope depends upon the
state of the culture., The number of the seedlings changes-géﬁit growg,
According to the reports by the several fisheries experiment stations, the
average number of the seedlings per 1 cm of a main rope after immersing
into sea, are 16, 2 to 3, 2 to 3, 1 to 2, and 30 to 10 for Tokushima-, Shizuoka~,
Miyagi~, Gotoh, Kumamoto-, and the Sea of Ariake, Kumamoto-ken, respectively,

The last case, the Sea of Ariake, indicates that one month after the immersion

the number was 30, but three months after decreased to 10,

The produce of Undaria pinnatifida per 9n’unit length of the main

rope for the cultivation quide diffeqifrom case to case, Table 8 shows
the producd, based on the report submitted by each state, d\&ﬁiﬁﬁﬁuAlt

(g) Commercialization (Calculation of profit). It is diffucult to 33

sot the standard for the expenditures, becfise the cultivation facilities
vary in types, methods, and in sizes, besides the price of seedlings is
variable in each state. As for the expenditures (excluding the labour)
for each method reported, Table 9 can be a standard,

The standard income for each cultivation method or for each sea
district is also difficult to'pg’determingﬁﬂ because the produé%ﬁ%y the
same cultivation method and in the same size is variable in each sea district
(or ateach cultivation ground).: In addition to that, the price of the produce
is variable in each sea district and alsoﬂggzgﬁé“sé;son.

Accordingly, to discuss the possibility of the commercialization
by g)proflt calculation is good only for each case, The summary of the
proth calculations reported up to date and estimated possible profit cal-

culations for each cultivation method are listed in Table 10, According
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to the examples reported and estimated, in most cases, the profit rates

are 2 to 7 or 1 to 5, excluding or including labour, respectively, This

indicates that the cultivation of Undaria pinnatifida is profitable enough.

Depending upon the method and the size employed, the profit is ahout 30,000
to 40,000 yen per 200 m of main rope (1,000 yen = $3,00)., Therefore, with
. }hé'family labour and the cultivation of 1500 to 2000 m of wmain ropes, a

seasonal professional management can be established, However, the examples

A
in the table are Epé/casesiﬁhich Undaria pinnatifida germinated uniformly

on a main rope and grew very well, Taking some negative factors for the

seedlings and the harvest into account, more facilities should be eensidexred.

e
to-be set for a practical management,

36
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Table 9, Material cost for cultivation facilities

1. Simple raft-horizontal type
(1.5 m wide, 30 m long, 3 lines of main rope, Iwate-ken)

Item Quantity Unit price Price Durable Annudl cost Remarks "
yen yen .years yen

Rope (used) 37 kg " 2,560 1 | 2500 A
Hard twist rope 90 kg 1, 200 1 | 1,200 B
Palm string 5 ke 950 1 950 C
Phyllostachys mitis 6 300 | 1,800 2 900 D
Empty straw-bag 50 85 11,750 1 |1,780 E
Coal tar 60 1 1, 000 1 | 1,000

Glass ball L 300 | 1, 200 3 400 F
Miscellaneous 1, 000 1,000 G
Total 11, 400 . 9,700

* Remarks: A - anchor rope and stem rope, 18 to 24 mm in diameter;
B - main rope 120 m, 9 mm in diameter dyed with coal tar;C ~ sporing rope;.
D - for float, 1.5 m long 16 sets; E = for anchor bag filing with sand,
clay, stone, etc.; F - for water mark 24 cm in diameter; G - for tieing
rope or wire, etec,

2, Raft-vertical type
(for actual length 210 m of main rope, pearl raft type, Hyogo-ken)

Jtem Qunatity Unit price Price Durable Annual cost Remarks*
yen yen years yen

Timber . 17 850 |14, 450 3 | 4,817 A
Drum can L 1,700 | 6, 800 2 | 3,40C B
Stationary anchor 4 2,500 |10, 000 5 | 2,000 C
Anchor rope a half hank 1, 6000 | 8, 000 5 1, 600 D
Main rope 7 hanks 200 | 1, 400 1 1,400 E
Weight for main rope 70 25 | 1,750 3 583 F
Metal hardwares 720 1 720 G
Tieing string 1.5 kg 800 | 1,200 1 | 1,200 q
Miscellaneous 2,000 2,000 T
Total ' l46, 320 |7, 720

* Remarks: A = scaffolding-pole, 6 cm in diameter at smaller end;
B - attached several rings for rope, painted for rust prevention; C - 20 kg each;
D - wire rope, 12 mm in diameter, 25 m x 4; E - rice straw rope, 22 mm in
diameter 5 m x 70; F - ceramic weight, No, 13 (490 g); G =~ wiro course,
8; shackle, 4; H - Kuremona (polyvinyl alcohol), soft twist, 200 ply; I -
wire rope rust prevention, etc. :
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3. Floating rope type (for actual length 216 m of main rope)

Ttem Quantity Unit price Price Durable Annual cost Remarks™
yen yen  years yen

Stem rope a half hank | 10,500 | 5, 250 5 | 1,050 A
Anchor 2 2,000 | 4, 000) 5 800 B
Float for stem rope 21 ' 530 |11, 130) ''s |z2% C
Main rope 7 hanks 200 | 1,400 l 1 | 1,400 D
Weight for main rope 72 i 25 | 1,800 3 | 600 E
Tieing string 0.3 kg 800 | 240 l 1 mq F
Metal hardwares © 1,730 | 1 |1,730 G ;
Miscellaneous 2, 000 K 2,000 H
Total 21, 550 |10, 046]

* Remarks: A - wire rope, 9 mm in diameter, 100 m; B - 15 kg each;
C - Hi-Zex (high density polyethylene) float, 27 cm in diameter, two hangers;

D - rice straw rope, 22 mm in diameter, 5 m x 4 x 18, 5 kg/hank; E - ceramic _

weight, No., 13 (490 kg); F - Kuremona (polyvinyl alcohol) string; G - wire
course, shackle, crip, etc,; H ~ wire rope

4, Square type(for actual length 180 m of main rope, Aichi~ken)

¢

34

Ttem Quantity Unit price Price Durable Annual cost Remarks -
yen yen  years yen

Float _ 5 380 | 1, 900] 3 633 A
Anchor rope, square rope 140 m 25 | 3,500 | 3 | 1,167 B
Main rope 180 m 10 | 1,800 | 1 | 1,800 c
Anchor and metal hardwares 4 sets 1, 500 | 6, 000 5 | 1,200 D
Hanging rope 64 m 6| 384 | 8 128 I
Total \ 13, 584 | 4,928

* Remarks: A - polyethylene, 30 cm in diameter; B - Hi-Zex (high
density polysthylene) 14 mm in diameter; C = sisal, 10 mm in diamster; D -
single fluke, steel, 15 kg each, shackle, crip, etc,; E - Hi-Zex (1bid),
6 mm in diameter,
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5, Laver rack utilization type (2 x 18 m net, Nagasaki-ken)

Item Quantity Unit price Price Durable Annual cost Remarks™*
yen yen  Yyears yen '

\
Long-jointed bamboo 12 ‘ 70} 840 2 420 A
Phyllostachys mitis {150 450 2 225 B
Palm rope (1) L, h ke l 160 ) 704 , 2 352 C
ibid (2) 0.15 kg 160} o i1 2 D
Hard twist rope 1.5 | 350 5%, ‘ 1 525 . B
Total stl : 1, 546

* Remarks: A - for supporting pole, 6 m long, 15 to 18 cm in diameter; . - -

B - for 8 floats, 21 to 24 cm in diameter; C - for floating rope, 9 mm in
diameter 84 m; D - for tieing, 6 mm in diameter; E - for cultivation net
2 x 18 m,
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Table 10, Profit calculation of cultivation (1000 yen = $3,00)

1, Ixamples reported

State Iwato~ken Iwate~ken Aichi-ken Nagasaki-ken
Type of cul- simple raft- simple raft- square laver rack uli-
tivation horizontal horizontal zation~-net

. ¥ I not
Size 360 m 200 m | 170m | 2 x18mid
Cost _A: total [ 12,800 19, 992 2,763
(Yen) B: anmual 12,800 | 25,000 8, 959 1, 746
C: price at landing 70,0004 | 50,000 54, 850 12 308 500
D: PrOflt ( C - B) 57,2001 25, 000 45, 891 10,’3(1)? 800
Profit rate(D/B)x100 a1 % 100 % 512% | 607~676 %

* Actual length of main rope. except the net type. f

2, DBstimated

Type of cul- Simple raft- Raft- Floating Sunken Square Concrete
tivation horizontal vertical rope rope block
Size™* i-ZOOm 200 m 200m | 300m 180m | (1000 m)
Cost_A: total 20, 000 Fl54, 000 35,000 [24, 000 15,400 | 80,000
(yen) B: annual 12, 000 |19, 000 12,000 (12, 000 6,800 | 30,000
C: .price at landing 60, 000 Fi50, 000 '60, 000 |60, 000 45,000 | 200, 000
D: profit(C =~ B) 48, 000 M|31, 000 48,000 |48, 000 38,200 | 170,000
Profit rate(D/ B)x100 400%] 163 % 4002 400 sbl 562%| 667%
Remarks™* (1) (2) (3) (&) (5) (6)

* The price of sporing rope is 10 yen per meter, Wlndlng) type is
employed., The length of sporing ropg\iﬂs est:_mated to be(needed’ as long
as that of main rope. T

*% (1) Northern area: price of raw(wet) product, 10 kg/m at 30 yen/kg;
middle and southern areas: 6 kg/m at 50 yen/kg., (2) Northern area: price,
8 kg/m at 30 yen/kg; middle and southern areas: 5 kg/m at 50 yen/kg.
(3) The stem rope is made of wire rope and the branch rope is major for o
the cultivation, (4) ibid., (5) Price of raw(wet) product, 5 kg/m at 50 yen/kg.
(6) Concrete block for bulldlng, 20 x 40 x 150 cm, 400 (converted to the
length of main rope).
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Conclusion

Ranrta e D (P'\*"V"\
The cultivation of Undaria pinnatifida has not ceme—out—of—the
ol aldae ’ ’
roglon=of the experimeng(or has just been commercialized recently, except

Tohoku district, - The popularization and the development of the cultivation s 0
in future are expected; there are many problems to be solved or improved |
for tHedovetopment, The followih%{-a:;g the list of the problems which

should be considered, They are summarized from the experimental results

reported up to date, Solving these problems and puﬂting the effort for

the development of the cultivation industry of Undaria pinnatifida are urged

in future, .
~Ragh ?Vﬁ@”‘
(1) Culture of nt seedlings =-- to culture seedlings .which ger-
minate uniformly,
(2) Proper ground and proper species =-~ (a) to define the spscial prop-

erties of the Undaria pinnatifida in each sea distriect throughout the coun-

try and transplant them rationally, (b) to cultivate crossed species among

. Undaria pinnatifida, Undaria undarioides, and Undaria peterseniana, which

e
belong tﬁkpndaria pinnatifida family, %~M+F

e 25-

(3) Pioneering of markeE(—-— to aim the increase'yfrthe profit and pre=-
vention of/;hé'over-production by the proper sales for the conditions in
each market,

‘;‘,.ﬁ, O.w.-t
(4) Fertilization --- to intend the improvemqgt os=tHe quality and $he
e
promotion the growth by fertilization.
* i-mé?MM
(5) Extermination of _dxnmrﬁlgings ~-=-=- to discover and exterminate

0M4QMV\ S
t 1 which har?&sporophyls and to exterminate Amakusa seahares,
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