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F 2 OHMOBIRHEBEONMIIE LD, ERABICE L L>2H 5K FETIIFENTY
EREARERECHET L ENTE, $LF0BLER - WHOBLICE U THEEH
T BCENEG E - 1z, BICEHRAEDIZC OBOEB TREEREOAREHM S 720k
HEIC & » THAKBEALEL, KAIET 5 2D ERAX BB T 2 LRESAARTRE L L
Eionbd.

CDEHIT /Y DEBEEARBL,ISABE, NBNCHBLUEIEENER G
Ik - T HKINAMBNELE L ST TEZ SN, BRHOENEREHEEBOYWEL &
HICERNEZEOWESSEAL, KOEELEWEENTREELNLS6DTHS. LirLE
1E DTG O BYBE T 13508 » 7K « BT « HE - KE - K« 1l &R BRBIVE
FEOHROLAENS ., ChOERBNEEERDS B, KR« KR - BEEEEARICHEHE L
LD/ ) OEBAREESHTARET 5250 TH-> T, HBNER/NARE L, FlimiTiZ
ZNEFROHERIS UEEONBAHE AL KEE T, AENK CNEFHIET 2 C & Ii3RE
TH b, CHICHUHE - KE - KiE - #80O X 5 gl E i3 BIE U 7o & O IRIEFHIC
e 2KEAERET 250T, b UM « KEOFRBE EHBIMICES L iniE, <o
EENEESRm Y, BB EERRNE LT, L UEBICRREFNLTE
HbdH-T, ChoBEBEOM 4 DHIO S ST RRIEFE LT/ ) BN T T
BOVBIRTH B, §E-T/ ) OEMAESFEINCITS 1edICB T DAEBTEHI L T2 KR
OEEART L, RERICOWT 2 Y OEED L HTEBCRHFHEEELZHS T,
ZOEMCHBETIRBEAEZ LY, THENCERTIEELBLCITBRENHS. DX
51BEZ T 05T B HFIZMARE X © SRHE BT K FESERE I B THE A1), 220,29, 24),
KE->TEOHT LN, EHEOSMUHBEL TIT b hTs/, HHHE LicshThoRIEE
FEIC DN THEERZ OMOBENERIC L VAEFICRITEELHEOMICL, chidblic
L CHEBRBR AT, £OFEMITE » THLAMRZ B TEIEN OWETHRIRE OB 4
360 TH 5.

WMpi% O IR OBE I & - THRRIFIREIC 7 VIBGOBRE I D - fobs, TOBA
WO AN T AREEZELAMIC ST 250 EOBIKEEO o HEDH S 2 L5
W, IOV TORPERA ., BILRENR SR I N T2 Wil OEGE & AR D HIH
BA s 2ic, BLEETHEERHE TR —RICHNELOBOIBADEES BATICHEET 5
It L QR IS O & 5 WESB S LS RE TR LD WNiETIE/IES U I
JIOHAT 2RBIBONTHEET 3 TH 5. EiblBNic kS ikkEE LTHEATT
DEREGMEE LCAIR « KB < KE « il - KK - B E2 b5 L8 TE 2, il
OEFEBED L HITIEERBICH 2 710 IKEHB T 2 8EEOMIRE U TREEOET « kil
OFET « FEDEORRE « KO « THEHMOREL ENELOND. 5D BT
NOEZEN /Y DOABICL > TRLEETHD, NEOEELHHEIL T30 ThH 0%
ot U755, 7KIE < KR « RBEENSEIBEELEHOEE L TEY, »EhbERRCE
FThHDEDORABICELK. o THRICBLTIRIEE2HEET AEBE LT, ) OBH
HEBE RN OB OEKDES B TH-> T, HEOEOLMRBH > TREHUTHD, HKk
FROEERTINEOHEHKFICEET INABROEBRTHL HoKS T, ERORZIIZIEK
OFENOEHT EEGCDIBIFRRICE T L O LWL BRI OKRI LI NIEERBOE
DR & L2 KIBIZDOWT AL ERDOEEZBD B h-> b DT, WNEICET 2 L3



MEA: 7 VEBINT 3BHOESE 251
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$ FHAFNE OWE I DML B A B 723 “HEAPREK EEE AR KREIh T3
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Text-fig. 1. Location of observation stations in the Seto Inland Sea.

ez s &S 5 OFBERIEORIEE LT, NBEBICE LT 47 FT5%E 19 74
Wb te - TH- - BEBT BRI OEfE % Table 2-1 1 hh S 7o, CBIHIE A IZ Text-fig. 2 iC
R, LENOBIMEIC S RUDAMBH Y, T Bl ORI (FEREEICEE) b
FEIN T SHICESEE L2 T EIRPPRBRTH 205, BEOBAMEHZI1CI3S
LOMARLSDE L. BB TRIEE AT 2 &ML UTHEREORELIFK



252

kK EERLE2 Q) 199

Table 1. Oceanographical data of the Seto Inland Sea ( mean of Dec., 1953 ~Sept., 1956).

5 | Obs. Depth Water temperature (°C) _Speciﬁc gravity (p;s) B NO;-N (/1) B
34” St. (m) Mar. 1 Jun. ‘ Sept. ‘ Dec. | Mar. } Jun. { Sept. \ Dec. | Mar. | Jun. | Sept. | Dec.
tka| O | 118 19.6 25.8 18.7/1.024 1024 1.024 10250 6 | 1] x | 15
: 25 12.5 20.2| 25.6 19.0 1.025 1.025 1.025 1.025| — tr X 15
< | WK5 0 12.5 19.0| 25.5| 17.8| 1.025 1.024 1.021 1.025 4 7 41 22
.g 25 12.8/ 18.0| 24.4] 18.9 1.025 1.024/ 1.024{ 1.025 12 12 41 29
£ TK9 0 9.7| 18.5| 25.4] 16.4] 1.024| 1.023| 1.022 1.024 3 4 X 22
Z 25 9.9/ 18.0/ 25.3| 17.2] 1.024] 1.024 1.024| 1.024 — 16 X 11
WK4 0 10.9 19.20 25.6/ 17.5/ 1.024| 1.024| 1.022 1.025 2 6 35 28
25 11.3] 18.9 25.1 18.1] 1.024] 1.025| 1.024] 1.025 7 4 18 24
HG1 0 10.3] 19.1 25.5/ 17.1) 1.024] 1.024; 1.024| 1.024| 4 7 14 68
10 10.4) 18.1) 25.0/ 17.2 1.024 1,024 1.024| 1.024| 6 19 16 72
g HG2 1) 10.41 19.5| 22.6/ 16.3| 1.024| 1.024| 1.023 1.024| 2 7 5 57
3 10 10.0/ 18.5] 25.0 16.4| 1.024 1.024) 1.024| 1.024] 2 7 6 76
<
- 0S7 0 9.7 21.0/ 27.0 15.7| 1.022/ 1,023] 1.022| 1.024] 6 X tr —
S 10 9.1 17.9] 25.0 16.2! 1.023] 1.024] 1.023| 1.023} 2 X 4 —
0S5 0 9.2l 21.1 27.5 15.0; 1.022 1.021] 1.022} 1.023] 2 X 1 —
5 9.0 19.1/ 24.7| 17.5/ 1.023| 1.024| 1.023| 1. 024 1 X 2 —
ues 0 | 8.4 197 27.6 151/ 1. 024 1.023] 1.022| 1.023 4] — | 38
10 7.9, 16.4/ 25.7/ 15.3] 1,024] 1,023] 1.023} 1.023 2 4 36
<
9 HG14 0 8.4/ 21.3] 26.4] 17.3; 1.024, 1.023) 1.023 1.023} — 2 1 56
z 10 8.1 17.5! 25.5| 17.2] 1.024] 1.023] 1.023} 1.023} tr 14 6 30
E KG9 0 9.4/ 18.9] 25.9 15.0 1.024) 1.024  1.023) 1.023 3 tr 25 29
= 10 9.1 17.8 25.7 15.0 1.024) 1.023] 1.023| 1.023] 35 tr 31 70
T KG4 | 0 9.2 18.6] 26.2/ 15.5 1.024| 1.024] 1.023| 1.023] 23 — 5 41
10 8.8/ 17.5| 25.9/ 15.2] 1.024| 1.024 1.023] 1.023| 12 — 20 49
ok | O | 9.4 19.8 269 150 1.024 1. 023 1023 o2l — | — | 1| 6
. 10 9.2 17.7! 26.2| 15.2| 1.024| 1.024] 1.023| 1.023 4 8 1 17
P OK5 (14 9.5 20.4 27.0, 16.2] 1.024] 1.023| 1.023| 1.024 2 7 — 12
B 8 10 9.5 17.7| 26.2| 16.4| 1.024| 1.024; 1.023| 1.023 2 4 2 18
E;é OK6 0 10.6| 19.9: 26.9| 16.0| 1.024) 1.024] 1.023; 1.024 3 4 4 1
E"% 10 9.6/ 18.1] 26.1 15.8| 1.024 1.024| 1.023 1.024 4 3 11 6
/AT OK7 0 10.2 20.1] 26.9/ 16.1| 1.024] 1.023: 1.023 1.024 3 3 — 25
‘ 10 9.8 18.3| 26.2| 16.1j 1.024| 1.024| 1.023| 1.024 3 — 7 11
§ Obs. | Depth Water temp. (°C) Sp. gr. (p15) B NO;-N (7/1) »
< | St (m) Mar. | Jun. l Sept. ‘ Dec. | Mar. } Jun. ‘ Sept. ! Dec. | Mar. ' Jun. \ Sept. ‘ Dec.
HS6 0 10. 6/ 16. 8“ 24.8/ 16.1; 1.023| 1.024| 1. 024‘ 1.023 5 | 71 ' 23 15
= 10 10.7| 16. 31 24.1) 17.1} 1.024] 1.024) 1.024] 1.023 7 9 5 17
) e HS5 0 10.9 17.5) 25.4] 16.7 1.024, 1.024) 1.024 1. 023 8 3 tr 18
= g 10 10.8 16.3] 24.2| 17.1 1. 024§ 1.024 1. 024‘ 1.023 20 19 1 21
E"—é YGI1 0 10.3| 18.3| 25.7| 16.6| 1. 024i 1.024, 1.023 1.024| 14 3 I 1 7
& <] 10 10.5 16.3 24.7| 16.7| 1.024 1.024 1. 024[} 1.024) 12 5 ’ 3 6
<X HS2 0 10.1] 19.4 26.4) 16.1) 1.024; 1.022] 1.020 1.023 4 35 14 16
10 10. 51 16.4| 24.4 16.4 1. 024l 1.024; 1. 023; 1. 0231 — 6 ] 12 5
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EH12 0 11.9 17.3] 23.0{ 18.4] 1.024 1.024| 1.024| 1.024] — — tr —

10 11.6/ 15.9; 22.5| 18.8 1.024 1.024| 1.024 1.024] — — tr —

€ | vGs 0 11.4) 17.7) 24.7| 18.5| 1.025| 1.025| 1.024| 1.024, 4 2 6 7
g 10 11.4) 16.8 24.4] 18.9| 1.025 1.025 1.024| 1.024] 5 2 4 7
g YG9 0 11.3] 18.2] 25.2| 18.8| 1.025/ 1.024| 1.024| 1.024| 10 1 3 14
- 10 11.4] 16.4] 24.9| 18.9 1.025/ 1.024| 1.024| 1.024| 15 8 4 25
EH10 0 12.3] 17.1} 23.8| 18.4) 1.025| 1.024| 1.022| 1.024] — X tr —

25 12.6/ 16.9] 22.7| 18.9| 1.025 1.024| 1.02| 1. 024, — X tr —

‘YG4 0 10.2| 17.7; 25.9| 17.1| 1.025| 1.024| 1.024| 1.024] 1 3 2 17
10 9.8 17.2] 24.6/ 17.3] 1.024| 1.024| 1.024| 1.024] 1 2 3 F 9

g YG2 0 9.4 18.0| 25.8 17.2/ 1.025 1.024| 1.022 1.024] 2 2 4 ; 8
2 10 9.3 17.3] 24.6/ 17.3] 1.025/ 1.023| 1.023{ 1.024] 5 3 2 67
E FK3 0 9.8 23.0] 24.7 13.9/ 1.024] 1.022 1.023| 1.024| 5 1 30001
v 15 9.6/ 20.0] 24.6/ 13.8] 1.024] 1.023] 1.023/ 1.024] 6 | 3 2 1
FK6 0 10.4) 24.0, 25.6/ 13.0| 1.024| 1.022 1.023| 1.024] 3 1 2 1

i 5 10.2) 21.1) 24.5) 13.0] 1.024| 1.023| 1.023 1.024] 1 1 | 2 1
EH2 0 12.3| 17.1] 24.4| 18.4 1.025| 1.024| 1.023 1.024] — X tr 4

< 25 12.5| 17.0; 22.6/ 18.7| 1.025 1.025 1.024| 1.024 — X tr —
E EH4 0 12.8| 17.5| 23.6/ 19.2| 1.025| 1.025| 1.024| 1.025 — X tr 6
S’n 25 12.9] 17.4] 22.3] 19.3] 1.025] 1. 025| 1.024| 1.025| — X tr 4
5 EHS 0 13.9] 18.3| 25.4| 19.3| 1.025| 1.025| 1.025| 1.025| — X tr —
a 25 13.6) 18.8| 22.8 19.5 1.025 1.025| 1.025 1.025 — X tr —

DHESEBFTHNIT LI EINTLE EHEEIC bR, COBEEDOMNEWDHKEIZE
WD /) EHEIEEOBEIBREERDOVLHW S ZEBOM T AHNE LTH T T 30
T, ¥ LTHNEBRABIEBKOBELZTZ26DEEI TG OBMBEAFH L.
72 U ERSERCHE L CREBREOBEAIE S $Table 2-2 £ LThhiF . chic
5 LUNETIRESHNEICA > T2 OTHEL SEHBEICHEKSHEST 2 L R3ELShR.
F o TEDXSITKR L& C IR EBE T NERNBEEMR OB OMELAS C &
MTEBEEZ, COXIBTTHETHEE L THEBEONRLE L.

Table 1 2% LT THICDL C & EFAYE TIUKE - #KILE - BRBERIED
DTN DBRIFBRE EICHBOELOHBERL TR, ETHS. BEE LTIIEHKE
WO KB D S BICANIEAS I EREOREN RSB bh, Fo&EHROMEE, Hic
AT LA OHEEZT TENETNRENEREELZE LTS, Chi3HERTH UL
WERD Z ETlEH B, TOBEOLNFRITFHLUEICHEBRTH 5. 6> TNIFREEDES S
KEWD BETHNBRBHEOEKE—FICAET I LB TERL., FIZRKEEZLVHTT
ATH, —EHOEHKKE - BT - FYIC OO THET 21, BHORELEREI(RIT S
LEbn % EH4-EHS » o HEFHD EHI0-YG9 %38 T ARG#ICA 31 Lizdi-TH
B DR AR 12D, KRIBAVKIEL D&V 3 B <128 IC3BICHE ST Lcdi-> T 72D,
SEMWKEBEL DB B SHCREICE 18> TWw»5, i BRO%K EH - LBBICA
2 REHEOHBIEHZICIBALELONB OIS SEHEL S, MBEERICOLTH
T, XERABIZHLEDO —BOEAZS SDOL TS, 6 ABLIRIAIRELIE
ZSRAETTHEGH->T, ChiZZOEDZDOHT DHEMED S S B THKDEESK
XHDEARING, THICR LHEHKOBHIEIC DL TH 5 I (Table 2-1) KiRiZE
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Table 2-1. Sectional observation data of Tsushima Strait.

Text-fig. 2. Location of observation stations in Korea.

I. Water temperature (°C)
( Fusan ~ Tsushima, mean of 1922~1940)

Obs. St. D(ergt)h l Jan. . Feb. | Mar. | Apr. | May I Jun. | Jul. | Aug. | Sept. \ Oct. ‘ Nov. \‘ Dec.
I 0 | 13.6] 12.7] 12.0| 12.7 13.7] 18.0] 20.4] 24.3] 24.1 21.3] 17.8] 16.0
25 1 13.3) 12.3) 11.7) 12.4] 13.3| 14.8 16.6| 18.5| 19.5 19.5 17.0| 15.2

1 0 | 14.4 13.1 12.9| 13.4| 14.8 18.0| 21.4{ 25.8| 24.8 22.0 19.1] 16.4
25 | 14.4 13.0 12.5 13.1] 14.1) 15.8 17.0, 19.5 22.0, 21.7| 18.5| 16.0

I 0 | 14.8 13.7 13.3 13.8 15.1 18.6 22.4| 26.3] 25.2| 22.4] 19.6, 17.0
25 | 14.8 13.7 13.1 13.5 14.6| 15.8 17.5 20.8/ 23. 2’ 22.1] 19.1] 16.8

AR 0 15.4/ 14.3) 13.9| 14.4] 16.0| 19.2] 23.0, 26.3 25.5 22.9/ 20.6| 17.8
|25 15.4) 14.37 13.7 14.1) 15.3] 17.4| 18.3] 21.8 24.4] 22.6; 20.3| 17.6

v } 0 15.5‘ 14.3) 13.9) 14.5| 16.1| 19.4| 23.4/ 26.1| 26.0/ 23.5 20.7| 17.8
25 15.6, 14.4) 13.8 14.2) 15.6| 17.6| 19.7| 22.4  24.4| 22.6/ 20.6| 17.8

VI | 0 15.6/ 14.2 13.8 14.4] 16.1] 19.2| 22.5 25.7| 25.9, 23.0 20.5| 17.7
| 25 15.6 14.2 13.6/ 14.1] 15.7] 17.9] 19.9 22.5 23.8 22.4| 20.3| 17.6
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( Ulsaki~Kawashiri-misaki, mean of 1932~1940 )

- |
Obs. St. D(e;g;h Jan. | Feb. | Mar. | Apr. | May | Jun. | Jul. | Aug. Sept.} Oct. }Nov. Dec.
1 0 | 142 12.1) 1.4 12.1) 13.4 15.6 18.6 21.5 23.1 20.3 17.6 15.5
25 13.9) 12.2 116 11§ 12.3 13.7 123 16.0 18.5 18.2 159 152
5 0 14.9] 13.1 12.4 13.3 14.9 17.2/ 20.8 24.1] 23.7| 21.5| 18.4 16.5
25 15.1] 13.2) 12.4] 13.1] 14.3] 15.0, 14.9 17.9 20.7| 20.3 18.6/ 16.7
3 0 15.5 13.2 13.1] 13.7| 15.6| 18.0, 21.7 25.9/ 24.5 22.4/ 20.6| 17.7
25 15.6/ 13.2] 13.2] 13.7) 15.0 16.9 17.5] 19.7 23.6 22.6| 20.3| 17.9
4 0 15.4] 13.2 13.0 13.5/ 15.2 18.1| 22.5 26.1 24.8/ 22.7 20.7 17.8
25 15.5| 13.2) 13.0, 13.4 14.8 17.5 18.4 22.20 23.8 23.0 20.6/ 18.1
5 0 | 155 13.3] 12.8/ 13.5| 15.3 18.5 22.6/ 26.6 24.9 22.7 20.7 17.5
25 15.6| 13.3] 12.8 13.4] 15.0, 17.1f 20.2 22.51 23.5 22.8‘ 20.7] 17.7
6 0 15.6/ 13.9] 12.9| 13.5 15.6| 18.9 22.6/ 26.6 25.4 22.6 20.4f 17.7
25 15.7) 13.9] 12.9, 13.4 15.2] 17.2 19.7| 22.6! 24.4/ 22.7 20.6 17.9
7 0 15.8 13.9 13.2| 13.8 15.7| 18.6 22.9| 26.6] 25.4/ 22.7 20.6] 18.2
25 15.8/ 14.0 13.3] 13.6 15.2| 17.0 19.8 21.8 24.5 22.8 20.6/ 18.5
8 0 16.0] 14.3| 13.4] 13.9 15.9| 19.1 22.9/ 26.8 25.6 23.0} 21.1] 18.3
25 16.0/ 14.3 13.6 13.8 15.4/ 18.1 19.7 22.5 24.3 22,9/ 20.8 18.5
9 0 16.0| 14.1 13.5 14.1 16.2 19.4] 23.5 27.0 25.7] 23.2/ 21.1] 18.4
25 16.0f 14.0, 13.5/ 14.0, 15.8/ 18.8 20.7| 23.9 25.1| 23.1 21.1] 18.7
10 0 15.7] 13.9 13.4| 13.9] 16.2 19.5 23.6, 26.9 25.7 22.9 20.8 18.5
25 15.8/ 14.0] 13.4) 13.8/ 15.9 18.8 21.6 25.0/ 25.3] 23.0, 20.9 18.7
1 0 15.4) 13.5| 13.0, 13.4] 15.7) 19.2 22.7, 26.4| 25.7| 22.7, 20.5 18.1
25 | 15.5 13.4 13.0 13.3] 15.3| 18.6] 21.5 24.4 24.9 22.5 20.6 18.3
II. NO,-N (7/1.)
( Ulsaki ~ Kawashiri-misaki, mean of 1932~1935)
0Ob Depth , i
s. St. (m) Jan, | Feb. | Mar. | Apr. | May | Jun. | Jul. | Aug. | Sept. | Oct. | Nov. | Dec.
| 0 88 | sa | @D GH| 29 | 4| 7 7] 4] 4!l 1 8
25 60 | 56 | 38 | 21| 42 8 | 40 1| 30 | 11 33 | 85
» 0 57 | 54 | 29 | 21 3 0 0 3 9 5 2 | 34
25 (56)| 48 | 40 | 25 | 25 4 | (73| 10 | 10 7 7 | 48
3 0 48 | 59 | 37 | 26| 3| 4| 6| 3| 4| 3| 212
25 55 | (59| 52 | 32 | 47 9 6 (2| 4 || 2 | 23
4 0 41 | 55 | (36)| 30 8 4 | 15 0 3 20 3 22
25 G| 50 | 500 | 28 | 13 4 | 10 5 5 510 24
5 0 41 | 51 | 49 | 31 4 4 2 0 5 2 3018
25 58 | 60 | 51 | 30 4 | 15 51 19 3 3 4 19
6 0 55 | (46D | 50 | 32 4 0 9 1 4 30 1| 20
25 54 | 44 | 57 | 34 8 | 12 9 | 26 7 5 2| 18
. 0 @9 | 47 | 49 | 48 4 4 3 3 5 1| 1] 2
25 517 | 58 | 47 | 47 6 | 18 | 10 8 3 6 2 {25
8 0 45 | 58 | 37 | 28 3 0 4 0 5 3 11 20
25 47 | 60 | 42 | 40 6 | 12 | 10 | 10 7 3 8 | 38
9 0 38 | 48 | 42 | 39 4 0 0 1 7 4 8 | 23
25 41 | 46 | 43 | 38 8 | 12 9 | 20 8 7 1 | 24
10 0 35 | 49 | 39 | 36 4 | 12 8 1 2 2 7 1
25 39 | 41 | 39 | 32 5115 8 15 7 3 10| 8
1 0 20 | 30 | 34 | 16 3 0 6 3 4 3 9 | 17
25 2 |3 | 27| 1 5] 12 6 5 6 6 1 |12
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Table 2-2. NO;-N contents of sea water at western and southern coast of Korea. (7/L)

1st Observation (3~7, Sept.) | 2nd Observation (6~8, Nov.) | 3rd Observation (10~14, Nov.)
Obs. St. NO,-N Obs. St. | NO,-N Obs. St. ] NO,-N
O A O
s e | e |
A2 {14 B2 {% C3 {3
SO T S R ¢+ i
% A4 { 5 B4 {22 cs {%
(é AS { § BS { 2 C6 {g})
§ A6 { b B6 {%‘; c7 {gg
o e | g
A8 { 2 B 8 {g
A9 { 0 B9 {%%
A 10 {12 B 10 {Zg
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LEbhD. [RBETIE (Table 4) MEMEEROBIIHKNE {, MONEBEEIC R
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Table 3. Oceanographical data of Bingo-nada (meam of Oct., 1953~Sept., 1956).
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Table 4. Oceanographical data of Hiroshima-wan (mean of Oct., 1953~Sept., 1956).
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Table 5. Oceanographical data of Su6-nada (mean of Oct., 1953~Sept., 1956).
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Table 6. Maximum and minimum of water temperature in winter in the Seto Inland Sea
(1918~1930, monthly). (°C)

H Dec. I Jan. ‘ Feb. Mar.
Southern part of max. 1 — 18.2 17.6 17.9
Kii-suidd min. ; — 10.6 11.5 10.8
Northern part of max. 16.7 [ 13.6 16.5 16.5
Kii-suidd min. 13.9 10.5 7.8 7.5
. L | B
max. 16.4 10.4 8.1 8.7
Osaka-wan min. 9.2 6.8 62 | 7.3
. max. 16.2 10.6 8.2 8.7
Harima-nada min. 11.2 8.4 6.4 6.0
. | max. | 165 s | 97 10. 1
Bisan-seto min. 12.4 7.6 | 6.9 6.9
Hiuchi-nada & max. 16.5 l 12.5 10.5 11.9
Bingo-nada min. 12.5 ‘ 9.4 7.5 7.7
- |
A max. | 17.2 11.8 11.0 10.7
Sud-nada min. | 12.2 10.4 l 8.4 6.7
A max. 20.7 16.7 15.5 17.2
Bungo-suido min. 17.5 15.0 1 12.8 \ 12.7

S DM A RN BHAKOXMOKER 10°CRigLABLTIbDEEBbNS. / VER
T & - TOIFEKRBBRICRET 2 & 51 CAVEICER) kTt 7~8°C TH- T, 12
~3°ChHrz0%2EBRAE LT 205, LIRTREBOMNEKOZXFEDKEIR 7/ ¥ DIERR
HEBRE > TRAEFIGEHODEEAL LS. UL bBICHERT 5 & 5 KRS LIKRT /

) EEF ISR EERRBESHCEREEALEE L, bLAETEZH/ICE /IR
KD EEEDBIAERS D TH LD, B~k S KN °i%Mﬁ%$@;5@%%
DISEFBLH > TP LTHBAEEICS 205 CNORTORELEIINSG. BEIF BICH
HTIR 7V AEBICE - THBNER THRES OARR LA KiRE %%GTD%%@&&
T LTk,

I 2 N TRIEENBICBE A 1 Tua 2 BRI 36 O TIRUKIE T Z R R s A 72 2 R
2R LU TH5d. ol bl & 5 @K ORESIMAICHREN T2 hh
& BID AR EOEHB O ENL L TA 5. MLkl OKBEESD) IRRICHT
#TAEE (BRITHR koGl GEHIITE, KR, RBBIKBHTRE (KH
NDHROENTER, B, [Mycs»TEBEH (FEINTH 22002 Eh
DIKIE » [LE - (EEREEFHEL C X B A2 /R"1F Table 7,8,9, 10 0O Th 5 (FEHIE NI H
2Tl Text-fig. 1 BED. o oo & Rt LA - H o KoMkRE
s 3ic, &) ABPICKRIEENT 1~3°C OET, MBESEICEBHLTERD
HinEAEDBENTES, LhLIhe OBEEZM»ICHART 5 LiROEGE SAKEZ
NENBENSEESREINS 0T, FlIAEEETE KEDETIR 1°C ¥ THDT
HEDWHBEEROHERNES L, ThRKLEL - BREHTEIMBRRBEROMRIZL
BREASRRONKEDETHBEETH->T 7 VEHED IFHE/AKE 7T~8°C 2R LT
Z. BB EMGESINEICH B C LIk - THIFRE L UTRESORONTThI, BEEZH
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Table 7. Oceanographlcal data of Tamashlma Nori cultural ground ( mean of Oct., 1953~Mar 1956)

Month Decade | A.T.(°C) W. T. (°C) 1  Spgr (p,s)
 first | 20.2 22.8 ! 1.019
Oct. second ! 18.5 . 20.4 I 1. 020
N PP i 17.9 1 19.4 | 1.021
first | 14.4 ‘ 17.2 ? 1.021
Nov. second | 12.0 | 14.7 { 1.020
last \; 12.8 . 13.9 | 1.020
I f | — o
first , 10.7 12.4 ? 1.020
Dec. seocnd 1 8.5 ' 10.8 ; 1.021
last | 8.5 9.3 1. 021
T o o ‘\ |
st 5.9 i 8.6 § 1.020
Jan. second . 5.8 7.5 1. 020
last ; 5.0 7.3 1.021
JRS— - ‘ ‘ _ ! ——
O first | 6.2 7.4 3 1.021
Feb. ‘ second ! 5.6 7.9 1. 022
; last W 7.6 1 8.5 | 1. 021
i 1 |
- - B E—— ;
first H 6.7 | 9.1 | 1. 021
Mar. second i 9.1 10.3 | 1. 021
| last 12.0 1.021

11.1 ‘ . |

Table 8. Oceanographlcal data of Fukuyama Nori cultl_ral ground ( 1955~1956)

Month ‘ Decade H AT C) ’ W. T. ¢ C) | Sp.gr. (519) [No3 N(y/L)l NH,- N(y/L)

| first 21.8 2.9
Oct. | second 18.0 20.4 }
last 16.7 18.9 [
; first 16.3 18.4 | ‘
Nowv. second 13.3 16.3 | ‘
. last 10.7 14. 1 i :
fist 9.0 s (B Le2
Dec. secoud 9.7 10.6 } { []:I % ggé “
 last 8.4 9.9 L 1o 1 |
|— — i |
w74 | oss | (oMo B 0@
Jan 3 second 7.3 7.8 | {E }%é IZ;‘ 23
O L N A
first 5.5 5.8 { E % 8(2)3 3-‘; i 28
Feb. i second 6.8 7.7 { I‘:[ % 8(7;; 12 I 30
| last 12.7 10.1 ’ EER A T
o |
 first 17.3 21 {I 1os
Mar. ‘ second 19.7 13.2 ’ { {{ } 8{7‘); “
\ last 22.5 14.4 |

(H-High tide, L-Low tide)
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Table 9-1. Oceanographical data of Hiroshima Table 9-2. NOs-N contents of sea water at
Nori cultural ground. Hiroshima Nori cultural ground. (y/L)
(mean of 9 yrs.) (mean of 1954~1956)
Month l Decade H W. T. (°C) | Sp.gr. (p15) Month ” Surface 1 Below Sm
first 23.0 1.023 |
Oct. second 21.8 1. 023 Jan. ‘\! - ’ -
last 20.2 1. 023 Feb. | 24 ‘ 6
first 18.5 1.023 I 55
Nov. | second 17.4 1.023 Mar. 4 2
last 15.7 1.023 Apr. ‘ _ 89
first 14.3 1.023 May | 60 1 35
Dec. |second |  13.3 1.023 i |
last 12.0 1. 023 Jun. ‘ 41 ; 20
first 10.8 1.023 Jul. ‘ 475 54
Jan. second 10.4 1. 023
last 9.7 1. 023 Aug. i 55 12
|
first 9.2 1. 023 Sept. ‘ 115 8
Feb. | second 9.2 1. 023 !
last 9.5 1.022 Oct. ‘ 81 19
first 9.8 1.023 Nov. | 17 ‘ 2
Mar. | second 10.5 1.023
last 11.5 1.022 Dec. ‘\ 14 3

Table 10. Oceanographical data of Bungo-Takata Nori cultural ground (1955~1956).

Date NG TS "o
16, Jan. 7.0 1.023 25
19, Feb. | 7.5 1.024 13
27, Mar. 1.1 1.023 2
26, Apr. H 15.6 1.022 18
23, May | 19.9 1.022 23
23, Jun. 25.0 1.021 42
21, Jul | 28.5 Lot 58
22, Aug. 28.0 1.018 42
20, Sept. 26.3 1.023 60
27, Oct. ‘ 19.4 1023 | 53
18, Nov. 13.6 1.023 110
15, Dec. | 12.2 L04 28

RHCOKEOE T2 E 100, HitFn b THRIEZEER L, MRACKKEOEASIIRE
THEHE L COMBEEBEDTRDI D EEZOLNS.

BN EHD /) BIHE O LT 5700, ME (E#pE) OKE - WiREE
BHRLOMOBETEM A Table 11 ichhif 7z, MERHRO 2 VY IRBOHRLM TS 3 251
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DIZITHRICHHE L, FAA EBKOEEZT TNHEKICE » TEEIODNTHL RIS TH
5. TOERICDOTHDBIC, JIFHKHHELRWICbhpb 5 TKEHEEICIEL, LrbzD
KR DR EADS L VR . F A AURIS P OEIES I th~/KIBOZELL BICE L K. Th
SIRBLICBIT 2 HRIINE L B OIRBERBEOM OR b REBHETHY, TLEETH
5. MREERRPPEZ LI TLH 50, HIHBPOLRER EICHANITHIRUTHRICHET
T2 EREFAMEL, L LA 7 ) BN E <, LrdABIcAONSE X SIC3T
LOWEBERITRELTOEZHERADHEII. THIAE I8 L X 5 12 ORAR
ZEE UTHBKICRY, ZOMBEBERBRAFTICHENEELLEHEEBbN % & D
T, INFELWEROMBHBR EOBESIRANZERLHAON S,

Table 11. Oceanographical data of Chikut6 Nori cultural ground ( in Korea ).

Month | Decade H AT. (°C) W.T. (°C) ’ Sp. gr.(p1s) ' NO;-N (y/L)
first 18.8 | 20.9 ‘ 1.023 } 12.5
o:t. second 17.1 ; 19.2 ‘ 1.024 15.0
last 12.6 ‘ 17.4 1.024 24.5
— . I | -
first 9.8 15.1 1.024 27.0
Nov. second 10.1 13.7 1. 024 38.8
last 9.9 13.0 1. 025 54.7
first 9.4 12.2 1. 025 60.6
Dec. second 4.8 10.6 1. 025 70.9
last 4.7 8.6 1.024 71.0
first 1.4 7.8 1. 025 77.8
Jan. second 0.1 ! 6.7 1. 025 ‘ 78.4
last ~1.1 ‘ 5.8 1. 025 87.8
- first 24 6.1 1.025 el
Feb. second 2.4 ! 6.4 1. 025 70.5
last 3.2 7.3 1. 025 66.9
- first 2.7 6.5 1. 025 39.6
Mar. second 6.2 6.6 1. 025 34.2
last 8.0 10.1 1.025 14.8
Apr. first 10.3 9.4 1.025 13.0

Tic oS NIED 2 ) S O % TRAE Ot #1T O EISE DIl & 3 51C, H
%X THIEE P DOTF 130D, SHUKBERBREROHREICL > TREIN TS X5 1T,
THTIHE2S) « fREAEAS) o =] « JRIEHSD  GHANEO) 13 I IS A RIS 2 WIS T R OKIREE
IR NG A ACRE LTHEY, FRHEIHET TEKRDE BICREERL T
. COXH1 Y AEEOIFEHRICRG 2WIETIE N2 RBNERLE LTS i
OEWHAERELLEET B, —MICHKRICET % /) ORRICIERIREFOIHEENE
L, bLARTAHSICIIEESOWERIIT LS ARBTHHEEZNT 5 LLENBEDT,
Z DRI R 75 K DRI B KRS RAIR & 12 D R B & U CTREREHE L D
LDE S, Ficd LIE LIEs ik > IicNiET)IIC 2 ) SIS 72 B © — Il
JHICTER S 2RI TRIC X » T L 2 Rk EZ N RIT L 5180,

PLEOERIC X DD 2 Y EHEESHHCHRE LR —HRFHP LG 72 & B S
D, U U—JT A% A, K « REDTIEKROFHICHET 2 e ikez 2 97I#EIC
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FREN TS b0 EMBICAT, JIIEICHZC EPH- T/ ) OEBFZHRET B[S
DPOEHEAEGA TS DT EOEBIIERTT 61202, RIGR~ BRI
BICHDH L TEBERT S /) ORBEHEE L TRLEOREH T 2 ENTE
3. Yo TRICHBIR L >TEF 3 /) OEBORBITOLTEBEL, JIEEICH > THED
EENEZT B12dICE U B RBEERERS M LTI S I8,

A [EHEFKD 2V EBICEIZTHE

FINOBACED /) h3ZT 2 HLEOEFNICIE, WA LICRKSFHEN S QL TE 2 2
s KLEDETICE 2 D &, HAKIEKECHECEEZDCD, ThrnTDF FiBME
KT L C OBRKINBIELERBKEIC 2 ) B--RHKILINIGEOFENEBEIOoNS,
LS K HEOETICL - T/ Y O 3 BRIEHERFKIICET 2 /7 V) DEFEEX
Bhd Bz iy, MECEEERAKICE > TR 2HBISEKLEROBED DR LER
gL E &S,

HEKEEED 7 ) EBICRIZTEHHIC O TR, S REFRED /) B Ics g 28l
Epd, HE 1018 UTFOHFHTHINEBORNLEIN TR EbH - 12 28, TOHK
AT OIS OBIFR OREH O, BILEIBKTS /7 VAEFICE > THEBEDIL LT EBEIAES
N9 1.025 MR E TRAEUTE L LB b XS - 722 Bh/52 Ron i
FERHNCHIA L, #E/KLE 1.OI8 UTRH-T/VDEBICE->TRETHD, 1.024 #f
BEBHBEL, BCEHLE L0 KELTHIKABERRSTE2HDT HEZ L% HOMIT
L1z, MiLTEREICK > THEISN 3FEREZHKERSHEE 85 C LIk D RERE -
T CLEBZD—THBELTI B, V5 135« OISR DHEKH 1T /Y % 208
MEE L TELERERIE L, HHo 12.00 (JbE 1.0158)~18.00 (th# 1.0241) A B4F
WAEBGREE LTWwa, Bh)15% OlEBEAZFRIC U fkHICE LT 2 Y ICs 2 1H
g U CRMBYER A TIE L IR T, & 1.024 IFT 0,/CO, DD 1.0 YT &1 3
CEMD, COEBROBWENTIIHE 1.024 ZELER 0Ffo EhcEEolkiEE LT
W5, CHODRE AR LTAT, /) OEFBIEFMHES K BRI 1.024 233
MEETH O, BHETH > THRESBART 2H5CE 1.0 0B TT TICEENH
Shih, HESOBERESETH->TH 1017 UTFEBENTABTHEE NI bDET D
TERBYLABLEINSG, EE)IEO /) BBICE O THRNE ORIC—RNICZ ORKE O
HEARTCLERIHVEED, BHICHi>TCOX I BELEEZRELTHLS)I#ETI /
YEFHRESTREVWESZA LD, BEEERKGOREZLHINAEFABOBEBICELTDH
WE 1017 YUTER T2 EDFLEHAMIR L CTEREEHM TR L EIN T 5.2

TOEIICEMAEEL LOHEETR /7 VEBRE > THRUTH#EE ZEZ 0D,
FEOWIB DK MBMAKIC L » TH—RLEKTE2 ST LE3MTH-> T (NBTE MW
CNICIEWIREBE 1222 L bHD1BZ) HRT 2WID/KREREMEICK > TEEH B85, —
B I T WK O EIBICHOK N BIELEEOEEEZ DD, chBeD FE B RICHET
L, BEMIICREZCRBMINGD, BEEED>EEMLETONECLIZIH DD
MEETH S, H-T/ Vi3 I2EMG LI 6 HHEIC 1 FECDXS 38K BIELERE
KICXSINBT EEED, BICHNEBTIREBRMSH L A & THO M8 K & 0k
¥, JIBOHE TR oM< 10 HZE30cm OB E U TIAD S C E0F 0L, ahns
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V)V HEBIHHEABZ 250 THE0EIDEBELHICT EZNENEHZH, TOLIIBHR
BICODLTHBA LI BODIBDTRD X 5 13EBRETT- 72,

(—RI K IEERE D /7 ) ABICRIZT HE)

7 ) DS EMO & S ICEREDHKICE 5 3N 3 REBICIZ Z DELFEKEDORE LE S DE
WICEDEBH DD, /7 VICE > TR—EBHRLEEROMEERT 2 LEEKL, TOBE
OFRE LREOEOHBEC L E LS,

ko TETR—KBTHHELTLS /) 2« O [KHEEK (1.000, 1.004, 1.008, 1.0
16, Ry 1.020 0 6 F&) 1z 1 H 4 W[ (JLE 1.000 0413 30 3) BELIBAED /Y
HEICHT AT, BERERLSICIZH 3201 0 ARBKEIC T 1.024 O
@ik (NaNO; 0. 01 %MD A&7 L, CoHIc—REIC 2 ) 285 L CEHEEEN S %
B2 THE L, WHOBRIIGENZROEM AT UEREEMEEEE L, ARCEBR
MEABEE L, T OoDRAICE > TH#E L., X 3om W4, 11 4mm AL
W ) 2 EaE RESBOLIESD 2 BOEBRO R4 Table 12 1CEE 1 &
I & LT/RLE.

KL ->THBCERTICBOLTIR, TOEMHIRIEREROHEDRT L DR E/N
XSFRA EEBIIC TR L, 1L 1.004 Ti3EH 4 RRORE ICXDEART R ZE L 2

Table 12. Effect of the sudden change of cultural medium specific gravity on the growth of
Nori-frond.
[Exp. 1] (exp. 1st~20th, Mar., W. T. 12+1°C)

_ Sp. gr. for” Area of fronds ‘
No. of Exp. sudden | Before After Growth Note
change | culture | culture rate |
e _ . I
1 ‘ 1; (em?) ; (em?) After a week lost blackish color,
Sudden change ) 1.000 1.82 1.88 2 turned slightly red, and has died
for 30 min. a day ‘ ! - partially on the last day.
2 \ ‘ On the 3rd day, showed abnormali-
Sudden change )1 1.004 | 1.16 — — | ty in color and lustre, and died
for 4 hrs. a day// { | after 14 days.
N ; !
3 i ! On the 3rd~6th day, the color
| ! tone became gradually worse, and
() 1.008 i 1.34 2.11 : 57 finally the marginal part of frond
o o L B ! was broken.
4 ?
(7) 1.012 ‘\ 0.60 1.54 157 . As above, but somewhat better.
5 i On the midst, vitality is vigorous
(7) 1.016 | 0.63 2.22 252 | and color tone is good as the
| followings.
6 : ‘ i | Color and lustre are healthy
() 1. 020 0.68 2.71 | 298 | throughout,and does not differ from
| ! I i No.7 macroscopically.
7 | i | ! {
(Control, always )' 1.024 0.51 2.45 380 | Normal growth.

only sea water
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(Exp. I (exp. 10th~25th, Mar., W. T. 12°21°C)

Area of fronds

Sp. gr. for }
No. of Exp. sudden | Before | After Growth Note
. change A culture ‘ culture | rate o - -
1 | o (emd) o (em?) | 5th day, color tone became worse,
Sudden change ); 1.000 | 6.93 7.27 5 | and 8th day, three fronds almost
(for 30 min. a day/ ; 3 ‘ died.

2 i ‘ 3rd day, became reddish, losing
Sudden change ) 1.004 | 4.10 3.97 -3 blackish color, and 5th day, two
( for 4 hrs. a day/| ! ‘ | fronds are moribund.

3 | 8th day, color and lustre became
(7) 1. 008 4.08 6.49 59 | worse, and marginal parts of
fronds fell off partially

|
Oy | aeawos Mmool
(3) 1.016 4.14 11.16 170 | Normal healthy growth, relatively.
(f ) 1.020 | 3.43 | 1222 | 256 | ‘L,ﬁglfyay still show a vigorous
(g;)lntro]? always ) 1.024 | 3.00 10. 41 | 247 As above, normal growth.
y sea water } | -

U, LbE 1.000 (%K) Tit 30 FEOBETHAEEEDEETZC L2 -, T
KR URRSLEEE 1,024 Ok TRZE LcO S ORRBICHEETRIFAERIEB TH- 2.
TREDOEETIE, HE 1.016 TPOPEBTHEZEOMMRAZ, £h UEO HMETIHEHED
BEEEABEOEHAEZRLTRS., LA LLITNOERICHE LT HHE 1.016 LI Oif
IKICBE LI DRMNEMICIENRBD ONTHBRENEZZE L T,

i R OFEE A 1.000,1.010, 1.015,1.017, 1.020, 1.023, 1.027 for 1.030 o 8 FE%,
BEEE A 10 43, 204y, 45 4y, 1.5 KR40, 3.0 B Ko 6.0 B 6 Bl Ic /R ELT
AREDOEEGE 3 [\lfT- 7205, ZOREE Text-fig. 3 D@D TH 2. 7272 LEESZ DT
SR CEBEkrPEE) OR L mEEINELE 100 & LeBEa0, ThEhomEEnE
DEEDAEHEB LTI N EKITR LT,

NS ORI LHIBICDIZ> TR AL ADHEELAFDEEM, CHEENTEERDOE
SIEAEA IS TE %, HE 1.020~1.027 0B TR IEERZIC &> TEBIRIZTE
BIELHobh T, 1.017 UFORLEIC 45 LN OERMRIET 2 ¢ LI3EE
BECHRNH 2L THYD, LordbEDELZEZIC LIch> T—Z @I LRB TR
NS, WEOEWL 1.030 0FE&ICd 10~20 FE @R T b ITWE D B
BT 3E5THS. L LZOEECREBRMICAHBRIBT LLRFEZIEL
WORETH -7, 1.5 HEUEOBERIVITNOESC bAEBICEELRIZL TR 3,

ZOMIC HEBHREMEE U TIRERD 2BELARE LS50, LI HIC LT HIERICERHE
OWEBBHYD L SICH 5N Z DT, HICHZILE 1.017 LUF, RERM 15 o8N
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Experimert IV
Experiment IIT
Jomin. /omun
20 mn
20 min
o 3. hrs .
= \'\74§ min 4§ min
::- \ OS5 nes 1.5 hrs
= 6 hrs
2 € hrs 83 hrs
¢}
S
&}
4 70 1577 20 23 27 30 ;o
) .
) ot 10 /57 20 23 a7 30
Experiment V ,
3 . .
Specific gravity (p,s)

Growth rate

0 0 4577 20 23 27 30

Specific gravity (p1s)
Text-fig. 3. Effect of the sudden change of cultural medium specific gravity on the growth of Nori-frond.

WTHEERAE S DIEZ L, BlBHE% 1.000, 1.0025, 1.005, 1.0075,1.010, 1.013, 1.017
o7k, | BOBEREE 14, 2.54, 54, 7.54, 104, 1550 6 EE L T @k
DEERETT- 72, 2 BIOEERDORRE T Text-fig. 4 IT/R L7z,

B EER & U CIRIEICHI S BAABIE L T 30T, EMRIINE RS %R 4 i ik
M ERERORE & OB OBRICIZVOERNL LD ONED, KiCASNDEXIIC /)Y
OFF ZHEOEME LTRARCHIOOLNATHLEEDTH> T, T >DREKLRTIEERR
DORRABIEEN T 2 ERDELDICEZ 5.

O /) EHD—ERM, ZOBELTL3HEKEHELCHEOHKICREYT 5 & RE
HEFNITEELRZT 30, ELTNEAEBCHTFEELS5Z 5 bDTH 5.

@ FHEALEZ 2BEBKOKER 1.017 LIF&RY 1.030 Th-T, Mz 1A
10 FELATH 5.

® BERA—HETH-> THHBOEEICLD, THE—KETH-> THLHEDEKIC
LD/ VICBEZ AR BOBRENRL, ROEBEOHELZEZ 20 IC3HIHETEIH S —E
Beff %, H2EHTIRS 32— EHELZBELT 3.

® AEOEEROGHN TIZEEEKLE 0~1.0025 0Tz 15H, 1.0025~1.0075
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Experiment VI Experiment vz

P - L . N
S8 - _a/5min,
= o =" "B /0omin.
g /50 ~o
1503 Q.5 min
i _a/snin. in.
(‘:/o mir
Q 285min
2 22 min. P
- (7.5 .9), .
7 A
£ oolis, 100 Yoy
3 L
b
Qo
501~ so
0 25 S0 75 40 /3 7 (4 25 &0 7285 /0 /3 7
Specific gravity (p5) Specific gravity (p;s)

Text-fig. 4. Effect of the sudden change of cultural medium specific gravity on the
growth of Nori-frond.

OMTIE 2.5~5 3, 1.0075~1.013 oIz 5~7.5 4/, 1.013~1.017 o<k
10~15 FE%=5@E L, iE 1.017~1.027 O35 A &, & 1.030 TiZ 10
~20 FEDBEUTH - T, WERHZ MBI S & EREROEIZEE Bl crngnids
513, TOREOREIIE 1.005 12 2.5 SMEE Lz 0N B EKD T (bE
1.024) THFE LA L DXD 70 OEBEHMER LBEATH - 2. = OVERIZ—FEORIER
TRELPEEDLN ZPEIEIC O TREEDOEIFICE ST NIERIEES LT,

U ERBORTBY RS HROMEICISINBC LR/ ) DEBICE > TR
RiZgdDEBH o205, TORMIIZ 15 FICAIIRHEI LT EMNBET, = OREE
MECAZLEBEHEINZODTH B, > TEEDJIHED / ) FHEE THIC C OB
BERMHIT 7 IV BELINTREENS T ERHVERDT, Thir /) B
HELTOIFEGEHALT I LR TERY, RO TS AT HEORE TIRA DK -
HEICE > TR DI BIFFLHEICHSENBHEFTEHVBEEDTH-> T, JIEDOHEET
BEACK ZHR-RHEKDOENE L EEDLN2BERO—HIchich ansEBb s, L
HL—RICIBIC—EDHFFHFCISINEDOTIRLEL, BREEREBICK 2 Lbd
D, gRZNERITNTEBTLEHEEINSZCELH B LLIEHEL VRL TS EHRAIR
N5, MLTTODOXSRBFATIRENE OERIEKEELYKETEOLN, BICEELERT
BCLTOAHARECINICEL ISINIEWATTECEIZ LIT L ITHRERT 20T
b3,

HY2icNED 2 ) BIEEB)IBBICRBR I N THL 2EH E LTHAT 25KIC & 2 HEE
TZEEMAT L3R4 TEREL, MRAMECBOTER L X S ICKEDET & ¥ES
DRtIE & BICH Y 72 TR D12 & RE KT OMD 2 C ENTFERL D THA 5 & # 2
5., Ko TUTEMICCN ORBEEHEN / VAEBICE > THHAIRE 2 BA DD TH 2 H
ICDONTEBELERALS.

REBENOSBRICAZICIHKIZ L, WL BEREOMBREENERED 2 ) #5H Bz 2 2
FAZRTPICOHTBIERBRORMIC K > TRET L TAH 2. BlbChick » TR 2 ATER
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Bin o 5 /) QEBUCITHIRICN 2 83 U < 3#EIGH D BIESUN 2D, <0k
ICERBIR M AT L TEBRT 358 08F/RA L L, FalEiONE & SO Il O
BUBELDOSDTH - 7248, Tz /) OERO EICHRILL, HIROMELZ —EHAIC
TEHEIENTELHDEEZD.

1D 7 v OAEFIC I RO OGO #

(D) FCBLTHIED /7 ) BHGOER O LB L, ThTh 8- ifEgR
BICH DT AR LD, RO EESE ThLIRE L, HU SO MEIAYSIR
BThaMEBOBTHOGICBHEAREZITL, ChiCk-> TEEREOEMICHI>T /) DEE
WIHEIRICH SON ZEBOHEAPF O NI LI D & Lic, SBHEMICE L TIEMIEITR
o KIBOEOHEEREOAEE (EL/ISM k- THS LB N B 2z,
BREIOEICER LOHEDH 2 IBIC O TOBEOE E Lk,

ETERBHO /) EHELG & L TORBOMELZ RN THKT 5.

e (BEEids, Text-fig. 1 2D RE®L S5 KH/IOEFHEO—2, &GO CHEns
AT 2B ICHT T RMTH - T, KK E D 5 OBKOFARLEND <, Ml
DI S DUIKIRFRRKEHRICRE L 2. EH 5 LS/ ) ORGE LTHIS h, BR
RETFHTLH L. THIOEDT KRR 3 m RSVNERICIE 2 m 55L73 5,

Y1 (Text-fig. 2 BF) RHMFEED BIEO BIEDOHICH D WIOFHA 342 S, i
KIZEICTEE T, THOZEIKEE 4 m AT RS /NIRRT R X 0 Zibsb 0,
7 B OFIDICIT RS 2 m Al TH 28 KB I/ & < 720, 3 AAHICIEH
Im EB0HKRERL /Y IRRABICERT 5. e LT3 il < » 5 BB D /
) AEFEH ORI THETORIE 179,

Kig (Text-fig. 2 2R 3 FUigR ICE T 2 /NS T BERED o OHKD HEIH A &2
V., FHOZEOWM LT EERFRE L, KRR T~8m /NIl TS 2 3 m IKET 5
Bl THKRDIEOEBLUAKRELS, BLINSKKX- THEINZ2ZTTE /) OEMLEA
WL RITIE o FKRTH B.

L= ERER I B0 2 BRI AR O R « KR « HEE R O HER AR 3R 0 JUE fE A f I T
L bD% Table 13 IR U7z, 72 LIAE® MBREEFRIC DL TIEBRYKICHE L 2
LOERL DT, FIC HFIH L “WRNEEGIA T Friko A T O BIEIER
HS 21 (Text-fig. | BI8) OHEEEBEL L Tonifx.

Table 13 LD T4 3K, KiREKBERLESREE KEBESERINT MTE 3 T o Hil
dH D, L b KSR ILOEMRIZMTLED bDOIREETH» D, TOETKIR
CHELTERAK 11°C KBICEBNTEREAR 6°C 0Bix2H 0, ol TR /
VOEBAALCEREBRICEL, /Y OERECHT 2EGESHRLTEETLEDOTIRNC
LART HDEEA LD, HKEERMBEPLPLE LD, BiflICbid~sickdicchs o
FETHNITHICEB LOEREHObTERELSNTL, MBEERIC S LTRTBEA
HE OB TRAZICE ERERL TV S, LT ILAEL SHEMoBEmER L2,
1,L2BoERE ALY 3 AFREL S AWM LT3, 2oBIIMNEED B KOREE
25RO KIBICET 3 BILEAKETHEH, MELHET 2 LHERNICELTRTSIL
BABEDOHMELIVDL B<NTHobNTW»E, HERMEOMADZiEKHP O plankton
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Table 13-1. Observation values at the three Nori cultural grounds during the transplanting experiment.
Air temp. (°C) Water temp. (°C) Sp. gr. (p15)

Month | Decade : - — ;
Chikuto | Taiyatd Hsll{i?;)a Chikuto % Taiyatd I?hri?;la lChikutﬁ Taiyatd }il}fi(:x;a
first 9.8 9.0 16.7 — — 19.2 l — —  1.023
Nov. second 10.1 8.3 14.7 13.7 11.8 17.9 | 1.024  1.024 1.023
last 9.9 6.7 13.5 13.0 12.1 16.7 1.025 | 1.024 1.023
| first 91 7.2 13.1 12.2 10.9 15.6 | 1.025 | 1.024 1.024
Dec. second 4.8 1.7 7.8 10.6 9.0 13.7 | 1.025| 1.024 1.024
last 4.7 1.0 8.7 8.6 6.6 12.6 = 1.024 ‘ 1.023 1.024
first 1.4 | -3.7 9.4 7.4 4.8 11.7 1.025 | 1.023  1.024
Jan, second 0.1 -4.3 6.0 | 6.8 3.5 9.9 1.025 | 1.023 1.024
last -1.1 -5.8 5.1 5.8 1.8 8.6 1.025  1.023 1.024
first 2.4 | —1.5 8.2 6.1 2.5 9.2 1,025 | 1.023  1.024
Feb. second 2.4 | -0.9 7.0 6.4 3.0 8.8 | 1,025 | 1.023 1.024
last 3.2 —-0.6 6.7 7.3 3.0 8.4 ‘ 1,025 1.023 1. 024
first 2.7 | —-0.4 6.7 6.5 3.1 8.6 | 1.025| 1.023 1.024
Mar. second 6.2 2.9 — 6.6 4.1 - l 1.025 | 1.023 —
last 8.0 S.1 — 10.1 5.3 — | 1.025 | 1.023 —
first | 10.3 | 7.1 9.4 6.2 — 1o ro3 —
Apr. second | 10.7 | 8.1 — 9.0 7.0 — 1.025 | 1.023 —
last 12.5 i 10.6 9.3 10.2 — 1.025 | 1.023 —

Table 13-2. Values of NO;-N contents observed at Chikut6 and Taiyat6 Nori cultural ground (y/L)

Chikutd Taiyatd
Month Decade
Value Mean, monthly Value Mean, monthly

first 27.1 17.5

Nov. second 38.9 40.3 18.3 18.5
last 54.8 19.8
first 60.6 24.5 ‘

Dec second 70.9 67.6 28.0 1 26.7
last 71.0 27.5 1
first 77.8 { 33.5

Jan. second 78.5 79.6 } 36.3 35.8
last 82.7 3 37.5 ‘
first 67.1 37.3 i

Feb. second 70.5 66.4 37.3 | 36.4
last 61.9 34.4 |
first 39.6 23.0 :

Mar. second 24.2 26.2 18.2 ? 19.4
last | 14.8 17.0 |

| —_———

first § 13.0 | 13.1 |

Apr. second | — ! 6.1 7.3
last " — [ 2.7




BE:V VEBLANT 2B EORE 273

Table 13-3. Values of NO;-N contents observed at Hiroshima Nori cultural ground. (y/L)

Month 7 Hgﬁ_ﬁ, 1954 1955 | 1956
” Surface | Below 5m Surface Below Sm ‘ Surface ‘ Below Sm

Jan. | — i _ i _ - } . B
Feb. | — _ | 24 6 : _ B
Mar. ; — _ 29 1 ‘ » 100
Apr. ! — _ | . 89 _ _
May ; - 18 3 85 38 9% 48
Jun. : T - 3 6 113 53
Jul. | 7 — 1,360 - 67 N
Aug. — ; _ 99 ‘ {7 ‘ . ,
Sept. ‘ 149 — 3 _ N 81 o
Oct. 16 4 44 35 B B
Nov. 22 3 12 _ _ B
Dec. | 15 w 3 13 2 _ B

WEMAEMOEINC LS EINTVL S, KEOHBE TR ABENEL{ N TERAL T30

SINKEEDZ HOEEDLND, BTNIKLTHZOHOHRERBEDEDN ) DEFTY
FEHEICIOME 28252 2 0EHEKRR L, 28E L THTHILEOWMBREEE» A 5
L, CORBTREHICE CH - TERFE U EHEIHICELS, OB T oiEHBLX
SR L 2B E BN 3, FOBREMCEMELVDDDNLS TH 3,

X TREARIME CTHETA L2BIMEE 11 A 1 BICKHBICBEL, 2 BT 48
HMREE L THELLOOE, EBETEFMALAAEEZ T H I HICMEBICEBEL 4 BEZH
ELTEELILLDE, CNOBHELULLELAROFFTHEBRUILBICESTHEBEE LT
WMELIZLDEDOHEOHBIC K > TiT- 1z, HILILEFILEAET (4 BEZRLD, LB
MEAE (4 BEEBHD, MEFNEET (2 BERU 4 BB, MEFABLEAEE
(2 HEET 4 B © 6 MOBBREFXRELALBDTHD, LI EhFN OREFR
BRUOHBRHOGHE - WEE (LI bERESRETED s 100 & LT RIR BRI L iE
) R&FHR - IKG - BonH - BUUETERREY - A ERHED - S IEL I ER L
TiT- 7z,

B P ICTEROERIE Table 14 iKhhiF 3. cho ORIEAE b &I U TLUFIC ik
HERL B,

IR 3EFOLER, LEFMERED bOTE 1 A LARKEEL T A27-H%0
HENHDLEDLNEDOTINCRSINT, TELCICKBEOHREIC D THET 2T,
WMRDZETRBEIBENETNOENEBRS ML ABRELE> TS, ILMET
31 B TAESEEARL, COBEDKE (5.8~7.4°C) i3/ VEFICE > TIHFETS -
b0 EBbhd, ChicH URBE TR oI kBRBEx AL (1.8~3.5°C)
FAREEBALNT, H->T2 AKSE 3 AFH OKE 3.0~4.1°C) itF - TaM
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Table 14-1. Variation of crop of Nori by transplantation. (gr.)
( Grown at Chikutd, bud form Chikut6 )

Duration of Date of harvest
Species of laver . Total
exposure Dec. 31 | Jan. 28 ‘ Feb. 20 ' Mar. 17 \ Apr. 7
- Porphyré 65.0 | 652.0 120.0 60.0 60.0 957.0
2 hrs
Enteromorpha 290.0 180.0 13.0 25.0 14.3 522.3
Porphyra 145.0 720.0 315.0 192.8 } 167.2 | 1,540.0
4 hrs
Enteromorpha 95.0 100.0 95.0 47.0 | 6.7 343.7
( Grown at Taiyat6, bud from Chikut6 )
Dur. exp. Sp. laver “ Dec. 15| Jan.6 | Jan. 28 ]Feb. 20 . Mar. 17| Apr. 12 | Apr. 26| Total
Porphyra \ 470.3 | 368.5| 306.6 | 625.8 | 663.7 | 615.6 | 550.0 | 3,600.5
2 hrs
Enteromorpha ' 20.5 9.9 9.0 74.6 — — — 114.0
Porphyra 270.9 | 245.5| 219.1| 191.2 i 283.6 | 313.0 | 336.2 | 1,809.5
4 hrs
Enteromorpha 21.5 33.5 61.9 54.0 ‘ 24.2 17.8 31.2 244.1
( Grown at Chikutd, bud from Hiroshima )
Dur. exp. 1 Sp. laver H Jan. 26 } Feb. 10 ‘ Feb. 25 ‘ Mar. 17 ‘ Mar. 28 1 Total
Porphyra ‘ 98.0 102.0 ‘ 120.0 60.0 37.0 417.0
4 hrs.
Enteromorpha ‘ 3.0 18.0 ‘ 13.0 25.0 20.0 74.0

HRAEZRLTVS, Z@MDLI BHEBRSETER LI LD EDEKEDAICEE DT
CRBED 3 BoKEREIXEEEIELNIZ LY, CoBEHPABERLIEREINT
COESBRFREB2#AEI5DTRBOMIEEZLS. LTHIRLTH KBED BEH
1,2 Aiti3RBESEL (AVEEIEICE T TRE-S5.8°C) BHHO / VidkiEdT s c
EbHD, ~REFBEZHEEINZCODPDLOTHET S L7, TORDAERERH- TIE
LR DEBEPEOELRY, BHFRCELTREAT 2EAERL TR IHEEIRBIC
B33, ChiCE->THLE /) BBEICHT 2GRS <, TEERCT 2RI
PIEBVEH DT, SIEKEDENC ERENBEBTFHEEEU T TH-> T b OB
FEELTHRUTAFEE TR EEbN 3,

WICHESHE LTOREE2H O DL, HIBEEFTREORTG % bR T B1FH & HEE O EHE
IC2>T Table 14-2 iIC k> TH BT, [REBEFMBEE EMEIFMEABT ORI TR, HIR
ITBNTRAER Y, BRRIAEFDO DI, HIREFRIKERIMTEED T P2 0EN
T3, WEERESFEOTHBES LEMLOLEIICH S, COLIIKEF#ERUL L
SHMEONBICIIERIEERNBHONS, COEENSAHZE / VIFEBEICL > TET
B, BERECHA—BETRIA—LK 36D TREL, FREMTEICST cEE0—H
ZRETH2HDEEBbN S,
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Table 14-2. Variation of color tone and softness of Nori by transplantation.
( Grown at Chlkuto, bud from Chikutd )

Color tone

” Date of harvest
Dur. of exp. . T
and softness h Dec. 31 Jan. 28 Feb. 20 Mar.17 | Apr.7
2 hrs 95 80 75 70 65
Blackish ‘
4 hrs ‘ 95 80 80 70 70
2hrs. 95 95 70 60 20
Reddish
4 hrs. 95 95 60 60 25
2 hrs. 0 10 30 20 30
Bluish
4 hrs 5 15 40 20 30
2hrs. | 5 15 30 30 70
Yellowish 1
4 hrs i 5 15 40 20 70
2hrs. 95 95 | 85 80 60
Softness 1 |
4 hrs H 95 920 | 90 75 70
( Grown at Chikut6, bud from Hiroshima )
Color t = S PO R B
c r?c[losrof(t)ggss Dur. exp. ‘l Jan.26 | Feb. 10 | Feb.2s | Mar. 17 ‘ Mar. 28 ;
Blackish 4 hrs. “ 95 75 70 60 \ 60
Reddish 4 hrs. 95 30 20 40 | 10
|
Bluish 4 hrs. 0 10 60 50 1 50
Yellowish 4 hrs. 50 55 70 80 | 85
Softness 4 hrs. 100 100 95 85 ‘ 70
( Grown at Taiyatd, bud from Chikutd )
I S - ; ‘
gx?clirosrotff(tig;sr Dur. exp. U Dec 15 } ,Jin,. ,6,, J Jan 28 ’ﬁlj:b 20 ! Marj 17 ] VApr. 1?
2 hrs. 90 90 90 | 80 | 70 65
Blackish
4 hrs. 90 95 80 90 85 75
2 hrs. 100 85 65 50 40 10
Reddish
4 hrs. 100 90 55 85 70 50
2 hrs. 0 0 5 30 30 70
Bluish
4 hrs. 0 0 5 5 20 40
2 hrs. 5 10 35 40 40 30
Yellowish i
4 hrs. 5 10 45 20 30 30
2 hrs. 90 85 60 | 50 45 30
Softness ;
90 85 1

4 hrs.

70
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RO 2REOREE LT, AILMBFOMEBABT 0D & KE EED DA LEKT 3
I, BIREFRICBOTEATENREICLD, FRERKRICEOLTREICK > THEEZLL
AT 2 HIEHBH - T - T %, BEER ABELEBED bOXHEICE > THIEBE 2
BUMH B, —MMICE > TEBHARAKBEOTBROLLHHEEZL 2, lTond i
UMBEEB ENEBFMBEBEONE L HET 310, MEFAMELET & ONEDFINT 25
CHIRICH S LN T B DT, BEOEBEOMAICKEOLEMB T ENTE 3,

RECNOHROBIIIC K 2B A/ E->THBIC, —BICHILEDhTHL AL IKE
%f%ﬂ%%@%@t&%Km@bﬁ%&%%mﬁm%af<5@@mééﬂéﬁ,m%%
EMBICBELC O THRICE LWL CEBKRDHANE, ChiCk-Th 2 EEBEHREEL
7o b DIIBICHHDOHETRS, F & UTKIE « Jol « FBEHE L VESEBOBEILE A LT X
WEBS, o DFELICHBICEL2L5Th 3.

R Table 14-3 IC X ORSEHB L TABIC, HELLHHICE 33E5% D EBFERED
HEIREICH b, FEMOEEHRIBALED ORI, HILEESERICO LT
HThH, KRHEDS DRLZMENCNICRELEED DI 350104 0 28, MEE
HOLDODREH EMBEDERIFAA LA LN, ML 3 EBESEROEILE
HTH, KBS —FEBOEEZR MBI NICREEESSZ LR BGEBL T W 3. L
DULREDO &0 SRHOBE (1 B 2 B) I d ofEtd B o s, i
DRIRM PKBENEIHTAHZIC, BEOGHFRIBEOELLICKRE L1 b 0l3ES
CHOZOEBEREERMAL L, BEOHOCRE L 726 © 3EICE 3 BB0 B
BB B L, KBEDEKPOMBEBERESE RIS O LR THEIDVLIC &
D59 (2209/LHi#R) 7V OFERGFRICIIEHEL THRLLDODESTHS, L
PULMETIR 3 Bt TEROEREFRN KT T 225, Chic3AKED FFEXo
BMEPKAAOEREOBD &, BIOKKOBEIBE SN THET 260 TER LA EEL

Table 14-3. Variation of constituents of Nori-frond by transplantation. (% in dry matter)
(Grown at Ch1kuto bud from Chlkuto )

Dur. of exp. Constituent N Dec. 31 l Jan. 28 Feb. 20 ' Mar. 17 ‘ Apr.7
Total-N 767 i 7.18 56l s.60 i 432

Crude protein 479 449 35.1 | 350 | 27.0

Reducing sugar 25.0 | 27.2 . 360 33.5 42.9

2 hrs. Residue of above l 34.5 29.8 ‘ 28.9 | 32.4 | 32.4
Crude protein in residue ‘ 42.0 3 32.6 | 24.6 29.0 21.6

Crude fibre \ 200 201 2.8 23.0 25.4

Ash 9.5 0.0 96 93 7.8
| Total-N 740 7.280 6441 635 4.65

. Crude protein 463 455 40.0 | 39.7 | 29.1

. Reducing sugar ‘; 29.4 ‘ 26.8 ‘ 33.0 | 34.2 | 43.7

4 hrs. Residue of above ‘ 340 | 34.6 - 27.6 ‘ 32.5 32.6
* Crude protein in residue | 43.8 422 27,9 385 31.3

| Crude fibre L 191 | 200 19.9 | 200 | 22.4

Ash ; 7.5 | 10.0 10.0 9.3 7.4
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(Grown at Taiyatd, bud from Chikutd)

Dur. exp. Constituent HDec. 15 | Jan.6 | Jan. 28 lFeb. 20 ’Mar. l7i Apr. 12
Total-N 856 8.44 751, 7.25| 622 S5.82

Crude protein 53,5 528  46.9 453  38.9 1 36.4

Reducing sugar L1901 | 20.6 | 26.6 | 22 3 | 20.1 i 22.4

2 hrs. Residue of above ‘ 29.1 | 26.1 D261 27.6 | 38.1 | 39.0
Crude protein in residue 45.0 } 44.4  39.3 | 29.0 @ 33.6 ‘ 32.8

Crude fibre 16,0 | 14.5 | 158 | 19.6 | 25.3 | 26.2

Ash 31 123 | 120 | 15.0 175 | 17.6

Total-N 8.45 1 871 8.12| 7.80 775 - 6.66

Crude protein . 52.8  50.4 50.8 438.8 | 47.2 ‘ 41.6
Reducing sugar | 19.2  20.8 ‘ 25.5 = 23.2 - 231 [ 29.9

4hrs. Residue of above 285 285 229 | 235 29.1 232
Crude protein in residue | 42.5  43.2 | 37.6 383 447 | 34.1

| Crude fibre 164 162 | 143 | 145 161 153

| Ash 127 117 | 10.8 | 13.0 | 13.0 | 14.1

(Bud from Hiroshima)

g?)c;nog 5 Constituent ‘ Jan.26 | Feb.10 | Feb.25 | Mar.17 | Mar.28
| Total-N 6.74 6.93 6.59 6.19 5.26
| Crude protein 42.1 43.3 41.2 38.7 32.9
Reducing sugar 32.2 30.3 35.1 33.1 34.3
Chikut6 Residue L 240 25.2 23.2 30.8 27.2
Crude protein in residue ‘ 29.2 34.5 33.6 38.3 19.9
Crude fibre | 17,0 16.5 15.4 19.0 21.8
Ash U 11.5 11.1 9.1 9.4 10.0
i | Jan.22 | Feb.6 Mar. 26
Total-N i 7.03 5.39 | 3.30
Crude protein 439 33.7 L 207
Reducing sugar 2501 32.0 . ' 42.5
Hiroshima | Residue } 27.3 30.4 27.9
Crude protein in residue | 34.1 35.2 ; 15.8
Crude fibre 18,0 19.7 235
Ash ‘ 14.4 14.6 i 13.2

5N5LDT, COEIC/ ) IIAMICERT 5.

O ERE B L T EEOABROMOIELZTRLTLE XS T, &R« KEOHL
M bDICE <, BHOHBEE & biIcAT 2HAICH S, L LaBsEme LT
DRSS & R BB R O35 & BHAMZILIR K& 0hs, FEMIC X 2HER S DT TR
130,

B 31T 2 ) I3 D SOOI TH » TR 2RBICB LT L {ERL, €0
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WO E LR, H2EETOMUSERHREZ I DKELZ b0 EEbN S, FEHD
HRICE > TRI BEILERE 0D, CNRBAROBERROENNORE LRI D LA X
N, HCRE (RE - KB X 2BELEERLESTREEZ S, IEEEO R &G
DOERICE B ->T /) ORBMEASBAELORESFOLRE &L LIEEREBT 25T E
BBOEWT ADTHAD. INLOFBIEDLTEHUTOEMICB S THEICERE L2
Ecgds, (DEICBHTIHEBLOBYRNEORMTIE /Y OEFICE » THENKER <
REHOALDTH» T, BIAHRKI->TRCOIIBERINCGTIRET /7 V) 2E LT
WBHBZEEBD, —BEEOHINNEMAZNELTZH0EELS, chitfLABED X
IIREIRO KB THILED/DIC 7 VISR T 2 D TH L, EERI—HHIKIETT 327
EXRDOEEBREH > TREFTEES / )V EBFORREICH 218054 T, #KADMNBIES
FEREMUTEBETHEL EBELKREEROKREIEST CNEM->THOBE5DTH- T, /
) DIEBIIEBMNBITFEELLD.

AV) 7 ) ABOHEAKRIC DT

/ VIEEOBREIEERD S biKOBRESERE 2 HE T 2 EEE LTREERZ OO —2T
HHTEFMET LY, HHABEOBESARIC ORI L DIC /) BRI L
73 OIPLsIR K AEF AR T 2BEMARILCD T, ZOREEEIC O TH- THEICS
WTHEBNSM KL > TITONEEEROREE & £ & LT EEARA 5, BbKER
ARLOTEHETH 3K E DEEDBODT, CICFOEMELEEAPLMIC L DBK
DOEEDOHET 5,

/) DEBKIRIC DD TII RO BRI OB 5, “GF D& /KEH TR LT 22°C
A S 15S°C BHEKETY 22 COMBESHREMTH Y, 15°C 2 T2 M- KEEE
DHIE DB LR BICH > TRLSEELB &3, ML TNBORENS AT, 5°Ch
5 3 CHREHBEZALOND, KEN A CUTIKETT 2 RBEFEIAIRELL, &
OBFICIED 12,3°C L3 2EABF ORI A% 5. Fihliuc s 15°C 22 3 L IREAE
UCHHEFENEY LAY 8L - TR TS, MBS LT /7 )0 HAERK
DEFEDOHERARIL 13.8°C RU 15.8°Cithrz tnsonNTNE, THET OFELCD
D TREBRMCRIE T T 8~14°C, BigT T3 16~20°C T&H 5 & I 12 k- THEL
INT 3,2

Lo DRIEEEBROMIIC X 5 & 10°C jifhic BIFRAE 2R3 IUBH D T4 282
5&%&K§2Tmé.bmbﬁz CRIEERN L <ARL, 0°CClEWLBETS 81193 4
DT, FICHENESELS R LA > TLY BIFSABERHET2EHI 2 L T
W5, ZORERD KEN A CUTIET ¢ ICREFEENEZ LY Lh~sTin5S
RERDBIEIC L - AR ERBPPHBAERICL TR B LS5 TH B, KR OEAIC4°CLUT
DK & 78 BRI AIRIZBEICE 7 ) BSEEIAKRST T 2 X5 BBE LD, Th—ic
32 DEICIE BED KNI 125 18 EAKBUANAOABHERT LML I 2D TR H
EEZLL, WBEFEBRTRKBEOAZEEIL T3 D TKET 52 & b1 EBRDITON 1
RIS 3~4 AOETH - ke oHRIC bHEENH D 0°CHET b L HBA X 26D
THsH5. REABRSORHEBRIC X3 &, WTVEIKED S5 3.0~4. 1°C () ¥H5E—0.9~
2.9°0) BEDEEARLTL2IC b b 59 2 HA A 3 HENCIE 3 & &MU/ E S
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EHLTL 3HE, AT, RRICELT b OBRBEERAED HBICK->TE 4°CUTTDH
S BIFREEA BT 20 LEEA LS. COXHIC/ )V DEBRRIZTHREOKEIZ
P—REEZEOATRET LD TEIREROBBEICB L TEEERITE D0,
Bichidsg Lo oRiic k3L 7 ) OEBICHT 2HE/KREIZDOBELRITT 51
Ltchso THEE L, $EEIcsnTIR 11~13°C 35t b £BIEETH 555, B 5L &I
BEFL 6~8°C EBMRENAET S, MLTREDZINCK S 4 BICKIZT FHIE
EON D TH5H, BRICTT 2EHRISHEDTTAIAE  18~20°C TH X {EFZEHME
FiL, RETIR 13~15°C T TICERICHT 3. 5 OEEBO REUT Lid OfEHE
DT 2MEFIF—B LT 305, TORE»SH 2 EXFENBOLHBEDHK O RN K
[EIRE 10°C i3 7 ) ABIC L » TRHEEOERAIC L RETHY, &S ORT
T~8°C LHE > TR LB TIFMKEEEZ b0 EELNS, LrL (D fMics FIRLIcLD
IC OB LENE,» >, C CHIED 2 ) EBORENH D, ThEMS bOLLTH
BOXNESOUHUBETH O, TOMEEDIOKFEOMALEREL L D L5,

V) 7V oEFCHT 2 ERFOLHE

KA EEBRETZ /7 VICE>TEDBET BHEENIRBENFE THL2ERIURTH 3
S, MKOME T 2REEBEHZOLDN /) OEBICREGE LI HET 2 bORERET
5, CHICROTHEORENHICD X, ZoMic diE QMRS (Fe, Mn, 1, Zn, Co 78
OIMASHBE LT C R3S EERICHI-> T, TR HEFHHBL TR LY TERICE:
HEFIRBA TS C EiIck DHEIZN S, / VDB BOBREAVNELT LB ZOHEED
WO RN — OB I L TEICE L, HEARE LTS0%ICd ab
Db HHEIC L DHEIITE X5, EBOEFIBHITH T HEEERAIC SEROARICK
BEESELEE D, /) EROBHEIERIN S BUTICR2EE LB EETED
DEINTLE® M, CICEEFE52 2 EBZCBHEEET 2 L3 BICERYT 5
LCATHD., COXDICHKROEFESN ) 0@, DLTREFICHICAZ THEY
BB EL i SHEFICER &N, 9TIC 1913 FiIciHY REGIBOHIKDRST LEET 5
7 ) DEEIC DL TR, B 2 ) OFEMIRSEL SO D EMICH LIk OR#E S RiC
I LOEERICED Lk, TOROEHD A L1 2030 12 X DG oigko IR &4
HI 5 /) OBRICOLTEEIN TS, TRABERTOME, MLEOMREE LT
i< SO KFEUKESERED D KB L TRERMIC, FTRBEREFS® KX - TH
geRHEY SNERMLBETONTL S, () Mick» THBEERDO AP 50 Hi TRH 5
DNIFOHE TR ZOROREDOMMNH O, PG EREIT 2 HEEENTH S L
LTWLADT, CCICEHRBOMEICK 3ES & BEOETICRIT T HELEERRNICE
e LTI,

BRSO REL 7 ) LT & DBIFR]

RIS 2 BFBE ORISR € O ERFEOILEFRBIC X » THEDH 5 2 L1, B
RO BT E L HILN T BIMTEH 205, OEHIEYOERIC X - THI
HHDEEDEINTLS, Tt/ ) OEAICIRZF OEEEMHKA T & - TRES LI
b FEMERZ b TH AP ORBICRT AT LIITEURL,
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toTE T LA EBOER /LAY ZHY, EHRELE LT 0.001% ORE L L7k
FRKZVED /) CpEEEE 52 TREL, 20ROEBEEMERY BFHOBEDKRIC
FOAEBCR 3T BEBOERL B Uz, BEKRIZ 10~12°C, 5#KI3 SL & LEE 30
cm X 20cm o IS EEKEA R ORAICHKkT 5, BERE & L T RAEBRERF
TRREEA LD BN D /) EE 14 ]SO /NEITICEES Lic boEBulk, ERILEHO
BERMBY — % MBI vy v n BT v ey BB — & - BT v & v « KIRT
veay LT vEY cBLAET v v RURZEDO IEBEL, WEBEL THEKDOBEDHD
240z 4 A238~ 5 A20B Rk Lzhs, £ DK Table 15 W RLABY TH 5.

Table 15. Effect of the form of nitrogenous compounds on the growth of Nori-frond.
(exp. 23, Apr.~20, May, W. T. 10=1°C)

Area of fronds H Color tone
Before After Growth MR eddish \ Bluish | Yellow- Black-

Source of nitrogen

culture culture rate _ish ish
) ] | (cm?) | (cm?) | \‘ ‘
Natrium nitrate ‘ 7.8 | 240.8 | 209 ‘ 5 25 45 1 25
Calcium nitrate | 68.6 i 214.6 213 5 25 45 |25
Ammonium nitrate } 68.6 ‘ 177.2 158 | 25 10 50 1 20
Natrium nitrite | 816 | 215.0 164 } 0 10 70 | 20
Ammonium sulphate ‘ 66. 1 i 133.2 102 i 25 10 | 50 20
Ammonium carbonate | 62.3 | 166.2 167 | 25 10 50 | 20
Ammonium chloride 79.9 ‘ 184.9 131 5 15 50 i 20
Ammonium tartarate 62.5 | 133.3 13| 20 10 50 20
Urea | 92.2 i 244.6 165 0 10 | 70 | 20
Control (only sea water) 84.9 | 128.4 51 ‘ 0 30 | 70 | 0
Before culture . ‘ 1 5 80 | 5 | 10

FOEIEIMEOHEIC L > THOA LS IC, ROEBDOEELS O WIET, EE2mM
Z1bDROLTNOCNEDITBBAEFTERL 2~5 R SEERERLTND, T b
ORTHRLBIFEGDIMEB I vy v o, HEBEIBELBOLIORMET v Thb, —8
ICHEERIED AT v 2= v alf X DEPE LD TT v 2= LBEOHRTRRET v = v i
HTh3. REVPNCHEVEERZRT CLRIERBINS Y, BFATEI»RDECHH O
B DT IGEL, D UEEEE > T 5. BHBLFS &ORENERE &) 5h 2 DM
HIRINO & OBICRSER » v o v AR URSER Y — F RO o fix[ELTER T/ )V HED
BREBAL, ChICNLT v =y 2HRMO &0 BREOHFIRICZ U PPRKDD -
7BFAER LTS, WEO ORI BHR EPPERE B HBTHERRKIIHA L
BHONTHOLICKBSREORMAERT 3.

CNODREEHSH2E /Y RRBINROMKHTREINIES, BHELEHR
ELTO0.001% BEMZZCEICL> TREDAREE D2 BERM LA 250THELE
2%, ) OBEBEHICCNERA UL BWHRET LT E D DI T BHIEORMDIH 2 43, i
KA DEFEBEDOIE « KFEOEEIT &Ik » THRZHEHDOREBICIT 1 2 72 BHEBEMBIC
FOIMALEZ bDEEZ O D, i L TAERIC K 3 &SRB ORI B 18 15 1
WER ALY o b s IR Y — 2RI TT vy a2 A2 ICCNITE > T D, BE
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548 0 3 HROERRNEOHREIC INE, Trs=v 2 HOLTSMBRIEXIDRELFBEI
N % 07T HARVEY*? itk plankton iIC 51 25 R AR TH VEEL AR TH 2 &
LT3, $HEEL oMy —& « HilRT v v 2ini - @l ogEd (6 BED
B2, VRO x 3 AEFEWINAELEBRICE DL, 7Tre=TROGIPHBELDRE
IR X I allanine O BEIISE L & DFERZE T35, L L AEBRO LOHICE
HEBRFT TEEBCRIZTHELL 2BSICROIIHMBLEL LDOTH A, MEIRA
Ui — %I, BT v e o3 20mg/L BTRSRAEMEL, MBT ey - W
B« RETIHEBET 2 ERNT 30, CHICEHT ZEBENARERO L HIICELNLS
LHEBRICEE LTHONZ SOTRIZOLHEEL 5 13 BITE 5 OEBTERICL 5 L4
HHATIR B B » ) LT v =y BT v ey XDERFEL L TR E LT
5, THABBEICE LT ve=y HHUERNO &0 —IC 20 BAZICEREIRIRS
EHERERENED SN EH, ZHREHICIIBECRONLESAHOLNE HDOT, TV
=y MO DR E 0 A ICRIAIA I N5 & LT HERBSAEFER BT o
LDELEDLND. o THEEE T2 720 EEL I X B EEICSY 2R 28%H
WA DENH D bDEEL D, P IREEDO IR MBED SosEPETH D, 7
&= AIEARAINEE S0, Ch S IRl B 2 R EO S, BIEREOKREHE
OB ENDS, MPOREIC LX) —BICEELIH L oNLLEIN T EH, AGER
BEhs 4 < D R BB A RIC LT 3 bR B 2 ) OBARIC S, RIEDROKIEC
BUBHREOMREIELET 2 50 THA S, L LECHESIMCED Db /) OE
BICL > Th 2FBEONENKZ OB IR ERBOMBHENTH D, TOERERELT
IREREED b D AEIRIE IR B KELHEBEEFLLD.

(HHEBEOBEICLZ 7V EBEOHE]

) OBEFEONERIMES® [tk s /) OaFERR LA/IMERAIOMES 5 IE
ﬁﬁ%éwm%%%Qi&%ﬁ%ﬁ@%%?%&%ib,ik%iM%mmié&ﬁ%%
DIFAKDEESBR LT /) OWHED SHEAKLEORSTTON 25T TRIBKHOEZRRK
Sy 0.03mg/L IKTEZ MR LTS, CO& D BERFEOBRE S /) QAT A
BEMAINTT HDTH 2P EMEFERICL > THLLHRD & D BHKRETT- 72,

bR R RS AR S L, ERFEOBEOPLHVLES & PPECES & 20
Fiotr, 727 USERE LTHZERMNB Y — 2%, BERMEY 2L, Tp#E TR
BRI UK « B A S Fib - b0, REERIUKETERREBR 50 317> 72
b0, HAEMKE S0 FHOBHEFT-> - OO ZRMOBIEEIZE C L, BRETIREAMK
E 50 OB AT fe, BEBEAEZILOR CNHFBEOHBECHMONERD 5 D
o, F I HUKIRKESORE AT 5 20, BHI /) CREIEREIEE DT
D TH 5.

IS O EBROMSIZ Table 16 IR LD THS., chd 2R 1 U KER 1T
ELUTZOMIREBET S,

FFEOHBEEINRORIE A EET 21, WY — 26 UL 3By ) olind 7 ) 0fE
BICHICHEMNCVERT 32 b0 TR L, Ho- TEBRMITE R LMRMO b DIKH 5 i
SEPEHFRELIARAERL TS, CAICINEEREFEORML 7 ) OEREBET 26D
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Table 16. Growth of Nori-frond at various concentrations of nitrogenous source.
[Exp. I ) (used: Natrium nitrate, exp. 5, Feb.~2, Mar., W.T. 101°C)

Concent- Area of fronds Color tone
Treatment ration :
Befoce | After Growth . . Yellow-| Black-
(%) culture | culture 1 _rate EeddISh ‘ Bluish | ish ish
(cm?) (cm?) }

(A) 1 8.6 43.1 401 | 30 80 70 30
No change 0.1 10.4 75.5 626 | 25 80 70 30
of water 0.01 12.0 79.8 565 “ 20 85 85 25
and expo- 0.001 14.7 69.2 371 | 15 90 90 20
sure. (control) 0 13.4 84.2 528 | 10 100 100 20

(B) 1 11.2 38.3 242 35 80 70 75
No change 0.1 13.5 57.2 324 30 80 70 35
of water, but 0.01 12.1 40.7 236 25 80 85 30
exposed 0.001 10.0 30.9 209 20 90 90 25
daily (control) 0 6.1 29.6 385 15 100 100 25

©) 1 10.0 51.8 418 100 40 5 100
Change of 0.1 12.1 90.6 649 100 40 5 100
water, and 0.01 10.8 71.8 565 95 40 5 100
exposed 0.001 14.4 77.7 440 95 40 5 90
daily. (control) 0 10.3 78.9 666 ] 80 45 5 90

[Exp. 1) (used: Kalium nitrate, exp. 21, May~10, Jun., W.T.10=1°C, change of water every day)

Area of fronds ‘ Color tone

Concentration
(%) Bef. cult. | Aft. cult. Gr. rate Reddish i Bluish l Yellowish " Blackish
(cm2) (cm?) ‘ WEW -

0.01 | 15.6 39.5 153 100 | 80 40 | 100

0.001 | 9.0 21.6 140 100 80 40 ‘ 100

0. 0001 [ 16.3 38.6 137 100 80 40 100
0.00001 | 10.4 20.2 94 100 | 100 40 \ 100
(control) 0 “ 9.4 24.8 | 164 60 | 80 100 | 70

T3, TOABZHRDEKPICAETIEHRSTAATHLEEDLRAERLIEL, D
MRTEHO RS L ERFEOMIGIC LD 2 VOEEEZ 2TIESEEDLE NTE 5 L0
REREUHEEZRLTOLEEOITH S, COHEZIROLSHRILTAHSZERD LS 131
APOADOHKEF ZHEEHODLLTREHDTH 5.

ETRIHOEER E AEROEE FICH 5 b il T 310, RHEROMEHEK (
SR ORI ST IGEE - fodd, REEBRTIIHEE [ ITH1>T358~666, EEa
IMIcBWT 164 ITHATYLS, TOEDICE U KERIFKD A EM - THEH & EFICE
2HE RN E Bbh 2 EB EOMEEL, BT - EREKOMEIR « EAoKZ 0=
HEEZHT 2 E0TES. 2O BREERIIICOLTRAHERIZ2 S5 E~3 A2
H, AESEER 4 H238~5 A20BTH > THIED DAL H 5 73, AEERIIZ
AIEHERICH TS A218~ 6 AI0B OICiT- 70 b O T RHIMITIIIT Y., B0
WIZKIR - RIBROHEEZ 75T EFTEIOSN S, AKRRZWLTNS 10=1°C I L
THBOBEIDL, [RERBERICERNICEET 20 BbN 5. RIOLD S D&M
DEOHBEZ SN, THRRBAKER > TOEDTEDOWIRDENSERHEIN D, FIEHER I
LD EBRO MR I EBPOR 2 7DICE T B3I NSO REDEIC K > THETX 248,
AFEFEE I LATHEROMER CNICE > TR RBPLMIL, 20X 260E LTIRES
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HRBOAIDENEZ OGNS, HIL BIHED EERTIE 84.9cm2 0y D% AT L3y
L, AEEEII T2 9.4cm2 TH 1/9 DRIDHDTH-7. MLTINOLDEEREEIT- 7
EOHKHICIZ LN ESD L, FEHERO LS IWNIVLEEEFE-> - BE K 3 ERR
KAEFTAIE SL ORRBAKHORESTREEZ DO ITEEEZRRY 305, HEHEEOKS
DHDTHIEBADHKTT TAROHERTI26DEEbND. COXDITHR LT
HHIZ ) OABREORSEZH 5T EARINZBFHDOLLIIC X - THEICHS »ITES
Fohd, BIBENEHERONED 7 )V RBFKEAE /Y S5 LLEAZE LTRSS (GRKO0),
AEBR I ORI H L 7 ) AKoEHEERE EKT0) ZoABREDS KLUTARRE
o TN EERLTE, INOLOERE»OABE, /) RZOEEKD KRS ICX Ui
KDY S & BIRE A TICIE 3 LA ROEBICKEL 10305, 3T NITHEK
HORBEDDATHE L EEZHEINSZLOTRNUVLEFTA LD,

O LS ICAHEER I oI EL LOAEREOEERIBR B OO, ik / VE
BOFMTH 2 2 HiciT- M UEIEOEERT O (C) oI 0 b DI s 5 & AREK -
HHE B FH LS B> TR ENEDONS. ZOMEDOFHOMHETHEREOKRIIC
FAREES B UTHERO N, Hlb 2Nk - TIRkET 2 DGR A Rk HE
DENCEDEDEEZ NG, ZOXIICER I OXNBIIABREML TREFTH 55,
CNAEBFRNOLOLILKRT 2IEERIBLTRER TR ABEMCHBHLTEPPE -
Tz, /DX S wEidER 1 O] - #KOMRELRIC T 5Mlo KR TS, Z7EKR
I TREICHEHN LTI EFR MO S 0DMICED SN D ECHT, EHREDHKIILT
UbAEBEZWE LIS, HorctllesBiFicT 3 s B sE 525, EB I O
HiH95T £ 512 0.000019% (IL 11 0. Img) T TIZZDRMBEbLIL T3,

HHEIRINO b O — MU TIZ B 5 SHREN S KIRDHEKD A D b D £ D EERDEL>
FHICOL TR REBEA I E CTICAEDOER L b 278, L LERRINO SOORT
12 0.1 5% 0.01% IRMO b OBOTREREE LR LTS EE £ EHRT OFET
BBOOBMRE AT ENTE, FLOEBRIC—DORREE52 20 TREIVMNLE
% 5. Ficbibstc kS icaile o LAEH S EFIREABIET 2 CEFRRMO b D IR
KD DI~ 7 ) ARDIERSBTHREREBTEZ L TR ELIKHLOND, > TELE
JIE2 3 2 VBB EL LT LhbELLABERRT bOEREAR AL, Thb
Db ONEHMOMAT Z2ICE b ST EROEME L SBDOIRETHNS, HEPLHE
MUz UKD ADSE A RO TUHET 280U, BFEOROARRELL/ VIZLODOH
WL E A O AT 512D RE A EEZRTEDOTHAHD RN TW B, COXIICEEN
THEd, VR IBEEOROEHEL - Tshd (FEE LT Chlorophyll ) FE/LIE
TNCR &% 72 S T W BEOHAKPOTBEEERMS NI HRSEREL, ThUEOERES
SO BFEENDERE S 50 LEdsBIFCT 250 TRIZL, LMY 5. EHRIE
DR EERIERA A E S S 25D TR LR bIEH L T2 THs. L
HUUERMICHEE L EICLTHRLZ D TH» THEREICHEBEEST 5. REROE
B COBRIBEL S T SN BT, HANIEOMNEKIC K 2 HEECESLTREFRLRTS
IBETAEANS D, COHEEHD /I EITRN T & D IKEFRBEERNGE L aRAE
[l X3 2 & 3B Rk 2RI TH 5.

IR DHBAEEER T OFERICDONLTAHABIC, kEfT-7:bDRITHEB L DITEL
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HER, BHLSICEN, BICAHICELTEOENE L, £FERICEL TR ARIEKT
WELZLOOMTROEBVENS BH, ERFELZRMUILLOTEZEN/NS LB, #K
HFPFMEHDO LD EHKEHDO DO OEERFA ELLT 5, #KLELLDTIE /Y
OHEH T 2 ZEEMO BRI H RO ORZ WEMOREIC X ZEERRENEBELONSD, H
UK LSOOI THERFRIMO b O RERINO b 03 EEERSS Sbh T
WBEPSH DB E, REFOREZVROBEENEETH-> L bDEANINE. THERER
IO 6D BB L TIIRRBKDSDIFETREBLAHAKLEHLHOBHKLIHDIC
HLELLS>Tw5, BKLELSDOTREHEFELZRINLEE TS COEROEEICE
EHBPSEL BNZBEHACKET 2REORZ A X 1T HOTRIBONEEZELS. TORIC
DT H RRMWKICE TN T 2MLONEREE L aH CHEPNPOERELBERT 25
#DIEHICE 1-RERE S, LFRITLTH /Y @/_;Eﬁ(i%@i@%acumzkbgﬁﬁm?ﬁb
NNTERBKOBEORMELEBEDERRTLL, TNULOARBRIERFEZMGL TS
YA, N L > TBHORBRICHIRERTIDLEFALD.

BHAIT- b0 LTI > 7 bDOERI—MICHTERIEZICILL TERICEL TR
HEMEFHITBOTIREN, BL/52) k- THNRBR MEEHS ol KRE
LT3,

VD 7 v oEFICHT 2 RE/KTICDONT

J ) RBHEKANC 1 Ko THEB LT ADT, £ORESOMMBICIIHEMT 2 B DK
OXRBAENELT S, BICEEDRHLEDTH-> T, MY OEKEABEE LS ORI
TR~ KR OBHREERPLBNPRTREIHED L DI, REDVALITTINERM
WMT 3L OBEACRBEEEHAKORENTONLAERORLLOEEDNS, €N TR L
DHEEREOEETHA 2. CNRKODHNTREHEEOBEL S OIIBICET 28IELG &
E LT LR LIRS 5N T 3029 28, FHEMICchZ2BHO T LEd &L b
DRELIS2 MR H LTI > LRAA LSRR H 7 5750,

ChITX 2 & “REORAE A 22cm/sec ICHIFR LERBKDOE E D O ARTERE 189
BT R K SO0L ARICE & 3om, ERERY lem? @ / ) 6fFE DU 72 /ME 4 K25
BT LIHEETH, JIAMOBERICHEC L 20 - 2FREGE - HEL LD ZER BB N T
WERKREZIZETANTIKBOTRFTHS” LD T/NED /) 2 KEOIEKAICEET 5
BECHMEN T OEBLCEROFELRITTEDTHE L LAEBRNTS, LN
CDWBLT “‘RLTEEDOHmAEELS I TESHOBRAED L TORCHE & L TERT
37 LWDEEZEZLTREIBDTH> TINOAHERREIEL/10DRD &5 HREHERRE
I- 7.

EERREE R DI bE T N SICHOIEEERIC DLW THRALTEH <.

UkitatBRIC b 7o R ik E ]

KA EBRIICEIEATELELTR Ry PHE T e <7 2B THKDOEEEL L I
WEIZ I TKREAE LI BZHEDNN /Y L ORI B L TR S EEDHFKDHRENITT L
bDEEZONDH, BENSAHKRELBD TomErs—EICT 5 E058» L DT, i
KEBIRREBICEE /7 ) 2—EFETEBIE, chiCk->T /Y BRIKC—EDKKEERT
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56D &AL, TRINICE > THBICIEBREEERET 2 8L L, 7Y
OFEHOBHRIC KL VEMT 2 KORBICEREZEL, ChIGELT/ ) OEBICHT 2%
BRHODLNIEDEELSL, COLDE /Y OFEECL > TKFKEEL & & 5 Fiks L
T, BENCES B b0RFEFHARCHESH RO _FErEL ond, ThThoEs
BT NEROBYTH 5.

A EE R —

Text-fig. 5 1C/RT & S ICREFKE DB RS
DFELSIAE A, A ICBEART chic
MRAEEL, TO—IrHEEWIT,
WA —EOEE TR R Adhid B ICkE
U, MARORISE CoMLITEE, 7 ) %M
HEF R EAREEACHKET DT 3,
THY B EER—EOFE THNO—E
ODRIAMBICAEEHTLICLLED
3, LB EOBIREKORSE
FEPIC & D D3 12553~ DD’ OALET
BRI —EICRETECENTED, B HEOMEOME 3O HEERE - oMo R
TXE 500, HOBEIAEZNFA—HOBERIC X > T4 DRESEON B, COEERE
R TEERT ESORMIEEOARETLEOENA 3 SHBHBERSEY LD, @K
HHNICH 2 HEDELbDICE, BEHOEETH OO LT 2KRUNDOHKBZZLEES
CEiih D, HICHEED/NEZEDEMELELD ETIHE, COMEEELLLITOT
3. B TKEA—RICT 2K T, FA—KENTHS EBROBECHHEZRVIL TS
EIF TR,

PR B R R E —

Text-fig. 6 DL > 12 EE ZH», / _—

) BRI EE) 25 2 < O AR DBH As
Ik - THREOEIMEEL S & S IT L T T —
72, Bl® P 732 Ko T i< Ai~A, -‘35’;—"—: —=— [%. ——
5% 4 RORAM HXFR CHL, ch : *

A —ERETHEEE XY 5. ADKICIR
ZhEN S ~S, WA VA DT
MEAFED D 5. —RITiZ P O RlERE A,
EAEZ, BEEKECBEEORADH

Db DEHAO—EDOBRS TAZRAEI
237, ADESEEC L, oMM E::Ql
o

Aquarium

“U
Text-fig.5. Culture apparatus of reciprocating
motion type.

MR A ST TCHE D DY, [

— KR TRIBICE » 72O i % 3

52&bTES. TRIDHRICHHE A
DIRCHEFO R DE L ZFET 5 T & Text-fig. 6. Culture apparatus of rotating
BT, £0zonicid P onl g motion type.
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ZHEWICELTED, 2R ADEILBRHICELLTAC L £12D, Ko BERR K
(125D, THREBOBENAXLLBEINOTHS., ThTNEERAEIENEFT
bR EFEICEIEDREBICE ¢ &L RAARETHE/KIZ AR OBIERIC & 135 KR ER/T
AEUZDE, BOMREERICOLTRZOEEEER L ChER LT, fHEs LTER
LT3 /Y BEROBEEE ZfIET 5.

B ERMEEAEE EOBOL D, /) OfEKICEMY 2R, HORF T LICER
EEUBZDOEECH > TRINEZBT INENS 2. NBFEEESHOESITIIITEL
DERIC /) BT AERER S INEZDT, EIBEELINIE L 505, HEBHD LD
B—EAMORNEZT T b7, FREIBICA LIS BEER-> TR EENRE, K
RICBOLTHEKROHENI WINIC X 2K « BIRIC K 218EL - IBEEIC L 32N EE 2D
FRICK-TlE->TED, ThZThOHBEHIEL T/ ) ORI 2REBEE-> T30 TH
308, BIZRBURIC K - TEEAMBELIN TR 2K, BERZERICX > T—HAEIN
THABAREIBPITED, 7 ) ICEMYT 21K - BT AR EOBEBENBE-TL 3, &> TE
BRICH 7> TR ZOBHIC LI > THEOLTI L OFEEARAL, BROBEEET &
& L.

UGB/ D RS

FROBELINS DERIC X B &K 22cm/sec Tl MEOR L DR EET BIF L0
FHREAETHNLEDT, #Hm20cm/sec & 0 cm/sec & DD HEABER L TH. bl
OEBRSHFEEBSAEELEBLHOTOOT, AFOEBELXACERORRE - HR - £
EGREVBHRICH LN ZHEA S /EE) Table 17 EE 1 & UT/RLIALTH 5. RIC
CO XS BAEEFHREEE TR, 20RBOEE L» S /KEHN O KEKRITE BITRED
EL, HHEDENSDIKDNTOKKOBENSRTHE SV EFEKROZBRICHHEEL &7
T EEZ DT, HEEREEEEL A 80,44,20,5 KU 1ecm/sec @ 5D D fHEIC D
WTARBOFEEAZRE L, 7072 UHEENC X 2#/KO AR O LE T & 51210 EERFER
WKAAZIEIEOIYD, Hiodo (ddem/sec LB LELE O (20cm/sec PIF) & Bk
Maplic Lk, ZoORE Table 17 EER I Jh% IV IC/R U, TOFREERIV O A,B
BHEE /) & LTRICEBELR .

FOERIICOLTHZICEL/NS? DML BERIIELL, 13 A0 BETS T
CEBEEINER - EFRER - AFASLEESTORCBLTKKERT 2D ERF LD
ICE S A E LT 3.

WICTESIE RS 1S 3 A Pl 7o B 1T o T OB Ic D TA B3I, EETIE b
g 20 cm/sec RFE A RS OLIMIIEARL T W» 3, 0 EE TOETHEED SHEAIL T,
CORIBICKFEORSIFHEEEHENS ED TR EBbh 3, Blb Scm/sec LTS
HKIGEWKED S D TR ZOEBIIFAA S LS L, HosTEPDEBEL TR LT
2bD3AHD, FTRE KILEHD 44cm/sec iIKBWHWTIR, T THEBAD E1LH S
b 20cm/sec DD LD EERE ML DETLTED, Hic 80 cm/sec iITfrs: LA E
HEOAREA SNIE, 2D LHIT 20ecm/sec 21T THAE LT, EEKd wkkbE
MR OETA2 b7 592, TOEBFTHEOFRRAZE L TABLEYRENLELBEED
HDTH5, RIRBIEICKZ /Y ORELSHEAIT 21T, BHRIBEKROFAEESICIE, 3



Series of exp.

Series of exp.

I

Velocity of

current
(cm/sec)

20

Velocity
(cm/sec)

80
44
20
5
1

80
44
20

5

Table 17. Effect of the velocity of water current on the growth of Nori-frond.
Exp. I (number of fronds 16, exp. 7~20, Feb., W.T. 10+1°C)

’\
|

,”
|

Area of fronds Weight of fronds ’ N content of fronds Color tone
S— — [ —— e
Before | After | Growth | Befoer | After | Growth | Before | After | Percent sl : : Yellow-
culture | culture | rate ‘ culture 1 culture | rate | culture | culture | increase Black?sh‘ RéﬁlqlShl B lu‘Shr l ish
(cm2)1 (cm?) (gr) (gr) (mg) | (mg)
83.0 | 110.4 33 0.063 | 0.130 107 3.74 8.72 133 100 80 40
118.6 ‘ 130.6 | 10 0.090 | 0.134 | 50 5.35 7.17 34 80 60 30
7.1 1294 19 | 0090 0.139 | 54 | 537 | 8.46 58 e
99.9 | 109.9 10 9.076 | 0.105 } 39 ‘ 4.51 5.86 30
Before culture 90 70 40 5
Exp. I (number of fronds 16, exp. 18, Feb.~9, Mar., W.T. 10.5:£1°C)
Area of fronds Wt. of fronds N cotent of fronds Color tone
Before | After | Growth | Before | After | Growth || Before | After | Percent || my. sl oo11: .+ | Yellow-
culture | culture rate | culture | culture rate culture | culture | increase B laCkIShi Reddish| Bluish | ish
o N | B ’ ) 0 1 \
(cm?) | (cm?) @) ()| (mg) | (mg) | | | |
133.3 | 118.3 ~11 | 0.085 \ 0.131 54 | 5.33 | 5.89 10 | } !
114.1 | 132.7 16 | 0.073} 0. 181 149 4.56 8.11 | 78 | |
101.9 | 197.0 93 | 0.065 ! 0.274 320 4.08 16.24 298 | ;
88.4 ] 96.3 9 0.057 | 0.104 83 3.54 4.73 33 |
172.2 \ 152.6 -1 i 0.110 } 0. 167 : 52 {H 6.89 7.84 14 |
. i . . I |
114.8 | 97.6 | —15 | 0.073 | 0.09 30 | 45 | 403 -12 | 2 10 90 40
90.9 110.5 22 0.058 | 0.134 131 3.63 5.97 64 i 60 60 40 60
93.6  219.6 135 | 0.060 | 0.277 353 3.74 15.06 | 302 | 100 70 40 10
97.2 . 90.1 -7 3‘ 0.062 | 0.094 51 3.89 4.32 1 60 30 50 40
|
— \ — — | — 1 — — — - — — - — —
Before culture 90 60 40 5

W
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Exp. T (number of fornds 16, exp. 21, Feb.~12, Mar., W.T. 10.5+1°C)

Area of fronds

Color tone

. | Weight of fronds N content of fronds “
Series of ex Velocity |
p- (cm/sec) | Before | After | Growth || Before | After | Growth | Before | After Percent ‘ Blackishl Reddish| Bluish Yellow
| culture | culture | rate || culture | culture | rate culture | culture | increase ish
, e g ——
(cm?) | (cm?) @) | () (mg) | (mg) | |
80 128.5 | 160.0 24 0.115 | 0.144 | 25 7.32 | 5.07 =31 30 50 | 70 40
44 147.8 | 190.8 29 0.133 | 0.228 72 8.40 11.17 33 | 50 70 60 30
A 20 130.6 | 281.4 115 0.117 | 0.337 188 7.41 20.21 172 i‘ 100 70 | 50 0
S 139.1 | 161.2 16 0.125 | 0.149 20 7.90 7.40 -6 40 50 60 30
114.0 | 101.8 -11 0.102 | 0.094 -7 6.48 4.29 -36 H 30 30 60 50
80 113.6 | 143.4 26 0.102 | 0.157 s4 | 6.46 7.01 8
44 139.1 | 194.9 40 0.125 | 0.220 67 7.91 11.69 48
B 20 135.2 | 246.6 82 0.121 | 0.287 137 7.68 16. 36 113
5 141.1 | 185.1 31 0.126 | 0.199 57 8.01 9.51 19
1 135.3 | 121.1 -10 0.121 | 0.110 -9 7.68 5.29 -3 ’
. - o - - Before culture 90 60 ! 50 10

88¢C

@ tcEBHRENXXY T

16561



Exp. Iv(number of fronds 8, exp. 12, Mar.~1, Apr W.T. 12+1°C)

\ Velocity i Area of fronds ! Weight of fronds ' N content of fronds “ Color tone
1 (cm/sec) | Before | After | Growth | Before | After | Growth i Before | After \ Percent ’i
i | i

Series of exp.

[ \ Yellow-
I culture | culture rate | culture | culture rate culture | culture | increase B laCkISh Redd’Sh Blu'Sh “h
emy) | (em?) | @) @ (mg)  (mg)
i 80 | 67.4' 9.6 48 | 0.090 0.130 ' 46 498 6.5 2 75 70 50 10
A 4 78,9 126.0 60 . 0.105 0.178 69 5.8 9.29 59 90 70 50 5
(older frond) | 20 68.5 ' 115.6 69 15 0.091 | 0.141i 55 | 506 7.65 51 | 20 80 50
| 5 794 127.4 60 | 0.106 0.188 78 | 5.87 . 8.67 48 ' 80 75 50 5
70.9 | 40.7 —44 | 0.094 0.053' 44 | 524, 2.54 -52 | 50 40 70 50
7 80 | 39.7| 39.8! 1| 0.037] o.018 29 | 259 248 -4 50 60 50 | 60
B 4 | 456! 76.8 68 | 0.043 | 0.092 113 2.98 | 4.57 53 100 70 0 5
20 | 4.3 416 76 | 0.042| 0.041 -2 2.90 | 2.40 -17 100 80 50 s
(older frond) s | a2 797 89 | 0.040| 0.118 196 | 2.75| 5.60 103 9 75 50 |10
| 42.3] 36.2 —-14 | 0.040 | 0.0%9 24 2.76 | 2.20 -31 60 50 10 = 40
80 32.5| 6l.1 68 || 0.031| 0.053 71 2.14| 2.48 16 75 70 40 10
44 46.7 | 83.7 79 || 0.044| 0.115 162 3.04 | 5.74 89 80 70 50 5
C 20 45.9 | 102.2 123 || 0.043| 0.126 191 3.00 | 7.14 138 90 80 50 5
5 42.4 | 67.2 60 | 0.040 | 0.092 130 2.77| 4.48 62 90 75 50 10
459 491 7 | 0.043| 0.056 29 .01 2.77 -8 60 50 70 45
80 54.2 | 71.4 32 | 0.051| 0.083 63 3.5 | 4.04 14 75 70 50 10
|
44 44.0 | 88.2 101 | 0.042 | 0.107 146 2.87 | 5.55 93 90 70 50 5
D 20 45.8 | 115.8 153 ; 0.043 | 0.128 197 2.99 | 7.57 153 100 80 50
5 46.5 | 132.9 186 | 0.044 | 0.175 298 3.04 | 8.12 167 90 75 50
1| 42.6| 526 34 1 0.040 | 0.056 40 | 2.41| 2.73 -1 60 | 50 70 40
| _— ‘ |
Before culture 100 E 35 50 10

R A
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ETOBRHBARLT LD, /) OFENUMO EFEPOHRR S K554 L1120, 20 LiFEY
DO - MEEOFEEE V3T D EEDN S, ChiITH LKROEABEICE, BED
RNIC LV RE SR LAMERORMEBE 70§ C EBBRRODFRTH > T, AKBRORE
ETRBKEDIZD, /7 VEESTNTHRNS & S BEBROEEIEST0XSThs, I
2= ) DENNEETL 2EYNTHNZ DO BRI SN B0, —BITIZEIERSHIT
Uh3t0RRHBI630,

1B EEAROLER IV TRARCHT 2EUGH, REEBNZOLDOBETLTL
355 T, S~44cm/sec DFPATIRZNIZEHTEL HEREZRINBL, LrLIDOHHICH
BEEKIGELSDDOEERZHOAICHOHLNEHDT, EEOHi- TLIHARTH2E1 S
HHIL, COEEQRRARFESMEOLEL VD LAZEYHROLTERICEISEHDTR
BuhEEIONSD,

WICEBDOEIRIC DT Table 17 iIc X VRE LTH 31, BFEMD HE L BLOB
ZRLTHWA3DTHB T EXRHAD. LISHEEDKKE A& 5 20 cm/sec iIT B 2 HE0
RIEHOEED 2,3 BFERL, HFHEEKRE 7 VEROEIZAIEI60, S0
ZNEBHRELLREBICT 200 ERBHONEHRERCET 2. AEXRFHEROL/LLE
BimASABOEMARL, HNERICHT 2ERKOGHERLIME 20 cm/sec 23H ICH
EBETHAC &R, FHEBKESSEEZRIFICL, ERORMUWERICOEBERMAELE-T
WHIEXRERTEEDEELOND, RIRBEEKICKS L 5Scm/sec UTOEERE OHDT
RIEEESERBR LD, EEICHIBOFERIERTFERT 2 60085120, IMEEUZE
ICHEE S B ICE S, COBEBRFICTILIMICE LI, HEOEL 80 cm/sec Db O T
E BRSO T 0EBD X > EHFEEELZOWTOEH > ThMBOFERT 2 b0
A ENE, L LELRICE BT Lichi-> THEBVEROBAD X 5 /LR 51
73, COBRRBRIEFIC—FHEDOKFEAZBRLS R T AESHRNICL 2EETH 2 71c0@mAI
NTH»3L5 T, HEEHROEEICRBD SNT, TALRARIIELTE ChICEDDOKIER
THHIHMERIIEETH-> THHRC LK HOEHNH D, FAEBICX2BIES N
LEPLINERAINZCERIB D EEDN 3,

P EOEBRREEEES 51, /Y EFICHT 2@k iE 20 cm/sec Bikic b D 7
WKHEHObDICE L{FE R obh, RECHMH ¥ (L 2b0Eb005%, HE
S5cm/sec PITICBILTIE, EBMELT, EREWORERTES, ME - B ED HH
TERESHICOARED IO EBRELZ T 25D TH D, 44 cm/sec LI ETIREXRDI
NI & DR EBD UIER AT 2T S, RICER O EHEREICHEOSER T 5 6D
ZHELUBICED, WInd / VOEEXHET LD TH 5.

[/ ) 0 ORHEIC X 2 BmK i o FI7E)

IKRDENRDSE E U TEFEP OB L RBEFOMMICH 2 30, /) OEENEEL
T 5 D ERBICEE I NICEBRPORELS K TONT, TLRBESOMBRLRETDH
52EMHVIBEDOITT, TOHKIGEET 2/KRIBKOBRERZHEEGERIEDOTHDS
BRZ230EEBEZOND. BOE/KKEARRT 1010 iT- 72HiEHDEE TIZ 7V IZEX S5cm
OFEMICEE 3ecm @/ VA& 8 TR 16 it #FH s cbDT, 7 VEKOMBRR N7 IHE
3.5mm LB DERBOBKORBRILEOESICITbhbLEbN 3,
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KIETIE /) BBE LT HE0KKEEABT L OBKREHSPICT 20, —EORZ
@mﬁwlsmnKWﬁéﬁé/U@%%ﬁ%gz,;Wfﬁé%mbt%tbfﬁﬁé~
2 (20cm/sec) & L EBRE, BAELTHL A EABINIBEICHIC /7 ) 2 fE S
® (3.5cm OE S OEMIC 48 D 7 ) FERAME) ZiEO 5 2 IRME ThE L7c e
i, I & - TR EEEARIC U /7 ) OABICRIZTHEE, BREICK > THEA
IREED b DTt 2 KDL % HIS A & Lic, EB T OFEEEUT 8,48,64,88 Ko 7c
bDL 8,32,48,88 WO cbDE 2D & L, /Y BiRo I3 FI8 Ko b0
5mm, 3280 & 1.1 mm, 48 ® & ® 0.74 mm, 644D & @ 0.55 mm, 88D & D 0,40
mm & 75 %, BB AL MY IO FE 0 Z LA D FEER (20~50cm/sec)
THBMH S, EEEEREA O, ERIFEY £EZ T2HT DT85, €0 FRER
Tables 18 ¥ 19 IT/RL 72,

Table 18. Effect of water current at various densities of the frond attachment.
(Veloclty of current 20 cm/sec )

Series of Number ” Area Of fr onds B Note
exp. of fronds || Before After Growth
| culture | culture| rate |
‘ (cm?) | (cm?) i o
8 7.56 | 12.24 62 ! Healthy, color and lustre are very good.
A 48 ‘ 6.77 ' 10.33 53 | As thc:j density increases, the growth
(exp. 30, Dec. | it condition becomes unhealthy and
~13,Jan.) 64 i 6.55 | 9.99 53 | color tone turns abnormal.
88 ]r 7.35 | 11.44 54 I Look nearly bluish green and completely
) il 7 ‘ 0 ] _ lustreless.
B 8 l‘l 6.40 | 1250 = 95 |
i 32 ‘ 7.25 12. 58 73 !
(exp. 027Fég‘)‘ o es2 | 1109 70
-~ | 88 | 6.74 11.08 64 l

Table 19. Effect of water current at high density of the frond attachment.
(48 fronds / 3. 5 cm stlck)

I
Series of Velocity | Area Of fr onds | Note
exp. (cm/sec) || Before After [ Growth ‘ ’
culture | culture| rate | B o
A ‘ (cmz2) (cm?) I |
exp. 30. Dec 20 6.54 10. 58 62 ) Healthy, and find no macroscopic
(exp. 30, Dec. 30 6.10 11.19 83 |j difference each other.
13,Jan.)
0 ' 40 5.97 8.90 49 ‘ Color tone is good relatively.
50 4.88 7.06 45 { ”
B 20 6.00 9.06 1 51
30 6.75 12.90 91
(exp 2l | 40 5.25 7.53 43
4 . 50 7.81 10. 65 36

Table 18 [CD>W>TH 31T, #uk 20cm/sec TIEEE 8 D bDN V& VB IFEEHE
ARLTHLBDTH->T, ZOMITHLITNE CNICEH B0, HEOHICIIE LLERARL
T, Ly LRIBMEBIRIC X 2 S BEE DR BICUIch> TRANELIIRYD, B
88D HDRMALEHERBE LY 7 VEBOBFHRE KON TV S, O RERZ HS»
ICEPEPER D AR Z RS A B RBED RO AT EHEICRONIBRTH 543, /il



292 RRKBERLE2 2 199

OEF EICEIAEERVSHEINTORLAREKLEKS 2HETH 2. HIHOEFRIFED R
HRICOHLTORBROBE, EEESFELTEHEARD /) BEXEFROBEL O LA
EHEOAEEAZRUALEELGHDOETELSE, /VOBHEATEOHERO—HERHL
T30 E LTHBRBEHEREIBOSROEELSFR TH S, LFHICL TS 3.5cm O
WCEAERE 8 #r CEMARIRK Smm) DANTRLE, TOEBRD &S SEEDOKEEZT 55
BEICI3FE 20cm/sec T TIC / ) BASGEREBEBZRTEBROEFEL LD,

RIC Table 19 ORFEIC L 3 &, HODLIKEBEEDBEWE TRELKKEEST 5 C &858
»ohb, 20cm/seck 30 cm/sec DRI / Y ONBUCII R KERER NS SNI»IC
bpb STEEOMIMRICKEDH 2 L5, WEDOHE - NEVBBEEEOE LS DT
RICHERICREABETILH1330 5. MIbHEZRA UL UTEBEEAEZ LB E&CRE
BN ZREABREFCTH M, BEEZRAU UTHEEZEZ BRI ZThThOE
BTG U TKROBEENFERET 260 TH A S, EROBEELE CIBESIICIIERITHE
BEEOSDHRHVIRBICBL TR —BKROBEEIC DLTHEINRITL S5,

(lEFEEHDKIRICDOLT]

7Y DEFICE - TKIEOMEET 20cm/sec §iETH O, BICAEBHO b DI LS
WHOONEREIZOBMUTBHE I THB L EiITiR~skh, ThEBICLLAT, /Y
IO EA DR, MEHEA~ORTFOME RS Tk < FHEFEE DR IICIZKR DR B H
AT S SN B DHTHONICT B72H, RO &S 1E HEOEBREIT- 1.

FTZROBFEEH T 2HEKHC/IMIEEZ 6 RFTED SRS THEX 1k, 21
Z—RRICKREKIEICB L, —FEOWET 10 BEEL >3, 20%OFEORICL > TH
FRCBY 2 E BEORBREA . % /AT T EER KA 10 SREBEL, <
Nz LY LR S0%0BHRSEFIC 30 FHMEL, 2L TREKEHhTZhEhE- -
HETIOHMKEL, T0ROFORITL > THEROREE HEOBKREL ., LITQ
OEBLMEIH EHIC K-> TR THRE &0, —WF> 20 & 4 WiT-72. Fekid

Experiment,
% Xp en

Zcd

fo

40

20

Ratio of number of attached spores

gzocm / sec

Velocity of current

Text-fig. 7. Effect of water current on attachment of spores (at the time of attachment).
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Ratio of number of attached spores

7e0<n / sec
Velocity of current

Text-fig. 8. Effect of the water current on the attachment of spores (after attachment).

0,7,15,25,40,70 cm/sec @ 6 F& L, #REIZNTHOEROEREOHER % 100 & L
HESETH O LEnEh Text-fig. 7 Koy Text-fig. 8 iC/R L7,

Text-fig. 7 IC D TA %10, ETHEROFKEIT Tem/sec D bDBLFTH S S BEF T
50, tHIODRLIEBITL 72h8-> T L, 40 cm/sec Tiz 7cm/sec Db DD 20% N
MITB X3 T0cm/sec ITFe s EFAA EFHE LGS L, fli)iHtE Ocm/sec Bl H#kE LT %
bz Tem/sec DB T E 15> T b, RICHFERO K EORKEA Text-fig. 8 i D>
THBIT, FHEDBIFEEFASNZICHE LY L EAEN Tem/sec 5 5 25 cm/sec & T
Bl E>THEY, CHXDRELIEZEBRDRI LT IBHERFOLED X S ICABM
Tld15 <, 40cm/secic BILTERLLE, 70cm/secic Bi>TI A 30% HIE D FH LMD A 5
N5, LLe#ikoIREBICH > 72 b DIRNHERO LD XV H - THL, 7 V3D H)
HICBOTOLE AFEEOKKANDEET L EBHSHLTH B,

P ORI AES LT, WHRBITIRKRD 0 & O TRIKFRICERE L Tu 3 T As8ErTic
Bl g 5 BRSO ITENE L, KOREINRT L85 LT EET oMY 55K
L3 % 8BS, L 22T TTE T 2 HRE S B S b it UL S
N B 1o R S FE SR 2 O FEA R L, RYAERINICIE 2 LAKID & DB
¥HHOobNIZbDEEZ S, L LBHMEENGEETH 24 OHICAET TN 5 X578
BT OULKE, EEEMOHRLE EDEBLER O LREL ONT, iR « WMEMR LD
- D RIER YIS iE53%H3h B D TR IELA EBHRIN S5, REHAOEEH L, 13
B OEBRORFANTIZIELA, POEEDOHEAN O TIR/KRASHETF ORHAEICH L
TS E 52 5L bEA 560G, LTHIC LT HMFHRICIE 7 cm/sec F2BE DK Z i
B, TOBRORYEED ICIIPOPE L 25 cm/sec FEE & TOKMEL IF#H 2D L
A1 LT X,
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(VID Boiikir & hoBREEER E OBf%

HIEIC BT /2 ) ICHd 2 5uEki % 2 OEBBIEICER U TR 2~ R3S L7cds, Bkt
OB ERC > TbHARELALEING EBbN LT, /Kl HE-REEL S0
FANCER LT 5 b 0, B BRI 2R S o EBRE U TR BRESR 2
LTHeE, ZoMAC U TKREEDREAZ TN THBT NS TH LY, TNTRER
EHRDIEICH7-20T, BRIEVESLLEI SN bONUEENFCRELLEbNS
LDOOHPATERAIT- 72, NBIOBRC BT OHEEMERECEFP L T X - THER
DHHEDEELNLH, NHCLER LS ICHHERKELADEE T2 BESEROE
FEE L, WESOWMB - BEYOYIRE EABNERESERNI TR EEDbNEOT, F&
LTHHEIDTHE T2 L& LT

(B E KA BT 2Kk & EFICDWLT]

D HcBHLTENTEDHNIED /2 )V EWBICR JIEBCRZELL DS L, TOFER

HO—2IC, CO& D BHTH—BIOKRORL 2 HBHT 5N, TOXIERIELT
BURHEOETT 254050820 T, 20BAOEEKRBERSIEKCETFE60

EUMAIE BRI H B0, O XD BEBEOEBAREZS S I DROERETT- 12,

WAKESK TR LU THBELZ T CChE2EERS UTERATS &, —BITITREDIR
ROWBEES 5b LTIEREABTSE #5505, MIBROBERSD 25 8ITIREDN
AN OHENTHBELIREELEDT, HRIIME Y — 4 0.01%, H—BEEY

Table 20. Relation between the growth of Nori fronds and the water current of sea water at
low specific gravity. (exp. 14~28, Jan., number of fronds 8)

Velocity

S . 4 Area of fronds
eries of exp. |of current Note
~ || Before After | Growth
(cm/sec) | culture | cuture | rate
emy | em Grown o aarge sie, in @ harmonize
; ‘ ge size, in a harmonized
1 20 1N 16.16 110 } form. Color light yellowish a little,
| A 30 6.36 12.84 102 lustre good.
1 i 40 5.95 10.94 84 Sng;gei;issgze, color lost brown and add
Sp. gr. ‘ 50 6.35 11.50 81 | Tendency of the above more emphasized.
(1. 020 > i
20 9.14 12.61 105
B 30 6.25 12.60 102
} 40 6.80 12.54 84
50 6.46 11.63 ‘ 80
20 6.33 13.23 109 | Normal, color and lustre good.
A 30 6.52 12.63 94 | Same as above, but somewhat yellowish.
40 6.94 12. 56 85 Color and lustre worse, frond thin re-
: : latively.
I 50 6.54 11.47 1 75 | Worse than above.
(Pol) 20 5.75 | 12.09 ‘ 110
B 30 7.20 14.23 | 98
40 5.89 | 11.06 | 86
50 7.28 1 12.14 } 67
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— % 0.001% %A 72w TIT» 7o, (DMK B TER L LD, WHREEK T2 1.0
I8LITFIZZ 2 EREBEFAZRMUT S 7V REMICO I TRIERBAEBEHTH 50T,
EENIHT 1.0I8 b & 1.020 b DIC & Ew7z, B3 (FEE 80 3 B4 v 20,
30,40,50 cm/sec DA 5 72, EEFRIT Table 20 (/R L7,

EWBONIBED b ST 21, 20cm/sec BEET 2N XD FEDO AL 31T L1z
Mo TREERE > T3, 2z oEABEERO D DIKE L, HEOERKIC L > TEH
YERNCHDE DS B %@&%Aéhé HBORBKFEBEOEELEEOENBRTEHOTR
BoMELEZONS, LIFNICLTH/IEDRER ETERERE LA T ORIC—
IGEE LS RER S,

(A FiRKHIC B0 2K & EEIC DL T

IR N B RERSREFT 2 b0 L0, KB ORESDZDITI - TK
WOBEIZIIHESHZbDEBZ NG, TREBEFORET 2HART/ VEETO
i, KOG U TRESMOGORENRD, /) 0RT 2 EFINEICHBSE NS
ShhdbnEBbhd, I (V)HOEBEEROBICIEHB LI X SIC, / VAEF OB
WEKE L TRROMBKEDOEZAMEAT 20, DL EHRBFEL LT ¥ —x 0.01%
AMARINCHUKT UL, 2V id—r AREORENM TS 5 L BIZIEHTAR %%%M%
XHZTEMTES, Lo Lk GIILIE 1.024) 2K THRRLUTHE LLOISEE T
T z&, CnICAREZMATLEOHRICBELTH, ChiEM-T/ ) EREST LY
BED 5 BICKBESREOMBAE S Sbd. HIENC I L TRIE/KIE A B U7 BT L7
BRI KIRDHEK S U RERBEMAIbDTH- 72D T, KEJOLRLIHEORK
WKFRIC DL THIS oI Ricu~s 7o & O 1S ETGHIK 2 U CREERBRAETT - 7o, By
BRBEOMMABHKEEANET S T~ 50cm/sec D& LD T FHEFEEN £ H
L, BEKREEAKEYKTEE 1.018 FTHRERL, CchchbaEEm A b &@J:E‘FEV
HEL, FUREEERE LTHA L, EBRE AT, HEHERERERICE
Table 21. Effect of the water current on the growth of Nori fronds cultured in an oligotrophic

sea water.
Exp I(exp 14~28 Feb number of fronds 8 W. T 10:0:1 C)

o \f/elomy f' Area of fronds
e | e | P AT o e
i C(em?) | (cm?) ‘

15 \‘ 10.07  15.66 55 | Color and lustre of 30 cm/sec is best, and
20 | 8.41 13.56 61

1 30 6.64 13.05 97 | 20 cm/sec next, and follows 40, 15,
40 7.9 1246 57 and 50 cm/sec is worst.
50 ¢ 9.00 | 13.67 . 52
15 i 6.92 | 1057 | 53 |
20 ll 7.25 12.04 66 |

2 30 “ 7.06 13.92 ‘ 99 ’
0 | 7.3 11.67 59
50 ‘I 8.03 | 12.06 } 46 1
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Exp. II (comparlson between ohgo— and eutrophic sea water)

Velo"lty Area of fronds
Series of exp. | of current Note
Before After Growth
(em/sec) culture | _culture | rate -
— T ey emy
‘ 7 ‘ 6.33 11.09 75 | Color yellowish, somewhat lustreless.
! ) Frond thin a little, growth rather ab-
A 15 7.04 12.96 84 normal.
20 7.59 14.53 91 Growth state good.
(oligotrophic
sea water) 30 7.48 14. 56 94 | Growth state very good. lustrous.
‘ 40 6.46 11.02 71 | Color and lustre good.
j 50 6.76 10.73 | 59 | Growth state worse than above.
T o e | 0 on | Color more brownish, lustrous, as
7 | 6.38 ! 12.13 20 ) compared with those of series A.
g 15 675 | 14.48 115 | Growth state good.
. i 20 ‘ 5.91 12.94 ‘ 119 Grvg}\;v(x)ll ;p most proportionally of the
(eutrophic 30 | 5.63 l 11.67 | 107 | Good growth.
sea water) } 40 | 7.03 ! 12.99 ‘ 85 Color tone good, but break out porus
! : ‘ : fissures in part of fronds.
| 50 ;i 6.51 ‘ 11.50 | 77 N Tendency of the above more intense.

— ‘ —

O EB L, C OEAIILIEKICHEE Y — 2 0.01%, B — 4 0.001% 207z
DABEREKE Uiz, FEEERE Table 21 [C/R LB TH 5.

Eick-THBIC, EBRLII LThO REICBLTHARBHKPTHEELLLDRR
w# 30cm/sec O b OLEE OHEMEEMELRL, NELEIENTEVATRERE TS -
k.%@%ﬁ%mmnt%A@Eﬁ%mﬁﬁ?@mﬁu%b@cﬁ“%@*@%@fi%<
BobNTED, /VICE > THKDREDVARIEDT OEEICIE T OHBFED 72D ICKIRM R
CERENEZDT, m%mﬁﬁCibéﬁwﬁxﬁwﬁmmﬁwﬁﬁméébn%%@f@
HoehiBbns, FETHLOEE, KEOBEER 15~30cm/sec OFPHAICH - T,
ﬁ**®<§ﬁ#ﬁ%f%ni%Mmﬂwam%£ﬁ%%ﬁmfiﬁﬁﬁﬁﬁi,ibuh
OFEAT L, 30cm/sec HIFICREENE L OEEA LS. ZMEEIMKO LM OF
ZRMBERRESTNERLEERORTTH LY, BlRE3 EYENIRELED, oSk
SEREMOBRENEE LD EEDN S,

(EXEEKPIC BT 2Kk EERIRDLT]

HIEERIC B TBREKPICHE LSS0k E EBOBRERSMITL, ok
TENEHKAIC BT 2G5 E T B o nifEkic 0.01% g v — #, 0.001% KElg v ~
A, CHAEREEKE A UTHE U, Bic—542E) Tk b P EERERKIC
LB aokkEEEBORMRICOLTHRP L TAL., MLEXERKE LTO0.01% wEE v
— 2 ARINT 3 00, 0.1% BRimL 7 s 0 ROEASRIROTEBKZINZ THEEOEH%
Fiotz. RSBV — 2 0.1% O OEMALEERRZ (V)HOKEICEBHLT, HEY~40.1
BRIMDOEDH 0, 01 BHRMD D LD PPRIFEORBEEH T 5D T, ZOBAIVKIEE
DERICIUTICH SbNEHhERB7DTH S, FIERARKE B LERIL, KT 72
FEERICL B E, TOHLODERMZ 7 Y OREGRZR4> TEREMET20ATRL, £
ORTI2EHLERMICERT, /YAEOREAL L > 1REBEHER T2 TE, /Y
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XU b 2BETREHRESMEE L TRIDOTRELMN EZBX MO TH 5. HARKH
DI BRGNS OIERZ LT 2 b RETH 205, MORBHREEORMC I > TR D
FREOHMROKBINMETH 20T, KAIOEREEZUVENERKIEROWMAEER L L
THA Tz,

R B EE A LS, ZoMoENRIIEECHK- 7. BERARKIIE
KICTHAIETLE50D% 2 FITHIRL, & IRAFHE LT BARKEMTERL 0 %
B E Ui, EBRICHOEREEBKICOBERE 0.1% N2 TERT 2. <0—MR5DH
fiii2 Table 22 ¥ & LT/R Lz, SEEBROKHIE Table 22 0D TH 5.

Table 22. Effect of the water current on the growth of Nori fronds cultured in an
eutrophic sea water. (exp. 16~30, Mar., W. T. 10~12°C)

¢ Velocity of’ | Area of fronds 1
Series of exp. | current : i Note
Before After Growth |
em/sed) | “Culture | eulture | rate | -
(cm?) (cm?) |
A (5) g 53 %2. 04 - 60 1 Color and lustre good, but inferior
(added 0. 1% .00 2.11 102 |
NaNO;) 16 7.78 | 17.93 130 ~ tothoseof C
26 ! 6.82 14.55 13
B 0 5.16 8.52 65
(added 0.01% b 6.49 | 12.8 98 | Nearly same as the above.
16 5.03 11.25 124
NaNO,) 26 51| 1200 | 118
(added 0. 1% 2 i 6. éif 16. %i 13; Keep always the proper color of
faeces and 16 5.75 14.90 159 Nori-frond.
urine) 26 7.12 18. 14 155
D 0 3.92 8.56 43 Color tone worse, so-called ‘brass-
Control 5 7.31 12.07 65 .
(only sea water) 16 8.56 18.22 114 colored.
26 6.09 14.29 135

Additional table : Constituents of the completely decomposed faeces and urine.

NH;-N 0.225%
NO,-N trace
NO;-N 0.065%
Prot.-N trace
K 0.440%
P 0.136%
ERIIER O ANERE S 518, NIHEBRREICH SO IWERELZEICHISL T 2,

Bl b Ee &K TIKRO RS L T Hbh, HBRNBELRETH>TbTniEL
BB EEEINZHOTIREL, UL Ocm/sec TRABDERNMIE>TEHED
ZOEBIIE SN TH 305, HEEE O B E5E 2 Sk & 1278 LBRL» o, SER T
LT AEAICRBEICEZ LOEEEL3T 200 THA ). KESEBOIDICEREZHES
NABEIIEREOBE L DL, RERINO DT Sem/sec TbhA L HEEM
LREBRHL, AUKRBEFRLZRML72bDTH->Td, MR —F TRIEITISLTS
PHEEMETFTT S, LML 0.1% & 0.01% ORMEDEZTHLIZEHBICRS Sbh T
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120, SEIRIND b O TIRAFKOIEBHEIC & 2 HEEMEOHBSRLE L, WEDORELDL
DELBIFTH->T, MROEREHXKCET 2GELABOHENNITH 5. RO L DM
BRLEIC LD OT, TOREOERRAERT 26cm/sec iICH L TR Y — X WO
bDEBRBOBOEEARLTOIHEER, (VMBICELTAERERELLANINIHRE
B LULBEEALS, 2V RBEoBE L LS BIRETS, RkPiCgGEhTnd
NBELRZNIIBETRHLLS, 20RBERLARNCHET 2KkEIEL o, EED
HRFEDRLETE0THBEBLNE, MLTHEZEBHRFEOAOMMTIR N LD
EERB LSO SRREORIIZEHAEZAE LB I ERAOHRT 25D TRE LR L
£Z5, INUHERZ YO O BREFAMEAOBRRRUBEREERO T TEHE SN
LTRUDTHATEEEDTH > TEHHROFEHICET X 228730,

UKIRIC & KO EFTICRIZTEEDORRAICDILT]

(IV)ERIC 7 Y OEE I & - TH#EE/KIRIR 10°C Hi%RT & 223, Tk -> T HEND
D, $hETIE 11~13°C, ZETEL 6~8°CThHY, /KEBOEIIT L » TR 2 I LY
DT DMED, BRICHT 2 B SHEDO T AT, HBHETIE 13~15°C TEEIC ZRUCHTT
B, $hETIR 18~20°CleThib L EBLMHT 2 C L2BHE L. /Y DEFICL
> TR BIFHEKBEORAEEED SN 305, KKOMWEIC DT HEICKEIC L - T
BINTERBEETRTOOEEDNS. @G SEKED /Y OAE TR THEIHSHIC
/) OELRBERICHT 2B THD, KEOHELRED O - EREYORFELER
YERET 25D TH-» TRILKRBMEAKBEET200TH 200, TNSHERHNITE
BMLT /) OABICHET L0 EEDN S, L bHlEIGR~ 7o & D ITKRIRREREE
BEA L DLDTH BN D, T ITKIBEEKIE DBARESRIT HICHIc->Th, [ARIICHE
EHE L OB L BREOFICONRINIERL SBOLDT, RO LD EERET- 72,

R EL CBRERMEEREAEAME LT, fHeE%x 0,10,20,30cm/sec @ 4 H, Kiiz
8,10,12,14,16°C @ 5 BICHEL, o5& 4D RRHEAKD S OBERT 0. 1% HEHR
RRMOBHFIT20T /2 ) OEBREEF~ T, BB 2KE & mEEEORBZKICHKR
LTINS b Lo b o Text-fig. 9, /K& mEHIEINR O MRICH & B TR
ZLTHOb LIcbonhs Text-fig. 10 TH 5.

%7 Text-fig. 9 KX DFKDAHD FHERLT DD TKHEOHEALH 21T, KEOEVGEIC
RKFROBERE DL, 10cm/sec Y LOFENSNITAER L EET E0, KBEBSEATS
U7t TEHWL kA D BEET 2RSS HTH S, ML THENITK Fiz @ T
16°C Tl 4 B2 2 HE0AEBTRLMASNBLEDTH S, LrditchEFBXREDY
BIDONTHBIC, KBOBEWEEARENHEL T2 A TERAKOBME 2R L T 2525,
10°C T /7 VEBEHBEARBINZEETRBAE HEICLEZERLRIEL, T
16°C 0BEETH» T I IBEICKKEOBRIBHNE, HAKDLOHEAIZEEBICTIIHER
L, L L KRDOIEmERKTIR, HEZBRECKERTH> THHELEELH
280TH5., COBEKRERTAEZ T, Text-fig. 10 I LV E UL/KIRITEDT 5 HENEE
CRIELHE L TAH BE —BHER TH 5. 8° HE 10°C T EH HD HE IR EHE
10cm/sec P ETHNIE, FBAEEBLEOERLRI LY, HKDOATIE 10cm/sec ik
WTT TREFGDEELAZRTEROEBEL S 5L, 20cm/sec PLEICHBNT, B LHTHE
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Experiment 1I;

Q

= §°

-

S

3

2

O o Prey Decli;

(©) i
3 0 12 1% ¢ 8 10 12 14 /6%
Water temperatue Water temperatue

Text-fig. 9. Effect of the current and temperature of cultural medium on the growth of Nori-fronds.
Exp. I Oligotophic medium ; Exp. II Eutrophic medium.

Experiment I
100
L o0t
o - 20% X
S - R
o ¥
S °f
16°C $A11 fronds
fa1l
T -~ 30
0 10 20 30 en / gec o /0 20 cm / sec
Velocity of current Velocity of current

Text-fig. 10. Effect of the current and temperature of cultural medium on the growth of Nori-fronds.
Exp. I Oligotrophic medium; Exp. II Eutrophic medium

BLoBERARIBED LS,

CSDORED SHEBIT 2 &, MROTETREH M, KEBERT BICLIB>T/)Y
meﬁﬁﬁmﬁﬁé,%ﬁﬁmﬁiﬁéib,%@@%Kﬁw*ﬁé%%&?é%@&%
Z 5N 5. MKk DBERICET 2RBSBESMHET I, KRR EREYOREIC
Pt 2 REROBEDE NSO TRINZHDTHAH D, TOMERRET TOXROHH
Tl OHEKT 10cm/sec OREEANBIND, KL CKERTNER, EOo&EXT
»oFRE, HEDVBEETH-> TKESBIFNE TN LT REPESEEDSEES N S5
5, ZhICHELKFELIMONISEERMULE TEHMEINE LB SN0 5D5 KBICHBD
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DhSIRESH D, HIHEAROKRIEEY 2ABE—E0FAMEZ > THEN T2 HD
EEAOND, MIBEETH» THENICHIGT 2720 ORED D K HOE FH & &Kk
OEELICE>TEI L, 7 VRIEESETERS BOBEEETRT D THA
I, TN/ VOEBHREE LTRINENE DTHS. HIb VOEFICE-T, KiE
KB ONES KRR ELTAMORIN TS C EBHET, COHDOLTNIICEIE -
Kb - EBREEAE N, TG THOER S I TSR hid R s e
bDEEZ L, BEBEGGRxIzESIK ) OABRRHOMBETH 505, UE=ZFERITM
5 ZICFMLERICEERBES 3 2068 OBEA bR T 2 LI TERL, chICDLTiE
OEFHEIZLEABMICEROARE S DBGHEROBER LI FA R0, BWEMOED» 54
5 EHBEOMBIIABNICARETH Y, COBEROHIREKED / ) AFICRIT T HE L
T 2 BICREBR T LMD, REEARD TEREZIZLECT.

VID X & 7 9V o EFBIC DT

/Y OAEBREEROEEIAKINE D THE2H 0, LOHEED T 1 F~HLET
BB ) OEBERFOBEEEOC LI3MRTH 2D, FiczoBaHoRMicR ks
HEARITITEOT, /) OEBREABRE T ZICEHICSHICSOTEBERD S, &
- TEEKRZOMORE L OBHICB LTI LERTRIZLY, Yok /) 0EEFE OB
RBAEHTER2,3 2T TEELRA 3.

PERBEOAE LORICET 2RI EBR B HRNES 12 ¢ &0 CHMlEEICD0LT, &
TBEIEROBELB L, KHTRININENLDOS A EDRED S ITEELTLS
Wdn B, 2EHELREZ e TITDOR T2 5 0ME LY, /) OEFERIK DT ibi
1B D RIAA ERB 7 ST, '

Bl B0 KT 084 15 D A 2 I &k » TR A DAE D SWT 7S Wi asiih 1T
WAH, HOHE R BICOLTRENIC /Y 0ABLOBEAHE L~ b013E CELH
12N J o THIIC B TIThN b OMH B ITRE L, TOMLIT LB E 7/ V) OREEE
BRICER L B = <7 b v O, SR O FEEH O CAR I m IR « JURIinR. S5 H
EROOLITNICEBLTHEHED AN EFHBIL L, BRETAOHFAHICH L TE LI BN L
LT 2. 0L THEOHEINCE L TR EEUEEZ 7 b OBFICE Lo, T ok
BRER AR & BRARO BB ELD, RBONBREZ T 126 DRFRRER SFRA EEHRIC
L, BEEOLORFOICHENCHRKRERZ, HFEEOS DL HFEREXR X 2 RaE
DHEBEDHONDIEDEN DL LD, TLHBOBRMETICRIZ IR, 8ty
7 2B UTHEBREEE LA THELLICX 2 &, 7 VEHEOHIIC S TR T
BEBFRIFTH L5, MOBROLOF TREL,BEBLL T UED SR IERT, o
BRI OHERIC Uichs-> THIRE LD, AEORBARARERBAOBOLITICEL LD
THbE0S, ZOBASBHEIBEELH D, HHOKD 0B EOEBILIIREAEA DS
B2ZEICEDHABENIEHESZE LTS, ZhicBUEBSIC X 3 EHFHR 2 HEMNO
EFETENEE UTRREVBEN, EFTHROERRED L ETIE 7 ) OEERIZDCOHLTT
NEXZS5THO, BELNEPE BEEICTNIE, I 25,0000 F T2 B2 0I5
BLEULTL3, MUTEBIETIE —B IREO BIETHEE I CHETH 24, BLELT
13 9~12 A OET, T TIBREHEE LVERSSTNHED S L0,
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FHATOICKEE Iem2 ic)-7 12 Ho 7 V) 0 R A BB ~EH L, 13°~
15°C 1T 10HE D RERSES LR TR 6,000Lx 00 b & THREDHEEART &L
5. L L iz #pasrgdss 10,000~6,000Lx O TI3 HOBmI O (K TICE- THEEE
730, 6,000~1,000Lx O TIIHDO I hrrd DR HEBETHD, FAHHEOKX
PHDOBRIDETICE D> TNERL7:HDTHBE LT3, KEAEIHIT 2,000Lx IR
TRRBEOEHBERL, XOBIOWRICE 73 - TREDMERYE < 735 & 1T 7R kA 1
L. 8,000Lx LI ETREFEOBHFBREICHKBEE LS, UEZFOREICIT - Lk
Warbdah, PEOHELLELZL, TOEARAHRLACS LIELESN TS LD
i, ) BABRIIC K > TEENICN T 2 IF@EEMGSHEE L, LB OREGEDD A,
WANADEBEFESEICEBEL THELARIZL, 2hick-THRLEZHD TH % »
5, INSDOHERL ZDITObNIEOREFEABRICONTEEELRIECL, FLERD
EICHI>Th, TN OEREMBBRETH-> T, HICHE K OWFERRESRE I NILT
NIFEEED S 2 BRI TINBLEDEEZL L, DTHRIKLTHCOXIICHOHE - B L
HIC/ VOEBICE>TEHELOEEERIZTL, BICAHRICRKELBEE 108 26DTH
5. EHMOBRUEROEIIERD /) OFEFERICS K/NDELH 2 5FICH SN BT,
EHIOHRBIC L 2 HRBEOER « H/KDOEBICK 2 HEDSE « BRICK ZHBOHEFE & H
i ot FHCHEMNFETROZDRT LOEFRBOBERED L 5 iICh 2HEWEI N
AHEITIE, HOBNCICEHOEINOHEANRL ORI 25D E[bN5, C2iThnd s
EENZ N S DERFAD—BIE U THIFEE L) H 2 A —FHED AT O —7E R
Ttk 2 NEDEEL /7 VODEBORBREBR LICERRCRZKETICET 2 7 )V 0EE
REBICDDTIHIE LI KR TH 5.

(AT L ZHEE )V DEF & OBIR]

HED /) OAEBICKIZIHBICOLTRE, Ekbil~xizkdic, ELJIcinEhLT
KRBT NITRHDIFERNVELISDTREBLEINTLREDT, T0oRIEHSHICT
21 BEDIPMERATERO & LITB I TREEERATT- /o,

FERD T THIBEORE &OCRBASEORELIIR L, TORMENAELE L TRRNELT L
IO RSTREIEY & & &, HRTBEREEIEARRTEPPAHEE NS S L DI

Tl 10,000Lx & To “FOKEEBRAEM L7z, EEREERIZ 2 hTh HEOFESE (Table
23) - HARIRGSHEER) (Table 24) « FE DfHE (Table 25 EER I R 1) &/ VOEFOD
Bk & LTEANICRITR U,

TTNFEOMHED 7 )V EBIC KT A S 51 (Table 23), [A U TIRIIEBEELNIC
TR L bORLEN, FRABHOLONICRE, BAEITIELIE-> TS, &1L
FTORE B HIZEE S OFEIC X ZEBROME LHAKTHZ. HAICT h o HFEOR
IURE A EE 10mp & &IcfllE LAY % & Textfig. 11 0L I8 54, chick-T
B2 EYBEBEE LD BIRNELTE BFRAEZE 512, 500~600my O TIIEEDTT
DH- THIZBLDDRPEOHATNTED, HWTEAE 700mp Ll ETHRNEL OB A
[ icshio T ABETH 5. ZHITH UL TR difHBRA DAL 18D 550~600mpy i<
BOTHL B> T3, COEIBHBOBEDOENLAMOEFOHEL L THODONIZHD
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Table 23. Effect of the kind of light source on the growth of Nori-frond.
(Duration of irradiation 10 hrs., exp. 8~23, Dec., W. T. 10°C)

Area of fronds
Kind of light | Culture medium Before After Growth Note
o | culture culture rate S
| m?) (cm?) Fronds brownish; thin;
Fluorescent lamp Sea water only 9.62 1 12.69 32 abnormal ’
3 1 ‘ .
3, 000 L) | oAt o 9.20 l 12.70 38 Brown, somewhat bluish
o [ N EO S
‘ L'
Ordinary electric | Sea water only | 8.82 “ 17.55 99 : Nearly normal
lamp -+ i
(3,000Lx) 3f3f§f?3%§i>3 8.65 | 19.80 | 129 Rather better than above
! Al | 3 R o S o
Infrared electric | Sea water only 8.77 15.09 \ 72 t ?Iec:ia:irilsyt"nor mal ; faintly
lamp ‘ | l—
Sea water + | | ‘ Nearly normal ; faintly
(3,000LX) | 0.01% NaNO; | 8.93 | 15.50 } 7 | reddish
e - e " """ n - o . A
i Normal ; margin of frond
Fluorescent lamp | Sea water only | 10.33 24.88 I 141 ‘ > :
+Infrared electric ; i i somewhat reddish
lamp S tor + | I~ | i
ea water { i |
(5,000 Lx) 0.019 NaNO, 1 9,55 ‘ 24.99 i 162 ! Normal

joe
Infrared electric lamp—j, ')(
30 (
Ordirary electric lamp
60
=]
g
=
Q
5
s %0
Q
Gy
<]
Q
s te
-4
P
300 350 , o0 - 450 £o0 $so0 ({0 (24 P00

Wave length

Text-fig. 11. Nature of each light source.

TRRELHLEBONHEKE, 0.01% BB Y — 2RO OB EKOADED LD LT
bRIFEAEBREBICH S L}, COEBERBKIEZEETHAEDT TH-2bDEEbN 3,
TRNBIT LT EBRESIRE Lz d DI RE 5,000Lx iIChhi- T3 g b 308, 4AF
BORIFTHABROEISEL TH-ocbDLBbh 5,

Wic—B OBGER O EL A 51C (Table 24) 2HBHO OB BESMIC L, 128
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Table 24. Effect of the duration of irradiation on the growth of Nori-frond.
(Use fluorecent lamp 3, 000 Lx, exp. 15~30 Dec W. T. 10 C)

” Area of fronds ‘
Dur. of irrad. “ Before After Growth Note
culture | culture | rate '
(hrs) f‘ (cm?) | (cm?) }7 . o
[ 11.67 | 42.87 239 Buff, rather reddish
15 o 14.20 I 46.24 226 | Buff
12 | 8.28 ‘J 20.77 124 Moderately blackish
9 ‘ 9.35 | 17.01 77 : Appear blackish
6 :1 13.81 | 20.23 50 | Brownish

3 1241 17.85 44 } Rather yellowish

FILIFICE 2 LR OEREICIE U TR L SEEMB#-> T d, ABSEAMcsILicL D
IR OB R ERR E SRET O FIE DR, —B 8~ Kl oS £ & LT3
2, AEBRICESOLTHEABHOMEE 15 REREO L0800 HEH LTS E, KU
ARIBEEIC L2 & 15 BEO DTR / VERDEESPL 3TN R UIEDT LEELLSL
T, EBROFZMAEEZEZNR WIZEKBREESTED, KEmT5 L, HEHHLEE
KT 3) AROBEAEONZDTR BuhEBbhd, B/ icks s/ VIiFRICE
BIRE (BICELERD) 280 3 €2 LABPRANNSPSNBCERT260T, chds
FHBICBHOBEHE NS EOTRBONE LT3, BFSO—EHEMOEESINETSH
2L 3RMBLEFIABOERICEIZSDTRELMEEZEZONS, ZNIKDNTRESEDTR
BIck b RIFHERTERLY, WTHICL T —BEORNKEREZRVEL T I LICBAE
HEED B ZNNHBEDT, ROBEDERICIZIFH O TIE 1 B ISEH, 60T

Table 25. Effect of the intensity of light on the growth of Nori-fronds.
Exp I (Use fluorescent lamp, dur of 1rrad 10 hrs., exp 22, Jan. ~8 Feb., W.T. 10x=1°¢c)

Area of fronds
Intensity of light Before After Growth Note
| culture | culture J rate I
(Lx) w (cm?) (cm?)
3,000 | 12.00 29.74 148 _
2,000 | 9.35 | 21.64 132 | Bluish
1,500 | 8.59 15.04 75
1,000 | 1109 | 15.35 3g | Somewhat blackish
500 ‘ 11.53 12.89 12

Area of dronds
Intensity of light Before After Growth Note
) I culture ‘ culture rate o B )

T (Lx) (cm?) (cmz?) ]
10, 000 6.68 17.40 261 Reddish ; frond thin

7,500 9.10 17.47 190 Somewhat reddish

5,000 7.26 12.63 174

3,000 10.04 14.91 149 Normal
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1A I0EEoREE Lk, ‘

ITHEOHEICL S EBDXEA A S (Table 25 EE L 11), 3,000Lx TOH D
AFENECATI0,000LX I TOEDS, WINLREE OB 2 BEBEIBREFLL
S Tnd, COARRBEEGEID B4 THNIE 25,000Lx T HINEEL LELTL
BEGO OB EFAKETH S, L LU BRERICES L 10,000Lx 0 013 BAFREBEEE
BU, OOEBRENSABIZENTOLEDOT, —HORKREEAEL TE LT BB
BEFONIEOBRT X E2ENHOLNBLOTREBLOEEDLNS. RERTIIREERE
DEEEIE L C E A L THEEDOETIE 10,000l F TR AZ0IZE Bod H#ERICK
5 EITHS. KTFoiKLsbE 6,000Lx Db OREREDOREREZRLICELSD, 0D
EERTRBRNETEH 13~15°C Tii» b DT, KFE-KE - BERHAOKRT HREO%
HThHh-1c @B oNT, BEL/NORBETREHOMBIC >NBBEOR Y 7 A THH
ZER L OOBENT LS E LT EY, TORERBENICIHRIATHIEL, Ll
SHOERL T CNSBESNERE» AT, 7/ VEBOREEER, /) O£ F R
RO OB EFEEICOKE » BKPORES L EOMCOEE - REAGHEOBEREL, Hy
ZICZDRD /Y ORTAEBRBIOEC THIR VRS, LrbcORBRUEHFICELT
REPEICEBIEZRTEOTRIEVDPEEZL S, RICRSIZBEIICKE /Y OEFOHEDHE
BRI e AR T 2 -FlEbFL L.

[(B2/KBicBF 3, )DEFICDNT]

7 ) DEEEEEDBRIE, —ROMESICHAERNSEONENELTEED0DLD
TELZEENED, L LLECEER LI DCHRORRBLTEZINEZIEEELEL
SHDTHELL, HAMELMI 5 LM TEFREEER L, B EEFRENSR
MICEL 8-> T %, COBERPIEBROE EICHRERT 20T, RBIEIMEBEN T 2 E:8%
LTHEXAER L b00BHBELBY, TANED X S KB R E L TF
PSR E DI TR KRR T 2EEEO T BER IR T 2RI DERZO
MEBICBEFSREEZRT CE0H5. LHrLZNSEBRNCEERTZ204T, HE»o
BHSHICERAIRBIPEREZODOORFTH I, TREELHOHLCREFLLS
BZNER—RNTEENICEERETRTHOTR LY, BEARHOE Z L, L-TZh
DEEDOFERHD & LT, TKETICH> TEICEDIEEOBGEHE « H& HICR AR
BICH 5/ )V OREBEZHASHICT 27280, ROLHIE—EDOKETD /7 Y DEFIDINTOD
—EHOERET- .

EETEII R 3m - B 2m - W 2.5m o= v 7 Y ~ b BUKEICHEKRES L, &
DOHNC SL BAE T 7 2121 3L oiffk (PoHBEHRCEE L 0.01%NaNO; #iRiD %A
N, KERG/AE T 0.5m, 1.0m, 2.0m OBEIICED T, coBrhic 7 vV AEEST A. ML
TZDOH 7 RBICRBE2 XD #7 2B 2D BEIZIECL, chic k> TREEEKHIC
ZRAEVAALBE , VIC A THEMS BB AES 5. HE ) VZRIBRT--RFICEIOERE &
RZ2b0%Z 00, INERRAT/IMBICHET DY, BERNPRT CREEROPRIEICE
WAL HICd 5, HERI 3 BE KO Z, BHEITbRL, RBEEEORFIC,
KEEOR MOE B OLEWIASEE L., L3I T 10 HTHE 40 B EEXEL O »
ZATIHBELIL VDL TEEDO XS ICEEBROEEARE L, s ERRLHABLT
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EEREE R Ui, EBI I T 7228, HEIERITS HRO MR b O 2Rk
Ik 3 XL, 15255/ ) ORERAETREDOHEDREAR X 50050 1-.
KERLI & UTHFICHEREEET 5.

Table 26. Relation of the depth of water and the growth of Nori-frond. [Exp.I])

l Area of fronds Color tone ‘ W. T
Stgries Duration | Depth of . . ! i
of exp. | of exp. water Before | After | Growth |Black-| Red- - | Yellow-|

culture | culture | rate ish | dish [Bluish|™Sep ‘(a\erage)
B (m) | (cm2) | (cm?) |(per day) 1 o
30, Dec. 0 || 17.17| 31.67| 3.8 | 60 | 35 | 30 60 || Surface
~ 0.5 15.59 | 26.22| 3.10 65 35 40 50 4.6°C
1 21, Jan. 1.0 14.22 | 21.67 | 2.38 80 30 50 25
2.0 16.17 | 23.60 | 2.09 90 20 70 0 Bottom
(22 days) | Befroe culture ‘ 90 60 40 0 5.5°C
o | 11.89] 41.00] 9.79 | 60 | 20 | 25 | 65

11, Jan. 0.5 9.47| 29.76 | 8.57 | 60 | 20 | 30 | 5o | Surface

2 5Al/:eb 1.0 11.69 35.53 8.16 75 25 40 50 :
> : 2.0 11.37 1 29.68 | 6.44 | 90 10 95 0 Bottom
(25 days) Before culture | 80 ‘ 30 45 35 4.9°C
5, Feb. 0 10.70 | 32.22 | 5.44 40 15 20 80 Surface
~ 1.0 9.17 | 30.20 | 6.20 50 20 30 60 7.1°C
3 13, Mar. 2.0 11.46 | 36.38 | 5.88 90 5 95 0 Bottom
(37 days) Before culture | 80 = 30 40 35 8.0°C
13, Mar, 0 4.23 | 10.17 | 4.26 25 15 5 90 | Surface
~ 1.0 3.89 9.62 | 4.46 35 20 30 80 || 9.5°C
4 15, Apr. 2.0 3.93 | 12.80| 6.84 90 5 95 0 | Bottom
(33 days) Before culture 80 30 40 35 [ 10.2°C
15, Apr. 0 4.02 5.74 | 1.65 10 15 5 90 Surface
~ 1.0 4.88 | 12.34 | 5.88 20 15 30 80 12.8°C
5 11, May 2.0 5.15| 14.30| 6.83 90 5 95 0 Bottom
(26 days) Before culture | 80 30 40 35 13.2°C

GKBEE 7 VOEE  EB 1D

EER I ORHKLZ Table 26 IR L7208, S8 1 EEARKZE (12 430 B~ 1 A 218) ofE
TRAECBOONRLEBLEEEZRL, TNXOKROERIBNETR I I EEER
BIETT 2, HIBKETIC/ VEBLZERZDEBTICE > TREMTHBETEERLTL
3. BEBBHOTLLEE TH > TKEHBED & DITEEEAR KEICHE IR - R - F KA
L, 7278 B0ADBE LLADONE XL DICKELEL, BEAHETICLIH> TZTDHEKITR
L, Zhic{ls THRAHRUHRELKEDOSDLD DL B30T, VIIARERKEERAEL R
3. COBIHOEILI KA EBB L0/ )V ORT I OB ICERNEZICLS
bOEEZONS, TOEILOFEHNOHIIT 5L, KEROELSZBITE B3> T/ VHERK
WICB T 2EREOERE L, KEEL DbDORH > THEML VDT 20 TIE LM
EBbh B,

picss 2 ks (1 Bl1E~2 B S A) OfRES ICHIAl L2 2 i3 &E & 4R
DRI IIREEA R L2 & TH B, L LBEOEEROEMERKE LTS BT, &b
HEEOHEBRLELOIPIVKEDOLDTENLD/KEERMEITIC LI TEESHL, £
OBEMMIBAIEE 2L AKTH 5. fiAlk O EWINTEEDEE TS - 2OIIMEE 7 ) ORIk
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KE2Dh, BT OMIICIF#ETH 27200, BESLEZNLDMELEREONTHA
3EBbhd, KEGHESZRTTHINTRICED S LI 5DOMICITAREDISH
Ste. DTFNICULTHKEDEBICKIZ U HEE ) RTRAIEIEAKTH &AL
T, COBIIKZ ) DERBICIBKESEGHEL T/KELTICHD S ERENLTER
BEOAREM LN - bDEFAS. BEHEROBALMEILFAKT, CORROBRTE
o tc L LAEMBT A ENTE S,

#3EE (2HS5A8~3 HI38) ORKEICE 3 LAEBRIFIEIL D PPET LE—H &
OHBEDEAERLTY S, ML THABMOAERE KT 2 1ICRIZH & 2 2 Bltkd 2 HR
HRHINE, HIbEI 2 BOKETREEREOROEREZ RLAbDE KED bDThH- 12
B8, GEO&DTRAED S OLBHE M TKE Im Db DM E—MERL T35, ZFOM
OB DEI/NZ DT ZOIERIE FHEL S EZ 50, B 2 HOREICH~ KBICK D
EMNNI LI T EDBRICHERTHY, MoLOBEROIIBREEZZONDG. BICEA
TEARBcEbLhEAERAE, CoB3EEO BRRIHR LT EERICEDNLLLD
T EWEBDONEKD.

H4mE (3 AIBE~4 AI5SA) OFEEBRO AN A T 2ICE 1B -FE2HER
£ LT, 2m FTOLDONBE LI MEBEB L TCWE., choolRErsA%E, 2 HTY
3 HoBEESM4EE UTRENC/KERAKET Im 5id 2m LD /7 )V OEF ICE > TREY
BHLEORFAEGATHE EBBRLETNER OB, TNBATH I, BELONEHD
Bk « e DMRMEFETH 245, RAFBRICOLTRFAT 2B 0 SKE LD
WTEELTAS., KERICOHLTIR, HB=EH og#Es» 7~8°C # 4 @HD 10°C fiigT
H-T, /VEBOFHEEORBENTH-c&AEINS. BHLA—KEOLEE THEKC
coBREOKBOENGNIT L « FTEHO /) OEFTICEAELICESEIREND D, K
BETEEOEEXZI I'CUATHY A KE (BB LR EZ oL, XD
C#EZ2 5L, FROMBAEHSERRBEHICE > TKEDEWDY /) OEBIKIZTTHE
ICEBSH > Tcted ET HUMTREBEZ SN, MLTHIIKE > TKEWRTEBIIR
SHAEDENT, CNICKBOEBBMEINE D THAHEEZONS. T OHRIIE
SEE (4H158~5 A1) oRERFEEANIEEICHBEESS. BEKEOSDEHE
ULSAEEBRARBRERZIC OO TKETOLDTRIEBIERT, KBCL-T/ ) DE
BEORIIC X 2 BONEKLEERL L 2RO 528130,

BEEFHOEIL, FRHOHER & & SITKED S O TIRAEK - FWAM UERARUC 508
COBEMIRHOBNAICLIBNETEITHE LKL, BSHEO RETRFRA EERE
THLHLWRIERKED /Y &R, Im TOLDRKEDSDIFE FELLRFELIERITOR
ICBITERAE BV TL S, 2L 2m FOLDOTRES BHD & DT HIE « HRAEH#
L, #£1HAEBEOBIHAL LTHER LICERREET BB 2R L T0»a. MLTE
Lo EEATRPORDICBKEDOSDLD, OO /7 ) O®EFHOTTHs 7 ) AROEER
B @EELTO IGER D LD,

OKBE 7Y 0EE : EB 1D

EERI Of5RIT Table 27 K tr Table 28 I/R L7z, 7272 L Table 28 (3 kgt L1z /
J DEERREZVE LUIBFET, chickid & 248 7 ) oREAERIREBICHED S -
T, HELABHNINTHOLNTL BT TH 5.
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AEROBENRTE 320 7 V) OBENSHEROAD cE B 0EEEES & 2BMN
ETB35DTHEH,5, UTFELELT Table 28 ic k> TEET 3.

BIEEE2MHOEHEERELADICRKNIKEDOS DT, Im T 2m FEEELY
FTIULEB->TIETLTS, COEMIBER I OMRE AKETH L. RICE 2 Bl OREE
ZHLEL, AP chAREIRTHEELLE LA -FE3H0 AERO=ZEL YL
FHE (FEEEChZE 2 NEREOEERRE K3, UTFChIKiEsd) 2451, #iE
DEDEELPUTEYZDMEM EAKE » Im T« 2m F&->TWw3, MLTHEERXRICE
FACOMEMIZETEH TR CERL, HEZOBEBEEHL TH3ICHEE L,
BlsmmE (1285308~ 1 A29H) »o&E4 @B (2 A2 H~2A17H) Tk Im T
U2m FOLDDEEENKREICETLTE T BRI L, KEICE WTIRE 2 [AHDR
BAREWHEHOBBERLTHLS., TNIOLUEESHE (28 9H~2HA24B) -5 6 [
(2B17THE~3 H9B) BEKBDLDE S —FRICEENBEAICTE > TED, AEFRIFK
DEELBLZLUTHLED, FOMMEETHOAE BERAZRKTIE TNLATE 3PPOHR
SHEmAE R, BbE 7 mE (2 A248~ 3 A198) o KE D b0 HEEFITA]
EICH LI 2/3 IKEIR LT 21K L, Im FTOdDDRULE HEEDETIR b HTH

Table 27 Relauon of the depth of water and the growth of Nor1 frond I’Exp IIJ

Series Duration Depth of Area Of fronds W.T.
of exp. of exp. water Before After Growth (average)
o __ culture culture | rate | o
(m) (cm?) (cm?) | (per day) .
30, Dec.~ 0 ‘ 31.1 58.8 2.08 Surface 11.2°C
1 29, Jan. i
1 33.9 62.0 2.75 Bottom 10.9°C
(30 days) 2 35.4 62.6 2.56 | m 10
2,Jan~ | 0 66. 1 106.8 6.15 | Surface9.6°C
2 2, Feb 1 62.6 94.2 5.04
(10days) 2 55.5 71.0 2.78 | Bottom 9.6°C
29, Jan. ~ 0 29.2 42.9 4.28 | Surface 10.1°C
3 9, Feb. 1 32.7 45.1 3.47
(11days) 2 32.5 40.7 .2.30 | Bottom 10.0°C
2, Feb~ 0 67.0 101.6 | 3.44 | Surface 8.5°C
4 17, Feb. 1 60.2 82.0 | 2.42
(15days) 2 46.2 56.9 | 1.54 | Bottom 8.2°C
9 Feb ~ 0 35.3 82.0 8.85 Surface 7.4°C
5 24, Feb. 1 42.1 68.9 4.24
(15 days) 2 48.1 57.3 1.27 | Bottom 7.1°C
17, Feb.~ 0 61.5 124.3 5.10 | Surface7.9°C
6 9, Mar. 1 47.2 91.5 4.70
(20 days) 2 59.3 99.2 3.36 | Bottom7.7°C
SR — —_— 1 —.
24 Feb ~ 0 95.4 190.2 4.32 Surface 10.0°C
7 19, Mar. 1 85.8 152.1 3.36
(23 days) 2 96.4 158.4 2.80 | Bottom9.7°C
9, Mar.~ o ! 61.2 112.6 2.97 | Surface9.9°C
8 7, Apr. 1 67.8 135.0 3.54 |
(29 days) 2 67.5 123.5 2.96 | Bottom9.9°C
19, Mar.~ o | 44.2 65.6 1.74 | Surface 11.5°C
9 17, Apr. 1 38.0 87.7 4.67
(29 days) 2 33.6 67.0 3.55 Bottom 11.3°C
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Table 28. Growth rate calculated from Table 27 during the co-existing culture.

No. of Date of Dllu'ationfof 0m Below 1 m Below 2m
0. 01 exp. culture of co- 3
culture existing sample Grr;‘:th Mean Grr;t\gth Mean (’g’t:th Mean
39, Dec. } 2.98 2.75 2.56
1 Ist~31st » Jan. 4.57 3.90 2.67
2, Jan. } 6.15 5.04 2.78
59y Dec. } | 2.98 2.75 2.56
23: Jan.
2 25th~35th > pn } 6.15 | 4.47 | 5.04 | 3.75 | 2.78 | 2.55
$] . 4 |
25, an. } 428 3.47 2.30
’ Feb.
Zg’ﬁgg.} 6.15 5.04 2.78
29, Jan.
3 31st~42nd P } 4.28 | 4.62 | 3.47 | 3.64 | 2.30 | 2.21
 Feb.
B Ee. } 3.44 2.42 1.54
) - )
Zgjﬁgg_ } 4.28 3.47 2.30
4 35th~S0th ZED Y | 344 | 553 | 242 | 338 | 154 | 170
A3y } 8.85 4.24 1.27
TR ) | 3 2.42 | 1.54
> |
5 42nd~57th 27 b } 8.85 | 5.80 | 4.24 | 3.79 | 1.27 | 2.06
’ Feb.
17, Feb. } 5.10 4.70 3.36
s A L L
zgzggg: } 8.85 4.24 1.27
17, Feb.
6 50th~70th JrEeb. } 5.10 | 6.09 | 4.70 | 4.10 | 3.36 | 2.48
24, Feb. } 4.32 3.36 2.80
_ bt A o R
lgjifiﬁ.} 5.10 4.70 3.36
7 57th~80th %3’§§i¥.} 432 | 413 | 3.36 | 3.87 | 2.80 | 3.04
%ﬁﬁ} 2.97 3.54 2.96
%ﬁg} 4.32 3.36 ' 2.80 |
8 70th~99th 3326?5-} 2.97 | 3.01 | 3.54 3.8 | 2.96 | 3.10
%xﬂ} 1.74 4.67 | 3.55
2>§ﬁ§§ | 2.97 3.54 2.9
9 80th~109th » Apr. 2.36 4.11 3.26
19, Mar. 1.74 4.67 3.55
17,7A7p7r7 S ) I R .

BIGBEXZWL L, 2m TOSORH > THWMOBEAZEZR LT3, BbKkiEERIcT 2=
OEEERPHERLLTE TS, KEDOLODE E ROKR BE TR coRiARL 3 Aic
FoT, KEICET B/ ) OEBICE > TREARBICKE > TEx 1 EARTHDT
brHrLEZONS. E8H (3AIH~4HTH) OHMBICBEBICC DT &HHBICHE
HDNTW3, Im T - 2m FTOLODOEERILEMEFKALE B—ICELEE F->1T3
B, KEDODDRBAETFTLEZOBBERI ZICE--bDEHE-TW3, 9@ (3 A19
H~4 H17H) O#ROAKETH 205 —EZ DEANEL TTWL 3.
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PAL7s Table 28 I D TAIAEBREBOME TH 505, LT 1712w Table 27 2o
WTH DL EEEROEBICG—DORRBERSREIN S, HIHHEEOREZRICTSIC
Ltzhio> THEEBESHILDEET 308, TOBERKEOLDOBFICELLIm F-2m F
LEXAEMFIC LD TREICER LT - T3, ChiCk-TAHBE, BREOEILOE
W (ZTREELTOE BEIEZMTICLEN-, TN E, #BaEINE 7 Y 0EFRIK
BSA N T RESAORIIMMHEBEREmICKRE S, KELBEZITLELL->TENMINGD
DEEZLED. :

EE T TRAENCKE « Im T« 2m TOIETEENEN - 70 b O ENCIZ M L T
2. CHICK UEBR I Tz Im T& 2m FTOBRRBRKHOHR & & i REEICHEET 21
[T ®H » 1o SWEET B 2 Lo 7o, THRERE 2 ¥ EICbI> TfT>TWwW3DT, £
OEDFRICEY (FELTBEAXOR) KELERAL THOBROEBCENHL DT
F QAN BY =P

PIE 2 MOESRALEHTZE /) OAEFR IENBHOKD I KEITEHLTIEETH
25, 2 B~ 3 ABKRICIE B LKA BT 2EFBRIEREICHEEBEL, AR/ ) oaFHdHKk
AW USMEARREE->TL 3., chic LAKEAE Im 5t 2m @B Loto BET Tk
DICERVIEBRBEEEZRIBOBEMICh > Thix, BFLEK - FhE2RBEBLL
BHOLDTHLEMATES, iR 7 VEFIRRETHELENEAEZ THS HICL
DT, BIEHICL 2 H0E DN DL I BHRREZLEIEIHFLELE > T 50
ST AL IS DEBRB.

UKBE 7 ) DRFEEALTER]

FEHEBOFEE ) OEBRFEHOHEBIC LIcO/KERICE > TERDOH B T EEAD,
ZOERREE LTHICE S bDEEZONZOT, KO EFICHEST 2 5AR B
[RIC &5 B RERILIER A2 KR EFMOWRBIC DN T E» Thik., X LEILEERO®SE %
EREITH B 12T RER 77 AU & BRI B AIET & TH 228, KEBRTRIEFD
H#IC RN H 2 O THIEOBG RBFETFHE DO AIT X - 7z,

FFEBRTEICOOLTRNB IR 7 ) & LTRIENHEES L ODAEZ ST, T ORHE
R T/NEWTICE S O, FONBEREICHIA L 1L EReEs 7 2B K i L
T3 40°C il UM HERIE L TR HFRRED AR Lc b D) L &bt AN, K%
B OEIEE L THER LEDICHNED BEICIL D 5. ChEZIERIC 2 REKE LKk
B0 &, FROBMBSICAN THEERZICER D WINKLER JEiC X - THEFET 5 BR#E4E
it L, EEROMBRICET 2MARROEL S > T2HMHIC /) OF L B3R O E L
7oo foBitE ) RTEN OIS FIC L > THICEORISIcH 2 LK L, £ KEBHRED
EMICE D DF AR ENSTINT ) 28RS L 7. .

KD Om (kiED) » 0.5m -+ 1.0m » 2.0m < 4.0m + 6.0m o 6 fiE 3 2. FEEL
124270~ 5 A9 HOWICK 1 HZ X2 575, 13k C OFEBITITKE - REE - gk
OB E BT 200, NS ICONTHENIRIER L.

NS OEEDORHIZ Table 29 I8 I~V & LT/RLZ.

TR LA EE T 5 ICE K b, EIEICK ZIREOBAE S B ICEKICK 2 KIRDOER T
Nt 0.6°CUTTH- TN EIHBEIER LTI L20A RV DEAE LI, €D
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2 lgr IS 3RO 7 ) % 7°C KU 13°C oiEkic B, 150W BET% 2 B
BEHLTCHRETIBERAHELL Mtk 3L, 7°C o3 20.08 cc, 13°C i
26.39¢cc Th -1z, BIBEE I°COLERICEY 1.5cc DRAEBERN LI LITILS,
7 VI lem? O ERI 1.0~2.0mg TH 505, S 1.5mg & LT 100cm %40 D
BFERIC 1.5cc/gr 2154 LTABE, 0.225cc £733. EHEX0.6°C T3z hIUFo
BEFREBEDOELIBZLOTINIC I ZHEIMENTH B & L.

Lo THREDZIZZE/EFIC Table 29 i< LV EBROMRERHF T 21, TFERIT (12
A27R) TiZ 7Y OoBNEES D OBMEFHRIIKESROZ TN LD KB EZETICL
7o THL 1> T3, ZORBIIKEOHIME & bICHRAEERBICHDT 3.

Table 29. Difference of CO, assimilation of Nori cultured at various depths of water.

O, out-put
. Area of z
Series | Depth ; .
of exp. (m) fr %‘;ﬁ:z ) Total  |Per100cm? Mean ( :ﬁiﬂcr)fa ce Observations note
(cc) frond (cc) (cc) —100)
12.7 1.52 | 11.97 Exp. 27, Dec., 0. 30~
0.0 {14.6 1.66 | 11.37 | 11.67 | 100.0 ’2.30 p.m.
10.6 .16 | 10.94
0.5 {15.9 .73 | 10,88 | 1091 93.5 Surface 12.5°C
W. T.
1.0 {16f 1.59 9.94 9.94 85.2 { Below 6m 12.0°C
I |
2.0 {17f 1.51 8.78 8.78 75.2 | Amount of clouds 5
4.0 {IGi) 0. 9_8 6. E 6.13 52.5 |Transparency 4.6 m
6.0 {12._53 0.52 | 4.06 4.06 31.8 |Wave slight
o 9.1 3.97 | 43.63 [Exp. 28, Jan., 1. 48~
0.0 : { 8.1 3.58 | 4a.20 | 4392 | 100.0 3.48 p.m.
8.8 3.75 | 42.61
0.5 { 8.0 3.46 | 43.25 | 4293 97.7 Surf. 10.9°C
W.T.
8.7 3.17 | 36.44 { .
. 1.0 { 57 i | e | sna 85.2 ) Bel. 6m 10. 5°C
2.0 { 9.0 318 13533 | 3533 80.4 |Am. clouds 2
a0 | | 8.2 272 | 3317 1 334y 75.5 |Trans.5.5m
60 | {>° 2.48 | 2156 | 57 56 62.8 |Wave slight
S . | - B
0.0 | { 7.5 2.70 36.00 36.00 100.0 |Exp- 28, Feb., 2.05~
0. i - _ — . . .4.05 p.m.
0.6 { 7.7 2.41 31.30 31.30 26,9 Weather sometimes rain
7'; . 9_7 - 1_4 {Surf. 9.5°C
) . . W. T.
Lo { 7.3 2.04 | 27.95 | 28.05 77.9 Bel. 6m 9.2°C
I 6.7 1.63 | 24.33
2.0 { 6.7 Les | 2833 2408 69.4 |Am. clouds 7
a0 | {%2 L2410 13.48 1 1348 37.7 |Trans. 2.6m
60 | { 8.4 0.72 857 | 857 | 25.8 |Wavehigh
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0.5 } {ﬂf 1.56 | 32.50 1 3550 98.0 Surf. 10.8°C
(43 1.24 | 28.84 W. T. { .
" ro | {53 Lo B8 s 86.9 Bel. 6m 10.8°C
2.0 ; {+7 1.30 1 27.66 | 37.66 83.4 |Am. clouds 0
a0 | { 6.3 L7110 27,14 1 57,14 81.8 |Trans. 3.5m
6.0 { 5.1 121 23.73 1 4373 71.6 |Wave slight
oo | 3| iR BE se e el
0.5 | e 1% | 1398 | 13.66 3 100.4 Sur. 14.3°C
y 1.0 N7 Ll 120 12,0 952 | {Bel.2m13.7°C
2.0 o gD B ne 87.6 |Am. clouds 2
4.0 oo M IR ms | 8.3 Tansasm
6.0 1 _ — — | — — iWavecalm

icEER I (1 B28R) OfEAEER | & KT 2 ICBAMFHENZE L BIMLTL S
CEMEIEDL. HbEEI TRED MHEDOZ WL KEDO S DT 11.69cc TH-7cb DAt
F2E 11 i3 43.88cc LHUIH L TH O, HEICFAKRD S DICOH» TljREZ LB L TAH 51T
KEARITIC Lot TR RO B S s—EAE {15-> T 5. ML TKREZHTICL
1o TIFHEBEZ D6 ORI LT 578, ERIOT R APOE AR/ EY, Kiln
L0.5m EOERBCELL BLINTLSE. chilk->ThbE, TORPICIEKEBIC
FAGHEE D MR X A3 L RGYE IR IERIC TS 548, 2 ORBIIKROBL 6D &M CHbN
260l Ebh s, BETRE, XHORED SRR S TR KEUFO b
O LEFHI ORI U7z Ih A L 0l &8 5 pERS L7t i L, KEBRIZ T O
BT D & O3 BT EES 75 GRS A2 10 T 2 0 T oA X 2 A{LEREE O #I G2
B bDTHAD.

£ER T (2 A28H) O 55Tl KE ICH T 2 Y 100 em? 240 O BRI H & 3K
36cc £ 0, FHRILLDOPMP LTS, LV KREHTICULLY > THDT S
LN OEREFRETS 205, BRLEARZOMDRESELBMTH S5, CNIIHEER
RifTH OBKDOFEE EHRELOFBENEREEZZ SN D HDT, TORLOHETR L,
S Elbh b,

SR IV (3 A290) ORHIPETER I © & 5 9 HRBIC L 2FERA 0T, 7
Y o 100cm? 24 ) BRI BT Ak D b & FRUK O b O AT KR 29I Lk
S TIEFLTWL A, ZOEIBKETH 33cc THEpLERIN XD LTS,
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TEICERRY (5 B9 A &H#Ed 2, ch TR —RICEL LLEBEERL, BARED
i€ 13cc RITAE W, MU TKEDOHTIK Lichi» TREFHEOK T 2 @R LT
VB, TOHBEEERIV,V LRHOBNAICED > TREBICESIBDERYV Cidk
& 0.5m FETRARALAE-HML TS, BRPEROBDT 3 Lid AMLIERO #iB%E
BHRL, REMEL T )V OBINBE b EEZ o (HSENT /) OB BE
TWBELH T ERKBENRHEE L - EBELEEbLN DS, HRICKD /Y 0EFTICR
BMICIRDHDEEZ LN D) FKMICE T ZBEPHEIEIT LT3 C L0 ME
WMUTHKbEBDLN S,

WBIZA2TE CEBRTD Ror2 A28 (EEIID X5 KD BRI KELEB
FREHEE OB@ENERICGENEE & 305, REICENHEL 752 HHEMN TR KBS
0.5m TofEidHE L, Im Tickd 2 M LEHDL 2m THE4m F o b & 374
BAEMEZRT C EIFEKE L., i3 0.5m & Im S oMT BERMWEBICE 53 2%
ORI NBERNE L, TnLVBLLELE Im TL 4m TosEid HEND L, B gL
BBEENDRBUEL USCHEFCRHRLCEERTLDLEEZ B,

URKBICEZ 7 ) ORBRIEAOZERHES T LS, T OREAEREIC LT KR
&) DEBICOLTOWERROBEERN L T2 5, MBEHEKBICES S/ ) 388
DIRDICIEKENICIE S b D13 EEEME ¢ KEE HITIT LichioTHL L 35, 2 And
3ADRICIE 2 LEEORBIEELABKEU TR, KELCBT25DDEBFNERL
Th Im JiE2m TOLORBEEMICh 7z » THENRTSAE2#ET 2. chrxr &
BloB# &g 21, FMEERIRBICOKED & OBIEETH - 720 SELEAOIERK C
EIPHEROIEREND C EARIKRT 2 L9, REO/ Y OEBTIIEICERTERLHER LIS
Dok ~&xbDTHA, L LHEIH IBYLBREEROSOOEBNEEINS D
T, ZNREAMLERO AL C IR LEROFRERYD, Ho THH I NIRETEBE £# 1T
TKETOS DD RS EFENEHBRTI25O0TRROMEELSL. COBRIT/ VOE
BiCh o> THICHFLE LN 25 OT, FALEHAOIEBRLEA IR ZNICE > THMOK
SN IET DRETOMIEZT OMIEE L TR NIERE S0, 72K O A3
BOOEZPICE->T, $HKEOERKICL - TRAOE L AEES, COEMIATOTH
NTHHIEFEZLS., COHEIL/ ) ORER « ZBPHICH 72> THRICETHICE »RIEE S hE
BRIEBHIRLTH 5.

IX) x % o 4 BN B H

(VID i B TR DOBEED 7 )V OEFIE - TIHRICEETH D, FTho Ashpus
RiZTEDOTHBhaul~, TOMEZHERLZNHIKBEOEE « HEHEO LD o
BRIBEFIC X » THMICEHT 2 0ICDONTRIEAT 2 2 1B B85, 0O XS 1R hE
ICE > TEBPITDNTIE, KBEIKRICE DIEKDOEBSTGEE D, HES O
CICEBEROBRB LIS {fTbNT B0 ThH B & —BREITSEERIIS BRI Lo hi- T
&7c. COMBERKED QBN HEHI S M O BBICREE T 20T, /) I3 DHIEE
2O OTHOMES KT EA THIRNS &L ORMBELICH L ¢ S ZRETH 225,
UTHLEInBRLES 5.

KEED /) OEFICN T 53 LIRS 3R R 20T H2 B bh 3
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25, L SIEKED O & EHEMOBERBABE ICKKADEL T 26D THA A0, £
NEBMOEPESBHZEDTHAD . (VD BICEBNTIT» 7 ERIC K % EKFRIZARE
DR EWRTIE 30 cm/sec I W EEE BEETIICbrrb5Y, BREOHEIKIZ ST
% 10cm/sec DBRETT TICENLULOFRED D LAMOEEERT D TH S DK
BEB, COLIREBRBEOLAICIBDL LLEFREYOEERIBICAZ THEEDO LICED
NTWL2EFELNITD, FRBCBO THESKREDEL T Z2HHS & RAFENKE
HMHEELETE2HDEEZLINETHHI. HLEZI TRINIAEBRFERL 2D,
HEHEMOEAFILE L TREBTNU LR EN LT OEBTEAR LD EABIBTRIEFNES
230, MULTEEPOERZNIFERIVED ETNIE, —RICEEBDRFIREEIZ & RH
VEHIERS TERIOEFES D, > TEERAOREBSRTNENRSRL, COXHITEL
5 EERBEOBEICHKEDBOIHDENE » EHABICH SbNAETR ORI EENRD,
LT R 7 BB DR & 5 R AR I NI ONR T TH S, R/ ) oEFIKKRD
WX ABRT 20 HEBETOIKAR —DHME L, KEHBHBMELUTICE>TREHT
EHEMIDOBEENPE X 3 EEZZ D DEHEBE OO TR BN EEL S, L TEREYDOE
EHOH oL BBEERBEETERLT SRS LEFRETLELYLS S Ji= 10 cm/sec
Wﬁu?m%é§®&%ﬁé.bﬁbch;bﬁ?m%%ﬁ%i&méc&m%ﬂbﬁéﬁ
INAERRLE L TEEYOEENNRD SN2 ERZ2DBFRFHTH > TEFEYOEEHDR
PUT FRUEBRO A TR M T C EHNKE L, [ie 51F, FlARE Sem/sec IZBLTER
BETLERUDIEETSEE, CNEVEBOLD TREDSKREROMBIBITONEEPL-72D
DELEZ SN, SHEMOEERNEDORFID DI, HiL 2 ) BRESERNT 5 & H4HA
LD HEKFAORFEITD U, KEBIEL EZDITEEEBTEZRT 2 7 0ICERT 55KE
BT ORI HEHEIE D 2 b D EBEZONDINOTHS. TNTIRS » EESERES
LEEEBATIE LD EL—ILEION Y, 2L TR (V) il “EHEEOBE. 1T
DNTOEBRICRT XD ICHIREL FEEICT 5 2 &RBEIC LIARIO 12 d DBEEZ
JIEETCLERBD DX BWERIIDEOAEFTRARE LTRERELITL,

WFENIC LT HHEDTHRICIE 30ecm/sec IGTKIREBRE L3 2 HEVBH iICbhrh
H5F, EPEMDOEELR  72HICHERKEIZ S ThE 10cm/sec LLTIC b5 d D ETH
i, ZFEMOEZHBEIRELLOTRIEVLEEZLONS. L L IBRELTICOKEI
{135 LAMITZDEERABMATZLEEEZIONDDT, BILINICODLTHREEZHS
%,

TTURMERMTHI0EEZLBIC, THIKETIPHEER 7 VKDL TRELSFESDT
SNTORLDARTIE L, (LOBHBCOLTHHSN TS & T A3, FOGG 3fE3iM
IR T L BT X % EBEOMBERERELE T S, B OMEL Uity & Mg
NTHT T EDNHEKZ EDTH D, IEROTFEMERE LT, HAEOES TS ELITL,
FALHRFED 2~12.5% HHEEOE THEMNICHIIN S LTS, UL LENDAT
DR ARHET, BH#E S E LTI polypeptide TH BT & b amide THBEZ EHEZD
NBELTVED, LBFRIKLTHIN S D DRIYEDIEKEEEARTIIEREIED Z0D
FEOFTHBERBOLNEHBERNTE, EEPBDXIINBIDTHEEELDLLL
NS OFEMDSHBEN 2 S HKRICBEE SN TRICEERZ KT 0 L 3B LN T, MigN
T > T AERICEHETH » THIlEAD» SBBIIEIEHIC K > T 5D b DA EITH
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A ER A KOREN T 3 C EBNBEEBLIEEDTREONEEZZ S, - TKROEE
BEEMCET 3R, ChoAERICERSNTEERZHREOT E TIKES LLREMIC
BANCELHTEEZREL TS50 LBLTIL.

EOBC Uk A AT B RN Hhlt S T AKIC BRI S W THROBIERRBA S
b Xg, EBCons ) OEFBCH L THARL 2% ELZRIZTLDOTHI0EHL DT
WIRD L S I EEETT- 7. ML SR /) AR L CEREBR - AL ENBHKEIED,
chEFEL Chic NaNO; 0.01% 2N KEOMY AEREERET- 2. ERYRE
WYERR D / Y OREEL, HBELABHOAT-> b0 (AMUEARERCT b EBbN D
D) LEEOADOZEE Ls, EBROFERIZ Table 30 /R4 TH5 »5, chic X3

Table 30. Growth of Noi-frond in the wasteful medium of cultural excretion.
(exp. 20, Dec.~5, Jan.,, W. T. 10+1°C)

| Ratio of Area of fronds

Series of
exp. ;:ggg;nt- Before After Growth Note
B culture culture | rate
- W (cm?) (cm?) (A mediur; of 10 L sea water in which
A 4 19.9 47.3 138.7 50gr of Nori-frond were cultured in
(medium) 6 30.9 82.5 167.0 day time only.)
for day Add: 0.01%NaNO; to each medum.
10 37.8 86.5 128.0 Change of water every other day.
_Ajust: pH at 8. 3.
4 32.5 68.5 110.8 (A similar medium to above but
B cultured in night time only.)
(medium ) 6 36.1 82.0 127.1
for night Treatment same as above.
10 38.5 76.0 97.4
Sea water only.
Control 0 46.5 87.0 88.5 Treatment same as above.

LEREYBEERKDREETH LIV TEL, Ao TALLEFEMET AR EER L
LOTREOLAEBEONIREEE. b, BE /Y A2NEL THEZE/ERZITHOE
12b OOPERAEERE Lk bOhd » &b RFBAT AR UEBHK TR LIRSS
DELE ST 3, ERGOMERAES MIC LRI NIEC OBED L ROIICAZHRAILT
1305, TOREN LD E bbb 3 ERRZEKFICRANTIUIEERZRIETR
BoTROEDEARTCENTEETHAD.

7V RIRBRRLERSBAKITON T ARICR— IR Mo RIEH A LLEE0
D&HT, BEEWREEEAINA/2HEKIOL i 2 V5 0gr 2 AN TR L 2 DR EFE
Ik 2 NERRE S HONBIRIEA /- & 2, Table 31 IK/R L7k S ic BXCTVEELT ORI
FOEROMENE L BEINBICERFOBRESHRBEE TH S, chitk-> TERSE
HESEBIC, B/ Y ERBELLEBATIREROA T CEREL OMLORED &
LU, Zhicfl- TREEAOSRAER I NCEFEYB LR DERINER LTI &
HTE, ZOXSWHRDOEKRT YV BRIFICEET 2 C S3ELHEKRE ., 2 LE
TR~ P EFEB S DI HEERTIZ 0.01% NaNO; 2 A B B ICBk 217> Tl 5 DT,
ELUERRARNE T 20T TOBBRAACE L 7 VRIERBAEBEFHED 5 C & NRH#E
30, ELHKER - THRRICEBIARENL S, CNLRVEZICEEBFRORZICS &
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Table 31. Variation of contents of the dissolved-O, and nitrate-N in the culture of Nori.
(cult. 50 gr Nori-frond per 10 L sea water)

. NO;-N
Dissolved- 3
Date Hour O, Quantity | Quantity Note
remained | consumed
(ce/L) (/L) (/L) .
Mar. 28 12-00 5.86 540 Fine weather

14-00 10.33 480 60 Irradiate: sunlight
16-00 9.01 370 110
18-00 10. 15 290 | 80
19-30 10. 05 250 40

7 29 11-30 5.58 180 | 70 Rain
13-30 5.78 160 20
15-30 5.68 140 20
17-30 5.58 110 20

7 30 10-30 3.38 85 35 Rain
13-00 3.51 85 0
15-00 4.66 85 0 Irradiate: 100 W electric light for 2 hrs.
17-00 5.20 75 10
19-00 5.92 70 S

31 11-30 5.01 70 0 Cloudy weather
13-30 6.43 70 0 Irradiate: 100 W electric light for 2 hrs.
15-30 7.53 | 60 10
17-30 8.61 | 55 5
19-30 | 8.27 55 0

| ! i

FLbhoEBbn b,

—iT ) 2 BKEFIAEKPICE S ET 2 L RRETH 508, LICEELX
SICHEHEYOERIC L IEESRTLEDETHRZORARMICEZ25DTHA . 21
TN T bIRIEDOTIREB TR ES 5 ¢ LRERTH 505, HESORZ ERAIOREHRES
DSOS % & 3D T) DiEh pH O LR « #i = Oy o Bihs X E R EETIRS
L EZ 2. HIbEEEBROBBIC X 5 ERKIC D KESPPRE < (12°C L) Yo
Mo TEENTE, BEEHENS XCHKEETICKRETOMBOAICE ST/ ) E5,6
AP FER IS TICHEET L2 LRBEA LLDOTH 20 GFCKOREBFH L&), X
THNITIBICHEEROREAEL LT3 2,3 B B EPEAR THNIEIERT 2 L3
1, FOEFE LTI2ZH~ 1 HitfT- 1Bk O EBROFER 2/~ Table 32 0 X
S5 B, WRNEREEESROBKEICL 72D T, HERLE L TTBIKZOEEOD
Lok, HAEMRICED pH 2 8.2 Ic#B L-bn L, 0.01% NaNO; iRl 72bD &
SEAIE L, FIORLUAED NaNOs IR & O IEFICHE  EE UIERIED & © 3L
WT B LB EPTED ZHEREARL TS, ARICHE L pH 2712 ICEIRIED b
ORESICpHS.6 £ TLD, ZhEOTFh2T &, NaNOs ZRML7z b DR3P PE
NTERT 3. COBELLPENZHHIZWAS ATV, BEHEOMIFITII DL S BN
KHEDHZEDTHAD. LFNICLTH ZOMOREIFES X LHEICT, EREDOH
I E DK DEANIZ VR CENTE 25D TH S, CORERRC (V) 8o “ER
FEOHERNER, OEBICEOLTHIFHLIECATHEH, BICCoREL—MH LT S
ENaNOs BIND D E WA ESHL L EEMMOTL 5. COXI B[P SEXLR—IE
KT &S OB —FHRRBEEFROMBRZICH I EEbN 5. Ml LT HiCiRs 1o ZBEY)
BEOBEDERE CNAEFIEET 3 bbb 5, LA LZDERICEAONE LI
R oN7eARSBNTIZ pH © LR SRS,
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Table 32. Growth of Nori-frond in culture medium without change of water.
(exp 20 Dec ~5 Jan)

Area of fronds
Treatment Before After Growth Note
culture | culture rate .
o o (cm?) (cm?) ’
a. Untreatment 48.0 64.0 33.3 Yellowish color deepened
b. Adjust pH 38.4 61.5 60.2 Color tone weakened
¢ A%iag}gi % 28.0 62.0 121.4 Color tone improved after 3~4 days

Varlatlon of the pH value durmg culture (measured at noon every day)

Date Dec. 2 23‘24 25126 |27 | 28 | 20 | 30| 31 [%an] 3‘
Exp. 21 1

p i1 4

a. 848485858@868484858ﬁ8ﬁ85868686
b. |8.2 8281 8283 83 83/8238.1 818282 8.1 81 8.2
¢ 8ﬁ7x78m0w4h383848A84858£868@86

B oIk & 2 ) OEBICEIZS pH OB s 0 BT, MEERICL
a&pHTO~15méo&%&ﬁﬂﬁTTwﬁUMM—&KKET%%./Uﬁﬁmﬁm
OFER PH © LA A & #ERERICIF LD T, —FlE LT 200cc oifikHicHE
ﬁlmmﬁC%w6&)@/U%#Hfa%fm%bt%Apr®%%m AR
Text-fig. 12 D@EY 72D, —KHT 8.6 I Kt 3~4 R THE B AN EICET B,

pH

20 [ Sunset

88
8.6
34
8.2
8.0

70 60 90 /20 180 290 300 340 420 min.

Time in hours

Text-fig. 12. Change of pH value of culture medium by solar radiation.
(Experiment began at 12-30 a. m., 18th March. Weather fine, Water temperature 22~17°C,
Area of Nori-fronds 160cm?, Quantity of sea water 200cc.)

KEICHLTIHKOpPHB O XS K ERT 2R VML ERDN 2 BE B A
FicEEIc ) 0RO & EIIT icw;ﬁ@%kﬁﬁofwgeémbf;w.@ﬁm
&% pH @ 5T ATKINSY 73 290k - Th BB SN T LB ULT, ###ic kv Tide pool
@@m@pHﬁﬁ%ﬁ®H%m%c;ofmuicmo cEW LT3, copH ok
ARgitshic v VHPEIC I 2006 d 2 EEZ 5N 50, TELERIE/ERC
Lo TREIMBEIN 2 EBbND, f>TED EAOES T ANOBIICE - T
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X1, ARIICKRICE > TR OEREZRTODTHS. TOBEMHEEM S, 1L i
KT Sgr @ /) A AN KRB L OKEBEEAZT, TOoBOTArn ) BEOEILET
Yo EBOKRART E Table33 OBD ThH-> T, OB LIEDERF L, cDE

Table 33. Variation of alkalinity of culture medium under irradiation of 100W electric lamp
and various water temperature.

Water Duration of Quantity of
temperature irradiation N/10 HCI consumed
' (°C)‘"» sy | (0 |
0
3

10 In dark room

b ket
“
\O

—
NO N
[=5)
[*9

Irradiated with electric light
and agitated once 15 minu-

64 ‘ tes

10

H
LYW
NN
N
=]

98 Irradiated with electric light
but did not agitate the me-
dium

NN = =
—_
w

—
(=)

—

NO AW

”

NI =
)
=

&
_
Rooaw

04

2.41
2.53

[SISH

”

20

—
N O ONW

2.32
2.48
2.63
2.72
1.97
2.12
2.18
2.22

V4

25

—

NOOW | NOAW

|
\
\
!
i
|
\

7

30

—

ESIT 5 TIRIEER E LT 100W BLT A FL 72 8 KNSR A2 12 356 O 2L 23 el i R 7L
THLHHIRAEBIC - LS, BHIPRY OFERICE D E 2V B BKIOEST VA Y HED
BRI —EICERIEL T Z0EBEEE LCETLIH D TH->T, BHMGELL (BT
72 cNOOEENSHITAE, /) OEBEERICE N TRETALAY D EF
Ik ZEEALERHKELLLDEEDLN S, / VERD S FUR—RNICb L OF
AT ELEDTH LMD, CHAEPRT ZATKROBRO—IHNBFET DL E L 511
7. BEICEAEOHEEAETTI20E LTROERESTL2E08TES, /) EHZ R
IR S AR SE LUKk ATTO b sfTbnb o, BibEH -2 HiE - 3 BB -
4 0% -5 BBICHIUKT 250 LEHKDObOD 6 BOBIEEZIZEC LeHED /Y OEER
JREEA I~ TH . COBEOKORENIHKETT S BEIT T, ZOMMORMICIRAREE K
EOEMEIC X 20 & IETEHRE O M I & I & - TRES OGO ICEREY
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DEHRDBITON TR 23D EEION S, OB EIICZD XS IREBTKIES <
MO 13 5 1BRFCIE—BEU EOBBRIRETH 2435, ROFMICRIERETEET S
HDT, BKZDEEIRUORRK AN BIETEK THEE LI lREIZ Table 34 k5 ic
Wole, THIE->THBE/ VEBRES>Th» & HFHEERHHICIIEKEDOEET2H

Table 34. Effect of change of the culture medium on the growth of Nori-fronds.
Exp. I. Sea water only (exp. 10~31, Jan., W.T. 10°C)

) “ Area of fronds
Change of medium II Before After Growth Note
e [’ culture cultur rate -

| m?) [ (emy) |
Every day ; 9.04 18.88 108.8 Color tone relatively good
Every other dey 7.96 | 16.16 . 103.0
Every 3rd day 6.56 | 11.04 ‘ 68.3 Color rather faded

i Color tone became worse since
Every 4th day i 6.76 9.92 } 46.7 the second change of water
Every 5th day ;1 7.12 9.96 | 39.9
No change ‘ 8.28 8.67 4.7 Almost decolorized, no vitality

Exp. II Eutrophic sea water (added 0. 1% completely decomposed faeces and urine).
(exp. 16, Feb. ~5, Mar., W.T.10:1°C)

) Area of fronds 1
Change of medium Before After | Growth | Note
- culture | culture | rate } o - o N
i (cm?) (cm?) | i o
Every day ! 40.5 : 95.4 " 138.0 | Color tone good
Every other day ‘ 42.2 i 104.3 ‘ 147.2
Every 3rd day L0252 620 | 146.0
Every 4th day | 19.2 42.7 ‘ 122.4 Color tone rather inferior
Every 5th day L0347 681 } 9.3
No change 1 37.1 1 31.9 ‘ -14.0 Pathological symptoms appeared

IT—ED#HK, KEFDZORICITEICEL 3 BIC—HO#KT, 2OKOBMICIIHEL T
BOUTHORUEESEELL, UL LCDOERTIR /Y A2 THBKIC X 38f% 3k 3
ROERILITABEIICLEDDTH- T, Wi« HEc L 3HBIRBAEREIATH
2R3 THE, WH-oTLDEIBRBTERETH->TH 4 HEOHKDOBE OLDO» S
PLOEER OB b Sbh D13, EXRELD pH o R ITEENTO ZEED ERIC
KBBEEN /Y DOEBLHOONTELDOTRE LA EHAT 2. chic LESKD b D
DEFZUSEBZ2HEEINZ DR, TTFREBFOLRENED, chic pH O LR « YD
EH - WMEMOEIE L OBESAITHCHIMINE D TRIBLNHEELS

BESMICE 2, RES OB 7 ) B2 DEBRETERT 220 O BA BRI
/) ORIRSRENCEM L THid T hid K &, ZBEMNE pHIK>LTiREN Sk 3 EEAD
DBERICHSONILANCETELNN B LD T TH 545, KOKENIC L 2EIRITZFTED
FEEDREKBEOLNEZHDTH A, ML THKICK ZE805 7 ) DEREICGE LISWLE
BT, TOHKFCEFTIRETDOS bOENLORDN /7 ) OEBR IR 2HWF &
BV ZDEBAHEETZEDEEZ SN B, MUNK 55 3 &2 E X [ecme1T1 d cm-E
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& wem Q@ plate SEZ, COMEMELIESE L, BEOHE KD S ggr/sec DS THRE
GFEWINT 256, TOHEKBHKEDS dgr/em® 2EF L, dCz->THENDIbDEL, £
DD NI K vem/sec ZERMICHEHLROXAEZ LT3,

v:(ﬁing— 7@7(@Lsﬁﬁﬁ®§ﬁ%%52w
s P2 k! k' BILEDOHERL, /KTIE 4.5 x 10-6)

Z ORI X NEFTEKRIZ KR OR R OB D ARICHHSIT 5 & DT, HI2 MK
DRDOEGED ly/LH S 0.5y/L it L3 &, ¢q/s=1071° gr/sec - cm?, > % d=4cm DO
OBEARE LIc8E 1ly/L (BB ¢=3. 1x1078 gr/cm®) Tt v=37cm/sec & 1535
0.59/L TiZ v=150cm/sec £722 LEHE LT3, HHHBRFICODHLTR ICET S
DEKFENFEET B EICEBEHDTH S, L L NIREBEAREMNICEZ, T0EEN
IO TOERAEL > TR L LEBORBESRIREL 3R bDLBbN S, 4
B EAZR LT NIEE S »HlE LT P32 % tracer & U TR LKROENICE -
THED /) BERADBIN AU HE ST 2002 & B1cdiT- 72 2 Bl OEEBRO AR T &
Text-fig. 13 DL STt 3. THICL>T H 3 EKFEDHE NS DIZEBHSHIC P32 DRIL

Experiment II

%: 70*

6.00

/“}/ x|ro*
4 Experiment I /
400 ,(

100

Quantity of P32 absorbed

[ 10 ) ) + + :
2 30cn / sec ° 10 20 30 =/ se
Velocity of current Velocity of current

Text-fig. 13. Effect of water current upon absorption of P32

A%, L L P RN (bR oEebo (B T 3 RKl, RBRIIT
12 2 B Tid AREL EFENSEL 18 B L FRACRINEDSHEEL 12 (EBRI TR
10 cm/sec £l b, Bk IT Tl 20cm/sec LU E). C OBARBHEHHEL 20 P32 D /Y FEK
ANDEMADHEETH > Td /U D PIRINEE A TR IS RE L FIC 13 FEHK 1srcd &
£:0h560T, BRELUEEOHBBITONTLREHDEEZL LS. BHREEOHEITKID
HHEE L & bR H > T, TR EHRODDEAEBBROESILOEESFARDE
BThrEELZONG, ((VI) HORBIC K 3 EEXREDHEORKEERTII Sem/sec &
30cm/sec & WsFh A EEBICHEENTII.D
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LIEKFED 7 VICHT 2EBHERBIC OO TEADABEI OEZEEIEC L, BT 5
WCKIERIZ 2 VT s A RES O Z BB LN B0 2 ZRoER Kk UiEKO pH
FROBBRARET I D TH> T, ERICREBEOIERRAMB L B> TITONRDE
R HDTIRISL EHER L.
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Table 35. An example of actual survey upon the change of velocity of water
current by an obstacle.

Observation position Observation part Velocity of current
‘ Bottom 27.1 (cm/sec)
A | 1 12.8
B, 20.6
Depth of water ca 2.5 m gi ;’%g
‘ Surface 30.6
| Bottom 24.2
B B, 11.7
B, 12.8
B 26.1
De X 3 | :
pth of water ca 2.0 m B, | 39.4
Surface \ 33.6
Sea surface
Ba

—_— _B‘_ B 3

Water current

Text-fig. 14. Parts of observation of water current near a Japanese medake-hibi.
(a bamboo stick for attachment of Nori-fronds)

WTH D, ffo T HEERICE L T YSEOREKICE T % Bk 15~30 cm/sec &
ZEHEL U TCHEOKBEERST T3 C IR TERL., EEORBITE LTI, Kifiosduk
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BEELBROELOABHEHELRY, 27cm/sec ILE > THiP A MHHSARERL T 5.
7P LCOEBRTREBOEREARSIMIEELY, 7 VEEES LEEKEEZELL
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Table 36. Growth of Nori-frond under stagnant water current.
Exp. I (streamed for 8 hrs., and stopped for 4 hrs.) (exp. 3~17, Feb., W. T. 12x1°C)

Area or fronds
Velocity of current Before Afier Growih
culture culture rate
(cm/sec) (cm2) (cmz?) ,
27 237.1 430.5 | 27.7
23.5 432.0 495.2 14.7
20 422.5 464.0 9.8
16.3 426.8 457.7 7.2
13 426.8 452.0 5.9
9.3 356.7 376.5 5.5

Exp. II (streamed for 6 hrs., and stopped for 6 hrs.)
Nori-fronds cultured in less than 15cm/sec water current are injured on the margin of frond into
a reticulum in 3~4 days. And after a week, color of the middle portion of fronds also fades and loses
entirely its vitality. Others maintain their vitality longer, but none continue 2 weeks’ life.

TR B ORENEBICE > TED, TEBRORB TRFREEDIHBENL D, i
KOFEEND Bk Lo E$ 4 BB b8 C&i3dH DERL, KED Bl HEIR
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NTHLBEESICEIICIBHHEOHET, —MICBEREZRBDLUTHBREBTRETIZ D
KEEZ O IEHEOERITNETH . TLHRCK2HKORBRTEL % &> TS VRS
NTH27z0, HFICX > TREUKEXNS T DHBRBZEDLOSTHEEL TR L bHDE
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B ICIR O THEKDWEIE L TREI S DIRABIETH » TRENSHEKESREIEE LS
ERTRERICHELZSOTR LM EZELIONS. BMIBICEZEITWIC—EORKIRERT 5
zEMTENE, /7 VRBEROL S B—EHFAOKNIKE L & bH > THLOHEKDORZERER
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3.
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Text-fig. 15. Site of experiment in Onomichi.

KEFRRLUTEZRTRROY, BROEHE « MXlTTORBIC X 3 b0 NEICHET 5
ERRZINEITH 5.

CUCBAFERABROFIAE LT, Ebp o BICH 1 THIAIFER D ML « /KIE - HoE - Fiek - K
B CREIRED 2ofE2HIET 5. chick-> THRBOERARIS D TH 305, HEEICK
R X DX PO « BS) - HEREMLG ERRICBET 2 ERERFTZ, cokH5H
BAETT- 14RO —E4A7RE3 Table 37 Jxzs Table 38 iIc/RI5EY Th 358, < OREM:
IZB W B B AHEAD S58cm/sec 1 &% L 20cm/sec Ll 274 B[4 1 ¥ GOI2RD 1o
6,7 BRIC BRI EAMD, TOHIHERKDHED KD HRERH & UTHNES 3
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/) AEERBRIIENE L 12 5 YR FERBRIBTRERFT TP UDFETFA U o 8564 20586 1
CBELE~ OFRBRELFEL, Thoo /) OEBRBABE L, HEREEIEL, 20K
MeERABMORMEE WERHT 260 TH 5. MILI2A18H EERBHI D 8 RO
Bk (9 2. 3m D744 6mm ncH b, C oFINT 6044 6cm FRKIC AR D) 2B
U, BHEMORBKRU C OO KSIEBLTH 5 C &2 HEE T 30 T/KBEICHY 3 RER
AT, AEFIREOBUEN OICHFRAZHIE U7k 58 (Table 39 ic—3AHIR) 1k 3 &,
ML LERRABHO DX VEBRA-> TRIFT, | Ak T TOMFRIN 28 L@
26D Thoic. FBHOBERAZE ULRICBLTRBCENTH . 2AHE» S EH
RO DIIPPHE L - TR S bDOndHSb hskiE 30cm FDd Dicit
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[Sixth observation]

Table 37. Oceangraphic observations at Onomichi experimental ground.

(obs. 2, Dec., by tide-table low water : time 5-40, height 0. 13m,
high water : time 13-15, height 3. 51m)

Time
" hr min.
1-30

2-00
3-00
4-00
5-00
9-00
9-30

10-00

10-30

11-00

11-30

21-00

12-45

13-25

14-00

14-10

14-30

15-00

| Height V\tlt';lrt:;)erature
) E§oN
o270 | B 130
TN -

180 | B 133

L1 | per 149
BN

010 | par 148

025 | Bar 147

0.65 | Bou 147

Lo | B 3
o130 | RIS
o g e
BTN L
oz | R 83
26 | jun 1o
o270 | Fa &S
2w | Pl
oz | P 183
Coass | S o2

Direction

Velocity
of current | of current Note
O (m/min)) |
170 18 ‘ Weather fine
250 25
NO§-Nfcontent
urface 22y /L
250 35 Below 2m 24y/L
250 48
260 45
70 42
70 40
70 48 Current strong at water route
70 58 (NO;-N content of first
observation (19, July) —13y/L)
70 57
70 55
70 52
70 48
75 50
NO;-N content
Surface 28y/L
80 45 Below 2m 28y /L
80 27 | Flood
|
80 17 !
85 11
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Table 38-1. Water temperature and specific gravity in winter at Onomichi experimental ground.
(Observation by Onomichi-branch of Naikai regional fisheries research laboratory,
mean of S yrs., observation position is X in Text-fig. 15)

Month } Decade W.T l Sp. gr.
| first 15.4 CO | 1.0236 (P15)

Dec. second 14.2 1.0236

last 13.4 1.0240

first 12.1 1.0240

Jan. second 11.2 1.0240

last 10.6 1.0240

| first 9.7 l 1.0238

Feb. second 9.8 1.0240

last 9.8 1.0242

first 10.2 1.0241

Mar. second 10.6 1.0242

last 11.3 1.0242

Table 38-2. Meteorological data of Onomichi experimental ground in winter.
(Observation by Matsunaga Meteorological Observatory, mean of 5 yrs.)

o . “Duration of Velocity of
71§'Ionth ! Decade !\ Air temp. solar radiation wind

; first 7.9 (O 6.3 (hrs) 1.8 (m/sec)
Dec. second 6.5 5.8 2.5
last 8.0 3.3 2.2
first ‘ 4.7 4.8 2.5
Jan. second 4.0 4.2 2.6
last ! 4.6 4.4 2.7
first 2.9 4.4 ‘ 2.6
Feb. second 4.0 3.0 ‘ 2.5
last 5.3 4.0 L 2.3
\ first 5.9 3.8 |22
Mar. second 7.8 7.1 \ 2.8
| last | 7.3 | 5.7 .29

Table 39. Crops of Nori at Onomichi experimental ground.
(Result of the growth experiment which shows the effect of sinking Nori-hibi into water in various depths.
Compare with those of Minoshima experimental ground (in Fukuyama Nori caltural ground) ).

. ‘ Date of harvest
ExP?;T::lltal Depth of sinking |
g ‘ 11, Jan. ‘ 29, Jan.
Surface ‘ 1,009 (er) 748 (87)
Onomichi Below 30 cm 983 1,028
Below 100 cm ﬁ 731 738
Minoshima Below 30 cm 715 720

Below 100 cm

Surface 695 832
568 672
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7V DEFIZEKENBBEEE LTEIN T 1080, EBHEKOYPRN THZELEMPEIR
DM AT DK &, BIBIEKOERE « Ol « G - pH <f#-E&WE L LTk
S THEHEELEING, T E7-20EERBHNOMRBEEEOTILONTH 210 ICK 5%
BHARx, hoficDBRBEERED 2 VI 2@UERAZHOPICTEC LB 7 VDR
WA GBRIICITY, BN LA R 2 LICRESERNTSH S, LrsIic/ VI3 HEMEE
DI T 2 ST BIFLT OB S D TH - T, HEIEIIGHEE LT HFER L3 O
D F/LAfrADDF B0 CAID IKHED BESIEFEOMEE o BROFMEME > TR
T-oTL2bDThH5D., DL BEBEERD S bilfkowms) BBk 2 Y #BilkE<o
MR EN E LTRETH D, HICHANEO 2 VG TRIET & TH 5 L2RD
CM D, Urd cOTEOBIIRICH A EFEN DT SN THRLDT, KFED /7 ) AEBICH
TN EHEARELEL D i3 ho 7. TOUMERITICM > Th, MMORBEERRITK
o A DD TERAIECIRTNEZO—EEMPELEZIGRE L E DR
A EOICHD, cnOOEHROEEAE LA LEss CAV) (V) @) Kits 7 VEF &
DBIRE A R R ERIVICEYE Uc, HI bR BRI I ME DK T & h (3¥id 20cm/sec
N A I &4 B3, R/ DL LEAICE 10cm/sec, D LEicid 30em/sec,  JKiRIC
BOTHETAEELS, RIFATEL EEFICILEABL T EEHSH I L2 (VD
(VID 235R). chiBESIC, KD/ Vicwd 3 EHR¥EESTD fildEELT56DTH
- T KON EFD LI L > TZORIZTHEBSEY, KEOBEICX > TREHEHO
AL 205 KKOWEICHENELE2EDTHAD. BIKKOBHRICODVLTHRET D
75503, BESMITIZKEOVER & L THED DM & EHRYOBRNEL SN 505, #HEOD
FE I O EE AT TOEE A C Lckid, KEFOMBZEE %L L, EEYOEEMRZ /
Y BN A O KT HE S N THRICIZEAF T <, H-> TREBMEICX 2 pHO ERIE
BTHLIDT, ZOHRITITEBIMGITET 213 EBOEKORENIE LS & OHEGmIC
L (UX) 3R, R HiEKEEHOEER » )V EBOMYNS FHEEMROREIFIC
BOTRAEFTOBEA L LOBARIC L, X156 0RBFHERICITHEY FO~OEMO K
L% L, RELNTIRED OMKOIZ »—FEORERIERIC X > THEFO ML TR
BARITICT 20D THAD EEL D, - TEZOHEELETOHE LI P OHLE URFERE
BR(IC I % T2 Tem/sec B, #%& TR T~25cm/sec FTE1g- 72 C(VD fakd. 2
B oLTHOBEAICEH, BIHCE L TIRGEREBRI EICHKORENC X 5 TEiIEM, H
Bifi KD TR « AERTS & DI~ O 2 BRI 2 ER 6 ROBERL, O
B LTAiZTE LZOMoBEEHD 2 )V ERTCHT 2 EEZHo L, Chick-
TR A S i U TRERIERAI R, S 2 ) OFHIZIIRICREIN TS LHIEE
nTorENTE Q) TR KBTS, B KEESNITEEKDIRA DS O KEDH
B UTHRIRTSH S EAEIT L (X)) &), 86 /Y OEBICE > TREDORAE
LMETH A, EREOBEMETRERIABMERE LS XORBHOHBO LiKd sbh
ZEALHIAE {, ZOBMER /) OEFREE « KiR - REEFL SMOEROEKHICEL>T
M WA A5, HLLEABICHETE 25AICE, ChoDFfEbhrbETE
BLBFEE S, CVHD FEd.
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BOICCNSHERBEEL T/ VEBCRIBLTLASREEZEOMOMEBOBZELE LD
ThoblLTHDBE Tabled0 0L H i3, i EROBREEFROBEEALEIKLT
RAI—DDRTH-> T, HHELEVMOEGRRTH 20 0FNNRBEREL L, TR
WEOELDICONTEEIN I~ HDTH 30, SEBEEZROEFICHET S /7 VAFR
ROZILEAIZ2—2>0ERE LTHITC Lo, EORTERIIS 2EEOHRBIC

Table 40. Mutual relations of favorable conditions in water temperature, light, nutritive source

and water current upon the growth of Nori.

Water temperature | Light!) | N-source?) | Water current3) Gl}g‘ggffiga;gs()f
Abundant | Weak Excellent l -®
Low Weak { Scarce Medium Excellent RO
(4~7°C) Stron { Abundant | Medium Excellent -®
g {| Scarce Medium~Strong | Rather sitff @
: Abundant ‘ Weak~Medium | Excellent ‘---©
Medium Weak { Scarce | Medium~Strong | Ordinary - (®
(7~10°C) Stron Abundant | Medium Ordinary NG}
g ] Scarce ‘ Strong Tends to fade
. Abundant Medium~Strong | Color tone rather good ' O
High Weak { Scarce Strong Color fades, and stift !...@
(10~13°C) Abundant | Strong Nearly declines 1
Stron,
| €| Scarce Declines [--@
Note : 1) Light— ‘stong’ means that of early spring; ‘weak’ that of winter.
2) N-source—— ‘abundant’ means the eutrophic condition ; ‘scarce’ that of the ordinary
open sea water.
3) Water current—— ‘strong’ means the velocity of ca 30 cm/sec; ‘medium’ ca 20 cm/sec;

‘weak’ ca 10 cm/sec.

B3, R ETHobIND) KiKHRDOREDNEZLHDLIITK - TKAFKIZHE
BT HNIERE SR GROBED), dLARBECE L (BoEE) tw ttxhbobE
S5ELEBDT, BIRESH-HBEAD / VDR T 34EBIREAGHAILTR L 7. #lz
i, W\AREBORKD /7 ) BHGOERERZRICRO®OT, FBRBICHEILEQERD 7 ) HBERT
5, HIRME O XS BEAKIE, XIIOT, BRCL@OREE BB AER LS L LE
BRBHORNL )V 2FET S, BB TRRICEBOEARINS, B LGEO T TR &
ROBAEBSERMCEE T 2L 51BN, OTFEOD LS BRETHIZVKEBEDE 12
2FT/ )VEBMAEMET T CENTEBHDENDD, URKRTIIIREDOREN S hoREE
MBHY, LROATHETZCERTEROLA—DOHAERLESLEDLEELS. LEHRE
FTHE, BECN S OBRBEOEILITIL LS 2 EEHEN & U TRBHBEOHBLE LBL
Thbd, THEEFRD /7 VEBIRRIZTHEORFTICOLTR, WANBTIR
KR s RES  KkwE=30:10:35:25
FELIR  =35:10:35:20
OEBEDILREZHRLE LT, REOEEEZMH L TEIOOTREHLNEES B,
FEBICHD, RFFLORITICOOTRIARAC A13 20884 712 % b - B L) 11125%
HEICHOK OB L, SEVERICEE L, HEGRE S B O IEHERERGE, HEE%57Eh-
TR RS L, W I 2o 120 e PR, INITATTEV SR TS B, % o EER
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AT RBRIC 725 X b o o I RER BT K B2 ARBR 5 B 00 Tk R A EQ O I Ve B R RE « 1
SERIKE 1 UMK A E OMRICHEEE T 5. 2 BEROIEIC DL TEEH
TRICEH D - 1 M EPE H S R, PilEXKOKERZEFE I - N EEBIE, RIbAF
FASEESHERZ, KO RS&EIKERRS/ MNEEZK, MILRKESBRSAERR, < o5l
Fxptc U 12 LRREFDOTT #iTbip DEEH 2T 5,

(AR D #41C & iR IC B % 3 & BT EO M ERIR O K IR 72 & % filiic
Lz EABHEL, BRESSNIETEEREM IO LIBMeLET.D

SUMMARY

The laver, Porphyra tenera, ‘nori’ in Japanese, is extensively cultivated in Japan,
where dried laver, prepared in the form of thin sheets, is beloved as a delicacy and
one of the most popular foods. In many coastal areas of the country, inhabitants earn
important part of their livelihood by engaging in the culture industry of this seaweed.
The laver farms are distributed along the Pacific coast, and generally located in bays
and inlets, but especially in the Seto Inland Sea, they are limited to the estuaries at
the mouths of rivers. The growth of laver is affected by such various environmental
factors as water temperature, salinity, nutrient contents of sea water, etc. The author
investigated into the reason why the laver farms in the Seto Inland Sea are located
exclusively in estuaries by comparing the hydrographic conditions of these farms with
those of the laver farms in Korea, in which country the laver farms are mostly located
in those inshore waters where no stream empties. It was recognized through this in-
vestigation that, in the Seto Inland Sea, the growth of laver is controlled by water cur-
rents no less than by water temperature and nutrient contents of water.

The author then studied the effect and the optimal range of each of the important
environmental factors by carrying out culture experiments mainly in the laboratory
and partly in the field. The results of these studies are summarized below.

(1) In the Seto Inland Sea, environmental conditions of the offshore waters are
unsuitable for the growth of laver, because water temperature is relatively high (about
10°C in the winter or the peak season of laver’s growth) as compared with the optimal
temperature range for this seaweed (i.e., 6-10°C), and because the concentrations of
nutrients in sea water are rather low and very changeable (Tables 1,3,4,5, and 6). In
contrast, in estuarine waters, water temperature drops in the winter, water is rich in
plant nutrients which are supplied by the river water, and moreover, water currents
of favorable velocities are developed (Tables 7,8, 9 and 10). It is in these waters that
laver farms are located. :

(2) When water temperature is high, growth of laver is greatly affected by water
current. Water currents transport nutrients to, and remove excreted metabolites from
laver fronds.

(3) In estuaries laver fronds are exposed to changing salinities. When laver fronds
are experimentally exposed to a sudden change of salinity, their growth is accelerated
if the time of exposure is very short (less than 15 min.), but retarded if exposure lasts
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longer (Table 12 and Text-fig. 3).

(4) It was found, through the transplanting experiments from the Seto Inland Sea
to Korea and between the localities in Korean waters, that laver is rather tolerant to
the changes of environmental conditions (Tables 13 and 14).

(5) The velocity of water current suitable for the growth of laver ranges from 15
to 30cm/sec, but the optimal velocity varies in relation to other environmental factors
as well as the condition of laver frond (Table 17) as indicated below.

(i) Optimal range of current velocity is narrow for young fronds, but becomes

wider for older fronds (Table 17). When fronds are growing thick, they require rapid

currents of velocities nearly 30 cm/sec (Tables 18 and 19).

(ii) 7 cm/sec is the most suitable current velocity for the spores to attach. After

attachment, however, growth is equally good within the velocity range from 7 to

25 cm/sec (Text-figs. 7 and 8).

(iii) Rapid water currents have ill effects upon the growth of laver frond at low sa-

linities; at the specific gravity (p;5) of 1.018, optimal velocity is 20cm/sec (Table 20).

(iv) Optimal current velocity for the growth of laver varies very markedly accord-

ing to the nutrient contents of sea water. It is about 20cm/sec in the ordinary sea

water, but greater velocities (nearly 30cm/sec) are required if the concentrations
of nutrients are lowered by diluting ordinary sea water with the NaCl solution of
the same salinity. If ordinary sea water is enriched by adding nitrates and phos-
phates, water flow of 15cm/sec is sufficient for the best growth of laver. In the sea
water enriched by adding ripe manure, laver fronds grow equally well over the vel-

ocity range from 5 to 20 cm/sec (Table 21).

(v) At favorable temperatures (below 10°C), the range of suitable current velocity

is wide (i. e., from 10 to 30cm/sec). When water temperature is relatively high (10~

14°C), especially when nutrients are not available in sufficient amounts, rather rapid
current (30cm/sec) is need. Laver fronds do not survive longer than 2 weeks at the

water temperatures over 16°C (Text-fig. 9).

(6) Growth of laver frond is affected also by light intensity. The growth increases
with the increase of light intensity up to 10,000 lux, although the rate of the increase
differs according to the light source (i.e., the spectrum of incident light). However, it
seems that there exists an upper limit of suitable light intensity. This is inferred from
the results of the growth experiment in which laver was cultured at different water
depths throughout the growing season: the growth was best near the surface in De-
cember and January, but the zone of best growth moved downwards as the sun light
became stronger with the further progress of the season (Tables 23, 24 and 25).

(7) The roles that water current plays in controlling the growth of laver are con-
sidered on the basis of the results of various experiments.

(i) As was shown in Section VII of the text and mentioned in summary (5) (iv),

water current of nearly 30cm/sec is necessary for the maximum growth of laver

frond if concentrations of plant nutrients are low in sea water, while a current only
5cm/sec is sufficient if the concentrations of nutrients are high. It seems therefore
that the lower limit of the current velocity that is necessary for the maximum growth
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of the frond depends on the nutrient contents of sea water. On the other hand, it
seems that there is an upper limit of current velocity which the laver frond can tol-
erate physiologically. Water currents faster than this limit do not have favorable
effect upon the growth of the frond (Text-figs. 12 and 13).
(ii) According to the results of the experiments in which laver fronds were cultured
in the medium which presumably contained the external metabolites of this seaweed
in excessive concentrations, it appears that the metabolic wastes of the laver, once
liberated into the sea water, do not have any harmful effect upon the growth of the
frond (Table 26). The culture medium employed in this experiment was the one in
which laver fronds had been cultured in high densities; after these fronds were re-
moved, the medium was enriched by adding nitrate and phosphate and used for the
experiment.
(iii) When laver fronds are cultured without renewing the culture medium, their
growth is retarded. The harmful effect of such a culture condition is ascribable to the
deficiency of plant nutrients, the rise of pH and the growth of bacteria and other
microorganisms, rather than to the accumulation of laver’s metabolic wastes. The
rise of pH, which is particularly remarkable (Text-fig. 11), is probably due chiefly
to the consumption of carbon dioxide as a result of photosynthesis rather than to
alkaline substances which laver fronds may excrete (Table 29).
(iv) It is concluded from the foregoing evidences that, from the viewpoint of the
growth of laver, the major function of the water current is to transport dissolved
plant nutrients to the fronds, that current velocities of 10~30cm/sec are needed for
this function to be fulfilled, and that water currents of such velocities automatically
accomplish such other beneficial functions as checking the rise of pH, removal of
metabolic wastes, etc.

(8) It was deduced from the foregoing results that in the Seto Inland Sea commer-
cial laver culture need not be limited to estuarine waters and that other parts of the
Sea can also be utilized as laver farms if there is suitable water current. In order to
test the validity of this idea, laver culture was conducted on an experimental scale in
the Onomichi Suidd (Text-fig. 15) where the inflow of fresh water is very limited and
commercial laver culture had never been attempted. According to our preliminary
survey, the meteorological and hydrographic conditions of this strait did not appear
unsuitable for the growth of laver. The results of this experimental culture indicated,
as expected, that laver can be cultured commercially in this strait (Table 39).

(9) The over-all results of the present study are presented in a condensed form in
Table 40. This table shows how the variations in the four important environmental
factors (i.e., water temperature, dissolved nutrients, illumination and water current)
affect such qualities of the laver frond as color, luster, toughness, flavor, etc. In ad-
dition, the relative importances of these four environmental factors are evaluated from
the viewpoint of the growth of laver fronds, and the result is expressed in the form of
the ratio as below:

water temperature : illumination : dissolved nutrients : water current
=30:10:35:25 or 35:10:35:20
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It is hoped that this ratio, although it is a crude approximation, will serve as a guide
when one tries to select sites suitable for laver culture.
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