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Abstract

Discoloration of nori, Porphyra yezoensis. is a terrible economic problem for the fisheries. One of the reasons for the discoloration
of nori is suggested the decreasing concentrations of nutrients, nitrogen and phosphorus. The red tide by some diatom, rainfall,
and so on cause the bad balance of water quality. Recently, it was showed that iron is important for the color maintenance of nori.
Sea desertification, isoyake, can be seen in some Japanese coastlines. It is suggested that one of the reasons for this phenomenon
is the decreasing concentrations of nutrients and iron, Against this backdrop, the fertilizer has been produced using steel-making
slag and humus soil, which can stably supply iron and some nutrients. We have demonstrated the effect of the fertilizer on algal
growth in Japan. In this study, we studied the effect of the fertilizer to the growth of nori by the mesocosm experiment. Both
of experimental tanks for the mesocosm were set up nori-meshes, and 60 kg fertilizer in one side, while the other tank was no
fertilizer as a control. We surveyed the concentration of nutrients and trace metals, and the growth of nori. As a result, in the
fertilizer containig tank the concentration of nitrogen, phosphorus and iron were raised, in brief the nutrients and iron eluted
from the fertilizer. And only in the fertilizer containig tank, nori grew up over 10 cm in length. On the other hand, we could not
identify the growth of nori by visual observation in the control tank, fertilizer not containing tank.
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1. LI KEBRORBEHBEL, KHOMBRENLT—F Lo
JVoEELBSIE, ERIABRTREENLI IR LEBEETREATELF—2EHRTELII LD
ZoTwh, FEEFSKBEBUCREE L BHEM Lok o, KERBEVRRIZTEY~NOBEL AL AFEH LR
&Y, MEBEOEFEZERTS. /) OOAENFBRIT  WEANVO»H S MG, 2006; M5, 2007). &
HFEEE LT, HEKRMY (Chaetoceros R° Eucampia) D5 WFECix, EBAR2HERY, —FICTR T 7 RIERH
Hi2k s ) FBEEHTCORELRREE (BK, V)0 ERALLERREL, b)—HRIRA I 7REEHMZ
BETREMAICIAEMETRENEZORTHA (BER  MAL2VHBREE LA 3561, A5 7REEH»S
& 2009; A & 2005; W1 - 3 2004; HH: S 2008). DEREZORREWOIICT B0, EHKDODT
FEOIZ, EREAT/ VOEELEHIL, A¥%d  HLTELAMERCEBREEBL . AERIHA
REOKERBEFUNEL-L A, PR LAERES L7z AV aZLNKE, Bk ECERBE L WMCEET
OFBUC L > TR T HRHEARBESRLD, /7 )0R ETVEH TS0, TEEKELEAHIEL Y
TR ICIE, 8%, )V USHCHRLEETHL LR F—REBEL X BHKEREL Y ¥ —DABTHK
L L7z (A S 2010). iR, pHF— % L olkEEiTo/. F£72, KEIC2WT
$7-, BEBBOEE, VY, ROBEKTIE, #Bo  &, TREEXEREUELY ¥ -AROREBERIPI
HRAR, ThabbLBETIO—ZERELTELON OBFE, VVBELRBELL.
Tv % (Matsunaga er al. 1994, 1999). FEH LI, %5
g e L CRBMELAE L -ieiF R RE RS 7L, BRK 2. RRBRAX
MFy T RBESETRELATEBRE GoxL— AEBIE, EBKY (R IRl mxBIT5mxiEE 16
y— L AWHBESE) BELAEM (BT, A m, FRP ) BX UKW (P 2 mx B2 mx i
S RN ORBEET-TwE, 25 7RIEMEH X 17m, FRPR) 2542 A2y a3 X AkH2H8 ((ER
o, BF, U, HoRrBHIRTEY, Bl AKH+EARR) x2) 2T SEHBRBI I 2L - -
A2, biFEZ2RI U ELA2EN20 rBrOEBRTO fii (BLF, AV 3 RAKE) ATITo 7 (Fig 1). 2009
EBIS, WREFEFESh>2OH 5 (Yamamoto eral. 108 6 HIZEBAN, HARICEH10 m® ORFED
2010). L2L, ChITOEHBRERTIE /) O%K EpkE5I & ANT, FOKHIE, T-N;12mg/L, T
PRHICLAC LIRS, JVOEFICAT SRMIEH  -P;007 mg/L, Si;0.75 mg/L, Fe;50ug/L £%-T
PHRNTHLIP LI PIITRPL T ETHS. By, @8%, ) VBEIKERKEE RBEAN BE
ZFIT, AWMETIE, /JVOEFTICHTHEAI /R KEREBEREHRS 2005) TEDHS/ VEEICETHE
R OB ZRET 27D KBAMGBRM (A VX #ELEBASTEY, A7 7RBEHICLZHBOZ)E
LAY T/ OFHERETo7. AVIRLE, KB REZHFICITARVEHLY. 20700, EBRKE
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Fig. 1

The outside of the mesocosm plant (left) and the
experimental tanks (right ).

ErakA E oo Q26 REY, 806 m, i
1.2 m) THSMWE 2 T, L H A Tl i
AL TR T 5 > 7 b 2 Rt 2 S 47,
ZO#E, AT 7ML AR (20094F 11 H i)
DOHGTENBE DAL, MBS 03 mg/L, )
YEETEY) AN 003 me/L S S TE D (THELK
EEGU%E L ~ ¥ — hitp//www.pref.chibalgjp/lab-
suisan/suisan/kaikyoujouhou/index.html), % & X T
[0 > TW7zA%, U 3 ICHIE S o 7o, SUZML
TIEM17 HHTO5 ug/L A LTHBY, 2fkmd
SF WM S vy Dk AR OEUIREL S
Motz =N, rAFEICO2VTIE, - 063 mg/L &K
WA L7z (Table 1), F7=, 738K % 4
HEREIESI 3013 005~ 0.1 mg/L, Y XEEEY >3 0007 ~
0.014 mg/L Toh D7 (FhHZEA  H ARSI
2005), AGEERIZ BT D FERB LG (R A) i
OHEKIE, ) DEFICE > TRELERERAL XS
ViAo 7z

I
=

Table 1 The seawater conditions of the just beginning ol the
experiment in the mesocosm experimental tank.
NH:-N NO,-N NO;-N PO.,-P Si Fe
, [mg/l] [mg/L] [mg/L] [mg/L] [mg/L] [ug/L]
Fertilizer
. 0.01 <0.01 007 0.05 0.12 4.5
addition tank
Fertilizer not
<0.01 <0.01 <0.01 0.05 0.16 4.6

addition tank

ARG & ANTH 6 32HH#O 2009411 117 Lz 2
Widh 2 EERAMI DD B, —JIZDH 60 kg AT & F I
MafrA Lz, ZOHZEBEREHE Lz, Shifiv:
A5 7R, BEEECLREE LR A S v
40 kg (KEfE0~ 25 mm) \ZBEAM F v T2 JgRE S ¢ Tl
L ALK 120 kg #iREEHLEL-LDOT, 12 kg
FTOFA O YREOAy L2 BIIANT(12 kg x54%),
KM OEISILRE L (B . &5 — o FEEARMIZ
I, AF 7 RMNH % iz - 7z (RHEX)

2 O R A S, WaiEE s 2 )M
S EEAAS I D AT L (70 em, 163 100 cm
L), /)% GOi BRI LECE o/ L, T
OHTFE2EEET T 2 X9 CABOED?S 80 ecm D5 2
R L7 ShuE, ZUHICHS T 2RO EL
FHREEOEMEPNALOTH S (Fig. 2). 05~1.0
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Nori net

Fertilizer

The diagram of the mesh of nori, the fertilizer and the
wave generator in the experimental tank.

Fig. 2

[ F D&Y &K OWH ] 12X o TR K%
AL F7, 20 BAROLEFERE (R LR
BhET, BT OB GEE) 177,

AAEIZIE, S REET SRR (SR, AR, pH) ZREE L,
WHEIM UL L7z, F72, S Lo 2
PHIFEREMIMFILL, 1ym = bOtro— 2% 2
TG UATEN Ty s I oTABLELO
LT OHHI M LAz, MRS S (NH-N, NO,-N,
NO,-N), U i) > (PO~P) i, F—bF7F 54
H—(TF 7 h—~3 B TRAACS2000), 4 4 #, &
X ICP ZE 6o i (RS- ICPE-9000) T 48
L7z, 582 L TiE, 045 um D7 4 L% —Th
#BL, bR AZN o, fEEE LT
71 — 2 N— ATV, ICP-MS THHF L7z (A4S
20107,

F7z, AT VAR ASERNC B E 5 kh A oG,
) ORERERGNT L7200 Ch {, KEAIER T 5T
WREONW T T 7 b0 s 007 4 0b ailtlE (g
/LI ELTIELZ. 2aa 7 1 b aillsEix% k105
ARHOEIEEER (bbe #1%, Algae Online Analyzer) % Ji]
s AR IE, 6 fED i (370, 450, 525,
570, 590, 610 nm) % ¥ > 7V ZHES L, 680 nm @i
HIEEHINT D, SOEEDART FLsiy — 2
S, by TN Oi TS o b wigE, IR (O
R, TN, MEEERR), 78 (F vk, K
OiE), 707 MEO AR T B ERTE S,

3. BRLEE
31 A VIORLKFERHROERIRE (KR, pH, %9
T30 k)

FEZK DT & AAUIE (20094E 10 H 6 B) 7 5 G2B#% 11
FTOEBRKOKBMDOE(L%E Fig. 31205 L7z, 925X
EAFME TR, WA AT L LA, ik E T &
ANTH S 51 H 20094 10 11 H iRt 223 C
ZRoEE Lo, SIS A T LTV E, A
F 7 BN ofE Ao 1115 HIZ1E, 17T &
b, VRS LK ETET L Twi, 958
FEWMO2ACEI0CE2THA2HLEAZ, 2HI9H 121
Iefkiiad C &itsk L7z, SR i o ot arilah
ORRERBTLSE, IIHTH20T, 2HT11~12T
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pH &, #hhdem L, FEERIK D L OV IR IE (24 8.3
TS L7z (Fig 4). HEUEMNE O pH & T- R L&
HfEE 7 =V LTH Y, pHE1~83(20094E 11
H~20104:2H) THHZ ML, A3 ALK
W L FIFERETH DL Z D h b, AT ALK
2 o Fe AR 2B o R, pH O 2T E LG T d
O, i BEEE A LT & 7o & T L7z,

Mo T Z v 7 by (s na 7 4 ba) D
e Fig 512 L7z, kD & AdLh 6 A5 7R R

TIRATHECOMNLH ARG, 2B, WML
lug/LCHERL, 7007 4 b annZBlidizs AL
Addition of

30 1

60kg fertilizer

A v

20

V) OHEFIZT A AT 7 RN o &) IR R

SNhdhoi. Lal, A7 7 REHEHEATSE,
FERX T LIBT3 L, 29 7R
SO OMEIc L abo s gz o/ o
XTI, 7907 1 a itO2ELIEH3 5 H oI
WMAMLTIEEA LN Ad T Fo, EHEB
LFORIBX T, N LTS > o b > oREIIY
B EG A A G, GHIRECCE, JEBRIN R A LT
Z WAL LCwieds, UK TR A T 7R
AR EESRT, 7 ) 7 P BRI L Tunde, SRR
TUER R RE AT WA R LT L 285810 2o G548 O
A A S A IR A T B Z BTSN T
WA 2 e A5 (Maita and Odate 1988), Kz & - T
BT Lo wEBIC A kL B2 n b,

Addition of
30kg fertilizer

I
W‘WMWMMW
0 T U T T T T T
2009/10/06 2009/10/26 2009/11/15 2009/12/05 2009/12/25 2010/01/14 2010/02/03 2010/02/23

Fig. 3 Water temperatures of the fertilizer addition tank from 6, Oct.. 2009 to 26, Feb., 2010.
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IFig. 4

Fertilizer addition tank

Chiorophyll a [pg/L]

o

2009/10/08 2009/10/28 2009/11/17

Fertilizer not addition tank

!
J‘

o <
2009/10/08

4

3
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Chlorophyll a [ng/L]

1

2009/10/28 2009/11/17

Fig. 5
not containing tank) from 6, Oct., 2009 to 26, Feb.. 2010,

2009/12/07

2009/12/07

pH (blue, fertilizer containing tank: red, fertilizer not containing tank) from 6, Oct, 2009 to 26, Feb., 2010.

i Green “ Diatom W Bluegr.

Addition of
30kg fertilizer
v

H Crypt.

 \“hnﬂl“;;

2009/12/27 2010/01/16 2010/02/05 2010/02/25

" Green ¥ Diatom M Bluegr.

B Crypt.

2009/12/27 2010/01/16

Date

2010/02/05

2010/02/25

The time course changes of the chlorophyll ¢ concentration (upper one, fertilizer containing tank: bottom one, fertilizer
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3.2 XYVIARLAOKEOEI

/) BREROERWM P (2009411 A ~ 201042
B) DEBXBLUWRROSE (ERESE), V> ()
VEREY V), A #, BT 5IEEL{LE Fig 6~
9Tl 7.

ERESERE, EEHEA>S 150 B (20094124
2H) FCBEDO LAMYERZINT: (Fig. 6). Z0#iX
WAL, 20004612H24H (37THH) ICIXBRHERAUT
ETCICho7:, T/ JVEBOLERZRESESD
121757230 kg OBIE (20104E 1 A 8 BEHE) D% LiIRE
DERRRON o/, ThiE, 7 )EMAES LUK
FOMWT T 7 b 2L BBEORIEATELH H &
OBENREEA -2 THE LHBEINL. —F,
B2 ANRTORWHBRE T, FERREG»S#E, 2
FBEIRBBRUT CHEB LTV,

Y UBEEEY VIS TIE, ERRICBWTERME
AR 7FRBMEHHEAH) 26 20H B (200941287

0.3 1
=@=—Fertilizer addition tank
0.25 -

0.2 1

0.15 ¢

H) # Cl2EA L7 (+006 mg/L, Fig. 7). #D%,
BIBE TIZ009 mg/L LM L7=AY, EigkELBL
THBETHo 72 BILHIE, MM ER L7 (+002
mg/L). MMXTiE, FEERWIMHH 100 B TR ICH
L7 (-003mg/L).

AT T RBEBMOFAIL > THEBEREAL, K
BEFAED S/ )ERMICHF% LAV (01 meg/L) ¥
o, BRBLAZEHIC, Y VidR T 7 RIGEM A
R A & IR 1L L # 48 (0014 mg/L) Bl ETh - 7 (Eil)
4005 mg/L). 7V EHIZBWTEHMED /) & IUGE
TEBHITE, BRKONPHRIZT~INHEHEE ShTW
5 (HEHEAN AFRKEZHRREHRS 2005). RER
T, HEEHEAIOB BOMETN/PIZ29, 20H
BiZik 15 30HBICIX07 &40, 7 UOEEIZITE
WY UHREBETHY, EREHEDBIILNLT,
DOBEITHE - 72,

FAFCHLTE, EBRRIZBVWTERME»S

=i Fertilizer not addition tank

Inorganitrogen [mg/L]

0.1 1

Addition of
30kg fertilizer

0.05 -

2009/11/17 2009/12/7

2009/12/27

1

]

]
v

2010/1/16 2010/2/5
Date

Fig. 6 The time course changes of inorganic nitrogen concentration.

0.14 =@ Fertilizer addition tank

0.12 == Fertilizer not addition tank

Addition of
30kg fertilizer

0.1 1

0.08 1

0.06 1

Phosphorus [mg/L]

0.04 1

0.02 1

0

T
|
!

\4

2009/11/17 2009/12/7 2009/12/27 2010/1/16 2010/2/5

Date

Fig. 7 The time course changes of phosphorus concentration.
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10 H K8 (20094611 B27H) ¥ CHRIEHNH £ 5 72 (012
mg/L — 052 mg/L, Fig. 8). ZD#%, BIEERE T
WA L (005 mg/L), 20104FE 1 H 8 H o8B LA i3 44
MICHBEN LR L. 5y A RISHT S ) ORI
LTHRBIEEALERVA, RERIZBIT LT 4 EOR
i, A5 TR OHE A & o TEEEAHAL 7= 2
Edod, BHEZELHELRHW TSI 2 P IS
HBINMKREWEEZONS, NBXTE, EBREGHS
REORLER SN, ZOHDERETHER L.

SRICI LT, EREIZBWTHIEHDIXATSEY S
SBiciRES LR L (20094E11 A30H 13HH, +81
ug/L), Z0HLBRH» % LRGN T 2010451 H8H
(58 HHE) 213 ug/L £ %572 (Fig. 9). BIEicL-T
BEIEsSHICERAL, 20104E2A5H (80HH) Tl
22 ug/L ¢, AREBIMEMH L A-JEilEK (20094E10H 6
H, &bk IRk OMWIREE (50 ug/L) @ AR5
Lemot, T, EBRIMMAEL T, WERBERT

IV OEFIINT B AT 7 REEEM ORREIETR

BROW G oL ENS, RERTIIR T 7 RIEIEH
ot ahBoEdHo LGN —F, HE
KT, EERIMMZL TR, BPrREIHEITSH
D, BEIIMCIRIED 12 pg/L FTETFT LT (F
ERBRNERF 4.6 ug/L).
SEDAYVIRLERIZE T, AT 7 REEN»S
OFJEH (BHE, VY, r4#, B oBbFEEE L
T, 0HHHEETIEEROBUFRI D ZEXFHLH
Yhot, Thid, BERZLLEHETLY Y, ¥14#,
gz oV TR OISR S h .

33 JUDEH

EERMMEE GERHIRAH) 76 16 A B (2009412 A
SHY ICERK S & UM KIZHB VTR 100 4 m Kid
D) )REEBREL, BIFLHALL. CORLATER
REMBEIZBITEZ2REORNIZIZEAE o7 L
ML, BhoaRiE, EREXTRERPHLHRT, BET
HHZEDNHENTH o 72h, FEX TIEEREI M

0.6 - ~=r=Fertilizer not addition tank
0.5 —@— Fertilizer addition tank
0.4 1
% 03 1 Addition of
'f".‘ | 30kg fertilizer
w
T
. ]
0.2 '
v
0.1 1
2009/11/17 2009/12/7 2009/12/27 2010/1/16 2010/2/5
Date
Fig. 8 The time course changes of silicate concentration.
25 Addition of
30kg fertilizer
20 A
— 15 4
E
‘s
“ 10 4
=@ Fertilizer addition tank
57 =g~ Fertilizer not addition tank
0 r v T T
2009/11/17 2009/12/7 2009/12/27 2010/1/16 2010/2/5
Date

Fig. 9 The time course changes of iron concentration.
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WHEEAR T, HEERIXK L R L TR £, ik e
FALANEH LT B L EZ 5N (Fig 10). 14+ H#%
WA D L H AT T T h SR sty
L, HEEHEFE LD E LSO S H - TR
7272, FEALER (- REEREE ryo—4r 05%, 5
) EAT- 7o GIBRIXCLE, RRALENC X A fko i
FEALEROGNG o720 fEX Tl L2z ikds
ZWHN, 2omLHHEKIIBVWTHHRTESIZED
WRTIERT A Z LI TE R D 1.

48 H H (2010481 H4 1) 121k, FEERIX o Az 5w
T/ VEENHUTELIEEEOHELL (FRE1~25
cm). GBI {£® 200041 H 14 H (58 H H) 121X 35~
85 cm, 65 HIZ#10 cm & % - 7=, BRI HTI2 1,
RO BE LD H - 72h, B, (ol G
iz, L L, £0f, FEEROREISEGIFONEG L 2.
WEACD BT T ORERA S, U ¥ B & 40 7 i)
HAERE S LTV T, IERES LI S I REL
Tzl b, RERICHEITE ) OEELIEEEK
ZIZEByoEEZONSE. TRETOBRERIZE S
TAT 7RO ORHEB L0 »OEIE, Tl
WEBN, A%, SHIEPREMEAT Sk THL S
ERGA o TWD (77— 7 BiGi0) . AULBETIE, fizhi
FREMA T 7 LT ORSH A 21 (kL) T
Holllhs, Gk, AV I RALKNT )R ELT
AMEITIE, BRI AR L, SR o & ik S ¢
BIEIZE-T, AFTRMEMALY S JIZH# LS
DIZH B EMFTE L.

FEEHLGAS 730 H (2010FE2H 8 H) (12— %A )
WoTHAL, Zhiciiowt, 20 #ekoilfh:
EEELL/2L2AH 036 g TH-oiz. We /) (20 cm % 20
cm) DG, 1H3 g, GAEFII0% THLZ b,
EEEXIZBWTILHETE 72 2 )13, §2 /) #93045512
M35 2 s, 3168 /m° & -7, RS
I SER A ALG A 4 (www.zennorior.jp/index.html)

TAMT S 1 m M7 odbi 2 ) Btk e+ 2 &,

Addition of 30 kg fertilizer |

AT IS8 B CERE 174E)E) €, S V#1205
oW 2479 Z L, 10, 1HdHh2z ) ol T
&, 3L6M/m® &Y, ARYIERIC T AR & 12T
BIETHLI LD Gh o,

AWIEICHE VT, AV ITAAKMEF VT,
Mg e ANRZ BT L4,

#1345 H
JN)OEKEETLIE

AT &Iz ST, AT 7 RMEH I £ S~ 5
¥ b yOWRIAHRE S Lol 2 iRk

MLZdh 0, HXEATGICH S TwizZ &, vt
SN X o TR WIZH o722k, LT, /)
BROEFINE, BIUOBICAEDEERET-/22
LAY KT T 27 b2k OSEEEIOETGE SIS
LI ELRL, 2B AT TELEEITH S &
Wbhb, S, FEiEw-~oil 4 HET 200, A
JED L NI E AT O TR O BHEAR & B
TRz, 2 DS L R B IIICE
LThillZir9 2 & C, Nl CoOHB=ERTALZ &
DEIRITHA . FRIZ LT, /Y #EREH O
DEWH & % D Eucampia % Rhizosolenia 7z ¥ 03 K
HELoXBEOMNHEAZHIAZ LA TEL LY
AAH. N, MEEKTIERESE )y, ¥4 E, Bk
TIRIETH D12 hb o, KMNOR 75 >~ 2
bR B I Ed o, S, REO5HTE
KL FIAELA T T h AEE kit 75 » 7 b v hvkiy
LTW/72rcd <, 2B oA N T L 7o Rt
W77 27 b OO GIRCLD Y — v F =i =i
CoTwibiEgETE S,

GtalE, ARPNCEGS Lo 7T v o b v R ERY
MR S 2 EC, AV A2 RNRPI O K EE, i
W75 s b P WHEICIIET AT 7 RN S 0%
WA BT TR R BEMICTHMT s L 2% 2T
Wh, SR T, /) ERBI I BT ARG 2 il
MHEZRET B2 T, ILINEROREIZ T
TN OB A E RISl A Lo RIFTw
= 37 el

I Fertilizeradditiontank I

lcm Iemil_h_ I -

-3
N/

3 C Color-recovery
by the addition of fertlizer

\/
¥\

Fertilizernot addition tank ‘

Fig. 10 The time course changes of the growth of nori (upper one, containing fertilizer tank; bottom one, not containing fertilizer tank).
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AWFE T, EIRROBBEE BUR T & 5 KEUKH R
(AV I RALKM) T OWNERET-/2. 28D 5D
EBAKMIZ—H & A9 7R UIIMH 2 A L-EBKX, b
5 —HE RS FREEMEZANBHBXEL, RO
HARDOKEE, 7V OEFRBIZOWTHELL, £
DR, AT 7 RBEHEAZOERKIZBWTI0H
HETICEE, V>, ¥1%, SoBbrERX THZ
L7, MEXTIE, S#ERSERIIRL,MIEI L.
FERMIA16 B RICER 100 um KD /Y kT KB
X, SBEXCHERALL. SHHE»LERE T ) K
BrHB (EEL1~25cm) TEL X ho72h, X
BMETREMTEZFLOWEOERIZAOh b
oo 4, EBRRICBIANMTI PR, AT
IR OEAL L UEIRIC L > THIHIL, A5 7%
RBH O 7T 7 b Ik MRS HR LN
2. LaL, VVoAEFE MBI L3R, AF7F
IR & DRBEH (BHE, V>, ) oftiHiE, /
Y OAEFIRECHRHTHLI LIRS hE LT
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