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The laver farming in one of the most important fishing industries in Ise Bay. However, recently the
production has been seriously affected by the disease outbreaks and other physiological damages. In
particular, the laver farming is severely damaged by red rot disease induced by Pvthium porphyrae and
discoloration induced by lack of nutrients every year. The purpose of this study is to investigate the
cause of development of red rot disease and discoloration disorder in order to impart stability to laver
farming in Mie Prefecture and to suggest strategies to prevent their occurrences.

At first, sea conditions were compared and analyzed against the disease and the disorder using a geo-
graphical information system (GIS) in order to find relationships between them. For this purpose,
monthly average sea conditions which were determined using ecological data during the period of the
laver farming of the past twenty vears and outbreak of serious red rot disease and discoloration dur-
ing the same period were analyzed using GIS. It was found that the potential dangerous time and area
of red rot disease and discoloration could be roughly estimated by GIS analysis.

Secondary, infection by zoospores released into seawater from zoosporangium is one of the important
factors associated with the spread of disease. However, no data on the density of the zoospores in
seawater was available and the zoospore concentration in the laver culture farm at the time of disease
outbreak was not known. Therefore, in the present study, production of the specific monoclonal anti-
body recognizing only the disease germ P. porphyrae was tried, and the method to measure the zoo-
spore concentration in the seawater was developed.

Consequently, the cell fusion between the spleen cells which were immune to the red rot causative
pathogen and mouse myeloma cell was performed, and a highly specific monoclonal antibody product
cell which reacted only to the red rot causative pathogen was successfully produced. Furthermore, the
detection method of the causative pathogen in the seawater using this antibody was established, and as
a result it was possible to observe the increase and decrease in the causative pathogen population in the
laver culture farm. This method could detect the causative pathogen beforel2 days, to compared with
the first time naked eve visibility of the disease. Furthermore, when the density of zoospores of the
causative pathogen in seawater was between 10°-10" cells per liter, it became clear that the risk of the

red rot disease was high. As a result, the possibility of forecasting of this disease was shown.
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The abundance of zoospores of the red rot disease is usually high at the time of the disease outbreak
and when virulence is prominent, it may not be possible to control the disease by employing a usual
acidity solution treatment. However, considering the negative impact on environment and ecosystem or
bivalves, the acid treatment without restriction is not desirable. Therefore, when the virulence of the
red rot disease was prominent, the effective disease control technique that did not increase the fre-
quency of the acid treatment was examined. When conditions in which disease might spread were pre-
sent, the laver nets were first immersed for 5 minutes in acidic seawater (pH 2.0) after harvest, and
then after 4 days re-immersed for 5 minutes in sea water of 20% salinity. Consequently, such a treat-
ment could control the disease without causing any significant reduction in the growth of larva.
Furthermore, the increase in the amount of harvest of laver by this technique was evaluated in the
laboratory experiment. It was observed that at 15T (ca. water temperature of autumn), combination
of both acidified seawater and high salinity seawater (20%salt) was the most effective treatment yield-
ing a 1.5 fold increase in the harvest relative to when only acidified seawater treatment was employed.

Next, in order to study the cause of discoloration of laver by the laver in Ise Bay, the Cluster analy-
sis and the principal components analysis were performed using NO:-N, NH,-N, PO.-P concentration
and specific gravity of the 17 culture farms. Subsequently, the source of supply of nutrients in culture
farms were estimated by analyzing the surface and bottom layer seawater using GIS, and respective
ambient concentrations of NO;-N, NH,-N, PO,-P in the pore water. Based on these parameters, the
laver farms of Mie Prefecture were divided into two big groups, one which does not receive great sup-
ply of the nutrients (subsequently referred as coastal tvpe) and the other group which receives great
supply of the nutrients from river water (subsequently referred as estuarine type), eg. Kuwana and
Matsusaka. Furthermore, the coastal type was divided into two sub-groups, one where supply of the
nutrient from the bottom was high, and the other where such supply was low. It was thought as a
result of analysis that supply of the nutrients from the bottom was not due to the upwelling but
mostly caused by stormy weather. The laver farms in Ise Bay, are more susceptible to occurrence of
discoloration if dissolved inorganic nitrogen (DIN) concentration fell below 60, g/L. It was Nansei and
Toba areas where DIN quite often fell below 604 g/L and frequency such occurrences was 30% or more
compared to that of other regions of Ise Bay. Such a conclusion was also indicated by the prinecipal
component analysis. It was suggested that danger of discoloration in laver farms located in these areas
was high.

Further experiments were conducted to examine for the color tone recovery of discolored laver. First
of all, the method for evaluating the grade of discoloration of raw laver using color difference meter
was examined, and the speeds of reduction and recovery of color tone at two difference temperatures
(8°C, 15C) were measured. Furthermore, efforts were made to recover the color tone of the raw laver
by treating for 24 hours after the harvest. As a result of measuring the color tone and photosynthetic
pigments, it was observed that among L* a* and b* value, a® value had strong relationships with pho-
tosynthetic pigments contents. Therefore, I concluded that that a* value could be used as an index of
the color tone of laver. It also became clear that at 15C, the seawater temperature of autumn, has a
large recovery speed compared to that at 8C, sea water temperature of winter. Furthermore, when a*
value range of the discolored laver was from —0.36£0.48 to —2.68=£0.49, the effective color tone recov-
ery and the increase in the amount of photosynthetic pigments were obtained by treating the laver in
NH.-N of 2img/L for 24 hours. The discolored raw laver was produced on a large scale in the labo-
ratory using the color tone recovery technique. Dry laver was produced and the color tone was com-
pared with that of the untreated one. It became clear that the photosynthetic pigment contents of dry

laver increased and recovery of a color tone was apparent event for naked eye.
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DIN : dissolved inorganic nitrogen

GIS : geographic information system

PBS : phosphate-buffered saline
DMEM : Doulbecco's madified Eagle's medium

PEG :
FITC :

polyethyleneglycol

fluorescein isothiocianate

IgG ; immunoglobulin G

IgM : immunoglobulin M

FBS : fetal bovine serum

IFA {1
ELISA
COD :

indirect fluorescent antibody
D enzyme-linked immunosorbent assay

chemical oxygen demand
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g, 1996) B X UKE (HiES, 1978) Z2WTEE
oA, WHgEA s Twah, Lal, /Y EEnih
&) B S (BB O W RIS DV TRET S L7z
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RETIEHAFERS AT L (GIS) FHWT /) FEM
2RI 59 A BTN 2 KEIBRIZOWTHITL,
B ) BROEEEXALEICL, mETET S
AHRCENRWRLLELOFEERRE DI L2IT2 72, &
7z, 1980FEL R =EIL o 2 1) FEGHERE & F DL & i
BT B0, Halar & R e R, WM, R
R AR, CEHAMIZ oW T L 72,

F1E FEEOBR

HEBAE 13 RS 1,738km®,  ZAETE33.0km’, CEXIKE
19.5m, wAKESTME O HE KHONETH S,
TR P i A 7 ¢, AR30E A — F L DffIE
HEN-THEY, EORMOMELEEMIZ L~ dbflo
BRSO = EBEWOEEIIESLPIIE TV
(Fig. 1-1, Table 1-1), 7=, BEIZEEEN, BRI,

r}
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Fig. 1-1. Map showing the depth contour in Ise Bay.
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month, WEET0.67T km’/month, K% T0.7Tkm’/
monthTad A, PFEEIXE L L5 2 KERTE L ERIZ
KREZNFHED NS OHE L E L T A5k
ARE AN

¥ 72, ML R LB L THRIRRENS (FRS
HEEOHIZIZ LY, BEHOZEREIISVTIEMH
i % B < ARG URET 72 & BN 12 A TR K /) AT
HitTwad,

F28 FEED/ UBEOHRE

7 &
SREFIEERLE ¥ — KFEMFAEE O /)
AL LSRR ER A G ZOR /) R
SR E D) 19804F ~ 19994E D20 EM O = HIR Mo /1) 224
ORCERE, WME, EER, EESE, CPHEMOE
BrIroi,

& ES

EEHH

19807F FE DR B R ELE 2, 1358 B R Th o 7247, ¥
ZowEt, 2 ok, RHEEANOBTENL
4E A SR RS L, 198T4E 121394188 E R, 19994
3349 ERIcEF TR L7 (Fig. 1-2),

m
19804F £ @ Mt B £ 292,0008 T & - 7275, HEEEHO
B S 5 4R A WS A L, 19884E 1213188,00048H2,

Table 1-1. Physical characteristics of Ise Bay

Volume Area Magimum depth Mean depth Coastline Valley area Total of the mean
(km7) (km?) (m) (km) (kmn?) flux of main & rivers
(méisec) *
33.9 1,738 37 339 13,411 478

# Main & rivers are Shounai river, Kiso river, Nagara rive, Ibi river, Suzuka river, Kumozu river, Kusida river, and Miva river.
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Fig. 1-2. Changes in the number of Nori cultivation
industry (1980-1999).
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Fig. 1-3. Changes in the number of Nori cultivation sets
(1980-1999).
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Fig. 1-4. Changes in the number of Nori sheets during
1980 to 1999, Solid line shows the moving average for
3 vears.
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Fig. 1-5. Changes in the total amounts of money of Nori
products during 1980 to 1999. Solid line shows the
moving average for 3 years.
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Fig. 1-6. Changes in the price of 100 Nori sheets during
1980 to 1999. Solid line shows the moving average for
3 vears.
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Fig. 1-7. Map showing the sampling stations (red spots)
of seawater in Ise Bay.
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Fig. 1-8. Monthly mean seawater temperature of the sur-
face of Ise Bay during 1980 to 1999.
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Fig. 1-9. Monthly mean salinity concentrations of the sur-
face of Ise Bay during 1980 to 1999.
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Fig. 1-10. Monthly mean DIN concentrations of the sur-
face of Ise Bay during 1985 to 1999,
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Fig. 1-11. Monthly mean PO4-P concentrations of the sur-
face of Ise Bay during 1985 to 1999.
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Fig. 1-12. Monthly mean chlorophyl- @ concentrations of

the surface of Ise Bay during 1986 to 1999.
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The number of serious red rot disease
occurred during 1980 to 1999

Table 1-2.

Total
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Table 1-3. Out bhreak of serious red rot disease of
laver in Kuwana area

MNovember  December January February

1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999

0]

*

@]

O OO

O 00O0

*, red rot disease,

WAFE L d Y, RSO GERIEATE

Fiwr =iz,

ZER O S MRELIRR

19804 ~19994F £ TO204E M 2B 2 —EIL X O
H ol o B8 7k O S AP IE R IRIIE, 117 I3RRAT
Ui F 2 LT L8 (21%), 12 23431 (51%), 1/
HALE(16% ), 2 HA%101F(12%) 121 ©3E4H ik

T,

I M ZE R & B B 5 S BFTE

Table 1-4. Out break of serious red rot disease and
discoloration of laver in Suzuka area

November  December January February

@
O

1980 o L]
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999

oce

0000
e
o000

o]

® OO0
O O
o000
00

*1, red rot disease : *2, discoloration.

L 7, R ERE R CS AT L &

ES e
W% ¢ 5B L7291 9 4 48 - 72 (Table 1-2),

HUX I A B & 4 X TIE TR 2k < & AU 13 204F
BTILAIC2ME, 12Hi2E9m, 1 AIZE7H, 2R

fla X T3 I A ¢ S O T ED L
w1l A, 2RI EVEEERETH 72 (Table 1-3),
SEEMBX CIX11H I 5[, 12H 123100, 1 512 10
L, 132 A EH1LH PR £ 127 o BkeFHg 4 e
IZ8Ed LT/ (Table 1-4), l[’s‘lhﬁuilm 5,
2HIZIE10m, 1 AE2MFEEL, (ZEAEHNILIAH
R X 120 o ‘HLrﬂFH'*ﬂ*HIL Twi7z(Table 1-5) ¢
BHMIATIEIIH 3 M, 1270210/m, 1 HiZ4 M, 2
iz 2 mggs L, 138 AEHP I HPmELEEE12]] Dk
YA PER 24 LT w2 (Table 1-6), BIHUX Tl
A1 M, 1201250, 1 Hi22E, 272131 05
L, (F&AEDH A0 RLEE & 12 o B 4 i 012
e T/ (Table 1-7T).

(X6 M3k,
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Table 1-5. Out break of serious red rot disease and
discoloration of laver in Chusel area

Table 1-7. Out break of serious red rot disease and
discoloration of laver in Toba area

November  December January February
1980 O o+ ®
1981 ce O o
1982 O ®
1983 L ] [ ]
1984 ce @] o
1985 O L ] ]
1986 o
1987 O o
1988 O ®
1989 O @] L ] [ ]
1990 @)
1991 L oce ®
1992 (@]
1993
1994 ]
1995 ®
1996
1997 @]
1998
1999

November  December January February
1980 O @
1981 [ O
1982 o ®
1983 [ ]
1984 oce @] e
1985 @ @
1986 [ ]
1987 oce
1988 @ oce
1989 ®
1990 @
1991 O
1992 O L]
1993
1994 @
1995 ® o
1996
1997
1998
1999

*1, red rot disease ; *2, discoloration,

Table 1-6. Out break of serious red rot disease and
discoloration of laver in Nansel area

November  December January February
1980 O*! o+ ®
1981 oce O @]
1982 O [ ]
1983 [ ] ]
1984 €] [ ]
1985 0] [ [ ]
1986 [ ] O
1987 oe oe
1988 oe
1989 0] O &
1990 @ ]
1991 (@] o [ ]
1992 0 O ®
1993 @] ®
1994 ® ® &
1995 ] O [ ]
1996 ]
1997 O oe
1998
1999

*1, red rot disease ; *2, discoloration.

— 16—

*1, red rot disease ; *2, discoloration.
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Fyr ooz o g REFRERK, PSIX O
WMT4~6ug/LThotze SOOI LMOHEHEIIK,
BHETIERW TS 7 Ptk bEES, BRI,
EFHE TIEPO,-PRENKTIZLABELDREED

febpttATE v S HEr 2/, 2 H 13 DINRE IS
X T120~150 seg/L, H8HLIX LA 0 i3 1 C60~ 120
g /LOTHRANED 5 720 PO.-P il R SHEMIK & 55T
XTI ~12pg/L, TEMXEFHFMXTE ~ 9pg/L
Thotz, FHroo7 4L a3 ZEaK xRV T
4pug/LUTFEBEVLANLTHo, SO LS, &
HE[X T PO,-PIREDOIKTFIZ L B E%EDL, HhIIX,
H¥HEX, S TIE DINEE & PO, -PiEOKT
12k 2% LOEEOEHEES R LS,

=BEROEESEERR
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391 (43%) T, 1H, 2/onmsifgEiEostdaf

iz BT A RREELE DR A

EW & i L2 B 4 A IR

Table 1-8. Nnumber of serious discoloration of
laver occurred during 1980 to 1999

November December January February Total
1980 0 0 3 4 7
1981 4 ] 3 0 7
1982 0 0 0 4 4
1983 3 0 2 1 6
1984 4 0 1 4 9
1985 0 ] 4 4 8
1986 4 0 4 0 8
1987 i} 0 i} 2 2
1988 0 1] 1 4
1989 0 i 1 3 4
1990 1 i 3 1 5
1991 2 1 2 2 T
1992 1] 1] 2 2 4
1993 [i] 0 1 0 1
1994 2 2 1] 4 8
1995 1] i 1] 4 4
1996 1] 4] 1 1 2
1997 0 il 0 1 1
1998 0 0 1] 1 1
1999 4] 0 (1 0 0
Total 20 3 30 39 92
DT6% & 7, FMIZHEHA5 (FLLE & ER % <
UL HIZ 9 r S -7 (Table 1-8), FAHMKTIE

i B IE A MK D /) TR AR =N OF AT
BTA®, WHENHOL Y IZEY 7087 1L a
SO B A ARSI, b LB L
PO,-P Iila;.eg‘;’L(T-ﬁt L, €
EhmEbER IS hd -7 (Table 1-3).  S5HEHLX
TIZ204EMIC1LAIZ5 M, 127210\, 1028, 2
FiziamggE L, $Fi2 1 H, 2 A ogaifd s mEiime
TR AELAEE L (Table 1-4) . &b
TWX1IAC5 M, 12121k, 1250, 2 HiZ 8

L, HRIC 2 Aovraii g i i s s TR R L7
(Table 1-5), MK TIZIIHIZT 1, 1201211,
1AM, 2 IZ11msg4L, 1A, 2 0w
MR S I T g L7 (Table 1-6), BIIHLIX
T 5 M, 12H20m, 1 AIZ5Mm, 2 HiZ8 (0

L, SRIC2 Howmsi e oS TRE A L7
(Table. 1-7)
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58 WIBEHRS X7 4L (GIS) 5
Bohir—2ICKB3ERRSH

WIMHIMBLUHAF &L DR CShIE LURE

B ED Lk (220w T, s ] & ik A GIS 12
LA BEbhitEds I b TEL, £ 2
TGISIZ L A2 oBmon-HEi7— 5 2 ATk

AU E & UL O TR o T g a2
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GISIZ & & fRE B FRg 0PI 7 i P AT 13 58 1 TE50

SO HETI -7z, RSB L UEELOEAR
MLl EEIMB I U4l ETED L &’)f_.J
GISIZ & 0 T Sz ), 1 oF g 2ok, 3R
sty AEREIEREZE 3R (DIN), EFREERS) > (PO -P),
rzaa7+ha (Chl.a) OFEEZEMET -7 LT
v, BBt Lo, 200EM O R 2k ¢ S umB &
CthE L OREN G HWERE L, #Etv 7 b (BE
RN, T A ) FHOTERYGH AT 72,

= E S

GRS SRIE, THAGR, SEIETIE, DR HFEE
tem ¥ (DIN), PEEfFELEY ~ (PO,-P), CZ2 0
07 4 g (Chl.a) & Lz &, HROENIHEEEED
BEfFIL Y (%) =1.24(T)—0.87(S) +0.15(D) +0.85(P)—
4.71(C) +10.06 (R*=0.65) TSN/, PEHmEoRK
---- Firo 4%, p<001THRERBIIFETHY, C
CDE‘cHT FITHEG L, FINCEH T2 A LT sz, 1B
W (AR 3 T A%0.27, SA3—0.06, DA%0.46, P#£%0.29,
CHA—053THY, ROEBNIFOREEBET HER &
LCIZChl o, DINIEESKEZWZ EPHLE L T2,
%L OHEAOMRERIE Y (%) =—1.35(T)—0.27(D) —
0.25(P) +83.02 (R*'=0.76) THRIN7:, ERYOH
EET- 288, p<00ITHERBIIAETSHY, 2
OMFRAE R, TSR TE % Ll s iz, B
HEMR AR B T HT—0.28, DA —0.76, PA —0.08TH
h, mELOEETHETLEEE L TEERAMIZDIN
LEEAT X {, MWTAHIRTHL ZEAHL Rz,

F6H E &

J ) FERE Ol b AERESE X H b T SRR R 2 0 b
IR A bR, 100 BAUoBEYMRER S MGE D, 11H
FACF THEM v, AR ARERIZAD,
3 HHRWEHIZHRT T 5,

PO EIHEEELICoWT, ZEAHIET04EH
Vi A C SO SE A A8, ik B OIS 3920
Thot, SO L, MHAREEEZEE L0120 T
BT, FOSNFFIE S ) OFARIREE - T LT

BY, RFRIO 2 VIZEETLH (NES, 1973), £
Lfﬁﬁﬂﬂ@/Uﬁﬁfdm%fkuﬁ”éﬂﬁﬁﬁ
HORIFOFERETH LT I /R LOT I PO
L TBYWARFEHOEE LoEMEPFHofiboTwa
(T B, 1970) o GISTHEAT L 7zilfilldr b AR CEN
RO fERRPEIZ D TS m?:f'??mf}fﬂbd’«::bISTFTF
At AT L BARTIZ12H AV EE
TRIEAT IS <, KD 14~ a“C L, WIERH O
BIo@LTwa it sn, BENEMIZEEETHR
CENHHIEE LR AR AL &, 1213 &FE
DFPEFE HOHTV Tz, 3612, FEEz KHNZED -
THEOBRFTZLTHADE, WML LI IZGISTHEITL
B o CEIFHOREDERELIHEETE LI EH
Ghrote TOLEPTHICERELEVDIE, 11~12H

A ToMBEEEEL 1 ~3 AOFEZMIKT
Hotz,

GISTHMNT L 72 iFR D 5 A g b ORIz nT
BB OB O % GISTHMN L2 EERE L TH
é_,é%ﬂtulﬂ 2 A ORFEIEREHIRL, BF
LOfERATE { b L s, BE0EMIZE R
U@m%#%iLtHﬁ%ﬂ%L&@h.1H.3Hw
N ERHDTE% % iz, 2612, F3EE KR
K-> TREDHIZ LTALE, ML LI ICGISTH
Lo mEbDBREDREMELEETEH I L
ﬁ%#otogmﬁ#c%k&@ﬂﬁﬁwmﬁ 1 AL
BEohEsX, MK, B, foeTERERIXT
%oﬁguﬂbﬂ__#b,#(éﬂﬁﬁiUﬁ%%@
FEEfE R B & ONEEIZGISIC & iR S BB
thitETisl b2 RnELE, T/, BERRBRINE
S BTG FAR C S AU s i b o EO ek
HETHUTELLOTH72,

J ) DRIV TIZ204E B TREE R EL & MBI R &
WA L7z, EEBEOBPEERIEXThEVE
DTHotze ZOBERELTIE ) OSHGE, LA
HIOET N & HIHESIC L ZHEOER, NLEH O
REDA) 112 X I R oM IZ L D) o
EREMEDTEIM L -2 L2k B P HETOK T IZE&E
0 72 A e R OB & S flitE oW E ORES WA L, 2
VEZZ VAR NT =L ETOBIZE ) AL CEMEET
DEBESINL-Z 6 ThHho 72,

THhbE,
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F2E
PFECENWBEIEN L S ICSFEO 2 ) ST E
LPEERZG EEITHATH L, FORE, HEiHE, 5§
IR TIRET (1947) (2 io’(ﬁﬁﬂ‘éﬂ F D,

TRIA DR
(HEH S, 1976 ; f‘f'-‘/e-,fc 5, 1969 5 Mg,

HCEMAEWAIZE S /) BERAT
I[fhjcﬁﬂ%.;ﬁ’d_j A 5 A

kA 2 eI

o TV b,

B PER,
CHFgEa sz
1973a, 1973b) .
DIEA) O, T2
L2 2B BT
ERIFTAIAERIC
A AR ¢S AU E T & fipioh TR L 7B
FE D EAERE 2 ) BT E ORI Ol E TR
TS0 AN THL, APz 24, Ik
EHIFAELTEY, JoHhLEBREIC L - Tk
TE@NTHILEANETH L, TNTWHEIZT LI
PR x 7o B O O REILETH L &
EZbNb, INFTIZRSSNFHIT HHEEH
FFgeIcE, KU o=+ bk E v T HARS O
CE NI O K % Bt O - 887, 1977),
E 20— F i E TR ETE O K51 % A

il
ZNFETilg
b O

Q/)

, IS IE A
L,

(Arashima et al., 1994) 3% 5HT, ZiLGIZEPNTH
FEEANSWEEE OB O Ve OTHD,
wA ORI EoMREIEN 2o mlid v, £72, 9k
CENF RG] SR 2B E O A 1T S0 12T R

OGO I dd 5, T NT O C S R
B2 RS T AR ERT 2L EPS 5 A
WARTEARGHICHFEAT SR SN E P
porphyrae % ik T A HUE A2 2 242, ik
Daf S AU E ORI L ORI S T AT 2 72,

g G,

#1187 < ShBKER Pythium porphyrae
ICEBENLEIET/ 7 0—FIVinfEO/ER

AR ET 2 CSNFHHEROBIE + EF&iT 5

Fol, EEMEEERBIL, ST 2L THEVE
BebobEZONLEAIKEERIHTAZ L L LT

FOHI, WEETH DL P porphyrae DHINEF2R %
kT AR v U —F N EROIER T AT,

il P
HAEH®ROES
Tﬂ SR PR (B LA et R e A3 Hy (B A pE F
) TR A 2 7y & S AR IEE P porphyrae

Uz BT DL SRR O B KT

S - Wk B A TR

77/ VKR ENFRER Pythium porphyrae DRERMEHEDE R

v, a— 23— VIEREH (HREEE) ETEEL
FoH RS e Tmm WD D A R
100mL W TH:RE L7z, Eihp 2k L 72 H 570 & % 5l

D=7 5 A TOFRETAE L 2 LA 12 A 41T 2 85T

FELT, BB, HAOERIBITCOATLR RGN Tiro70
MEQRAEE v I ANDRE
M REERE L 7o O S AU 5T 0 s [EE 1 & D e

(NO.2, ADVANTEC) EiZ4%, oK% 0.01MLY
YRRy 77 —PBS (HACEEE) TREEE, T
KgxEeh, BEE*HELA. ZOWHMFIZPBS 2mL
FMNA, ¥IAKREVFHAF—CHEIEL, S5I1ZPBS5HmL
A THLGAHE (500X g, Smin) L, PLEEICHE G
#10mg/0.5mL & % %5 L9 1ZPBS#E A, &6 [ZH
P 10mg/mLE %5 L HIZZET ¥ 23 b HBGRESE
rmzfzbox L GRML, MR fREDOHEGE L7,
2 [l H LLFED }ﬂ%‘k{l!i A 10mg/mLE &b LI IC
PBSO AN AR PR E Lz, &b, Thoo
BT R TIR AT 2 720

I I IEBALB/ e A, 6, (HATLT X
=) R 1ARST L, YRLTE, HACREOL
ZEEErOETHWE, v AOESET VI
#ciE L2, 0.5mLOFUEE < 7 A OREIEN I
G L7z s o 2B %, BMREL TV, $56

2 M R AR R E 2 AT = 72,

]
¢

< B
=LA

ok ey

1) 30— (v 2EEEEMRR) O

HINE@Eh A2 E s o —<Sp/0-Agldtf & fEHI L7z,
MR AOI0HETIZ, HERELTBWITo—<Zd
L, #Fu~ya—gdid— 7Ll (DMEM) (A%
Bak) TIREESTC, CO.#EIE7 {RHE100% IZRRE L
72CO A Fan—y—NTHEHEL, #MardsHEE
WL TEAMETS —T7H 7= i (DMEMIZ
1/50ED 8 —7 =¥ (SIGMA) ZEMLAZL0)

O'IJ'J,

T

\ZfE L, 3~4dBHME®EL, 8—7Wr7T = EHTE
PEABIR L 720 2, DMEMEMIZE L, Mo a Y
H & T Edd mil] 4 gl L 22kt L 7=

2) v AR DR

BB RE #7572 3 HIEDBALB/cv I A S 7 1) —

Sy F TR AR R D LA T



DMEM {24l Wi ii% % i 2 T2 7% v DMEM(—) T
EEHHE >ty PRV THERZID RS, FERO
Aot r—LoOpTHllgd LZ&7L, MlgiTEiz
B, SHIIERyF 1 Rk, A—F 2L —
THEANDF AT Y Ay a (20pm) THML, EiKZ
WLAREE (60X g, 3min) LT, MHlEEEni. &
512, HifeA DMEM(—) T3 kL, ik ﬁ‘:‘-ﬁnd [
5mL @ DMEM(—) IZ88& L, F =)L 7 (FehisE
e L, MEREEM (ERMA) & HwTEAME
HE L7
3) #fERE

L £ O HEEE & FmZ]LdT BoE LAz i %
Mgl ;. I to—<=10": 107124 % X 9 (250mL Ok
Ha kA (CORNING) (2 AdL, a4 (50 X g, dmin)
o, B E~Ny PTRECIERELE, v —
H—RATITCITR L7z, 5 LO3TCIZRRLT
Buwis0%EY)F Ly ) a—i (PEGH4000,
MERCK) #ifi1mL%E, wo WL Tvhmibs
CIAMTHET LA S5 15MELEEZ®-< DI
FEL 2% DMEM(—) 2 mL% 2 4-# T, v T 8mLz
SHWTkébéﬁWLﬂﬁ%Wztr”@ﬁ‘nbﬁ
M (50X g, 5min) L, kif#xseaillE Lk, A
7)) K- hEGEEE (ZEd0s, 1991) (Z50fFiE L AR F

Suspensions of spleen cells and myeloma cells

Centrifugation (50 X g 5min)

—

Sup. Ppt.

v

Incubated at 37 °C and added Iml of 50% PEG

v

Stirred for Imin

v

Added 2ml DMEM(-) in 2Zmin while stirring

b

Added 8ml DMEM(-) in 3min while stirring

Centrifugation (50 % g,5min)
I

Sup. Ppt.

'

Added 30ml HAT medium

.

Incubated in 24-wells culture plate

Fig. 2-1. Preparation of hybridoma cells.

$oFy-TI/TFY Y - F IV (HAT) &if
(Boehringer Mannheim) & MMA{ER L7247 F—
BRI T A HATE30mLE A, ExXy 74 >
L, Hea Lo HATEM 1 mL/ 7 = b2 M2 T3TC
TA v Fax—bLTBWEURTLTFTL—FIZ
100 4 ¢ F2300% = W AZHEHE L 7.

A==y

HN Ay A 5 10 1 £, 0 A7 BEBRGEE % 1V Tl G Al
(NATY F=%) PBL TS 2 VEERL, Z
NSOy Iz A 7Y F— < HEGIE 2501 e b 1
¥HF - F 32y (HT) #i (Boehringer
Mannheim) ZMA{ER L - HTEHBEZ05. ¢ T2MA
Pro FO2HE, BIRL7Y 2 b EiEE R THURE
A7) FeO A —= v Fafiatz,

A7) == 2R RE R R & T RO
H(IFA) Cir- 72 (Fig. 2-2), T4 b b, Motk
Regs Lo O SRR 2 AR T ik L, T3
AREYFAF—THERLL, BEROHEME 1 mg/mL
1275 X 9 IZPBSTEBEHFWME L, UKIGR~<A 71
FTL—FrDEY 2 M0 ¢ TOHFE L RIINAT
) F—wOIEE FiE0p e A, O—% ) -2 oA —
(120rpm) FT1MREEELA, IhEt~vf 707 L —

Homogenized fungi in the 96-well culture plate
containing PBS(pH7.4)

.

Added supernatant of hybridoma culture medium and incubated for one
hour at room temperature under shaking

.

Centrifuged (200 X g.10min} for 3 times

s

Added fluoresce in-conjugated rabbit immunogloblins to mouse
immunoglobulins (diluted 5 fold, Dakopatts, Denmark) and incubated for one
hour at room temperature under shaking

-

Centrifuged (200 X g,10min) for 4 times
Observed by epifluorescence microscope

Fig. 2-2. Procedure for the indirect fluorescent
antibody technique.



e AR /1) 1235 1F Dl ds g

bt o Tt ok (200X g, 10min) L, EiEx#ET

& 5IZPBST 3 [\t L7z, RIZ2k$ifkE LTPBST
S0fEFRLIzINF LA YAV FF LT A= b
(FITC) #Eikii~w AgEro 71 » (IgG+IigM) 7
HFPE (5T v8r) 2872 VIZ50p TR,
O—4%1) =3z A H— (120rpm) LT 1ERREIG L7z,
<A 707 L — FEOEETHELOHEL, 25|ZPBST4
MEifE, < VFTFAPATA FORHARREE) 2] 4
TN, HOGBAREE T TBRIE TEIE L 72,

A7 == FTHETH 2727 = VO RIRAY 25
ATELIO—%7A4 0¥y hTEHERL, oA
Labngd 7)) F—<pEs A 100 . ¢ §240 L, 37C
TA rFan—PFLTBVWABRYI 707 L —FIZ]
au=—FoBME L, BAR, URIVFTL- RIS
BL, MiirsEwiorslik2bH A ) —=0 7
v, EEooo=— 12 LTHN L § 5 E—0pif
EETAIMBEELDIZ/IO—Z L T BT T,

gO0—=%

-y JIERRFRETIT o720 N1 7TY F=%
O EPT L7 1 —F—Ffllald BALB/c w7 A (4
Wk, HE) ol e EHE L, MlzEa Lz m
Hif & AR TS L7, 5.0X10° /50 0 ¢ DR
T L -l 296~ 4 a7 L — ]~6’"J1’Zr*'f T v
IZaEL, &2 Lo3TCTA yFax—FLz, 2O
24787 L—MINAT) F==%2dboh LAY
VAENT 1N /100 0 ¢ 127 5 & 5 1B L 2o MR iR
Hwb0t FOMFM LA, MI0HE, 172l 272
Haoz—wH U4 DIRYAZ ) —= 2 T R{To72,
A7) ==y S CHEE o612 LT 1 \H & FH
DHETHE 7 B —= 2 72 iTv, Bl R
PR fR 2 BRI 72, ARG HLO R ¢ S sl =
AR A AE AN A BN T B0, Fehiong T
) F—=#RIZH LT, BRSO C S mmE R T R
M ARAE R L 72,

EREMmMSEA DL & mEO S HE

20% O fiLiE % oA 7 F— R 1 0mL$p T
B L TwanAg 7)) F—< 2 ## o migisEss1/2
LA LAINA T F— B OMN A S F R
Mifi (FBS) Zppuv/-EEmigEizma, 553% Eis% i
THIEER 1 % T200mLE TR L2,

PEARREFE L 72 L T IR & e
Pt ey B | 2

i Ry AT g e

I2X)T 1ImLIZigHL,

ED IR TEM & Eiskk 2B T 98

57 14— (MAPS-II% v I, BIO-RAD) 2ffL, €/
7 u—F AT L, R AR s —F U
FIZPBS TiEMT L, 0.5mL¥ 2/ L THESEHAT L
JIESc i LSRRIt L Ao

] £

ﬁ‘ﬁ#fﬂ AT a— 2R ST AR 4 B 5
AKIFFETIEWAMFEREEIZLT, 5mg/mLOTE
2 MR T 3 e 5§ & kxR, £/2, A7) —
= r 7l gEkE O Rk T AP e T A0 A
T = EERT L0, FEEE R T AR
KHilh T o 72 (Fig. 2-3). &R S A7zl o i L
Tru—= 7%, Boiing 7y F—<ofp
76 HARZH O C S i E o Mia e « 2k T 5
BAEB, Cond 7Y F—<%EflinFBS % L8 - &
T, EHIZRPFEOSEEC LG O LS ~0
Bt & iAo A, EaeMEMEE IR 2 & BMEo &
PTHIMEAIER L TLE -7y L LEA S, HiED
FBS JEFE20% 405 1 %I s TH o ETE
HETIZOLT 2 2 LW TE/z, F 2 TRIFFETIZLLE,

1 %FBH%.’? ﬂ{.fﬂﬂx_“]lﬁ:lnh.[['f B KRET-72

LR SHEL,

Fig. 2-3. Indirect immunnofluorescence of P. porphyrae
labelled with monoclonal antibody.
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VER L 7=/ 7 0 —F L huih & FIN L2k O S Ui
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&4& Pythium & DRI

R A 1 E /i SRS AR E ) 07 o L M ot o
LDTHLNEPEHLT S0, PR, SHEE,
SHEEEE, FNEE, ERRE, BEPEOR C S TURE

B B & O EE LR ok ol o Pythium J& P

aphanidermatum (IFO No.7030),

No.30346), P. spinosum (IFO No.T031) & Bt &4,
e T R CHERE L 72

P. irregulare (IFO

TAVEA TOIRE
Vel 7€ 7 7 O —F VRO T 1 5 1 TOPSEICR
Mouse MonoAb -1D kit (ZYMED LABORATORIES,

INC.) ML, BEFfifls: (ELISAE) 2L v
Eiro?,s
MmO BEIE

BN EEE LHOEMN EOFREEL ML 720, it
{AAifi % 5E L 7z iRl id IFA i & ELISA T
Totz, MAHEIZE LT/ 70 —F Lk T 7 7
A e L, M EATRERIIREE L2 2 1) 80 % FEI L 7= 1K HE
OFFE R v, AREOGPRYILPBS (2L D
2, 4, 8, 16, 32, 64, 128, 256, 512, 1024fFIZMmML
Frb & Tz, BEEEPUAEILE 2 W 1 EiO ik
25t o CTiro7:o BLISA BEIZRDFHETITF o 120
ELISA BIPUBOIE AR TR L 2RI 2 R E R
1.0g #FEh &b, #EWAKISMLENMZ, 7L ¥ —T5h
SRR L, V=4 —%— (MODEL W-375 ULTRA-
SONICS, INC.) T30% ¥ AL L /-f, ac
(FHI47A27) RIMATERL. hbo
%ﬂdﬁﬁrfﬁotﬂé%'m%$rﬂqif FatoLa

8k (5,000 g, 20min) T Ih 9 R
Lo B (2,5000 X g, 30min) L, #FoO Lz RKT
25mL 25w LT/, @M% L 7- ELISA HHLE %
50mM carbonate buffer, (pH9.6) T3f5AmIL, 9
KUBZL—rDEHE7 o MIZ100k 6 F25EL, 47T
T4 v Fa~—b L7z, PUEELZ FoEELLCRE,
0y s T—A (HAE) #HTTOy ¥ X &7
Wik, RVIRE LT 7Y P EE LE (W
MEH) &, XL LTTAAYRAT 7 ¥ —EE
M~ A (1gG+IgM) Y ¥4k (TAGOH:) %R
XKgHETHLNNT—= O T2ZWFA T &5
thaxgif~vfAra07L— ) —%— (BIO-RAD €

nB,

;r?’;_l ?rs?_f 2561

FIL550) TA05nm DM EE &g L7,
EZHYIE - (LRNIBICHT 2MEOETTEM

il 7 TH M L 22 ELISA FIHUR i 124 L T

AR (100°C, 15min), 83 v L (B3~ FH
ko LiEEELIOmM,  20mM,  40mM, 80mM, 24h),
7o+ — N lOrug/mL, 37C, 4h), bU T
MLE (100 pg/mL, 37T, % F N FN4Twv, ELIS
AFICED, KBRS =(Hr7L—@ftarto-
T v ha— =Btk v b o — ) X100 %
L, Pt ~<7z,
i &3

£ Pythium & O RIGE

ﬁ%utﬁwﬁ TR, EE, ZEEE, T

W, EHRE,

| DA S NI O WO
|"’T~21 ﬁ’: 7y 'rf[ﬂ Il‘;]. ;_lk_. '-‘:' % %) m_ ml.[L L ];?l-‘; _l; f[t_' :[:jff }H :IC @) i& 7
Pythium I® P. aphanidermatum (IFO No.T030), P.

irregulare(IFO No.30346), P. spinosum(IFO No.7031)

D 2GRS 220w D TH o7 (Table 2-1),
Table 2-1. Reaction of monoclonal antibody with several
species of Pythium by indirect fluorescent anti-
body technigue
Prythinm used Reaction
P. porphvrae
Aichi strain +
Mie strain +
Saga strain +
Miyagi strain +
Kagawa strain +
Korea strain T

P. aphanidermatnm (IFO No.7030)
P, irvegulare (IFO No.30346)

P spinosin (1FO No. 703 1)

TA AL TORE
PR L kDT A 5 1 T EHE L 1R,
D e fliTho7 (Fig.2-4),

Ig‘(}:



PR OAERE /) 2B 1T BRI O R IR & RIS A g

[ @]

lgG1  IgGza IgGzk IgGz IghA  IgM K A

Fig.2-4. Determination of isotype of monoclonal antibody.
Mouse MonoAb -ID kit (ZYMED LABORATORIES,
INC.) was used for Determination of isotype of mono-

clonal antibody.

Table 2-2. Maximum dilution of monoclonal antibody able
to detect P. porphyrae (Aichi strain) by indirect

fluorescent antibody (IFA) and ELISA

Detection method
Dilution of antibody

IFA*! ELISA *2
1:2 ++ +++
1:4 ++ S R
I:8 ++ +++
l:16 ++ +++
1:32 + ++
L:6d - +
1:128 o =
1:256 - =

*! + 4+ Strongly positive; +,weakly positive

*'ELISA absorbance: ++ = higher than (1.5; + + higher than 0.1; and -+ higher than 0.05.

HARMEOBIE
fF o NPk I TR TR IR E T,
ELISA #:Tid64f A M F T zxt LT RIS AL
Hed, L L, @GBS TEBORAGUE & Bl%
LEEIIRMEORETEZ, RESEGVIUETH
WhH I EE LT, MEOEEL 8 EAMoRE LTz 1
w7z (Table 2-2.).

BIEWIE - (LRI ICH T A REORTEM

Table 2-3 (2R L72 X 9 (2@ 3 o FERERE(L, 7o+ —
B b7 BT OB EEATRIB LT L A2 as,
IMBLEL LI BOSEEA120% 123 L 72,

E3d /VABICETIBRZRCENR
RIRBEEET DR

B2 BT C S AU 2 45 209 1 258 S0
hEBsZ LA TES, F2T, FARNOIRC S ILIHH
JE TR R AT T B 7D O SERES T A S R TR
L, FOkiEAT ORMEEHRE~OIEH 28472,

Table 2-3. Stability of antigenic determinant against
physical, chemical and enzymatic treatments

Treatment Temperature (°C ) Time () Reactivity (%) *
Heat 100 114 120.1
Sodium metaperiodate
10mM 4 24 22.0
20mM 4 24 10.5
40mM 4 24 10.3
S0mM 4 24 5.9
Pronase E (10 g g/ml} 37 4 18.7
Trypsin (100 ¢ gfml) 37 4 40.4

* Measured by ELISA against intact antigen.
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L7z HiB, 7 #EiEEOMHEAR3ILEHEGV40md
FABY Ay aTHMAL, dWokP OIS LY v
Foo KAZIEMIEAEFHEV M DAL T Ly T 4 VT —
T L, B Lo & P & B T18T, 24
MR8 L 72, RO i (500X g, Smin) L,

PBS-T Tiig - it L508 (500X g, bmin) L7z, 4%
#HIZ5mLOPBS L 20—+ LEiREH Li®
ImLEMAT, ¥Ry F ot 7 L% 1 BHERTK
oS 7z, K% PBS-T Tikif - L4508 (500X g,
Smin) L7:#, UkPifkE L CFITCHEEREDL < & A
a7y (IgG+IgM) 74 FHi k& 5065w M L 7
PBS 5 mL #C 1 BRI Sl T L Thln L7z Re i,
PBS-TCF4rikidr L, dfeBis z v TRt L 7o,

Seawater (3L)

Filtrated with nylon mesh (40 g m opening)

.

Filtrated with a membrane filter (3 ¢ m pore size ) to collect zoospores

v

Cultivated in the glucose-glutamate medium for 24 hour at 18 °C

.

Centrifuged (200 X g, 10min) for 3 times

v

Added supernatant of hybridoma culture medium and incubated for one
hour at room temperature under shaking

v

Centritfuged (200 % g, 10min) for 3 times

v

Added Huoresce in-conjugated rabbit immunogloblins to mouse
immunoglobulins (diluted 3 fold. Dakopatts, Denmark) and incubated for one
hour at room temperature under shak i’f

Centrifuged (200 % g, 10min) for 4 times

v

Observation of germinated zoospores by epifluorescence microscope

Fig. 2-5. Detection procedure of . porphyrae zoospores in
the seawater collected from Nori cultivation farm.
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Fig. 2-6. The effect of incubation time on the ratio of ger-
minating to non-germinating zoospores (bars) and
average length (n=100, with standard errors) of the
developing germ-tubes (solid line). Zoospores were
maintained in 50% filter-sterilized seawater at 20T
for up to 8h after release.
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Fig. 2-7. Zoospore and germinated zoospores reacted with
monoclonal antibody.
A, non-germinated =zoospore; B,zoospore just after
germination; C and D, germinated zoospores. Arrows
show the location of zoo-spores themselves. Note only
germ-tubes are fluorescing. Scale bars, 30 zm.
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Fig. 2-8. P. porphyrae in the seawater collected from Nori
farm. Seawater was reacted with monoclonal anti-
body. Green color shows P. porphyrae; Red color
shows phytoplankton.
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Fig. 2-9. Number of germinated zoospores in the seawater
collected from Porphyra farms using the pole system
in Tsu between September 1994 and February 1995.
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Table 3-1. Treatment conditions of the combination of
high salinity seawater, low temperature and low
pH for suppression of red rot disease of Porphyra

Experimental Salinity Temy pH  Sub ion Mo of treatment  Total
group (%) (°C) docation per week treatment
no.
(min}
1 (Control) 3 15 20 3 1 3
2 5 5 1.93 5 1 3
0 15 1.77 5 | 3
4 15 15 1.63 3 | 3
3 3 0 20 3 1 3
f1 5 0 1.53 3 1 3
7 10 0 1.77 5 1 3
8 15 0 1.63 b 1 3
9 1] =3 .77 5 1 3
n 15 -5 1.63 5 1 3
11 {Negative — — = = —
control)

e piE Lize Lo hE TR s ok, &
HeAr s 2 HiE 2 Table3- 112§, R, pH®
B3 NEER TS RRELZ, 0k, LloZH
THEEL2HS 1AMIC 1 BoRFELEE 2 [Tv, &
e 5 18 H IS EIIHIEh A 2 AR Tl L 72,

& R

pPHDR % 2B (C £ 5 7 < & MR DR
Fig. 3-11ZpHD F2 % BRALI 4 fili L 72 52 fR D E 30 ]

WA AL A R Ao o TE R L A LR L TRT

pH2.25~pH3.00 FE LB TALH | -8RI mED U &
<, FEAEOFEMRIIEE L THRAD»HHE L. #4
Bk - -3 A ET B O #5312 E A L3 X TOHM
Bz Ao @EF R Nz, 2z L, pH2.0EUF
DWBLETTMEL L 72 b O IHE DL A L NT,
WKOETH B TH o7z, HMBHELTo72E 25,
A EIVFRE AR 3580 51 b b oD%
o tz, o T, pH2.25LL F oo WL T LE 5 = % 4
b, pH2.0~pH1. 25O FRULEEH CTULBE 24T &
T 2 ) IR OMEITE S VIR TE L Z e Ah oz,

&R, KpH, SIEAMNEIC L 3RENFDROEET

Lk OpHD R 5 FEME OS5, pH2.0LL T O
KpH T OUEAHEIH AR TH D Z LA ML TE
7z (Fig. 3-1). # 2T Table3-1 (2733 pH2.0, 373 %,
UELREE1SC, ALERREE 5 4 M ORRILE & X IRIX & L,
EYasr, IR, K pH AH T I X 2 flLod BLERIX o
MRy R e @7z T OFE, HEEXI0THOMEEX 2 ~
9 &0 4R EMGIREN L, HRERIZE~ERED
ET LHhora%, ke LTIZER, KpH FIZBiT5
EE R IR L R L TREE R o
(Fig. 3-2).

F M
pH3.0 pH2.75 pH2.5

pH2.25

No treatment

Fig. 3-1. Effect of a varying acidity for the suppression of red rot disease of Forphyra.
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Fig. 3-2. Combined effects of a high-salinity seawater, low temperature and low pH for suppression of

red rot disease of Porphyra.

Each number to experimental group listed in Table 3-1.
1, treatment with 3% salinity, 15C, and pH 2.0 (Control); 2, 5% salinity, 15°C, and pH 1.93;
3, 10% salinity, 15C, and pH 1.77; 4, 15% salinity, 15°C, and pH 1.63;

= o =]

1, No treatment (Negative control).

, 39% salinity, 0°C, and pH 2.0; 6, 5% salinity, 0C, and pH 1.93;
. 10% salinity, 0C, and pH 1.77; 8, 15% salinity, 0T, and pH 1.63;
, 10% salinity, -5C, and pH 1.77; 10, 15% salinity, -5C, and pH 1.63;
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Table 3-2. Sequential treatment conditions of acidity and
high salinity seawater for suppression of red rot

disease
Experimental Sulinity Temperatre  pH Submersion  No, of Total
Lroup ("a) (] duration freatment Ireatment
Ist 2nd (min} per weck No.
1 (Control) 3 15 0 — 5 1 2
2 5 15 20 840 2" ¥
3 10 15 20 79 5 kL A
4 15 15 20 7.7 5 2" 3
5 kil 15 0 T 5 v kS
3 25 15 20 75 5 3
7 3 I 20 20 5 i h

& No treatment
(Negative control)

a: Two treatments of acid solution during | 2days,
b One treatment of acid solution and ane treatment of high salinity seawater,
¢ Twao treatments of acid solution and one treatment of high salinity seawater during 12days,

Table 3-3. Treatment conditions of high salinity seawater
for suppression of hyphal growth of red rot disease

Experimental Salinity ~ Temperature pH
group (%) (°C)

I (Control) 3 15 2.0
2 5 15 8.0
3 10 15 7.9
4 15 15 1.7
5 20 15 7.6
g 25 15 7.5

7 No treatment — g o
(Negative control)

lweek

12 (days)

N O O O

ot

acidified scawater
treatment

ot

acidified seawater
treatment

o

acidified seawater
treatment

Control Infection

(No.l)

Experimental Infection

aroups (No.2~6)

Experimental

group (No.7) Infection

T

Mo treatment Infection
(Negative control)

(No.&)

t

acidified seawater Evaluation

treatment

bt

High salinity acidified seawater Evaluation

seawater treatment

t f 1‘

acidified seawater
treatment

treatment

Evaluation

?

Evaluation

acidified seawater
treatment

Fig. 3-3. The schedule of the sequential treatments of acidified and high salinity
seawater [or suppression of red rot disease of Porphyra.
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Fig. 3-4. The schedule of high salinity seawater treat-
ments for the suppression effect on hyphal growth of
red rot disease of Porphyra.
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Fig. 3-5. Effect of sequential treatments of acidified and high salinity seawater for the suppression of red rot

disease of Porphyra.

1: Acidified seawater treatment once a week (Controll.

2: Weekly treatment of acid solution followed by
3 Weekly treatment of acid solution followed by
llowed by
1
1

0
4: Weekly treatment of acid solution fo
0

5: Weekly treatment of acid solution followed by
6: Weekly treatment ol acid solution followed by
7

: Acidified seawater treatment twice a week.
8: No treatment (Negative control).

weekly treatment of high salinity (5%) seawater.
weekly treatment of high salinity (10%) seawater.
weekly treatment of high salinity (15%) seawater.
weekly treatment of high salinity (20%) seawater.
weekly treatment of high salinity (25%) seawater.
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Fig. 3-6. Suppression effect of high salinity seawater on
the growth of fungal hyphae of red rot disease.
[, Control: 4, Negative conirol; @, 5% Salinity; O,
10% Salinity &, 15% Salinity; 2, 20% salinity; B,
254 salinity .
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Fig. 3-7. Effect ol sequential treatments of acid solution
and high salinity seawater on the growth of Porphyra
thalli.

Growth rate of thalli was calculated by comparing the
final thalli area with initial ones.
Vertical bars show standard diviation.
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faras Mie
1 Kisozaki
2 Akasuka
3 Jounan
4 Kusu
5 Shimomida
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8 Shiroko
9 T=u
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11 Higashikurobe
12 Shimomi ito
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Fig. 4-1. Map showing the location of the seawater
sampling stations at laver cultivation farms.

Table 4-1. The normalize score of characteristics of
seawater at laver cultivation farms

Cultivation Specific
No, ~ [arms gravity  NI,-N  NOoytNO-N  PO,P
1 Kisozaki R 2.26 1.00 1.22
2 Akasuka -3.07 2.74 3,08 2,52
3 Jounan -0.37 0,43 0.78 1. 55
4 Kusu -0, 17 -0. 20 1. 43 -0. 09
5 Shimomida 0.21 =0, 30 -0.05 0.17
i Hamada 0,31 0. 46 -0. 02 0, 36
7 Haranaga 0. 53 -0, 18 -0.39 0,20
8 Shiroke 0,47 -0.41 -0.48  -0.33
9 Tsu 0.41 -0. 40 -0.49 0. 06
10 Ookuchi -0.20 0. 46 -0,05 0. 80
11 Higashikurobe 0,11 -0, 33 -0.18 -0, 27
12 Shimomiite -0.28 -0, 36 -0.43 -0. 47
13 Ofzu 0.28  -0.60 -0.67 -1.02
14 Higashioizu 0.29 -0, 48 -0.52 -0}, 86
15 Futami 0.35 -0.63 -0. 67 =101
16 Momotori 0. 64 =0, 66 -0.73  -0.86
17 Sugashima 0.92 -0. 81 -0. 83 =1, 00
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Fig. 4-2. Map showing the location of the sampling sta-
tions of seawater and the void water on the neritic

region in Ise Bay.
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Fig. 4-3. Dendrogram based on cluster analysis of the
seawater samples collected from laver cultivation
tarms in Ise Bay during 1996 to 1998,
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Table 4-2. Eigenvalues and its cumulative contributions of
four principal components

Principal Eigenvalue Contribution Comulative
component {4 (%) contribution

1 3.61 a0, 16 a0, 16
Lo 0. 20 4.93 95, 09
Zq 0. 16 1. 05 99,13
Zy 0, 03 0. 87 100, 00
3. S —_— it
No. [__n\'m‘ cultivation Group B
Farms D
| Kisozaki |
2 Akasuka 1
i Jaunan
! Rusu :E 71 ol
5 Shimomida E .
G Hamad: E ot
7 Haranaga E |
8 Shiroko E |
9 Tsu é -2
10 Ookuchi =
w
11 Higashikurahe 5 -3
12 Shimomiito
13 (Oizu i
11 Higashinizu
15 Futami K
-3
16 Momotori

Sugashima \:g—//
1 L] 0 05
2
Second principal component

Fig. 4-4. The scatter diagram of the principal
components of laver farm.
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Fig. 4-5. Monthly mean seawater temperature of the sur-
face (0m) and bottom layers (B-1) in Ise Bay during
1985 to 1999.

GISTHEM L - RBK L KBAKDLEE

8 F D FERE KD T KRN L 26~ 28°C D HEIAT R &
HOTWAEDIZH L, ERAKOFEHKIE18~22C Dl
HWAEO IR % 5, KIRATREG T &R
Hutz, —F, 2 AOEBRKOFEKEIZ 8 ~10Co
AT KES ®# HOTWEO1I L, EBKDTFI KR
128 ~11CThot, 202 Eas, 8 HITFEFIIM:
HIRBEAEE L, FEkE FTREAKDREEIIIEA LK
ZoTnhwd, 2 A TIRKRERIIALONT, EE
TEERE FTEKOEGHEZ > TWwWhAILFbdhoiz
(Fig. 4-5),

8 H o3
A b IL <

AR OFINH, -\Imﬁriwxsr};zg/LmﬂTrn&
EHTWALOIZH L, KBKOFEHNH,-N
i HE 1230~ 45 pg /LRI AR 1L < Hﬁb # TR
DFHANH, -NEEN -7 —H, 2okEkE
S A D FNH, N EE % g5 5 LA TEBAKDY
AINH  -NigEATE - 72 (Fig. 4-6) ¢

8 H DEFKDTFHPO,-Pilk 5 1£15~45 g /Lo jff
DL DO TV EDIIA L, KEKRDFIHPO, -PighEid
15~T75 ug/LOHHEAYE < Ko, TR KD S HPO,-P
EmENE Do — T, 2 HOREREEBAKDTFY
PO, PilfE % i+ 2 &£ 3126 ~15 ng/LOSEEATE <
GolEbAELEERESNE P72 (Fig. 4T /) E
AT N B AT |ZITEOKIREEATEKL TWb I &,

i

L7
DR

V2BV B S O U e W] b R M A

Aug Om
0-15 (ug/l)

E 15-30
] 2045
B 4s-60
I 60-75
7590
s

-

Feb B-lm

Feb 0Om

Fig. 4-6. Monthly mean NH,-N concentrations of the sur-
face (0m) and bottom layers (B-1) in Ise Bay during
1985 to 1999.
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Fig. 4-7. Monthly mean PO.-P concentrations of the sur-
face (Om) and bottom layers (B-1) in Ise Bay during
1985 to 1999.
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Fig. 4-8. Chemical oxygen demand on the neritic region in
Ise Bay in December 2001. ST1~4 shows Fig.4-2.
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Fig. 4-9. Mean concentration of NH,-N, NO.-N, PO,-P in
the seawater on the neritic region in Ise Bay
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in the void water on the neritic region in Ise Bay.
*‘Statifical| significance ( p <0.01)
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Table 4-3. Dissolved inorganic nitrogen concentrations obtained from 17 laver farms during 1996 to 1998

- 2 ; DIN
No. District
_— . rate below rate rate below
AveLBES 5.0 40 /L 11 ~60 5 e/L 60 p g/
1 Kisozaki 4.7 153.2 0.0 0.0 0.0
2 Akasuka 522, 4 333.8 0.0 3.9 3.9
3 Jounan 261. 6 133.9 0.0 240 2.0
1 Kusu 299, 7 390. 6 0.0 2.0 2.0
5 Shimomida 171.9 123.5 11.5 19 13.5
B Hamada 201.0 204. 3 8.2 4.1 12:2
7 Haranaga 144, 1 85. 7 11.8 3.9 15.7
8 Shiroko 125. 2 73.3 15. 2 2.2 17.4
9 Tsu 130,41 159, 3 9.8 21.6 31.4
10 Ookuchi 198.5 126. 6 3.8 3.8 7-7
11 Higashikurobe 154. 7 11,7 15.6 0.0 5.6
12 Shimomiito 132.4 82.7 3.3 13.3 6.7
13 0izu 104. 2 97.6 29.4 1.8 41. 2
11 Higashioizu 125.4 83. 4 19.2 fig 26.9
15 Futamichou 102, 6 68. 2 16,7 12. 5 29.2
16 Momotori 99.0 66. 8 18.0 20,0 38.0
17 Sugashima 84. 4 14, 4 14.0 18.0 32.0
% g EIE & 3
BB R REIRREE ORE Sl ) ERREE 2T Ay =T L2
EBMODINEEO T, BEELDINBESI SO/ V=T TERGFAIT LORMETLOEE, 7
pg/LAIZ % 5 HOEE, DINFEEAH4~60 xg/LiZ V—7A (LMRmORasL35) L7 Lr—78 (L
B HOE G, DINEEE %60 pg/LA 22 5 H O R LT 5) D22I0RE < iz (Fig. 4-4),
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Bt BELIEEAEIE 2D DIN 60 pg /LA
b 7B HOESIIRGENM1.2%, BEH38.0%, #R32.0%,
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Table 5-1. L*,a’,b® values of the calibration plate
covered by the lap film

Tristimulus value

b - value
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(Mean + S.D.) (Mean + S.D.) {Mean =+ 5.0}

96,68 - 0,32 0.18 + 0.03 225 + 0.18
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Fig. 5-1. Distinction of the chromatophore, vacuoles, and
distances between cells measured by using the image
analysis software LIA3Z2.

Upper photograph: light microscopic observation.
Lower photograph: treated by image analysis soft-
ware LIASJZ,
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Fig. 5-2. Decreases of nutrient levels in the cultivation
tank after dissolved inorganic nitrogen (DIN) levels

fell below 100 g/L.
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Fig. 5-3. Changes in the levels of photosynthetic pigments
in laver obtained after DIN levels fell below 100 g /L.
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Table 5-2. Changes in L*, a*, and b* values and color difference of the laver after DIN levels fell below 100.g/L

Tristimulus value

Days after DIN

Color difference

Tevels fell below 100 L# value 2% value b* value (A E%ab)

el {Mean « 8..) (Mean + 8.0 (Mean +8.D.)

u BH.T8 + 2,46 126 + (.74 11.15+0.39 flc

2 GGG -+ 3,08 4124078 1215+ 1.03 ° 8.02

4 6,18+ 2,85 163+ 1.20 19,62 + 1.22 2.14

& T0.24 + 1.59 .99+ 0.79 13,08 + .68 414

] T1.36 + 1.73 — 36 4 048 15,80+ 1.76 3.23
1 TH.GY 4 2,38 —1.52+0.78 15.47 + 1.86 264
12 TH.B4 4 261 —2.68+0.48 15.57 +0.89 5.28
141 TT.26+2.30 — 388 + LG8 18.26 4 1.42 485
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Fig. 5-4. Relationships between a#-values and levels of

photosynthetic pigments in laver obtained after DIN

levels fell below 100 g /L.
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Fig.5-5. Color of laver classified by a*-value measured with colorimeter.
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Fig.5-6. Microphotographs of the cells of laver classified by a’-value measured with colorimeter.
Figures in parentheses show the relative percent of the surface areas of vacuoles and

the distances between cells in the th
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Fig. 5-7. Changes in a%-values in different water

temperatures at 8 and 15C.
ask-values were measured with colorimeter.
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Fig. 5-9. Effect of NH,-N treatment on the recovery of
the color in discolored laver.
Discolored thalli were immersed in seawater enriched
with various concentrations of NH,-N for 24 hours.
Concentration of NH,-N:X : free, & @ Img/L, & 10
mg/L, @ 25mg/L, O b0mg/L.
Thalli Color was evaluated using LAB colorimetric
svstem.
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Fig. 6-1. The schedule of the sequential treatments of acidified seawater and high salinity seawater

for suppression of red rot disease of Porphyra.

No.1, No treatment {(negative control}; No.2, Acidified seawater treatment (control); No.3, High
salinity seawater treatment (15% salt); No.d, High salinity seawater treatment (20% salt);
No.5, Acidified seawater treatment and high salinity seawater treatment (20% salt).
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Fig. 6-2 . Amounts of harvested laver under the culture
condition of 157C.
B . Mo treatment (No.l, negative control);
[T Acidified seawater treatment (No.2, control);
[T .High salinity seawater treatment (No.3, 15% salt);
=, High salinity seawater treatment (No.4, 20% salt);
B . Acidified seawater treatment and high salinity
seawater treatment (No.5, 20% salt).
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Fig. 6-3. Amounts of harvested laver under the culture
condition of 8T.
[, No treatment (No.l, negative control);
[1, Acidified seawater treatment (No.2, control);
[T, High salinity seawater treatment (No.3, 15% salt);
M, High salinity seawater treatment (No.4, 20% salt);
B . Acidified seawater treatment and high salinity
seawater treatment (No.d, 20% salt).
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Table 6-1. Changes in L*, a*, and b"* values of the
discolored laver after treatment of each NH,-N

concentration

(n=10)
Experimental L se-value a #-value b s#=value
group (Mean = 5.0.) {Mean = 5.D0) iMean = 513
1* T, 39 56 ) 0, " 14. 37£1. 42
2 TL43£ 1. 56 0. 2420, 12.75£2. 30
G5, 8025, 0 (RECEN 14, 23+ |, 38

* 1. No treatment (Negative control) ; 2, 10mg/L NHa-N: 3, 25mg/L NH4-NM.

Table 6-2. L*, a*, and b* values and color difference of

the processed dried laver processed after with each

a

NH.-N concentration
Experimental Tristimulus value Color difference
group (AETab)
L*-value a*-value b*value
(Mean = 5.0 (Mean=8.00) (Mean =810
202 14 117 = 030 618 1.2% =3
1.41 148 137 = 0.27 553 Z 088 091
302 1.83 1.59 £ 0.18 5.20 1.20 2,05

&

* 1, No treatment (Negative control) ¢ 2, 10mg/L NH-N; 3, 25mg/L NHa-N.
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Fig. 6-4. Improvement of the color of dried lavers
processed after treated with each concentration
ammonium sullate.
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Fig. 6-5. Photosynthetic pigments levels in the dried laver
processed after treatment with each concentration of
ammonium sulfate.
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