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Effect of Heterosigma inlandica Hapa, Hemieutreptia antiqua
Hapa and Eutreptiella sp. on the Growth
of Nori (Porphyra) in Culture-1

Kb6ji Yosaikawa

Recently, various types of red tide on the coastal area of Japan has occured and some of them
has lasted till autumn. It has been reported that Nori in the culture ground was affected by red
tide, especially on the growth of bud of Nori. We have not known about mechanism of them.

In this studies, the auther intended to examine the relationships between increase of red tide
planktons and time course of change of pH, Eh, DO in culture medium, and the effect of marine
plankton, Heterosigma inlandica HaDA, Hemieutreptia antiqua Hapa and Eutreptiella sp. obtained in
Hiroshima Bay, in August, 1971.

1. It is assumed that the rise of pH, Eh and DO by Heterosigma and Eutre[)tzella more than
2 ~3 x 10* cells/ml and Hemieutreptia more than 5 x 102 cells/ml effected on the growth and injuried
the cell of Nori.

2. In this studies, the growth of red tide planktons, change of pH, Eh, DO by red tide plank-
tons and growth and injury of bud of Nori was observed in the order of Heterosigma, Eutreptiella,
Hemientreptia.

3. The increase of any of three red tide planktons and the effect of red tide planktons on the
bud of Nori was observed in the culture in order Aeration, Contorolled-atomospheric exposure,
Non-aeration.

From these results, it could be said that if red tide remaind longer in the culture ground and
if calm and warm weather lasted long, the change of pH and DO was great and the effect of red
tide on the bud of Nori was enlarged. When red tide planktons has increased remarkably with
other conditions, the growth of bud of Norisecemed to be affected not only the chénge of pH and .
DO in the culture medium but also the amount of light, nutrient, mucas and excrete.
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Fig. 1. Microscopical photograph of red tide planktons.
a. Eutreptiella Sp. b. Heterosigma Inlandica HADA c. Hemieutreptia antiqua HADA ( x 600)
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Table 1. Composition of culture medium.

A B
Sea water (boil) 1000 ml Sea water (boil) 1000 ml
P1 metals 4 ml Es. metals - 10 ml
Vitamin By, 15 r P1 metals 5 ml
NaNO3 ) 02 g “Tris,, buffur 0.1g
NaH:PO4 12HO 0.025 g
pH 7.9 pH 8.2
Eh +350 mV | Eh +283 mv
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Fig. 2. A shaking culture appratus of Nori with controlled-atomospheric exposure.

1: swichbord 6: rack for horizontal motion

2: motor 7: culture tunk 11: crank shaft for horizontal motion
3: turning gear 8: light 12: sourse of electricity

4: frame 9: rack 13: wiring cord

5: culture frame 10: turning shaft

* s shown in cm.
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Table 2. Effect of Heirosigma, Hemieutreptia and Eutreptiella on the growth of Nori in culture

with culture vase.

v Control Heterosigma| Hemieutreptia Eutreptiella

] Growth 4 + 4= +
Start | Aeration | Injury — 249 A — 2490 A | — 24% A — 249 A
and Color + L+ -+ +
Non- | Growth, Red Tide | = /o 25800 2700 27000
aeration | Plaknton (cells/cc)
Growth + + — -+ —_——
Non- Injury — — 50%>|— — 899% | — — 55% — — 839,
aeration | Color -+ + — — —
After Growth, Red Tide
i ) 4300
5 days Plankton (cells/cc) Nore 54300 2400 543
Growth + — —_— = - —
Injury — 209, — 499 — — —100% | — — — 100%
aeration | Color + + - — - —

Growth, Red Tide

Plaukton (cells/cc) None 249900 3300 87800

Condition: 5 days after seedling, W.T 18.6~19.5°C, CL. 14.9~16.4%0

Growth: Injury: Symptom of injury: Color:

-+ + best +  none A — shrinkage of cells and chromatophore -+ normal
+ Detter 4+ 10~309% B — vacuole enlargement + abnormal
-4 common — 31~50%  C — color of cell — failing
—  worse — — >519, D — cell decay — — failed

— — worst E — abnormal of cell

— — — died F — bud blight or bud injury
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Fig. 3. Time course of change of pH, Eh and DO in culture medium by using a culture vase.
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HARTAF /<X 7.8ml/l, 27739 33 FY) avXT872ml/l, EHXT896mi/l 2% - T b,
PEVOEABSL LN TV, EREES A% TH, DO HnFhoRBEYOFEEST bR KTTY
101, 16 B BT 4 & 0 19 Bep BE AT 21T L, pH ik ~F » & 7 <= X T pH 8.60~8.65, s 4 & ¥
33N Y &YX T8,30~8.45, HHXT8.85~9.00%R LT o LEMSALN, HROEILD DO &
AR EELOBEESR LN, HIRATFuy 7~ K, F#IX TIE54,300 cells/ml & 7RMI % B A< B bR RE T 1b
RTCH2MELBEL Tl Z ofAIZE L L, DO OEI105mi/l P ELw) BRafREER L.
4 7= Eh ©2#E* 3 HEWOEE LAyt RS HBRHEINI WOITHAT, FEMEDOBIE L
BKPTRPRPRLE-TEMERT LT, ZOEMMBKREL R, RIEMRTHRE L -7, T
pH, Eh, DO oZ kit s 3 %5 @ b+ 54 EME, ML 2BEOEGR, HRESERH
BEEO O VYO R E I BI0~16HAD 3 O-LH2 HHTH - 7edd, BIEES AH CXERSHE4~845
BOHFERETEAETRELORKNT, ~Fuv s <, HHERKTR, SEBE#K I ~20R0oGFMEL
AETENETHE6AHOLOVBALNIBETEL, HARISBNLIPELLTRY, 2H vy I1F]Y
AYVREARE 2 ~ 4 S BOWEMBEAETENRIEHSABOLOBALNTH 2EL VEBOBLHRS
B Bbhic, ¥, MBOEECEAIGBE THES%S A HITEEROBUTZDITILRT, ~7 ¢
VYR T89%, sH VY I NY) AYRTEY, HHRTELT, ~Frvs< - BHOGET HEE
MK THHT D - oo

i) MRTOER

HHRBREIC VT, &2 ORMENOEES 23EHNKPO DO 0—HOEE~T vy <X T
490~6.65ml/l, +H vy I I Y &AVKTH0A~679ml/l, HHXT5II~676my/lITH Y, WHEROZ
N 4.83~623ml/l TH Y, WHERXIZHE~T DO oZkohb L U LRIV Ed -7, EREES Bk
T, EBEOEAITHE L CREEY O BIENEA TAF v ¥ < K T249,900 cells/ml & #1048, 25
vw 23R YA YRT3300cells/ml E#1.34%, FHIX T 87,800 cells/ml & #1 3 EOMIEHSH LN, T O
oo pH il ~7 v v /< X ¢ pH8.10~850 THiAIK D pH 7.92~8.28 [T~ TR/ TR L
B, 2A Yy I Y AYRTR pH 7.98~815 TR pH7.95~8.28 L L LAEWEERL, #Hil
X% pH 8.00~8.20 T Bt pH 8.02~8.38 & Y K i %R Lz, DO BOto AT spls S N mk (2
BERE) KRS ER L SHBTd%e KBS L, FEEmosmLicse, ~7ev s <X T476
~856ml/l, A1 vy LK Y AVKT483~7.03ml/l, HHIKT476~6.86ml/l LBfafRECL LR
FIEBAOBALY, HLE, BHIPEL, WEBEEADHELER% > T Eh 0EMERRHAY
OBET HEEKPTHFBRICHENTRRRELSEMNT EBET, ~F o v/~ K TORAWRMIEIT D D
PHOTFZOENOMBEPITKEL ZLEETHY, TROLOEIMRIBROBEGITENTE TN &
27 X

ok 1z, RBK T pH, Eh, DO 0 KEOZEABY Eh - K3 p2b b P HBROBEL Y 3O
DVYFEOEERPPEL, MG PEETENTY, WHRPERRSRICETS RO S
BHREL oD, ~Fuy <R TROBOBERT, HHY, 42 vvIIF ) LVRTIR100% O
BEREFRLTHLARIEDN TV, ThHOZ LR, REWoo v h2FEITE 2 5 %% pH, Eh,
DO % OKEOEIZL 2HBOAXTRE CREEMORIE, KIZBREORRENAKILL 2REEHD
TR, FEEYD» L DOEEYN, »LNEZTHBORERENEETIOTREVLLELLND,

£ B 1

BB » ARERBRE A ZBE00 VYOS X U EEOIRE YL Table 41T, HRiEKPOD
pH, Eh, DO 0 Z L0 Blill#E 5 % Table 5 & X U8 Fig. 4 IT/R LT,

*Eh@%ﬁ&m,~%%wﬁ%ﬂﬁfﬁbénéwﬁ§wﬁ,$%%f@pH&88®UVM%ﬁﬁ$
DOLOMZIC BT BIsRIEETS, THOMED S & 4 EHIFROBEMORRMEE LT 10 4% ORREE
2 LB TH B, CCTRTODEMEZOMEMONOERE S > TRLI,
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Table 4. Effect of Heterosigma and Hemieutreptia on the growth of bud of Nori in culture
tank with controlled-atomosheric exposure.

\\ Control Heterosigma Hemieutreptia

Growth + + +

Injury + + +
Start Color + + +

Growth, Red Tide : :

Planikton (cells/cc) None 19800 500

Growth + + +

Injury | + + + D
After 2 days Color + + +

Growth, Red Tide None

Plankton (cells/cc)

Growth + + + +

Injury + + D — A, D
After 4 dyas Color + + +

Growth, Red Tide

Plankton (cells/cc) None 38700 850

Growth + + -+ +

Injury + + D,E - — A,D
After 8 days Color + + +

Growth, Red Tide

650

Plankton (cells/cc) None 57400 2

Growth NI -+ +

Injury +17% | — —50%D,E,F| — —50%D,E
After 14 days Color + -

Growth, Red Tide

Plankton (cells/cc) None 133200 3200

Condition; 7 days after sporulation from Nori in culture field.
W.T. 16.8~21.6°C Cl. 17.5~18.1%

Wk o DO ©ZE{Lid I8 X 42 525 B Ik 5 5.95~6.03 ml//, EERBISS 4 H#% T 5.40~5.72 ml/l, 8 H
BT 4M4~511ml/] LERFBRL VEBARENTELORK-ART, ~Fu v /<X TiRBBRE 643~
7.50ml/l, 4 H# 5.88~7.85ml/l, 8 H#% 5.52~8.49ml/] LiREIEHORIHITE %\ DO XM LR L Tk
D, BIZBZEMOMBKE Botce 2AVYIIFIAVRTRAF vy /< KIBEOEMBAON%
W EBBIAR 6.14~6.94ml/l, 4 A 5.42~6.60ml/], 8 A#559~743 ml/l L/INE BEILD A H T,
pH 3 ~F v v/~ R ClIBMkE pH839~842, 4 H1%8.40~8.45, 8 H# 8.40~8.59 # /R L, &4 ¥
v 3N A vRTEHBSAE pH804~815, 4 H1% 8.02~8.41, 8 H{.8.20~8.34 L& LT DO & %k
MBSO, 72 Eh OBHER, ~Fovy<=K, 2ahvv i F)avREIHBRIZEXTS
REMOMBINEL o7 WBE VHOLLTR A >0

INLOKREOENYZTTCOD VHEOEELIVHRIIEL2BEOEST, EETRWTho%E
B E IR 4~ 8 MIROYGHETH - 7o, WHRTRA4BBT~OMEOoYFEL LR 2 s BOLE
DEAYF LS ON, 8 HBIKIME2~4 AR E VIETERCER LLORKENT, ~Fry/<KT
B4 B®%T~BHMEPH2HAHUTLPHBRIERTERERIEL %Y, HROBEIMEBEO 7 LA EMR
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Table 5. Time couse of change of pH, Eh and DO in culture medium by using a culture
tank with controlled-atomospheric exposure.

Control Heterosigma V Hemientreptia
O3 Oy Oe
Time mifl pH Eh mV mifl pH Eh mV mifi pH Eh mV
10 |5.95|8.07 | +403~ +340|6.48 | 8.39 | 4360~ 4312 6.29 | 8.04 | 4-365~ 4319
Start 16 [5.96|7.96| 1385~ +332!7.46 |8.39 | +370~ +319|6.94 | 8.09 | 350~ 4312

19 |5.94|7.90 | +362~-320|7.50|8.40 | +350~ +313|6.79 | 8.11 | 345~ +313
22 15.98(7.90|+360~+320|6.92 | 8.40 | 4335~ +309|6.57 | 8.15 | +-343~ 4316
07 |6.038.00|+375~+330|6.43 | 8.42 | +365~ +315|6.14|8.10 | 4-355~ +319

10 |5.72]7.96 | +365~ +334|6.56 | 8.40 | +360~ +315|6.04 | 8.15 | 4-349~ -315
After4days 16 |5.51]7.92 | +365~+320)|7.85|8.45 | +350~ +3086.60 | 8.20 | +-340~ 4310
19 15.47|7.90 | +345~ +323 | 7.56 | 8.44 | 4-340~ 4300 | 6.40 | 8.41 | 4-335~ +300
22 15.42]7.90 ! 347~ 1320|6.86 | 8.40 | 4330~ 305 | 6.06 | 8.15 | 4340~ 4-307
07 [5.40|7.85|-+348~ 4313588 |8.40 | +341~ 4309 | 5.42 | 8°02 | +334~--310

10
After 8 days 16 |4.94|7.88 | +378~ +320|8.49 | 8.59 | +350~ 4293 |7.43 | 8.34 | 4340~ 4-294
19 14.96|7.90 | +400~ 1335 7.85|8.53 | +350~ +302| 7.00 | 8.31 | +-350~ 4312
22 15.03(7.90 | +405~ 4344 | 6.88 | 8.47 | +370~ 4311 6.44 | 8.30 | 4-355~ +-315
07 |5.11]7.80|+423~ 4-363|5.52 | 8.40 | +385~ 4330 5.59 | 8.20 | +370~ +-330

The bud of Nori were kept during experiment in the culture medium under light intensity

from 2200 to 2400 lux., illuminated for 9 hrs. from 8 a.m. to 5 p.m. per day.

Bhiigw, 8 HEICRIZ~14MELE NIZEE2 ~4 AR OGFEL AN PR L & B@E I,
IAABRITIRE 1 ~2 AR THEEOELENE LN, —HIEALYEIBE I N, $lcah vy IIFY) A
VETHEREEA BB ICEAEEN 6~ fEBIE LA TENIH 2 HHOBFSK LN AGRE L
DEEREL, MROEEC/ AL AL OMESHEEINL LI A, 8 HRIKIAERI I ~16Hilad
BLAETENIRR2~45BOBELLONEBERDENEL LN, HEIMIBORELHIRD 7
XUHEEMBRIN, UABICHAESH2 AR T CONERBTLEALT, TNITHL~SHHOPIHFD
BT H NI B BRICH-GB, BRI ERMRSL L )N L CHEERIFE{EDL s, TOERR
HRTHE, ~7F vy < X OBA RN AP AR 19,800 cells/ml, 4 B# 38,700cells/ml, 8 H#
57,400 ce,ls/ml, 14 H % 133,200 cells/ml & % b R#I LY OBIEIZ L 3 % 5 pH, Eh, DO © EF 0 Y $h3F
OEBEEECHIBIE L 2BEOEASYRE, XSLEREZELZLNEY, 2B VY IIF)AVYRTR
SR A 4 1 BE 3 B B IR 500 cells/ml, 4 H % 850 cells/ml, 8 H# 2,650 cells/m/, 14 H #3,200cells/ml Tt b,
S A D RO A ~F 1 v 7 < RICH~C pH, DO 0 LR YRS hotcdl, ©YHFEOLREMN
EOMMICEEYE2 K EARL L - TRKELEDLLTHY, ZhidpH, DO DIStOER, Eida
How IR AVOMKRPABNELZENAOLOREEELTRIOTEEWE EHEI N,

UEINLOEETBRAELTEERTSHLE i

£ OFBEDICOVTOFE pH, EERCHBEERTHEORBEBMOPFgY 0 3L kX
NTERBNCHRUBRSLEAT 5 LRTHEER D, —HTRABABIC T 5RO MREL AR
-0 SR OIS Y DA D A X NABITHES Lz, L LANLKEED ERNRLE Lkt
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Fig. 4. Time course of change of pH, Eh and DO in culture medium by using a culture
tank with controlled-atomospheric exposure.
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