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Studies on the Disease Inducing Experiments by Using a shaking
Culture Apparatus of Nori (Porphyra) with Controlled-
: Atomospheric Exposure.

—On the Relationshipé between the Exposure and the
Occurrence of Disease and its Process—

Koji Yosuikawa and Yunosuke Sarrd

The effect of environmental conditions (period of exposure, speed of shaking and salinity) on
the occurrence of disease and its process of bud, young thalli and adult thalli of Nori by using a
shaking apparatus of Nori with controlled-atomospheric exposure was tested.

The results are as follows:

1). As buds temperature (temperature on a group of bud) rised when air temperature got
over 24°C and the period of exposure lasted long at daytime, and with the rise of sea water tem-
perature over 20°C, buds developed into physiological damages.

2). Buds, even if the sea water temperature are normal, developed into physiological damages
when the average chlorinity was between 11~14%,, or the chlorinity was about 7 %o just before
exposure and right after immersion. These physiological damage became serious with the rise
of sea water temperature and air temperature.

3). When the period of exposure lasted long and thalli temperature (temperature on a group
of thalli) rise up during exposure, and the temperature differance was large between thalli tem-
perature right after and after immersion, and the rate of dryness of thalli during exposure became
big, young thalli and adult thalli of Nori developed into physiological damages (such as white
and dead cells, redish violet spots, blackish violet spots), and these symptoms seemed to have
relation to White rot.

4), When the temperature was relatively low during exposure and the rate of dryness was
moderate (the rate of water content was 30 ~409, of thalli weight right after exposure), young tha-
1li and adult thalli of Nori have got a little physiological damages (white and dead cells, redish vio-
let spots, blackish violet spots).
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Fig. 1. A shaking culture apparatus of Nori with contorolled-atomospheric exposure.
R: Roof, T.g:-Turning gear, T.s: Turning shaft, C.f: Culture frame
C: Crank shaft for horizontal motion, C.t: Culture tank, W: Water level
Ro: Roll, M: Motor

* is shown in cm.
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Table 1.

Culture conditions of bud of Nori on the experiment. (Experiments No. 1~3, in 1970)

Condition of sample

Speed of
shaking

Time of
exposure

k%

Peroid of
exposure

&k ok ok

Chlorinity

Note

Experi-
ments
No. 1

II

v

Sample used in all
experiemnts were

1). made seedling on
Sept. 23 and kept in

10 cm/sec.

11: 30~13: 30
23:30~ 1:30

R

2 hours

ek sk ok ok

. Down

culture tank without
exposure till Oct. 5,
1970, 2). made

seedling on Sept. 23

10 em/sec. | 10:

30~14: 30
22:30~ 2:30

4 hours

Down

and kept in culture
tank exposed twice
a day at appointed
time for 2 hrs. till
Oct. 5, 1970, 3).

10 cm/sec. | 11:

30~13: 30
23:30~ 1:30

2 hours

No change

made seedling on
Sept. 29 and kept in
the culture ground
till Oct. 5, 1970.

10 cmy/sec. | 10

:30~14: 30
22:30~ 2:30

4 hours

No change

Experi-
ments
No. 2

111

v

Sample used in all
experiments were

1). made seedling
on Sept. 29 and kept
in the culture ground
till Oct. 15, 1970,
2). made seedling
on Sept. 23 and
kept in the culture
tank exposed twice

a day at appointed
time for 2 hrs. and
kept in the culture
tank without ex-
posed till Oct. 15,
1970.

Same as experiments

No. 1

Experi-
ments
No. 3

II

III

‘Nov. 5, 2).

Sample used in all
experiments were
1). made seedling on
Oct. 17 and in the
culture ground till
made
seedling on Sept. 29
and kept in the
culture tank ex-
posed twice a day
at appointed time
with tide till Nov.

10 emfsec. | 11:

30~13:30
23:30~ 1:30

2 hours

Down

10 cmy/sec. | 10:

30~ 14: 30
22:30~ 2:30

4 hours

Down

10 cm/sec. | 10:

5, 1970.

30~14:30
22:30~ 2:30

4 hours

No change

* Experimental section No..

** Sample were exposed on the air twice a day at set time.
**%* 2 hours at daytime and 2 hours at nighttime.

**%#% Tow chlorinity water was obtained by mixing natural sea water with fresh water.

**%%% Just before exposure and just before immersion.
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Table 2. Culture conditions of young thallus and matured thallus on the experiment.

(Experiments No. 4~7, in 1971 and 1972)

. Period
Condition of sample Spee.d of Gime of of ex- Chlorinity Note
shaking exposure
posure
I | Young thallus 10 cm/sec. | 10: 00~ 12: 00 | 2 hours No change
............ 0.5 mm 22:00~24:00
. Net placed
Experi- | .- | Samp.l ¢ used in all Cl. 179, in 2 layers
ments 1I experlment.s were 10 cmjsec. | 9:30~12:30 | 3 hours
No. 4 made seedling on 21:30~ 0:30
’ ——— Oct. 4 and kept in
II1 | the culture ground 10 cm/sec. | 9:00~13:00 | 4 hours
till Oct. 27, 1971, 21:00~ 1:00
I | Thallus............ 3 cm| 15 ecm/sec. | 10: 00~12: 00 | 2 hours
22:00~24: 00
Sample used in all
II | experiments were 5 cm/sec. | 10: 00~ 12: 00 | 2 hours
. made seedling on 22:00~24: 00 .
Experi- . Same as experiments
ments || Oct. 4 and kept in No. 1
No. 5 II1| the culture ground 15 cmfsec. | 9:00~13: 00 | 4 hours
’ till Nov. 10. 1971, 21: 00~ 1:00
v 5cmfsec. | 9:00~13:00 | 4 hours
21: 00~ 1:00
Net*
1 | Thallus...... 3~5cm | 5emfsec.| 9:00~13:00] 4 hours .
placed in
21:00~ 1:00 5 layers
—— Sample used in all _—
IT | experiments were 5 cm/sec. | 10: 00~12: 00 | 2 hours| Same as Not
Experi- made seedling on 22:00~24: 00 experime- | placed in
ments |——| Oct. 4 and kept in nts No. 1 2 layers
No. 6 | IIT| the culture ground 15 cm/sec. | 9:00~13:00 | 4 hours No in-
till Nov. 10, 1971. 21: 00~ 1:00 crease in
W. Temp.
v 5 cmfsec. | 9:00~13:00 | 4 hours
21: 00~ 1:00
I | Thallus...... 3~5cm | Scmjsec.| 9:00~13:00 | 4 hours %
21:00~ 1:00 ‘
— Sample used in all —
Experi- II expe.riments were 5 cm/sec. | 10: 00~21: 00 | 2 hours Net
ments Norlfn.et.’s preser;cd 22:00~24:00 placed in
In refrigirator taken —
No. 7 II1 | out on Dec. 24, 5 cm/sec. No change * 91
| 1971 and kept in 1o exposure ayers
—— the culture ground —
IV | with given exposure 5 cmfsec.| 9:00~13:00 | 4 hours
till Jan. 12, 1972. 21: 00~ 1:00

The same as Table 1.

* Increased in water temperature.
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Table 5. Results of observation on thallus by microscope.
Time Nov. 10
(Start) NO Nov. 12 (After 3 days)
Experimental section No.
I~IV I 1I | I1I v
*
Symptoms M L NM L NM L NM L NM L N
F%

1 White and dead cells at upper — — 100} — — 100 — — 100| — — 100 — — 100

part of thallus
2 White and dead cells at 10 30 60} — — 100 10 40 50 — — 100 — 10 90

lower part of thallus
3 Dead cells with pink and — 10 90 — 10 90 — 10 90 — — 100 — ~— 100

blackish. violet spots
4 Crape — — 100 — 10 90| — 10 90| — — 100, — 10 90
5 Cells of vacuole enlargement — — 100 — 10 90 — 10 99 — 10 90| — — 100
6 Calluses — — 100 — — 100{ — — 100 — — 100 — -— 100
7 Number of attached bacterias — 100 —} — 100 — — 100 — — 100 —| — 100 —

Rate of injury by

0
Erythrosin dyeing (%) 3 0 ! 0

* M: Many, L: Little, N: None.

** The value is shown in percentage of symptoms

to total thallus.

Table 6. Results of observation on thallus by microscope.
. Dec. 7
Time (Start) Dec. 13 (After 7 days)
Experimental section No.
: I~1V I | II 111 v
— %
Symptoms ™ |M L NM L NNM L NM L NM L N
¥

1 White and dead cells at upper | — 100 —| 80 20 — | — 100 — 70 30 — | 60 40 —

part thallus
2 White and dead cells at — 100 — 8020 — | — 100 — 60 40 — | 40 60 —

lower part of thallus
3 Dead cells with pink and — 100 — 370 — | — 100 — 30 70 — 20 80 —

blackish violet spots
4 Crape — — 100 — 50 50 | — 20 80 — 40 60 | — 30 70
5 Cells of vacuole enlargement — — 100 — 70 30 |-— 20 80 — 40 60| — 30 70
6 Calluses — — 100} — 20 80| — 10 90 — 10 90| — 10 90
7 Number of attached bacterias — 10 90 — 30 70| — 30 700 — 20 80| — 20 80
8 Chytrid blight — — 100/ — 50 50| — — 100 — 10 90| — 10 90
9 Red rot — — 100§ — — 100 | — — 100 — — 100 | — — 100
10 Green spot — — 100 — — 100 | — — 1000 — — 100 | — — 100

Rate of injury by

Erythrosin dyeing (%) 13 29 12 26 28

* M: Many, L: Little, N: None.
** The value is shown in percentage of symptoms to total thallus.
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(Experiments No. 5, in 1972)

Nov. 17 (After 8 days) Nov. 22 (After 13 days)
Experimental section No. Experimental section No.
I I1 III v I I | I v
M LNMLNMLNMLNMLNMLN\MLN’MLN
— 100 — — 100 —| — 100 —| — 100 — — 90 10 — 100 — 10 90 — | — 100 —
30 70 — 40 60 — 50 50 — 40 60 — 30 70 — 30 70 — 50 50 — | 40 60 —
— 100 — — 100 — — 100 — — 100 —} 10 90 — 10 9 — — 100 — | — 100 —
— — 100 — — 100 — 10 90| — — 100f — — 100 — — 100 — 50 50 [ — 10 90
— 20 80, — 20 80 — 20 80— 80 20— 20 80 — 20 80 — 3070| — 30 70
— — 100 — — 1000 — -— 100 — — 100 — 100 — — 100 —| — 100 — | — 100 —
— 100 — — 100 — — 100 —| — 100 —
10.0 1.3 1.4 14.0 10.0 16.0 22.0 15.0
(Experiments No. 6, in 1972)
Dec. 20 (After 14 days) Dec. 23 (After 17 days)
Experimental section No. Experimental section No. -
I 11 m | 1 I | 11 | o1 ] IV
M L NM L NM L ELM L NM L NM L NM L NM L N
00 — —{ 8020 — |50 50 — 100 — — 100 — —100 — —100 — —100 — —
100 — — 6040 — /100 — — 100 — — 100 — — 80 20 — 70 30 — 80 20 —
100 — — 3 70 — |3 70 — 6040 — 100 — -—100 — —]100 — —]100 — —
50 50 —| 10 30 60| 30 40 30, 20 40 40f 80 20 — 20 40 4060 40 — 70 30 —
— 80 20 — 40 60| — 100 — — — 100f — 10 90 — 100 — — 100 — — 100 —
— 20 8 — 20 8 10 70 20, — 20 80 — 20 80, — 20 80,10 9 — — 20 80
108 10109 — |10 9 — 109 —| 109 — 10 9 — 10 9 — 10 90 —
— 10 9% — — 100| ~— — l00] — — 100f — 20 80, — 20 80, — — 100; 20 80 —
— — 100 — — 100 | — — 1000 — — 100f — — 100f — — 100} — — 100 — — 100
- — 100 — — 100 |~ — 1000 — — 100 — — 100] — — 100} — — 100} — — 100
69 46 32 71 73 52 56 61
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Table 7. Results of observation on thallus by microscope.
. Jan. 13
Time (Start) Jan. 17 (After 5 days)
Experimental section No.
I~IV I l II III v
%
T M L NNM L NM L NM L NM L N
Symptoms |
* ok
1 White and dead cells at upper || 70 30 —| 90 10 —100 — —100 — — 90 10 —
part of thallus
2 White and dead cells at 60 40 — 70 30 —{90 10 — 90 10 — 90 10 —
lower part of thallus
3 Dead cells with pink and — 100 —| 20 80 —| — 100 — 10 90 — — 100 —
blackish violet spots
4 Crape ] — — 100} 10 — 90 — 10 90 — — 100 — — 100
5 Cells of vacuole enlargement — — 100 — 80 20— 80 20 — 80 20 — 80 20
6 Calluses — 10 90} — 20 80 — — 1000 — 10 90 — 10 90
7 Number of attached bacterias — 9 10/ — 100 — — 100 — — 100 — — 100 —
8 Chytrid blight — 50 50f — 10 90 — 100 — — 50 50| — 30 70
9 Red rot — 10 90, — 10 90, — 20 80, — 30 70 — — 100
10 Green spot -~ — 100) — — 100, — 10 90| — 20 80| — — 100
Rate of injury by 38 43 50 65 59
Erythrosin dyeing (%)
* M: Many, L: Little, N: None.
** The value is shown in percentage of symptoms to total thallus.
99 — Bud’s temperature
20¢
OE_)\ 18F
a 16
5
[ 14}p )
12 Air temperature
|
10¢ L~
18
16
A 14 Z
orinit =
Y 12 £
=2
=
10 S5
| A A s " 8
Time 6 12 18 0 6

Daytime Nighttime

Fig. 2. Diurnal change of chlorinity and temperature of bud.

——Exposure of 2 hours, - Exposure of 4 hours
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(Experiments No. 7, in 1972)

Jan. 20 (After 8 days) Jan. 25 (After 13 days)
Experimental section No. Experimental section No.
| 11 | I v I 11 | or | v
M L NM L NM L NM L NM L NM L NM L NM L N
80 20 — 90 10 —100 — —[80 20 —jI00 — —50 50 —100 — —| 60 40 —
80 20 — 70 30 — 70 30 — 40 60 -—{100 — — 10 90 —100 — — 60 40 —
— 100 — 60 40 — — 100 — — 100 —100 — — — 100 —100 — — 20 80 —
— 10 90 — 20 80| — — 100 — 50 50| 50 40 10/ 10 20 70100 — —[ 50 30 20
30 70 — 8 20 — 60 40 — 20 80 —| 50 50 — 80 20 — 50 50 — 70 30 —
— — 100 — — 100 — — 100 — — 100 — — 100 — — 100, — -— 100 — — 100
— 100 — — 100 — —100 — — 100 — — 100 — — 100 —100 — — — 100 —
— 20 80 — 100 — — 50 50, — 10 90 — 10 90{ 10 90 — — 20 80, — 40 60
— 100 — — 10 90,40 60 ~—~ — 10 90 — 30 70, — 40 60[100 — — — 10 90
— — 100 — - 100 — — 100 — — 100f — — 100 — 20 80| — 100 — — — 100
44 29 52 41 64 36 81 28
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Fig.3. Change of culture conditions of bud. (Experriments No. 1, in 1970)
[T Average chlorinity between two exposures at the nighttime.
@ Average chlorinity during exposure at the day time.
@)eeree Average chlorinity during immersion at the daytime.
@ Average chlorinity between two exposure at the daytime.

(GRS Average chlorinity during exposure at the nighttime.

®-- Average chlorinity during immersion at the nighttime.
(O——CO Experimental section No. 1 (Exposure of 2 hrs.
A——A\ Experimental section No. 2 (Exposure of 4 hrs.
A—— A Experimental section No. 3 (Exposure of 2 hrs.
4 (Exposure of 4 hrs.

and low salinity)
and low salinity)
and low salinity)
Experimental section No. and low salinity)

* Buds temperature means temperature on a group of bud.
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The figure same as Fig. 3.
% is shown both experimental section No. 2 and experimental section No. 3.
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Fig. 6. Change of culture conditions of young thallus (Experiments No. 4. in 1971)

O (O Experimental section No. I (2 hours of exposure)
@ —— @ Average air teperature
X —— X Experimental section No. IT (3 hours of exposure)

A——/\ Experimental section No. III (4 hours of exposure)

A—— A Average air temperature

A. " The figure is shown the temperature difference between average air tem-
prature and average thallus temperature at exposure.

B. The figure is shown the temperature differance between average water
temperature during immersion and average thallus temperature at exposure.
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Fig. 7. Change of culture conditions of adalt thallus (Experiments No. 5, in 1971)
The figure same as Fig. 6.
O——CO Experimental section No. II (2 hours of exposure)
A——/\ Experimental section No. IV (4 hours of exposure)
* Thallus temperature means temperature on a group of thallus.
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The figure same as Fig. 6.
O——CO Experimental section No. 1T (2 hours of exposure)
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— 101 —



[+

+

s
o

oy
ot
—
—
4

Temperature differance('C)
+ 4+ +
— o
L
%
>
+ -
— DN
’ }2;.

‘ B0 ’
&>
lb\b\o

~v0
<,

—
=3
—t
=
"

Average thallus temperature
during exposure(C)
R W A U1 O =1 00 D
= Do W i U1 O =1 00 O

5_%0 10 A 10 )
A d) ; 2l
s o8 g \ Qg«e-é g Ay
5 5F o4 A-B o
L)) 45 2 7 O-O\AA\AA 7 P \
%] 4
¥ \ g, a-aed
E % E 1 O'O\o 6f 00
<C .&z’ ey 5 ! Y 4 1 Vi 4 5 s Y 9 Y N 2
o+51 +5p o
Y +af g
543 +3} N // \\
& B L
£ . A 2} \f i\ﬂ
g+1 AL, /’\ +1
g 0 {\\A 4 P 0
£-1 AVARVARS —1}
§ 2
e —2} - —2f
- Jan./13 15 17 19 21 23 25 Jan./13 15 17 19 21 23 25

Fig. 9. Change of culture conditions of matured thallus (Experiments No. 7, in 1972)
The figure same as Fig. 6. .

O——CO Experimental section No. IT (2 hours of exposure)
A——/\ Experimental section No. IV (4 hours of exposure)
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and weather. (Experiments No. 4, in 1971)

Weather Forc‘g m{i/elocity
O Very fine #* 0 0 ~0.5m/sec.
(@ Fine [ 1 05~L7mfsec.
© Cloudy F 2 1.8~3.3m/sec.
® Rain E 3 34~52m/sec.
E 4 5.38~7.4m/sec.

% The weather marks are shown the direction and the velocity of the wind.
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Fig. 11. Change of water content of thallus at exposure, and weather.
(Experiments No. 5, in 1971)
The figure same as Fig. 10. ~
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Fig. 13. Change of water content of thallus at exposure, and weather.
(Experiments No. 7, in 1972)
The figure same as Fig. 10.
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