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Effects of Photoperiod, Light Intensity and Water Temperature
on the Early Development of Sargassum horneri (Phaeophyta)

Goro Yoshida, Satoshi Arima and Takuji Uchida

The early development of Sargassum horneri was observed under laboratory culture, in
relation to several environmental factors: photoperiod, light intensity and water tempera-
ture.

Between the five photoperiods (8 hL-16 hD to 16 hL-8 hD in 2 hr steps), germling
growth on the basis of total leaf length was promoted with increasing daylength from 8 hL
to 14 hL, however no significant difference was observed between 14 hL and 16 hL. Stem
differentiation and elongation was fastest in the 12 hL-12 hD regime and delayed under
longer or shorter photoperiods. Transferring young thalli to other photoperiod regimes in
the course of culture also indicated that 12 hL-12 hD highly promoted stem elongation.
Germling growth was proportional to light intensities from 700 Ix to 4000 Ix and heavily in-
hibited at 700 Ix. All water temperatures tested in the present study (from 15 to 25°C)
appear favorable for germling growth of S. horneri.

The favored conditions for germling development obtained in the present study agree
with field observations reported so far; young thalli grow in the summer (long daylength),

and rapid stem elongation occurs after the autumnal equinox. This suggests that photo-

period and light intensity are important factors for the growth of early life stages of S. hor-

neri.

Key words: Sargassum horneri, early development, photoperiod, light intensity, stem
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Table 1. Culture regimes used in growth studies on Sargassum horneri germlings

Photoperiod Light intensity Water temperature
experiment experiment experiment
Photoperiod (hrs) 8-16, 10-14, 12-12, 15-9 12-12
(light-dark) 14-10, 16-8
Light intensity (Ix) 3000 4000, 2500, 1500, 700 3000
Water temperature ("C) 18~24 20 25,20, 15
(16 hL, 18~21)
Number of embryos at the 18~24 18~24 12

start of experiments
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Table 2. Experiments of transferring young
Sargassum horneri to another photo-
period regime after 55 days of culture

Transfer
1. 8hL-16hD — 12 hL-12 hD
2. 16hL- 8hD — 12hL-12hD
3. 12hL-12hD — 16 hL- 8 hD
4, 8hL-16hD — 16 hL- 8hD
5. 16hL- 8hD — 8hL-16 hD

FRIFEHRTOXRLLBELBTIIEBL
(Table 2), BEISET CRIBROBELIT -7

¥ S

AREBRROMBER EHE

A EEBX OMBFRERK O I EARRIZ
HEI1IERVE2ETITEIRESKRT, ER
HEFTIRRETORGTTCTHEIHAD
B CHROMWAAEEHEOENR LN, FH
2 (1983) PERBBICBITAEEICDWTO
BELALTHoe LAL, A—FRETIZE
WTHEEEZRDLLOD, EOREIZEEN
MTEFRLZ->TW, Thbi, 8hL £
FTCik, BIEL, UhdAizEgez, &
ERDREENTD ST BHSAR 2 AIID
NTERRIBAL, YNRAADRVENS (R
LEMm DA b7 (Plate 1), 16 hL & T T
B oBAIZE 55, 3EAEOBETHE
WASRERT, $HROBELFHOMEVELH
LT,

1 EEIRAE T A EORIL, &&HTOREE




24 H H-F BE-H H

8hL-16hD

—{—

—4@— 1(0hL-14hD
7 —OQO— 12hL-12hD

—#— 14hL-104D

——

16hL-8hD

Mean number of leaves

T T

T
[} 10 20 30 40
Culture days

Fig. 1. Mean number of leaves of Sargassum hor-
neri germlings under various photoperiod
regimes
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Fig. 2. Germling growth of Sargassum horneri
under various photoperiod regimes
a. Total leaf length of germling
b. Total leaf length (semi-logarithmic
scale)

Table 3. Regression lines (log Y=aX+f8) of
the combinations between culture days
(X) and total leaf length (Y) of Sargas-
sum horneri germlings (after second
measurement) under various photo-
periods

Regimes o B r n

8§hL-16hD  0.038 0284 0971 75
10hL-14hD  0.040 0367 0.974 75
12hL-12hD  0.038 0.639 0967 75
14hL-10hD  0.035 0.756 0974 75
16hL- 8hD  0.036 072 0979 75
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Table 4. Results of analysis of covariance for
each pair of regression line (log Y
=aX+p) between culture days and
total leaf length of Sargassum horneri
germlings (after second measurement)
under various photoperiods

Regimes 1 2 3 4 5

1. 8hL-16hD ns. n.s. + n.s. o
2. 10hL-14hD |+ + ns. ++ ++| 2
3. 12hL-12hD [++4+ ++ + ns.| F
4, 14hL-10hD | — — — ns. | S
2

5. 16hL- 8hD {[++ — ++ ns.

Results of 8

n.s. =non-significant difference
+ =significant difference at 5%
+ + =significant difference at 1%
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Fig. 3. Mean number of leaves of Sargassum hor-
neri germlings under different light inten-
sities
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Fig.4. Germling growth of Sargassum horneri
under different light intensities
a. Total leaf length of germling
b. Total leaf length (semi-logarithmic

scale)
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Fig. 5. Mean number of leaves of Sargassum hor-
neri germlings under different water
temperatures
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Table5. Regression lines (log Y=aX+p) of
the combinations between culture days
(X) and total leaf length (Y) of Sargas-
sum horneri germlings (after second
measurement) under different light in-
tensities

Regimes a B8 r n

4000 Ix 0.043 0235 0971 90
2500 Ix 0.041 0.038 0.955 90
1500 1x 0.040 —0.238 0.965 90

700 Ix 0.025 —0.258 0.922 90

Table 6. Results of analysis of covariance for
each pair of regression line (log Y
=aX+p) between culture days and
total leaf length of Sargassum horneri
germlings (after second measurement)
under different light intensities

Regimes 1 2 3 4

1. 4000 Ix ns. + ++ ?DU

2. 2500 1x ++ ns. ++| £

3. 15001x — ++ ++| &

4. 7001 - - = s
Results of 8

n.s. =non-significant difference
+ =significant difference at 5%
+ + =significant difference at 1%
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Fig. 6. Germling growth of Sargassum horneri
under different water temperatures
a. Total leaf length of germling
b. Total leaf length (semi-logarithmic
scale)
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Table 7. Period required prior to the stem
elongation initiation of young Sargas-
sum horneri under various photo-
periods (stem differentiation was de-
fined as when the distance between the
nearest petioles was over 1 mm)

Regimes Culture days
8 hL-16 hD 70
10 hL~14 hD 50
12hL~-12hD 40
14 hL-10 hD 50
16 hL- 8 hD 100
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Fig. 7. Elongation of stems of young Sargassum
horneri under various photoperiod regim-
es
a. Aerated
b. Non-acrated
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Fig. 8. Elongation of stems of young Sargassum
horneri transferred to another photo-
period regime after 55 days of culture
a. 8hL-16 hD—12hL-12hD
b. 16hL~ 8 hD—12 hL-12hD
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8 hL-16hD

10 hL-14 hD

12hL-12 hD

14 hL.-10hD

16 hL-8 hD

14 days 30 days 42 days

Plate 1. The early development of Sargassum horneri under various photoperiod regimes
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Plate 3a. The initiation of stem elongation after
40 days of culture under 12 hL-12 hD
regime

1500 Ix

Plate 3b. The morphology of the stem leaves in
the photoperiod experiment
A: 8hL-16hD B: 10hL-14 hD
C: 12hL-12hD
D: 14hL-10hD  E: 16 hL-8 hD

700 1x

Plate 2. The early morphology (after 50 days of
culture) of Sargassum horneri under
different light intensities




