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Germination and Growth of Laminaria japonica (Phaeophyta) Microscopic Stages
under Different Temperatures and Photon Irradiances

Rae-Seon KANG and Chul-Hwan KoH*

Marine Living Resources Research and Development Center, KORDI, Ansan P.O. Box 29, Seoul 425-600, Korea
*Department of Oceanography and Research Institute of oceanography, Seoul National University, 151-742, Korea

Germination and growth of Laminaria japonmica microscopic stages were investigated under crossed gradients of temperatures and
irradiances, and the results related to the seasonal temperature regime in the southeastern coast of Korea. Germination rates of 70-
86% were observed in the temperature range of 5-20C, however, at 25C no germination of meiospores was observed. The primary
factor affect]ng germination rates at the temperature range of 5- 20C was irradiance; germination was significantly reduced at 150
UE - m™* + 57", Vegetative cell production of female gametophytes was highest at 20C, but plants were not fertile at the temperature.
In the temperature range of 5-15C, higher irradiance caused females to reduce cell produchon, but increased fertility. Cell production
was also low at lower temperatures with increased fertrllty rates. Optimal growth temperature for microsporophytes was 10C and
their growth rates were lrght-saturated at 70 uE - m™? - s™', We have concluded that meiospores released before July could develope
to the young sporophytic stage in the southeastern coast of Korea which is off the southern Limit of its geographical distribution.
However, limiting factor in the development of natural sporophytic population in this region would be the upper temperature limit
for the survival of young sporophytes, as water temperature at this area frequently exceeds 25C during the summer period.
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OAv} (Laminaria japonica Areschoug)® A2 ©& A7|ek A3t & =89 53 -’F—?:-‘)r B Qg thAvt 27 A
g A vl A ZAAS Aduig se gdy sz A ©A9 APH u3g odfde VxARE AFd}e T4
™ (Kanda, 1936), $2 vl e 8t F2 )59 dAgddst o, of& Fdl #2543 d#std o oA A AAL

23 (Lee, 1991). o] wg3tA] Rite 4AE dotdte Aol
A H EXE & o) tiAjvfe 93 ofgtdlA sRoir

a8y EAAE 2 Ay E2XYUYE Hod LuYgdME F 2 U ek

£3] 22 4 9} (Ohno and Critchley, 1997). @A £ v

Sudeddre AFHoz agd oY EAZEEH B& 49 A29 AT U ABTH,

EAANE YAEa n, 3 oJE2RH $HEd XAE HF 19953 623 sl Zr 134 F2FAM 45T TAHE A
ZAA HFE ‘seed rain’ & FAHT Aok ITH o] 3, o785 (045 um) 2 FEHA AF st FHe o] EAS
A Aozt A8 E 4 %h: AL o] G F&o] XA wlLA, AAS T A2 gwragh $9E LAY FAM A A
od EAAZ olojA & x7] AEA DAY A& ARIA & £ RIS 25em’2VY AHoE T FAHFE A AT
7] QRolgi FEE F o) T 10C2 fAEE ofFE XA o 4% A=A 28 ¢
o] &% AAse AFAQ WL dAlnt 7] AEAL dA &, 500mle FEHFTH € HAN GAE w2, Hez A
o A g osfiste Aotk 53] NE gE F234 FF 3 Aol X729 &g FE3A TAE HEANY g9 27 F
oA ojgel wg-g Hotzte AWAPLE of AR A% 7HF Ze 747 15C 2 10~20pE m™ 2+ s7'YT ETAFAE o) &
E&AHd Wyoz XNF7AA of F9 AR B B8 ¢ ate ALY TR0 S E AR, o 30 AA - mm29
P 2L AFNNE F2 o] WS H &3 vk (Kain, 1965; gdx wokgr]d FEd.
Cosson, 1973; Bolton and Liining, 1982; Bolion and Levitt, 1985; koA o2 PES ¥l A (Provasoli, 1968) & A7}s dw34
Okada et al, 1985; Lee and Brinkhuis, 1988; Egan et al,, 1989; £ o]&3 gt T8 BAAY F2F9 widd oF dFe 2FE
Han and Kain, 1996). 228} thA]ute] @8 A+ Okada et al. ux37] 98 Ge 0, (PES 1A 1£% 1 A7HNE wlFgq
(1985) #oln, o] BEE 2o & o|d EAAY 4ATE o HsHAT (Bolton and Levitt, 1985). M F&H L 454U 42
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o3 Fz27AL B ATE Yarish et al (19799 ¥z
SALet ATt et B Aol M= water circulator { £ 0.5C) 8} 25X
20X150cm® 2718 £2& o438y F£2& ARG, Fde
EANE 250 Watt - s'9] HQI lampE |43 4t 337 o4&
3 dzANE 18389 14:10 h LDE X34
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& 5A (5, 10, 15, 20, 25 + 0.5C) & Z=F 497 (10, 30, 70,
150y - m™2 - s" N2 & F 20709 27444 APy 4,
Z8)3 44 E 60mf 2719 Falcon culture flask (n=60)l
HEeAth BF Fole flaskE 74 A¥zAeE &7 4847
wjekstdth 4 2AEE 3 EATE FU wdo] ¢ H
¥ flaske BH AE 1cmd ¢ =W (o3 FFHA)E
R ddstn, #RPd EAstes XA FoAAM germ tubed
A MA Y BEEE TASY 2 U4 vEbd doled
ks s

R

e el AE U M=

F& 497 (5, 10, 15, 200) 9 FF 494 (10, 30, 70, 150 gE *
m?sTHE B F 16 UM APt FH ¢ Ex
Lolg 23ml £%9) petri dish (n=48)) HFIHI, 15C 10
pE-m™-s7' A4F02 4N vFEe EXE WolA R
a8 G&, 7 3MBY petri dishE 1429 wjgE&He] & HA
QO 93, o) WiAE oA 7} =AM 457 w3

IAAE BAste AL A7) Yo oJERE
2 AR% Ass vagg 53] dusAe 43zdd v
GFatA whgate, el Y AEE 288 F e A9xd9
A 9] primary celll M #3138 AEEL FA A5eA &
I, 2GS 98 HjE Ee S0 uet Asdd B G4 ¢
FolM 12 dFE TAAZ DDA X glojH7] e
A AE F 2375 w$AE AEEy] oY wetd EXE
HAEE 7Y FolE petri dish D8] #FAHS 74 1~204 EA
3a, 7o EAge v A ()E ZAREAG. 2™
02, 4549 302 7 BFFd EAste WA AL
o TR & AR, of& GA L2 YT sue ¢
ol $-A 7 AAste GHAEY o AAY 2 FESSHT
(Bolton and Levitt, 1985). ef-¢-A oA A3 &2 #Hd 3t
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o2l ZXiH 2 M.
& 4974 (5, 10, 15, 20C) 9 33 394 (10, 30, 70 yE - m*
sTHE 2F F 1209 2o 28 #4, petri dish (n=

Mol B MEY Feh2 22F W SAE F2 10TAA 30 4E
m?-s7'0 A& FFo g IFT WU oY EAAE do}
ARG, ol F, 2708 petri dishE 1£9 wWF&do] £ HA
T4, ol & Al 4 A¥zAAA 2093 wFsT AP0l
B¢ FAdE petri dish¥2 27049 #23L AH332, 4 #
AR WA g 2 sANY 42e ST

AEAM2| W 2.

AZEAN Aole 683 949 Alolo) 7 184 23] 4¥d A3
Z%39 D AZE mean £1 SDE ERAKT BHZAL ¥
o) ol BAEA (two-way ANOVA) L2 H Q1L F

2t9) Ao)= Turkey multiple comparison testZ4] L3
(Zar, 1984).
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F& 25CAA GAnte Exbe A LoldA g 2y
5~20C ¥4 WX FF e} 702~857% 9 LopgE B4
o (Fig. 1). £ o] &AM 10~70uE - m™2 - s~ ' A9 &
oL&L 826~857 %2 B AT o)t YALY, 150 yE -
m 2 s A LolgL 702~736 %Z TOuE -m s~ °o}3he
WzAoA w g AASe] dopgo] H& FodtA Fdot (Tu-
rkey multiple comparison, p<0.001).
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Fig. 1. Laminaria japonica. Percent germination of mejospores
under different temperature-irradiance conditions. Ger-
mination rates were calculated on the basis of germ
tube production 48 hours after meiospore inoculation.
Data are from two sets of experiments conducted in
June and August, 1995. Vertical bar means standard
deviation.



440 AL P

o2}l Zrlstg o 70pE - m™2 57 o) AN E F7F F pAE
A Ee A&Hog A o) 2fe gAnte] WA 7t
SANEE B2 FFINE= FFo) AHES Jedth ojd £
AA7L Fordtes 5~15CAME AR we} JFAXY 57}
Zaste v, XA Y $E 7890 oA JYAEIL 4
&3t wel XA 571 FUhE ] Aol a1, ol
A3l £ME IATY = FL0] BETF BopAE AT
Bgoh & 15CoA JYHAEY F= SuE-m st A
s457Mq o}, stol e RE WzAGA 1074 oS ¥A &%
oo adez ug 28Yd Fo IAAY & BF (5CAN M B
gt stolM 7HE AU s~15CANE FEHoE B B
o MY AGYFE JRAEY F7) W] Zadga, v
EAAY e By F7FH BT 70pE -m 2 s7' ol8e]
DzA)A, 5~10C FFAEY & dAZ AZ T wa}
A&Ho g2 Aol 15CHNE GYATY 71 A&FHO
2 7 AY B 3718 & ZadH o) AL wAlvt A%
g £ g 2 2 FF FAME Fo] ¥AY T Fake]
& E WA B A5t GFAMEY BAFo] FHoAe
g, A7 g A9EE e,

Wk 2845 QuSAIL AAEe FAXTFE 08~168ME
& o WYEFE Itk FAXFIL 10 olEY #FE

=
k3

5°C
81 10 Em?s” | 30 yEm?s" | 70puEm?s”® |150 PEm™s"
6
4
2
00 | @00 | m..0n 0

10°C
8
6
4
2 .__./Q\g o o

- L0 ..-0---0 O 0-e-
0{o--0 &—0—a_ 8”"0\0—. 0’\'\0—2
16°C

S N A O W@
O
Q
o
01
)
?

20°C

No. of vegatative cells and sporophytes per gametophyte

o T

0{&--0--0--0 {0--0-0--0 |O:-0--0---0 {0000
7 14 21 28 7 14 21 28 7 14 21 28 7 14 21 28

Days after meiospore inoculation

Fig. 2. Laminaria japonica. Changes in number of vegetative
cells (closed circle) and sporophytes (open circle) per
female gametophyte under different temperature-irra-
diance conditions. All data were standardized by the
number of gametophytes at 7 days after meiospore ino-
culation, Data are from two sets of experiments condu-
cted in June and August; 1995. Vertical bar means sta-
ndard deviation, -

Bolg A& 7] MAF F 1 4R/t GUAEAA oA A
Az pgdte FAAA AgE 7] deolch BF =3 893
9 HAd Be %L PHT BE F2A4N 2AXFE He
FEoz wFIFE P4t (Fig 3a). 582 Aoz £
o o& 2 L Btk 2TAA HALEEL BE Y2AA
0% KL, 15CAM HEEL 150pE m™2-s7'9 A$E AYsn
10T ol3ty A& wis F4 ) 5~15CAAN F5HY
P42 10uE m™ 2 s7'NA AKEL 0uE -m 257 o]
of wls) AAS A w3kt (Fig. 3b).

chil $-3 o A3 Ao g 99 Zoe F s $9
FABA} Q&L YU U} F Fe M e At
wa Agdtes £o02 dqUAE FFAI7 Qi JFAEE
A9 F/MNANA e v 2& SN AT A58 F
7] Qo 53 uAE JEALY A JAFANAG F
oo wEXe F o @AV FeAW, FF =3 A%
HEd 2o BAE FEde LT Ao F kgt
fA= FeHZ A48 U FAESY HARAZEH
1o gEsA ¢ & Aok B4 AH83 Alg e 2894 5~15C
9 A%EF FAXFoG JAIAR F& 7127l —0011~
—00742 25 &9 @& Jepi A (Fig 4).
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Fig. 3. Laminaria japonica. Total cell production (a) and fer-
ility (b) of female gametophyte under different tempe-
rature-irradiance conditions at 28 days after meiospore
inoculation. TCP means total number of vegetative ce-
lls and sporophytes produced from a female gametoph-
yte and fertility means the ratio of sporophytes to TCP.
Vertical bar means standard deviation. N. F.: not fer-
tile.
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of2l ZXA| A%,

oA EAH S HAL 27 FFo| o3 B YF& wyh
BE F24 FEAHQA 22 10uE - m - sTINA wlgE
A 271 0pE-m 257! oY RxAo2 wYgE A
of Hla] AASA AR, FFo] FIMEFE Gl FEe 7
e 23q (Fig. 5.

A AL Aoz BF g3 B dFE ¥ Ao
Z et (Table 1a). 53] 5T 20CTAA 70uE  m™2 - s7'9)
WzAGA 448 A4 27]1€ 0uE - m™ 2+ s7M ARF 4
Ao Hg FoAstA Fch 2y 10T 15CAME F LxANA
e GRS F98 27 Aolg & F A% o AFe
@ Xatel Aol b 30~70uE - m 2 s E3E £
A5 eI & =8 I AP B 9%E nFY.
10CelA wjFe GAEY APdde & £Lo2 fFd AA

10 4 O s5°
o 10°C
C
o 8- 15°C
©
3
o 61
Q
8 ¢
g
= 2
0 . . , . ; ,
0 20 40 60 80 100 120

Fertility (%)

Fig. 4. Laminaria japonica. Relationships between fertility and to-
tal cell production of female gametophytes at 28 days af-
ter meiospore inoculation. The relationships under 5C, 10
C, and 15C were Y=209-0011- X (=031, p<0.
001), Y=867—0074 « X (=080, p<0.00I), and Y=38.
14—0059 - X (=082, p<0.001), respectively.
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Fig. 5. Laminaria japonica. Frond length of sporophytes under
different temperature-irradiance conditions. Frond length
was measured for five largest plants in each condition at
20 days after microsporophyte development. Data are
from two sets of experiments conducted in July and Sep-
tember, 1995. Vertical bar means standard deviation.

€9 H)3 FdFoez Fky, 53] 10CAA 0pE-m? 579
woz WY MAEY IVle G F2oA4 $UF Fgoz
v AR S vls] Foh 22y 10uE - m™2 s M E L
b Fol Aolg Holx ¥th o] AFde FET ¥ FF I
ANE GAY 4o F&3be] FRI o) YehhA T Fa
o] FE3A B ZANAME £ T AolE HojR g

tSehe A& YEbdY (Table 1b).
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ZRe| wolE,

gAlebe] ¥4E 25CY n5dA A wolstA gt 1
FE X 219 wopgo] A3 A RopA = AL Laminaria lo-
ngicruris (Egan et al, 1989)%} Laminaria saccharina (Lee and
Brinkhuis, 1988) A= & 4 vt E& & ATelAE 10~70
pE - m™2 - 57O EAte] wolgo] FHT oF o] S Ho|A
AR AT, 150uE - m ™2 - 7 oA WolEL TOuE - m2- 57! o] 3

Table 1. Laminaria japonica. Analysis of variance for frond le-
ngth of five largest microsporophytes grown at diffe-
rent temperature-irradiance conditions.

(a) Two-way ANOVA

Source (S swares  suaes F P
Temp. 3 96 321 377 <001
Irradiance 2 109.2 54.61 6425 <001
Interaction 6 0.8 0.14 16 >005
Error 468 396 0.09
Total 479 159.2

(b) Tur)key multiple comparison (SE=1.9791, qoos, 45, 12=4
622

o, o o, o,

Temp 5C 10C 15€ 20C
Q' 10 3 70 10 30 70 10 30 70 10 30 70
ST 10
30 180
70 235 54

o,

10C 10 57 124178
30 285 104 50 28
70 313 133 78 257 28
15C 10 15 165220 41270298
30 213 33 22 157 72100 198
70 243 63 09 187 41 70 228 30
200 10 13 167222 43272300 02200230
30 191 11 43 135 93122 176 22 52 178
70 241 61 07 185 43 72 226 28 02 228 50

!quantum irradiances (uEm~%s~")
~yalues in matrix are q and values above 4.622 mean significantly
different.
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ol N wolgo vls] wgtth o] Afe Fakol e dolg
FEE A gevde d5Y 9T (Lee and Brinkhuis, 1988;
Egan et al,, 1989; Lee, 1992) ¢} t¥] 8}, 18y o] AFAA =
DA 1204 - m™2- 57" o3t FFA T Expe] Fol&g RA
39t Cosson (1973)%e] 150 uE - m™2-s7' o]4e] FFelA
XA HESES FASAA, & 170uE - m™2 57! o4y FF
X Laminaria digitata X728 A& &o] AA ol $

Basa gich

B8 Zolg9 w1 ugo] A3 Hzﬂ o AgE 9rdte
AL o) APAA Folle & 25C B 150 uE - m 2+ 5718
ZAAAME BopatA] X3 o TAE0] A AEFE £
F ART 2Y qoye Ex49] dopgo] dopide A
F4 AR L Al oWty Mol I F84]
Aeth =A Lol E ] dopgt AR vlE H¢FEel 4311
o @] o DAY, e W Zopdt A E o3 A
AR 38 steAel wof, A7 AIYE o] o

HiPASf MED M=,

thAjule] el A& F& 20CoNA A F&3A gk, o
FRRNE AL AUt AntE AE) 9lo] 20T o]4}e] 1y
Lo Qul$A7E A&3A ge AL uy d9F FAolg
(Lee and Brinkhuis, 1988; Bolton and Liining, 1982; Lee, 1992).
T3 20Tl A dul¢A 7 e FHNESFE OUE - m™2- 57!
qA 743 ggorn, o 7I1Ed Exd AFHEFH IA tEA
&}, %, Laminaria hyperborea, L. saccharina, L. digitata®] A
Shul -39 GEAHZL 20~30uE - m™2- s A o] o] AP
A ¢o 9 (Lining, 1980), Laminaria farlowiidl A% a]-$- <]
AL 40pE-m 2 s oY FFdAME AfEdy €A
1t (Liining and Neushul, 1978).

Gl A7t Agdte s~15CAME FFo FEFE A5E
o] Wi JEAMEL] AhFo] WorAth o1 HF % *J—fl— Eklonia
maxima®l N E £ % Sl (Bolton and Levitt, 1985). 2181
F& 120N 24A T d&H o Y uFo] 2597 vt
L. digitata®] FNS-ANME FEAEY & A9 45E
o] W& S~10uE-m 2 sT'AA M B3, A& E0] wolAE
20uE - m72- 57! ol FAANE A 1?_“:} g4 o
(Cosson, 1975).
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Ao wt F7tske v, A5 E-2 WolAd (Bolton and Levitt,
1985). =¥ L. saccharina (Lee and Brinkhuis, 1988)9} L. longic-
ruris (Egan et al, 1989)| M & &0} Fol A4 E o5 =2
717V F7keht, W A& 82 ol

o) 39 Adte oA XAA S 719F AAT FAZE FHAA
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20T o)l Ne 4FE] 443A A Eusn 9o,

FF Ed g A AFA B dFE vHY 10 uE -
m 2 s A AAEY EAE 30uE - m 57! o]
A AR AAE v @AHA Fdoh 23 Y 30~70 uE -
m 25719 BFANE o4F A AAo] FE3] o] FoA
© Ao 2 JERa, o= L. digitata, L. hyperborea, L. saccha-
rina8] ¥ EAAY FNALFEL W0 uE m? s AHAE #F
ol F7iste] wat mopAL, olRT & FFAAE o o4
oA A gAY £ 7Z23thE Han and Kain (1996)9 2
o F dX &

SutsfotofA £7] MEA S| wol.

Susel A GAs A 2ol AAFA S o148 ot

98, Aok FAFo) L EAate YRALe 554

Foo g AT 27 HBAF BAY BEe dBet 4=
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e 27 A 25 Y 520 20T 1] o2 A7l
BEY EASE QR Bl RaAY EE LopddE
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Fig. 6. Seasonal variations in seawater temperature and frond
length and fertility (ratio of sorus area to blade area,

RSABA) of sporophytes on the coast of Ilkwang, Ko-
rea from October 1995 to October 1996.
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