FThe Sea; Journal of the Korean Society of Oceanography
Vol. 19, No. 2, pp. 164 — 168, May 2014
http://dx.doi.org/10.7850/jks0.2014.19.2.164

]}

Z A} W3} 7|7k whE A=)t (Zostera marina)e] ol

e D E IR ER:E

Gl el
Aol Al

EnlE

Germination Rate of Zostera marina Seeds Relative to Storage
Methods and Periods

JUNG-IM PARK"*, JAY HEE PARK', KUN-SEOP LEE* AND MIN HO SON'

' Marine Eco-Technology Institute, Co., Ltd. Busan 608-830, Korea
’Departmrnt of Biological Sciences, Pusan National University, Busan 609-735, Korea

-

AvEld Fxpe] AAE A% Wz A 7hss 717k Doty fste] el daliekla AF e Avew
TAE ol gste] it A W A 713 $ WolgS FAISITh AW Fx12] A4 WL 3717 &
FEE A2 3, 4°C @4, 30°CY] i, Sl aREE o, 1 dl, W, 2o WHoE As)
AL}, 4°C9] digeell Ast Aneld Fae] Holgo] ZPY =9k 0 (52.0%), SNT7F FUFE Rt A2edA A
et FApo] dola-2 27 17.7%9) 27.4%7F YRS v Az W5 Fxlel 30 °C] digrel] Bapst S 7
& wolalx] ekt AmEE £210) 2 A% 717 10, 20, 30, 60, 18093} 240 o+ AT 10~60U =
Qb A AWML TARE 46.4~52.4%2] HolES AR oY, XA 7I7to] AAAGFE 23] Wolgo] i
3tod, 240 Aot Ak W3] WolE|x] ookt

o

To determine the optimal storage method and longest possible storage period of Zostera marina seeds, we
examined post-storage germination rates using different storage methods and periods for Z. marina seeds har-
vested in southern coast of Korea. Storage methods included in seawater at room temperature with air supply,
seawater at 4 °C, seawater at 30 °C, an aquarium with continuous seawater circulation, seawater at room tem-
perature in an airtight tank, a refrigerator at -20 °C, and a desiccator at room temperature. Germination rates of
Z. marina seeds stored in seawater at 4 °C showed highest germination (52.0%), whereas those of seeds stored
in seawater at room temperature and an aquarium were 27.4% and 17.7%, respectively. But the seeds stored in
seawater at 30 °C, a refrigerator, and a desiccator did not germinate. Storage periods were 10, 20, 30, 60, 180
and 240 days of storage. Z. marina seeds maintained germination rates of 46.4~52.4% until 10~60 days of stor-
age, but showed rapidly decreasing germination rates after then and no germination after 240 days.
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ZH] (seagrasses) = SAME AR SIS ER XS 9107 Qg x| o] A7) Fio] MAIACRE BaEal Q)
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a7telH, B8 ZHE 8| flEl 71 dude] do] 7t
3]k ©do] Qlth(Fonseca et al., 1998). FAE o] g3h= WS
olgfdt FAIHE a4 L, Aok T3 ko] FApr) gE
i @77kl b WAL ARAAAE BdT ¢ Sl RO
2 20417] BHE] Hu|E FHoR 8] AL Ut (Marion
and Orth, 2010).

FEvet Ake] Amee o]8 JHE Zole7kA] Aol &
uksh | o] A7l &5 193 98 AX AviE A5AR T
2= WA Dk(Lee ef al., 2005). ALY $A= S8
s17] 3l st SAPE W] A9 ANEaE Adshke sl
fralsteh. weba gkt AvEld T 9 A A% s
AAA et FAE Adehs B4 g9 TAE T wt
A s AP fIstolh, o] AlE TR Axg A
2 Aggrows s fAe, A% 571 80% o) delAlE
gelo] §A38] Hash A% F FajEAY, A% - gyt
T upgdsitoly) ubalslo] Adade] Wo] §lth(Baskin and Baskin,
2001). 28 Fg21ER1 A9 9] FaR= Az oisk ulido] oF
sto] Aol wEFHW &S AT 5 SltH(Chandel et al,
1995). 573 2122 739 oheksh Sk A% o] s glont
(Baskin and Baskin, 2001), 257 $2}2] Hate] thgl 2f5= wike- v
Fob AAA] B4s 9 29 T e AT F e
A7 el B3t A7) AlESHOrth et al., 2000).

TR AR T S AAs, A7 A S gl Ao &
o] 2Axlo] S drk. FAe] Hgh= o & gl A o
v A% welE dehd B3t SR ol AR A Sle
1, Fol| wle} th2 31, 22 Folekz A2gge ulE} th2 0k (Kim
et al., 2007). §7 =9 TAh= AAs A PHor g4
FAIE AElE A71719] AAo] 7153k (Chandel ef al., 1995),
d-o] Zy] Fake vy MAAZ] o] el &9 ol "k
(Hootsmans et al., 1987). 52} Agtel A2lsk= &3] F=}
o] Eeo] fA1E & = AR 7hsd 71kl gt A= T4
£ o] &3t Zux A Bl wle- f8stA E8E F S A
ojct.

Avjede v} AgtellA 71 BiA Exshs Folv &
Alell 1970 0)] o]5-2] FZ gt At A AA|7} 717 wol &
H Fol7|E st 2 AgelM = AnEld Tk AHs A%
W A% 7Fset 713s dop Al s, o] Ayl -2yt
AN e A T A7 wWiklel] THE 7| E ARE

Asg Aol
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AmE]e] s Jalieke] XETH35°06'N, 128°32'E)2} A4
TH(34°48'N, 128°35'E)ollA 2004 7€) AF eIt QY F
T IHE2 S Fl5T B2 el 77 nasklar, oF 2
MY § ol 7hefeke 3 22elA S Akt

SRS AR S T2 100715 FEe Fol BFeE B)E
AASIL FEES FAT T, 1F71(60 °C)ellA] 4877 Az &
AFS S7stod, Avleld T2k ot 71 =2 s8It

=& Lokl =it

Al F2F 10071245 93}3l4(GF/C, Watman, Maidstone,
England) 50 mt& =gt 7t AEZUA @A 9 cm)ll ¥ F A
2o A AATEITHn=5). AEZ S Fololxe] 2l #2 45
pmol m?s™ (12L:12D)= 3t} Az H) (cotyledon)e] Yt
el A& dholst 710 2 M3l TH(Churchill, 1983). 25wt}
7+ et o|A] Woldt Fale] 5 AL, o] wl Wolst
A= AASIG o oslE wEselr). Wols- 7t HER
4] & wolst Tk A MEEE YERISIT

o o, MO TR

Hol-8(%) = e 100

K& dHof| e Wols

A% el e A TR Holsg dotry] f8 &
st AR TAE 7 WHoE skl ZF A% W
< O 3717t 3ase dlgrel A2 BIKRT), @ 4°C2 sl
BICT), @ 30°CY sfisroll HA(WT) @ ali47t A58 0= f
Au= Fxol B (AQ), ® WiHlE dirol] ALl Bt (CL),
® -20°ColM Y% B3 (FR), @ HAA0JE ] A& B3 (DR)
sk WRE AYsielth. @, @, @2] Wl v 7 529
A wslith. 2 W o 90dk Al Fx; A%
2004 12905E oF s7ETE A2oA] WoldES st

.

K& 7[Z10f e LolE

A 713k wE AvEE AR wolgs dohiy] $13 2004
W 99 1,500714 8] FAHE oAHsliaE 97l Skl FE ¥
< 5 94 °0) BasiSithn=7). By 5 v ZF EekAE
B9 ojF3llE waslglon, 27 AR ZRE 10Y, 20, 30
A, 604, 120¥, 18043} 240 & 247 Azl F2p7) &30
ZEpAE FHOA WollA] ok FTAE ARSI 2004d 9B H
B 7zt A2oA] oS AAEIGITE ©, B 71k = 7
ZeAE FroA Wolsh ks WEEE JERglon, A3
A AA

Al

BE A=+ normality?} homogeneity of variances 747 &
A% "1 F 770l ujE Wol8-S One-way ANOVAES ©]4-51]
AT EAFke] felgt 789, Turkey HSD (Honestly Significant
Difference)& ©]&3to] 7t A15.2] FA& HE3Ilth B4 &
A2 SAS 9.1 o]8slglon, BE A= Bt (mean)?t 35
LAKSE)E YERASITE.

@y oa

R o T2 ot

AW E T2 Hi HF5H2 14.64+0.05 mgl 2, 36.60+
0.82%2) F¢ F4ES AU AATh A Sx= A

°F 10%"|9H] SES Hfshe A3 TAH(orthodox seeds)2t
= 2 30~70%8] FFES T FAGA TA(recalcitrant
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Table 1. Summary of mean = SE for germination rate of Z. marina seeds using different storage methods and periods

Treatment Mean + SE F-ratio
Storage methods
Seawater at room temperature with air supply (RT) 177+ 1.4
Seawater at 4 °C (CT) 52.0+44
Seawater at 30 °C (WT) 0.0+£0.0 100, 1#+%
Aquarium with continuous seawater circulation (AQ) 274425
Seawater at room temperature in an airtight tank (CL) 04+04
Refrigerator at -20 °C (FR) -
Desiccator at room temperature (DR) -
Storage periods (days)
10 46.4+5.0
20 514+£1.0
30 524+1.9 g5 gHes
60 47.6+3.9
120 19.0£ 1.1
180 0.8+0.8
240 -

Differences in germination rates between storage methods and periods are indicated by the corresponding ANOVA F-values and associated
p-values. ***Significant differences(p<0.001) between storage methods and periods.

- Not germinated.
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Fig. 1. Germination rate of Z. marina seeds using different storage
methods. The germination experiment was conducted after 90 days
of each storage method. Storage methods included in seawater at
room temperature with air supply (RT), in seawater at 4 °C (CT), in
seawater at 30 °C (WT), in aquarium with continuous seawater cir-
culation (AQ), in seawater at room temperature in an airtight tank
(CL), in a refrigerator at -20 °C (FR), and in a desiccator at room
temperature (DR).

seeds; Chandel er al., 1995)°] 3|d=+= o= LERITE.

7+ A% whiel whE AT Sk Wolg2 o3k Ajol5
YERNSIEHTable 1, Fig. 1; p<0.001, F=100.118). 4 °C2] &}l
B TA7E 7H 2 Holgs YERIIA1(52.044.4%), A5
Hog st B2 2o BRst F2K27.482.5%)% 3715
oM Bl A Bast FRK(17.7+1.4%) A2 YERS:
o}, vk, dule sigrel] RS S AL wolE x| gk
(0.4+0.4%), Fs3A Aol 723t 2 Bis A

o] A= e wolabA] sttt
o] Az TR W FrEelA R A7 Aol Tk
st v)al, WA SR Az widsle] ) Sg vk
W A SA =AW, WeEEA =AY e Ao
2 Alazelo] Wiy F= glE]o] Fxke] o] A ETHChandel
et al., 1995). AW A1) Ax Bo] Fape] 2ol X3
Ql JES X A Fo] At AYEHE A EellM T 1
%31 Yk (Hootsmans et al., 1987). ©]&s &3-S th& F2
AN R =l 733t Zostera carpricroni®] FAE
3] wholE R ¢k O w(Brenchley and Probert, 1998), Z.
hornemanniana®] SAR= A2oA 60 AX T EF FHS 9
Aokal ¥ 3% 37 1TK(Tutin, 1938).
7P =& dolgE Bl Al TRk A% WS- 4°C9]
el Hiksh= A0R Aol A& 07 7t FHERE
zol Baet AR =A] ERTE A9 Fgrel] Bast Z
capricorni®] FAE =2 Wolgo] YRt 02 RyE T gl
(Conachore et al., 1994). 01712 AL o] Fx}o] F Ely}
of FelstAl 28 = S-S &JnlStHOrth et al., 2000). ¥HH
307 &l Bkt Avjeld F4k= 28] wolalA] bk,
ol WSS oA FgolRte] o TAE FuE] 4
$ RS ZHow F=38 4= 9th(Baskin and Baskin, 2001). |
23t A 2815 A FAE 20°C o] F2ellA 70%7}
Fall5}1 2 (Orth and Moore, 1983), 26 °Coll B33t Z carpricroni
o] FA% FA H-3 = $Ith(Brenchley and Probert, 1998). =3k,
FTARE A 713t FollE 555 AGstoiof st e AlhE
A7E 2ol vl 2351 H(Baskin and Baskin, 2001). A% 2}
AollA E7] e Tl XHAA w59 FslEs AYAA
1235 Q7| & 4= 2th(Hootsmans et al., 1987; Moore et al., 1993).
2 Ao E Aed sigrel] Rast Aneld A7 AL who}
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Fig. 2. Germination of Z. marina seeds after different storage peri-
ods in filtered seawater at 4 °C. The germination experiment was
conducted after each storage period. Storage periods were 10, 20,
30, 60, 120, 180, and 240 days.

P S AL R ALel A2 FoHRE] GFol9S A
o= 5% % 9)

K& 7[210] e LolE

7k A7 717kl g AW T2k dolg2 BAITE {9
31A x}o]= B THTable 1, Fig. 2; p<0.001, F=85.807). 7 =
3047 A AW Fxe] Wolgo] 52.4+1.9%% 7Y =%
o, 10~609 A Ameld T2 WdolES 46.4+5.0~
52.4+1.9%% W3S BAA| T, F2)3F o)== e oksk
(p=0.534, F=0.758). 14, 604 ©o]F-2] Agrolxe A7 7131e]
71l Ee] Wolg2 ARk Asielem, A% 717ke] 120
AE FA= 19.0£1.1%%Z, 180U A= 0.8+£0.8%2] o5
B3N, 2404 A2 & AL TR 3] dolskA] sl

2o SAbs Aet A W o At ete A% 7
o] AojASFE g=S ol Hu, o]st A EHah= A%
HE 2 3hd 7 55 o= A% 224 4 Y (Kim er al.,
2007). ¥ A= 4°co] A& AFE A Akl A%
71Zk0] 60Y-S AHshaA Wolgo] 43| AsE L, 24040]
A A= A dolekA] gttt ojggt @S tE £
Zoo| M T AEalelA B =], A2 B3 Phyllospadix
torreyis-AFe] Ee2 83U7MA] FAE A oE HuFH glow
(Reed et al., 1998), A& BRI Z capricorni TAE 504 &
58%2] Wol&-& 1oL} 316d Folli= M3 wholshA] gtk
(Conacher ef al., 1994). A Aved et g4 5ol x5
H T4 (seed bank)lAE o o] Aot &S A8t TA=
79 = 2 (Moore et al., 1993)C.2 B 1= 7S 7hekshd
Ard A o sk A7 Ashe Bl o) ks
Aoz ek}, tink, & Al s A FAE Tkt 7
ZF ASE 5 ot AF 7|3k Ajolr) iAsE AR 7t HET
o] Tzt 7|3t Bt Hotg-g ERlshtd Ane F41] T
sk 27 717te] vS W Zlo® 7|gisitt.

7} Ao oldds JiAIs] A 40 sl Bt S

Table 2. Percentage of germinated Z. marina seeds during each storage
period in seawater at 4 °C

Storage periods (days) Germinated seeds (%)

10 0

20 0.9
30 1.1
60 1.9
120 8.5
180 13.4
240 13.6

olst Avjgle Fxpe] WMEEL 24029 B 7)7F Fok X|&4]
o7 F7HIR e, 10~604 Fek2 A1A3] F71EH7H(1.9%),
60~180Y F<t F43] S7151913L(13.4%), 180~240Y 53t Rk
Z715F3EH(13.6%; Table 2). o] &3] Fxle] Wolrt Al2hE =
257} 71 MAA Q] HA S 07 (Abe ef al., 2008), E Ao
Ae) A% @ Cpl A TERE AEE A2 A
23} fAKLee et al., 2005)8F317] Wi o2 FFHEch 13y B
T 713 5 ol MR HE Y8k Avw Xl A% &
Aol foJahA] korz, w3t 7|3t T wolsS AaAZ 4 9
£ A4 g2 st 7 Bod sloz AyzhE)
AEHOF 4°C9 ol B3B3 AvjEd =2} M =
Wolg-S vehilo], Al Tk A A% W] a4
Zo =z eIt 4°C2 A%E AT A 6049 A%
A Wolg s FAE 7 L, A7 7)3te] AoAeE ol
o] A3 TAsIson, 240U0] AHushd W oA o=
AOFE Uepth & Al TARE 889 shdke] A

AR Bl fold A AT ol

b4

N O rlo

AL AL

el A Aol Ee-s A A9, A a2
Foll W& g T4 Y EAR IARERIYT o] =i
st Aelew FesgatslylEele] Aol o s3E
AT EHE WA} B 238 Ui WAk ] e
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