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W OB ZRELET,HRT ML B A0 HE KE REMREERELH
R ATEMTFHAMGEERNYH, ERENA . Z230d AR LR, Tfi%ﬁ\ﬁ'ﬁﬁk'ﬂr
EMFEATET EEHH(P<0.05) , Hp b F 25 4038 4 09 A 3 & 5 & 3 38 $0 7l
KX 4(0.67% 71 0.07) ty 36.3 (541 58.9 & FHH L HHEE.3d, HMALIEHE
Wy AR, b TR R G RF R BB W &, T3 90 R U 8 G TR AR b B (R
At M FHR , EMFHRE R FRE A A5 BAN 26.9 A 42,7, FHHK
FIEEE12.6 d; TR A8 MR KBS IKEERELIEF RN BRI AT RN TH
HE, ARG ENERD T, E30d L%, KELBAYFTRAREEFEH T RA(P<
0.05), 1k 10 ~25 AL B A8 B A KRI G X RAZ 70K, T 400 F# AL 4T
WEFE, e e RELETEFRIRTEM TR EFL EHEEN 10 ~
25,
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Effects of different treatments on seed germination and seedling establishment of eelgrass
Zostera marina L. TIAN Lu, ZHANG Pei-dong”™ * , NIU Shu-na, ZHANG Xiu-mei, ZHANG
Ling-yu ( College of Fisheries, Ocean University of China, Qingdao 266003, Shandong, Chi-
na). Chinese Journal of Ecology, 2014, 33(9) . 2408-2413.

Abstract; Seed germination and seedling establishment of eelgrass Zostera marina L. exposed to
acupuncture, acid, drug, hormone, low salinity, fluctuating temperature, and low temperature
stratification were studied under controlled laboratory conditions. Results showed that, after 30 d
of seed germination, low salinity had a significant effect on the seed germination of Z. marina
(P<0.05). The germination rate and germination index ( GI) of seeds under the salinity of 25
were 36. 3 times and 58.9 times as high as those of seeds from the control group (0.67% and
0.07) , while the mean time-to-germinate ( MTG) was lowered down t0 9.3 d. Seed germination
rate and Gl gradually increased as salinity decreased, whereas an opposite trend was observed in
MTG. In addition, acupuncture significantly promoted seed germination, as the germination rate
and Gl of the seeds in this treatment were 26.9 and 42.7 times as high as those of the seeds in
the control group, whereas MTG was lowered down to 12. 6 d. However, seed germination was
not significantly affected by acid, hormone, drug, fluctuating temperature, and low-temperature
stratification. By contrast, the establishment rate of seed-generated seedlings was significantly
higher in the low-salinity treatments ( with salinity of 10-25) than in the control treatment. How-
ever, no obvious difference in morphology was found between these treatments. The seed-genera-
ted seedlings in the acupuncture treatment all died at the end of the experiment (30 d). The re-
sults indicated that low salinity could promote Z. marina seed germination, and the optimum sa-
linity range for rapid seed germination is from 10 to 25.

Key words: seagrass; Zostera marina; seed; germination; seedling establishment.
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T — A AP R R B /K v )
T, BT R RIAR R AR 25— A TR
A R 6 m DL (RO IS 30 m) B IRk
00T 5 8 BT & i iRk K A= 458 (BRMG ,2006) o 1E Tk
S S A 7 W RS R R ]
PATE K 1o FE A 9 B R (Short et al. ,2011) , I 5E
REA R AR 7 ) o = R B 1 2 &R
Giz— WK EY I B m S RGEZ — B
A H A AR S T BE ( Garcia-Marin et al. ,2013)
SR R R AT 2R R BE N 75 AERT AR 1Y 0. 9%
BTG LA B BEAE T% S A BRARTE 2k
FERY 2 ~ 15 £% ( Nellemann et al. ,2009) , fiTt—i
PR R, 23k 173 iR R T ISR, HIHR
ISTENPL( Waycott et al. ,2009) ,

UE L4 AT A TR 38 i e PR A G o
(R LEAS DI RE AN 2R 1R i fEHIL, I Je 1 — Sy B R
&5 Ok 3 B9 i 98 5 243K ( Balestri et al. , 1998
Kirkman, 1998 ; Martins et al. ,2005; Park & Lee,
2007) o HEE R Z RT3z 5 05 (8, X
FHEZ B R T4/, 30 v] IR KR AE 20, HXT
DEH i B R 1) J B Tk € A T (Orth et al. ,2009)
PRI AR P o IR 2 52 00 1 0 DR Ry B I AT 5 1 A
Rl ITSEAE 56 [ RO FI Y 1 — 2822 5 I Jie 1 ifg
FRP T F AR TR A A 2210, IR0 T R R RN AL
(Traber et al. ,2003; Orth et al. ,2009) . {H 5
TAE A SRR & R AR AR AR 5% ~15% , %)
B R (R 8 S B 2 L 0 VR
B E 3 k) WAK T 10% (Orth et al. ,2009) , ™5
il 2491 ¥ B T 5 AR B2 A R R UL AE B b Y R
o MR A PREE b i R gl e
J R 3 42 5 (Harwell & Orth,1999) , K it H T 55
Hh— AR TE N T ST X R b1
Ty DR i K 40 v B 7, 1 40y B 208 RS S R
HRM TIESL R, SR, A QT A PR 20 IR
SR A R R i PR R AR AT ST I A 2
Z o HLHERER T 0 i ) 24 R AR KO A SR 22 S AR
TR, AR X T ] — Ao AN [) Aol A T b 1 A B
ZeA AT BBAFAE 1 2% 22 5% (Orth et al. ,2000) , A1t
A B v I RN B b T A R R T RS2 4 g
B RAE S 1) OCHE

AWF5E LA FE A D5 S it R R 2 ——Rnt
¥ ( Zostera marina ) NWFFEX % (ELBELXMT,
WEFE T BT RIRD K IR 25 R ARER R iR AR

)2 FREE 9 Bhdt 21 AN Ak BEXF AR 1 & 152 ), I
TRUE T A3 00 I S A0 A 336 A Y
SN, AT T 25 B (2 B A 8CR , LAY kA
DR T PRI R BRSO S AR N T8
Higft 2%

1 #HREFEE

1.1 Fpruicse

S PR AN 7T 2010 4E 7 AR H LKA
ST RIG W I, SRAEIT K7 G o A M 7 3
I AR A 33 em x 33 em( K x %) M H
KA 1.1 mm BYRIEE ) ASFL R S8 E R LR
T AR, AR 1 SR V% 5 AT AR . iR
LRI B AR B T O T m SR B
P& TR 30 WKORAE . ORAF DI H) B R4 K —
S =W
1.2 Fhriik

Pl e Se g R e 21 ML (ER 1) . TR
S, PR B AR I K R SE T 75% &
FEi2 30 30 s, JCPR K ML 3 W, A 0. 1% S4LKR
VTR 15 min, TR K oh ik 3 WK, B0 3
AEE BT FEPLPE 100 BE SRR A
1 KHEMFHEHTEIGIT

Table 1 Experimental design on seed germination of Zos-
tera marina

A T Ak 2 Wik &

XHR(C) T B 15,30 30

FHRIFN R (ZC) FHERE A X P B — T JBRS15°C, 3005 30
B

WiRR I (H,80,) 5% H,S0,352 24 h R 15°C 3R 30

BRAREHE (LN) 20 mg - LUBRIRE 24 h BRI, 15C, 50 30

KNO, Rl (KNO5-10) 10 mg - L™'KNO,iR¥124 h M 15C,
KNO4 2l (KNO;-20) 20 mg - L™'KNO i1 24 h Mg 15C,
KNO,iZfl(KNO;-40) 40 mg - L'KNO, 2124 h B 15C,
FRERZN(CA-10)  10mg-L'GARI24 1 B, 15C,
FERFH(GA20)  20mg-L'GARIMN24 0 HHEE,15C,
KERFW(CA30)  30mg-L'GABII24 0 HBE,15C,
HRERRM(CA-60)  60mg-L'GARI24 1 B, 15C,

W L W
oS o O

RS EEEEEEEEE
(TS S TS IS
s & & &

HERFM(CA-100) 100 mg - LTIGA 24 h - BEE,15°C, #5430
FERB(GA300) 300 mg - L'GA R 24 b MHEE,15C 4 30
ER# % (1S0) B 15°C,3F 0
RT3 % (1S-5) MU 15°C,3hE S
53 % (15-10) HEE 15°C, 3 10
B 150, 3 15

R % (1.5-20) B 15C,

BB BERBEEBRER

(

(
RERBI R (1S-15)

(

(

SH oo oS oS o H
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R % (15-25) I, 15°C  #hIE 25
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- anHH

il (T) h/12 h) 4 30
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100 mL MR, Batr A 80 mL 25 &K, B Tk
HEIEFRAH (GXZ-0288 , T UL VLRI ) kAT &
SEH, ARER AL FHZH A AN [R] £ B VK &, LA Ak
PRI FHERFE 30 Bk &k, Wik R ICG I,
TR 15°C (AR B 12 h 15 C 12 h 25 C) .,
SEG AT, R REER 1 L AF O, St i kRO
HOEH LR T T YN E, B2 d it
IK—IR, g T 30 d,
1.3 ZhEikEsR

Wi & T4t |, B 20 MRk— A TR ET A
5 em 7P AY 100 mL BEARH B T 40 cm x40 cmx20
em (Kx T8 x 55 ) 1 3¢ I KR | S it 7K 2K BRIk
15 em J& , BOAOGIREE R4 ( GXZ-0288 , T I VL H
IR HRE 3630 A, REFR A KR 17°C O
EFHE 45 wmol - m™ - 7' DEIEW] 121 - 12D,
pH 8.3+0.2 .D0>6.0 mg - L™ #hJ¥ 30, fiKERAb B
MR BT AR R 5 B RN AT 5
Yk, ZEREEIA S 30 B IE TP R IR AL,
FRHIIE] , B RIS A T A7 A AR R O, SR FH B i
P2 d oK 1 IR, BEREHE TR ATE R,
PiRUlE= R NN iU SN R g TN K NI N BN
TR IARKAE (mm)
1.4 HdEabag

g H R & B0 5 W4 AT
B0 IR AR SEH R DI (MTG) & 2R 2L
(GL) KAhitifrid M R i A r

(DWIRF(% )= BEFTEY P 8100

(2)MTG(d)= ¥ (n;xd)/N
K, n 08 R EMF T4, 4 BB RS
50 RN A RIS

(3)6I=X(G,/D,)
Kh,D, HEZFHEL, G, 5 D, S KRB R,

(4) ZHHIAETE (% ) = IR B R B WIth4h

1 %> 100
(5) BB MR (% ) = A5 ISy PG Fh
FHx100

K H SPSS 13.0 5 Excel 2007 X 5HE 475511
AW I KR SPSS 13,0 X4 #E T ANOVA 43
Wr 52 & e, LL P<0.05 1E 255 83K,

2 HRE5HM

2.1 RN A SRR T % B
2230 difi% (F2) 3IRAL(C) Fi Tl & AL

F2 AEEIAMEMFIHEZNIG
Table 2 Effects of different treatments on seed germination
of Zostera marina

pis:il R (%) MTG (d) Gl

o 0.7+0.7 a >30 0.07£0.01 a
ZC 18.0£6.2 b 12.6+1.1 2.99+0.13 b
H,S0, 0.7+0.3 a >30 0.04x0.11 a
LN 2.3+0.3 a >30 0.14£0.01 a
KNO,-10 1.3£0.3 a >30 0.2120.02 a
KNO;-20 2.3+0.9 a >30 0.19+0.03 a
KNO;-40 3.3+0.9 a >30 0.39+0.02 a
GA-10 0.7+0.3 a >30 0.04+0.01 a
GA-20 0.7£0.7 a >30 0.0320.01 a
GA-30 2.0+0.0 a >30 0.39+0.01 a
GA-60 1.0£1.0 a >30 0.06+0.01 a
GA-100 2.0+0.6 a >30 0.09£0.01 a
GA-300 2.70.9 a >30 0.6020.02 a
LS0 86.8+1.5 ¢ 5.11.2  55.79%1.22 e
1S5 56.0£2.9 d 5.10.9  36.21x1.10d
LS-10 48.9+0.7 d 5.3%1.3 18.25+1.03 ¢
LS-15 35.0£1.7 d 7.1£2.1 14.7420.33 ¢
L.S-20 30.0£2 bd 6.9+1.8  10.01x0.99 ¢
1S-25 24.3%0.3 b 9.3+2.1 4.1220.45 b
T 2.320.7 a >30 0.2720.06 a
S 1.740.3 a >30 0.10£0.01 a

T B 18 = b T R 2. 1] 50 T A ] 7 RG22 57 W &
P<0.05, A,

HO0.7% , KEFFRE(GL) 2 0. 07, V17 K& i 9
(MTG) >30 d, 6 ™Ik Ak B 20 245t K i35 Fl - )
& 77 A B AR VR I (P<0. 05) , Hidh £k B 25 &b
FRAL (1S-25) Bl 15 & 0 GL 4391 Sy XF B4 1
36.3 [ 11 58.9 5 ,MTG [# % 9.3 d, HFE&E AL HEE
JEREAL, PR RS GL B & MTG & Wi 4
i, [RIMFERAARR B2 (Z2C) o 2 25 i R i b1
K, BIGEE R 7C AR T KRN R 2R R B0 B
JoxF WAL Y 26. 9 5 A1 42. 7 £, SF34 85 &y W &
12.6 d, T4 b 34 R iS5 R 19 1 & %6 MTG
H1GI 5% e To il % 22 5 (P>0.05) ,,

2.2 KM M 54K

H,S0, .LN .KNO, .GA T fil S Zb A fE i 3
PR T &R 20 PR R R4 R 3R 1 RS
REEAET, DRIt oR i — 5 %ot 1 6 b 3 20 1) 40 1 HEA T
IR,

Xof B2 JAIGER A B A5 AR B K gl i
HAAG ARG 3, ¥i97 30 d J5, % 41 %)
AR AR IR F) 75. 15, 0% , SR 100 R R 18 &
AR, B RN 0.5% . ARER AL AT
T, 4V A e b Ak B R R A 4, Ho S0
55 LS-5 AbPRLH ) i AT AR, AR T X R
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Table 3 Survival rate and growth of Zostera marina seedlings under different treatments

Qb TS IR LIS e RS ESTRN lilSN
(%) (%) (mm) (mm) (mm) (mm) (mm)

C 75.1£5.0d 0.5+0.2 d 17.2+1.1b 1.032£0.02 a 8.2+0.27 a 2.6+0.11 a 6.4+0.6 a

LSO 10.8+2.1 a 9.3+x1.2 a 15.6+1.1 ab 0.99+0.03 a 7.1£0.22 a 2.6+0.30 a 8.1+x1.04 a

LS5 23.5+5.1 a 13.2+£2.1 ab 12.2+0.8 ¢ 1.00+0.03 a 7.2+0.29 a 2.6+0.23 a 3.4+0.6 b

LS-10 35.8+5. 4 be 17.5+2.2 ¢ 13.1+0.9 ac 0.96+0.04 a 6.9+0.32 a 2.5+0.16 a 4.6+0.7 ab

LS-15 41.4+4.1 be 14.5+1.6 be 17.2+1.0 b 0.93+0.02 a 7.4+0.40 a 2.8+0.18 a 5.2+0.9 ab

1L.S-20 52.9+10.9 bed  15.8+2.3 ab 15.5+1.2 ab 0.94+0.03 a 7.8+0.31 a 2.3+0.13 a 6.6+0.7 a

1L.S-25 67.8+7.7 cd 16.5+2.4 ab 16.5+1.1b 1.00+0.03 a 7.8+0.28 a 2.5+0.20 a 6.8+0.8 a

HABARERALFEZH (P<0. 05) , 1] LS-20 5 1825 fik3h
AL FHL Y 4y 1 A7 R S X IR G B E R (P>
0.05), FZEMIT R, FAL B 2 (8] 1 4 1 2 AL
RAFE R 2253 (P<0.05) , AR ER AL BRZH A 47 At
B v T IR AL, Horp LS-10 4 Y 4 i Ak
Ty, e X AL 35 %,

H i R 4 TR ek & o R4 i AR K
BeAf, 525 HT s  ARER AL B A i T | iR
KAZET KA 3 N Ehs 5 X A TC B B F (P>
0.05), LS-5 &% LS-10 AbHLH 2 M K dd,
FART X REE A 25 AR AR Ak 35120 &)y 1 i R R
I HEMEEST, 1S5 B4 R K e/, F
¥4 3.4£0. 6 mm, b FHAL T 0 R, AR 45 IR AL
FHZH )1 AR RN BEZH TCHH AN R] (P>0. 05)

3 4 it

T 1 5 1l /2 P R0 A TR ) B R
HIHN SR . AR BREE R Wi R 8 152
e 7 A )RR S (] — PR3 PR 0 A ] o 288 o e
ol 14 B2 0 T BE A7 TE 0 35 10 22 5, & PR AR 1
Z A A HAE D, T AR RS B0 1 7 2 b 1
i S B AR B DRIE (i3 R 45 ,2011)

SN S R TRy L S T 2 Y T )
17 3t SR R AILAMRE g WF5E I, oy | JBE
58 RISy RN R b iz AT Ak i i 2 SR Ty B 7 s
PRHI ) 78 B FR 115 %% ( Loques et al. ,1990; Harrison
& Durance,1992; Conacher et al. ,1994) . KRRk
IR, R iAo Bz 3o B S A R 1 X T e
e PRUA R b BE AN A% | DT X Aot Bz e B A B . i
Foft B T B v R A TR R S R AR,
A5 T 5 8 DT 52 B - r) R A H
RBEIE A, 336 7T REAZ DA A 22 S i Dt A, o T
BB SRR v o P B B BB TR IR 254, T3

B R R ANBETE IS 1, 1 R AR K
—MAE 2 ~5 mm( Orth et al. ,2000) , Hll 8 il jz /B
AU [ B 1 —Fofr, eSS4 ELRERT , b7 5 32 48
P, PR AE RIS AT 8 e v 358 FH e 880 0 Ak
I /INEIHUBB R 55 5 1% o

M4 Hilhorst & Toorop (1997 ) FMFFT 45 5 | IR s
R (GA) X ifi A= A8 Py o =7 5L A 400 il R I R 52 2 1 &
RSO o BRI, A58 R B, R S 128k
10 F120 mg - L' GA 4b# 24 h J5 , Hili & Rt A
P MEE 30 ~300 mg - L7 Y GA 40FH 24 h 5 BAR
B8 &R BB m, 23RN B B Loques 4§
(1990) HF5E A F,1 mg - L™ AR F5 200 [ R
¥ (Z. noltii) Fh ¥ M # & & A 520, 1 Conacher %5
(1994) M % B ,50 mg - L™ A4 2 B 2 0] 412 0 JEE 48 K
M358 (Z. capricorni) FhF BB K, XS4 R
GA X BER 1 A A S A R AS Q0 %o oy A= A 4
TR, H. GA (1R 5 Ak # RSt [1] W B 2 5 M ¥
FiF- & AR 30T BE= R il o fh - 2
R HHE LB 5 10 Rz, AR 2R 5 8 e 2k 1
FHFR0 52 T AL A IR, DTS i 5028 7 1 3 il
TG K By A 7K, B LU g & #2421 A7
RHIEH (Kuo & Kirkman,1996) . B& GA 4b, i ik
H1KNO, th 2 T 0 BB A% i 5 b R AR A9 117 & il
A A AR A A ) BT (BR T T AE, 2005) .
Conacher %5 (1994 ) F 55 & 8,50 mg - L™ (A6 Ik G
2 S B o R S - (4 i &, TR T 4 (2005 )
M & ,20 mg « L' BRMRAT 7 mg - L™ KNO, &b #HE X}
TUKAE Y B 145 R -3 ( Potamogeton pectinatus ) #
IR R, A5 & 8,20 mg - L7 ik
F110 .20 .40 mg - L™ KNO, 4b 35 14 %6F A - 358 o 7 )
WY R A B 0 AR R4 Ul B IR R KNO, &k 2 w]
REXT A R RS A UK AL IE AN

AR B R 52 )il RE D R e AR T
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(Orth et al. ,2000) . — R UL, FEARER AT DIAT 2
RV F AP0 &, U0 Caye Fll Meinesz (1986) A&
B FE S IRARER 24 Cymodocea nodosa Fi-F 10 d
Y & AR BE 14 90% ; Hootsmans 45 (1987 ) 7
TP 10 ~30 CHIERFE 1 ~40 08 F X9 FC A -4
Tl EAT T A e S 2R R, R 30 °C FIERJE
10 I 87 2Rt e, HL B I B2 0% T v 0 R B2 A R AG
MTFE 324 °C 4 F, Kahn & Durako (2005) ffF58 T
ERIE 0 ~70 XF )11 & 3 ( Ruppia maritima ) F ¥ 8 & 1Y
soim 25 R, HA A 0 ~ 20 B Ah il &, BHER
JE O RbIMA Wi A ey, i85 40% , SR, ©FIHY
WFE IR N P2 B8 e X & Iy i A0
EE N 0D N N Tl DB IS N
Fh i A& AR HEAE T, B3R 1T A ARk i &
JEAE AR S A SRR, IRER AL AR 0% 12
BRI (0 PR A, o e AR RN R
2R 36 A5 AL, SRk N 44 2 10 d LR
TRER A D~ PR i & 1 INTEAIL I T i =22 8%
JEAE 5 88 72008 i it A - PRk oK gk | i
T3 b5 P AR B AR, SR g e R B
& (Orth et al. ,2000) . {HMH &4 H 40 B L%
AAAROUR T i IR 3 2 AL 28 (1.S-0 F1 1.S-5 Ab
PREH ) AR AE W 2 4R M B R R R 2 0k
YT AEIE 77 A AN RS20 AT T Sl 3 I 40 1 2 ok
R H 1LS-5 {RER AL ZH Iy i A8 < FIAR A, f 351K
TR, L5 Rl 1l &3 SR T %)
BG4 i R S A KA m] i, N 4R 2%
PFF R Ah - PR B e 9 3 R BE LR 10 ~
25, TEIXASERFEE Fl N T R e d 11 &, BE AT
DRTE i R OT Y & WSV SV A Ui A )
B 5 400V A R AE R S RS2

FIHN AR TR AR BT — SE UK AR P B AP R H
AREHEAET, 0, BRIT 7745 (2005 ) A B ,30 °CEAE =
TRASREHRE ey B A IR 7 3 19 & 2F %2 {HL 30 °C (14
h)+18 °C (10 h) AYZZt AT 215 254t i B 1A R 755
MR ZE, MIAHIEFE ) & 30, A8 6 K e 8 &
B W AR SRR, 26 B A8 TR 0K A b 11
AL HEVE L EAT B AR 8] 22 5% . Clevering (1995) X
FEELE (Scirpus ) 1 HUAT ) A B 9241 S /s 78 I SO
S. lacustris A1 S. maritimus W) 85 & EAEH, M
S. lacustris F W 75 46 2 09 & R R0 T k2R
o SRR I AR 2 TR A8 (L 3 e 26t B A
TR & ANEER K P TE 6 CARIR S5 T AEAF 5

A H R FETE 26 C & T ffF 24 d BUFRD il
JPEHT ( Brenchley & Probert, 1998 ) ; 84 7 C ki
JEBUL PR B A KI5 (Z. japonica ) FiFFEASA] IR
TR A BRI A 39 ARV 1 3 v TR R
A FEAYFRF (Morita et al. ,2011) , AHF5E & B, MK IE
SRR AN H TR B S 4 v O e 1 A K R, X
A R ERAPR L2 R I [ R A G

g5 b NTHERIEAT AR AL R i 3
oY PRSH A R B A RO 2 DRI SR A1 PR 1
(O3S FLER BEJE I 10 ~ 25, 1b IR0 3k B2 4 21 A 4R
FE 25 2 R A 10 7 & 8 (H 2 X0 &Iy B B A0 7 A
ANFFEE T I R AR 4l A IR, BIFSE A SR
WF R R TP B & BRI HE T B R

&% 0k

BRFFT2, 25300, WR4RAE. 2005. A [A] 4 ¥ %) B U5 IR + 3¢
( Potamogeton pectinatus L. ) FpF 8 & R A0, #ITH
B2z, 17(3) : 237-242.

B W8, 2006. MRV RIS LT, BleA R

SRR, PN OME, ZRMUE, 4% 2011, MEELRPFARER Bk .
Ay AR A B e R R ARSI AR SR, 22
(11) : 3060-3066.
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