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H=E ¥ ¥ (Seagrasses) M Bk F — XX [F A AEMN, KEBTU T AEBER R PLATNGE
WY, BAEENAESYRMEFNE KAXERT HFRE N EART LERRHLE
MR RIERE, RETHMEEHKE KT ENIOERE, BT T EHEE, MR &E. P
WBFEMBERFREANEEMREERZNNEE, A EFENRFEAIATEINLE, Bk
RBREBEZRBEERESRANABEMBEETATRE T EE,

KEEiA

FESES Q9488 THEEFRINEDS A

1 % (Seagrasses) & M EK [ —2S &l A= MWy Ak
R R B 58 4 3 IV AR 0 = SRR A, —
At T R R )17 B0 R A /K X (Short et al, 2007;
Lopez et al, 2011), 457 (%1 7L PR OZ 1R g — K ikl A4
BRGEZ—, AAWLEZEWASYIREMATME,
BEAR R PRI BT A A 25 T AR W, HAT 5 AR 7K ik
FHAE AR SO [E Bk E 7] (Mcleod et al, 2011; /5 W7-F
58, 2013), [FAF, WA RZHHEAEYREEZE N EY
R MR IR B, EEWIEA RN A
Y5t R (Lamb et al, 2017; %A, 2018). 4R1f1, 3%
NG S H SR IR AR IR B s2 i, Bk R 2806
FLPRBIAL T H 25 iR #a %, {2 1993~2003 4F
EFRBEIRKE A 2.6x10° hm® Bk (Martins et al,
2005), H 1879 4FE Ui MG R ALK, ATt
EA I 5.1x10° hm® Y 5 R 58 45 11 2% (Waycotta
et al, 2009),

Bifi 5 T PRAR AR Y H O™ IR , A ST R R A S K
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52 5 HEOR B W58 52 B [ N A2 R 8
2 HAT, WEIRAWKE FB R EOIEARIKE L
Tk MAEMRAEAR D, Horh, FEARFEAE L AT 403 Ry 7L
Beyk | w2 B FIAR AR 25 % (Goodman et al, 1995; Li
etal, 2010). AERRFEAR A2 BTN 5 Z e 7
P, BRI, B AT A TR B B AR R AR
2, PRI R A RIRIBEIR, AU PR E PR ]
FE 23 1 BB K Y 07 TAT 52 ], 177 L s B il AT B A 1) AR
AL A S o DRI, AT A R N T e FE R
SEELALAR R R B AN LG, XN AR A AT A )
T FOAE MR R A S TR 2O 2L,

ARSCLRIR T 3T A K B AR R AR Y S
S HE AR RN WA ST Jie , IR T 52 e T B A AR ) 26
AR R 2R, 4805 1 R AR S A B S R A AR X
T FEAE AR GE B RN (520, %0 H ATAALE BB 27 ]
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11 BEERT EHE IR

T A B8 7 o A PR B S T A B . A
AR AR R AR B, oM AR PR bR | SOREAE,
SRR BRI FIR LA

Busch Z£(2010)WF78 £ 3, IR 7 A5 X K A
MY HATY BRI RN BAR, BT OE R4 R
10% , 3 8 B R F) H Fh 52 A MRS 2 BRI 2R
XFF K AA Y LB SR A XS 850, HA 4L
i g% O g FEAE ) 09 ) BRI R K, AN FE T BE
(Potamogeton crispus)#ilXLHR 3% (Eichhornia crassipes)
PP T S B (RS, 2006, ZE2FAE, 1997),
17 R UL A, 9 %] 68 25 (Zostera: marina) M i 24H 2L 17
THEE, 15 YR K46%, MELLIK B 58 4 T0 15 YL (X AT IS 55,
2013) . 38 Ao [l e A A5 Ay B8 B A T 4R BT R T 3k
85%, HFEfE ISR AR, ARk, AW
JE A TR BRI 5 2 /i 00 i AT (A 2R 4 4
2014; Balestri et al, 1992), TpR(2008)HF 5% & 8L, ¥
T 2] AU ST R T B VR B 8 A A AL
PUESME M, FEEOALS T REMLE R 2, S
MRS ARG, Z B S, ks34 6k
AT, T E S A A LU S RCR . X
PRI 2R 3 R T R A B 2

T 2 TG A B Ak B i B AR YRR S ML L ST
KA ik R R R B IR AE R A R A B FELAH, £
BA 2 A TRE ) ()RR, TERR RS IR
i TR AR () 25 AME AL, BERR S M0ARL . #kZ Al a]
AT E IR QQHVIRZERI ek, RERR IO HLRZE M
MOEZE, BOEZEME W ni K s T, 2
AN B R AR AR, ELEE L REZERE NS O IR A4

4 4

{753

S3bk
Lateral branch , Ramet \ ,
43
Branch

B RO AR SRR S R (A) S AR ZE A S FE (B)
Fig.1 Branch-type clones (A) and rhizome-type
clones (B) of seagrass shoots

K JEAKESE, 2010), MEFAEARMA . bk, E0m
7 NG S R R e e R e AR ZE R B A
el TR IREE A BIKOEY R, SRS
155 PR FE R 28 [ (Watanabe et al, 2005) .

TEGTIR ST FOOR M b, BT 90% M R 2k
Yyl T i N AHLURE Sk, i — DRI apE AR
F AR PR A b A LA (B AR SR AR, 2015),
WY I 3 7% I (Posidonia australis) 1 43 % 5 & 1 ik
183 mg DW/shoot, JPAt % (Halophila ovalis)i) 41
FRATUR L] 0.5 43kk/Bk (Duarte, 1991); B AL 5
(Amphibolis antarctica) it 3 E{ 2550 BOR AT ik 3.8%, A
%1 7% ok #i (Thalassia testudinum) fi4 F3 bR 25 23 K %3k
5.8%(Marba et al, 2003)., FHILAT UL, ¥R AR TG
PEA G SRR A TR A S S R B G B

PRI , 3 2ok (8 FE Vi R A AR A T A B, S IAR PR
AR I AT AR T A0 A, DT 3 0 AR 5 o A R
I, R R SR B AT S . IR AR
Yy ERAWIEENIEN, B, 5855 1 iR
TR A KRB B2, A B AR B o R, R
FE ST R AR T R R S 1 S

1.2 BEERTEHFREERNE
KA T, Ani R el R EIRER

CO,. JIRJTT . KU I 3 45 XV B ) A7 106 5 A K R O At
HAEH
1.2.1 B TR S A W ) A FRAE AT R, R4

e AT 5 AR A GBI 2R (Lee et al, 2007). i JE
FERAAE S R G v B B 0 AT i, X 2Pk
A R R IR E HEAR T . Biebl A (197D)#F5E K
B, R A A AR AR A AR, 1 IR e A
FREGAE K s HOR, IR T LU AR I R AL A
KGR F i, JEm R AR A AR SO A AE
H, A5 mAEY) 4 (Robertson et al, 1984), ANF]
T BT PR UL B 1 A8 Ak 2 B AN [R] 7 3 7 g
HaE A ARKBELE 1.

122 #E £ B R 52 W i REAEE 5 AR K ) O
HZ& . e — R B A RBORNEL W AZ 68 T, FeBlE Xt
3 B A R AT AZ 68 07, WIAEERE R 5~35 M
FEI P TE B A7 Al A= K (Nejrup et al, 2008), {HZ 5Pk
0 B2 A AP AP AR K 22 (R 2)o MR 2 AT LLAE
TR BT ER BE (Y A2 0k FEEAEIEA AR T 3 A
JEHE(RB SO AE, 2018), A £ 2 G 5K B
ez H B AT — )2 5 25 15 JEE 100 4 B BE i 7 DA B AR
2 K A0 M B AT 1) 4 R 3 TR 25 0 (R T AR, 2002),
AP AL B T DL T A2 . ER K
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PR, 68 65 i ML T 5 A LI ARG 3L R 58
BBV, RIERRE A 52 1 e 22 o [ A FH A 45
Ho W EREARIRPVIREUY PEP RILEEX 1 BAT
AR B PO (MR VT4, 2002), 150 BH o 55 % £k 5 i it
Z AR — R L PR R LR P 1 LA T M
A, TR R P AN () 26 780 1) 40 i =2 1) o B 7 X 0
Ak, I HT A 200 A 1 v 20 a4 R T
Z PR B AR (M RVTAE, 2002) . 43 F 5 TH )

WFFE R B, B8 Bty 5t ISR Th A7 7E Na'/H 30l 1) 5z 48
FI, T ERR A0 A AR v i FRLA 2 B B, X i R R R
i 5% 11 2 5 E (Fernandez et al, 1999).Kong %:(2013)
WFoE R, 08B Fr 4] V7R AN W] 36 B2 38 R g
cDNA SCEHAETE ST AR SC R DI REIE AT, 33X i
AT ER LRI SR AL T BE IR . SR, SRR RS S 1
FARMOL G HA 5 Z AR TR & i 2 T RE, iF
M EUEHRAE KA SE, HL 20T (Mazzella et al, 1986).

F1 FRAMEEBENEEERKEE

Tab.1 Optimum temperature for growth of different seagrass species
GRS b A S ZERITYE Z7% 30k
Seagrass species Location Optimum temperature(‘C) Reference
H A% &L Z. japonica i#i[# Dadae 74 Dadae Bay, Korea 22 Lee 5£(2006)

HA Ago ¥ Ago Bay, Japan 20~25 Abe %:(2009)
850 Z. marina A PYFF San Quintin ¥ 19.8 Ibarra-Obando %5(1978)
San Quintin Bay, Mexico
i# [E Kosung 7% Kosung Bay, Korea 16 Lee %(2005)
#i[E] Dadae /& Dadae Bay, Korea 17 Lee %:(2006)
i [E Koje 7% Koje Bay, Korea 20 Lee 2£(2005)

FEnl i 7. asiatica H 7% Akkeshi 7% Akkeshi Bay, Japan 12.6 Watanabe %5(2005)
FLAIFIE . Phyllospadix torreyi 2 £ Bodega ffi Bodega Head, USA 13 Drysdal %£(1975)
ik — 24 % Halodule uninervis M JKF| V. Shark 74 Shark Bay, Australia 23~26 Masini 4£(2001)

WY =% 5 P, australis WA JCH| . Shark 7% Shark Bay, Australia 19 Walker 25:(1988)

R2 FRAMEEBEEEERMEERLT

Tab.2  Salinity preferences for suitable growth of different seagrass species

TR F2E Seagrass species

W4T Salinity preference

225 ik Reference

#8557, marina 10~31
IR 68 5 Z, capensis 15
AR Z. muelleri 35
Mt ARAL L A, antarctica 42
B K= H. engelmannii 25
ZJ[CE- ¥ H. johnsonii 40

PRt E LR H. ovalis 9~52
%% 1] 2 ¥ Ruppia cirrhosa 0
JIIE B R maritima 20

2 ZR I T. testudinum 20~40

Biebl %5(1971); Nejrup %(2008)
Adams %(1994)

Kerr %:(1985)

Walker(1985)

Dawes %:(1987)

Torquemada %(2005)
Ralph(1998a,b)

Adams %(1994)

Berns(2003)

Zieman(1975); Kahn %§(2006)

123 kR JCHEXEF R A R S A F R A =
KREZIEM . LI EZEE G R A1, Y
RN IIHERE a HERE bl xRk, 3517 Cs.
Cs SF—RINAACRNL, ALY, SR 2 i
AR Hor, BRI LR SO ISR R R

MR RIS R
1231 EA e RO A O R R YA

X A (Phytochrome) . [A]):ZE (MG [, Phototropin)

HIEEAE 2 (Cryptochrome) ¥ 5t 2 A FE AR ) 1A 4% 32 5t
55, IFEEE TS, WY E R LT (FRe
25, 2015) AT A A ROE O dE e
06, TERRBESRE T, KRB LIEKEE, K
IR, AU DI BRI, NI, 54T
JCAILE, SO HAFERT . ARV, B
TERE AR A RRBUE T A ZROEAF, PO lOE R
RES I EAEY M ALBY T, BRI REE LR 4L
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JERY 10 1%, AL THOGT MM A zRgE S, Db
g3 F M E R I OGS 3 (Sharkey et al, 1981;
Wilhelm et al, 2010).,
1.2.3.2 GEBEE O B B X A P 0 G VR Y
SN 28 50 H L TR RO RO A RIOn 5T 2 5 T A A 1
AATTIK G o 35 EOGTRE E P S OGR , OR RE RRR
PG Pl 5 (PR BE AR, AU RS (PT),
RASHY G 6 FR T S AW A AR T, S BOGRE
FIHBERY L L

Ochieng Z5(2010)F & & B, 7£ 100%7% If 4 51 1R
JET, BBRipy 2k ZERERE S T 34%R MM
SRR o RS A AR B HORD Bk ik % ¥ 5 (Posidonia
angustifoli) 2 Ffrifg 55 (%) S (IR R TR FRBE Y R 24.7%
(Dennison et al, 1993); #8% Az = Jy 5t Z 5 P s 54
b, KB ERFOCE H R R ADE IR 100~
200 pmol photons/m-s(Lee et al, 2005), Kitt, 7EAT
W NP R Ry, i R A KT R AR
SR EE SR, X TR A RO AR AR, i R

TR B AT
1233 RRAH OSSR AR AR A

PEATY I R  AEAR AR K R o X SE(2005) 11
FERI, JERE 16 h v, PR E R mAYIA POD 164 ;
JERE 24 ho B, DU RN AR R R (GAS) & fi FFE AR5
J5TR(ABA) T B (Woolley et al, 1972), FM., &
St HEJE 10 AT H TR AR W A0 A2 BRIE N RE O, PR A
Koo WA AR ZXFE SRR, #5S
HE KA N 265K (Torrey, 1976; 1EK 4, 2006).
R JE Y A B A 5 i ) R D
Dennison % (1985)7E YR Ao B 25 0F T T 1K X ekt
Trocss, 5K, SRR/ 2.9~4.7 h, #BEH]
PR KL A R A i 2 28 3 R v BN IR X
AR O BRI [B] oA 2 A= A8 Al )iy 2 A%, T 25 15 Aot BR
[ 3.4~4.6 h, HfR KA HR O R DX AR e
33%.,
1.2.3.4 HCO;RE CO, 1EAIEEVE R IRIE
SEAEY K S B SRR B ) PR 2 WK R S R
LI HCOJE sUAF 7 B9 TCHLRR (Ci),  Ho ok B 40 ) e g /K
CO, Fil CO3 1Y 150 {55 H1 6 f55(Beer et al, 1980), A HF
FERM, MR R TILBEAEIE CO, MU Y filk PR T 1
(CA)(Larkum et al, 2017), W ELEF|H CO, #TH6A
VEF Z 1, PR 2 I At 0 40 i A0 4 HCOs it K T i
CO,, FELICO, MIE Xk A4l fifL (Olsen et al, 2016).
T3AN, VRO ST AL B (A | /F) P AE HE
Xt HCO; HY E 4445 HU(Rubio et al, 2017), % FFRR, Al
PLAA HCOS B AE M UK AT e AR A

RO . CA IR R, R EEDTKALY 17 g Tl
i (DIC) 7 sk 1 80%~90% 3K [ T F % i HCO;
(Palacios et al, 2007), SFiAEMPIZEL, MK
T Y e B %) T e B AIE 0 AR R 25 1 2B K L % A Bk Y
AR, MHEEARE e, Kk, DL HCO; MiklE
PRFE g A K B ML S O T, AR, A0 T
IKAE P B 5% 32 B2 Jmy BR TR CO, i B A8 Ak X A 1
(ISEIR , LA HCO3 A B VRAR 53 1 A8 Bl A i R A8 4
o AVE BTSSR, L CO, RBRIEE A KR, AT f
RUPE I 68 T A R R BN, MRS AR T ORS
SRR A TN (Palacios et al, 2007; Zimmerman et al,
2017),
1235 Zi#% B 5 R BRI i B AR K SR
St DG PR 2 VRN SRR A W R S A
b2 e 4k 2 3 78 (Fernandez et al, 1999), Hfr,
XiF F NOs 14 W Wi 8 B2 38 1 Na A 56 14 HIL 1 5 hL
(Garcia-Sanchez et al, 2000), X NH., ) 02 U T4 46 24,
IR (58, TR, A 3 i NH; 5 AR 3% NH;
HERCIE 2 280 (NHL-N) #5327 22 19 3 25 31 72 (Ludewig,
2006). HEYIRTT B NAM R TCHLEE , SF5iE ik
FAE R BRI, —HEARTES 2R, 5
— #8473 iz 2= M A iR AE Bk 4 K (Loughman et al,
1957), Ferdie %5(2004)AF5E R, 7 2 19 R0 IR A IR
1240, 2R R NA o i )| | Y 157 =l | 0 =
IR AR HEE AR S N S 5T
H LUV W i R4 7 (Han et al, 2017), Al R
HEEMEFRR G EWANE, Sk AH NO;+NO, &
ik 0.27~0.64 pumol/L B, K= ¥ & (Posidonia
oceanica) 7= J1 ik 3.8~9.4¢ DW/m-d(Ruiz et al,
2003); KK NH N 0.1~6.0 pmol/L i, HAHS
B 13K 5)(1.7 £ 0.2) g DW/m-d(Lee et al, 2006);
KA NHy-N &t 1.5 pumol/L B, 8BB4 74
FAMEA LTS J7H2 5 2 1% (Touchette et al, 2007) ; Fi 3R
Bi N Wk BER N, 3€ K 245 (Halodule wright)iH- 421
FIH4E R a SR N (Jr Heck et al, 2006).
1.2.3.6 HwRET IR oG 2 V8 AR R S SR
FEISETR , PRI, JEE R A4 35 i 9 B £ e R
i AR R, MR e Vb B L ik B 3 ¢ 1 |,
3 B R B A R Y AR K AUR (Zhang et al, 2015), M43
MAERE, B2t K TR SRR, AL
fi 71 (Zostera caespitosa) K 2 4 KA VD 5 kA I it h
(JL#E%, 2012).

4 JE X AE Y A R ) 3 R 3 A IR i S A
F RIS, (A 6 B RO RRT . 2
MK Cd Wk BE>8.9x107° mol/L, HFEi7E H 7 Mt
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5h, M4 EK a 4% b & W] i T F¥(Ralph et al,
1998a,b).

g5 LA, U O EAE A K PR A R
(R SE A o X RE AR )Rk 27 il U 4 T B AR
TR B

2 BEEEINREAEILSHEANHRHE

BN TEE LA s AR 2 A B A5
W UEATAEAR A SR Y St R, ROt it ik e
T B P14 R A ) B8 s ) L2 B N T it A 5 5 i, i
HEERE AT R AR A, SC Y B ROR L AR K
JEP A AT A AR E Bbs, RSN . F5
B AR A A R R RS, BIVRT T R S 2k i A R
A T AR

2.1 EEIEEE

R ] PR R 5 A R AR K 5 A R oy e B A
R, G E A EAE M FEA B T AR RO B FE 4 R
PEFHEMOE B RCR LY B30T . E BT, X FUiK
HPRIE . TTIE SRR . ERSECR AR IWIRIE
AT RN, 1 FARER IR SR ITRER, AR B 5
i, AHRS RS B y, AEARIEI TS 3K, WA TAE
BRY % (van Keulen et al, 2003; van Katwijk et al, 2009),

2.2 EMEHRE

FEFE [R] S AR AR 0 2R K & B R R B G . 3B
F14) S ST [) P A S5 O AR P v i 5 2B S
XM R TE A, W) RS Q014)F5E £, +
P HAES R, HBUE RS T, AR ERKRET
(11 A ~Z4E1 H)E R H AR 5 H A #K(86.3%) 1L i
TFHRKZEF(4~10 H); XI#HELZEQ2015)7E 4~9 H /it
UCEREBR L 45, 7~9 F G FE Y88 B AE AR R
R (100%),

2.3 TEhE

U JBJifh JES PT A R AT R AR A T B SR
PR¥F T IEAE T, A B THR A R AR W i AR AT 22
Balestri 55(2014)% /)N 22 #; % (Cymodocea nodosa)if 17
T OB IE A R N = P=13 : 6, V35t 1 g),
Jit JES DX R 1 A 0 R B 1 0 3 v T AR IX A
Pk ; Sheridan S#(1998) % 3fe & — 24 a4 7 X i AT Ak B
(IEEEN : P= 14 : 14, FHEAFH 525 g). Peralta
85(2003 )t 8 B AT i AL A B IERE N2 P = 1 :
4, 30, 50 mg N g /DW)LI, 2 i pftksES
HKIAEAL LA HLH) iR La Nafie %(2013)%F B

-5 56 FR 8Lk — 25 % (Halodule uninervis)iff £ X
AT AL (IR N : P K=18 : 9 : 3, 2 k)&, 2 Fh
VL 10 R 5 RE A S 3 T A ML A X1 AR 5 B
HTIERT L, A 3 A AR AR 26 5 TE AR B AL 5 2Xn] B
fe SEi F AR Y EA K

3 mABERE

T R R R MG A2 E R Bz ) —F
MR PRIB b AR BB R H R (HRS FE A LA R AR 2ok A
RARFIR, MR R RIE IR . I, SR
FEREAE B TR W 1) 2 R s/ ) IE AR e, S
FRANTY %, BB E SR URMNBEERICR . Y
T, AR A AR 2R 8 AR} 2 (] B2 2 o] ) R Vg A R o i 25
Bk — e, BT MR R B AR, IR I
T EL R B R 1 7 2, I8 B B M A AR R
SR . RS HRTA R ROKIR . SR LIRS
FRERPE MR O A B 2 EE , (HAERX G R E
HCOMRE | )i S IR BT B2 g 5 A K P B2 i Y
FFTIRAR D, ARG R ER R Y SHNE i R dE ST .
Hh, A EAE IR | RE R E) | bt A A AR A R R A
P M AR IRIEH 5

ETXE B RIAETE R B2 ) B, AT TF A H S TAE
FEAAHE: 1) HFROCIRE . HCO MR B 45 G HE IR 5
PR X5 T S AR R S AR VR, 58 38 O S Vg A
PRYE G 2) KR E 2P Y B R, B
RAR A B 1 SRR T S S it ; 3) #F5%
prck i [T R o TR o ;[ 129 DO = v 4 )2
Wi, JE R S R RN 4 T S T AR, SEBURE PR
BB AR E T . LTRGBS
SERH AR R, PR 2 52 B R AR S R G
B 5 A AR S 4

& % X #
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Research Advances in Shoot Propagation Theory and
Planting Technique of Seagrasses

ZHANG Peidong®, ZHANG Yanhao, ZHANG Hongyu, ZHANG Xiumei
(Key Laboratory of Mariculture, Ministry of Education, Ocean University of China, Qingdao 266003)

Abstract Seagrass is a kind of higher angiosperm that originated as a terrestrial plant and over time
became adapted to a marine environment. Seagrass beds have important ecological and economical value
in that they provide habitats and feeding areas for diverse marine fauna, playing a key role in establishing
a flourishing marine ecosystem. From 1993 to 2003, the seagrass acreage lost reached 2.6 x 10°hm’. The
first estimated acreages of seagrass beds were recorded in 1879, and based on historical records, it is
estimated that more than 5.1 x 10°® hm® of seagrass beds have completely disappeared. With the severe
decline of seagrass beds and the public’s recent awareness of their ecological functions, seagrass bed
ecological restoration has become one of the more important coastal, environmental engineering projects.
Habitat enhancement is the main method utilized in seagrass bed restoration. Currently, seagrass bed
restoration is in urgent need of well-organized planning, and large-scale artificial propagations have
become vital to current habitat restoration. In order to significantly increase the quantity and efficiency
with which seagrass is propagated, this study was to understand the characteristics of seagrass shoot
clonal propagation, and determine what techniques would allow efficient plant propagation. In order to
achieve highly efficient seagrass shoot propagation, it is necessary to: 1) Promote growth and propagation
of key factors; 2) Construct and implement an artificial propagation platform; and 3) Disseminate the
growth and propagation planting technique. In this study, the current state of research and knowledge of
shoot propagation and planting of seagrasses was reviewed, the environmental factors affecting the
growth and development of seagrass shoots was summarized, and the effect of planting space, planting
time, and fertilization on the seagrass shoot growth and production was discussed. In addition, the key
problems existing at present were summarized. Given the advances in research and public desire to restore
damaged ecosystems, there is strong potential for large-scale restoration of damaged seagrass beds along
the coast of China in the future, and the summaries provided here will hopefully be a useful reference to
these projects.

Key words Clonal growth; Ecological factor; Shoot planting; Seagrass
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