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WE  AISCHEET, FFRT 3MAREF AACFRFA+H FHME ., AFRA+HEHEE L RER
H ) A 88 F (Zostera marina) ff T A LAEWMHE R G EKE R, 2T BELAETHEE RA
BEMMAEHEZET AN ERBN, HERET, AFRF+H PHE, AERF+HFHANEEH
FH K F ML L R KR % £ R (P>0.05), FHLF| 548%F 46.5%, oA R HIEAE N
9 1.3 1 1.6 5 (P<0.05). A (REA+H A . ACE (R +3 54 1 09 88 B 50 A v 10 AT A K AR AT
T F 8% 2257 (P>0.05), HF3E3 T FE T 38R AH A A (P<0.05), 7|2 AR EKE R Pk
BIAEFRALEAN 1.6 F, RSN BT, AFERF+E RGBT LA S £ ILRSRAR,

Hep, BRAMAEEESENTMERA, TIREFH 5L 5 16.6%0 15.00, = 3 3540 2
411 1.2 f5(P<0.05). 5 H RADM B, ACE R+ J5 46 1 #0350 X 0y 5 AR (K(3.6 TT/tk),
KR+ P AR AT 7 A 8LO%, 46 LW BRI T R A, AR+ A
HEFTAZEIWETLABRE TR, AT RAIRA L E B RSN ERARL W H AR E

teexeE,
KEEiA

FESES Q9488  HEiFRIZEE A

T R M — — 28 A 5F 4 A 36 A W K R B AR
Y, BASEREMR ., 25, ek, RS TFIRRER
KX IR, iK1 (Short et al, 2007; Lopez y Royo
etal, 2011; FKii 4%, 2020)  F4 57 I B R L 5 3 =
KMBIER RS2 —, BAWHEENESDIRE, &~
U] Ry AR 22 g AR D B IR BRI AR KT
FHARTORR Y | A 8 7 ) A 2 55 0 v A B8 035 7 THT
% ¥ 7 FLAF ] (Jackson et al, 2001; Barbier et al, 2011;
Christianen et al, 2013; Momota et al, 2022), [&li}f, ¥
PRI A MR ARG L —, B 18
27.4Tg C (Fourqurean et al, 2011), #X i, 55 PK b e
BAESRGE, ARG MRS, 4
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BR 20K 22 B0 R AL T H f waR s, Y
1993—2003 4F 4 BkifF R E A 2.6x10° hm? 21k, Jf:
H B BEEAEAWTINL, 2945 14% (10 Fh) Ay EY)
Tl IIfs 2K 44 (Waycott et al, 2009; Martins et al, 2005).,
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B, B HREAE LA . PR R IEIR K | 57 3l
J& =1 (Fonseca et al, 1998; Goodman et al, 1995), iT4F
A, RS AR TN TS F BIS R AR 8T R i 5T A
Mo 5 ARG RS AR CEM L, NTIEFEW
i L S A i A R AT 4 B & JL A% (Orth et al,
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1994; Pickerell et al, 2005). #Xifi, HAEjHEE LA T
N T8 Z R HTH b1 B % P 2 3 5 v st 47 7
A, &R K (Wang et al, 2016; Churchill,
1992; Jarvis et al, 2015), LAk iR LS AR VN TR B4
AR L e vl e S A A R S IRV SR R
B YOG

ST 02 A A AR AT T 0 DR A T B B, e
WA 6 T T e, Rl RN 2 v B R AR AR 3 b
SRR S SRR P BB, 7 KA B SR A A A A 2 TR
T B Ak S fUR S AR 2k % i =i (Peterson et al,
2004) . i B SR I AR AR KRR FE b R T KR
DB RS M L o 2 o Ak B 7 X (Kahn et al,
2005; Tanner et al, 2010; 5%, 2022), #& & FiA
AT S A AR PR AR [ AR T, 38 T S d 4 42 118 57
JCE AT E, e HERE P A K (Short, 1987;
Erftemeijer et al, 1994) . 1% 51 (2016) T Ji& 1 A~ [ £ 45 K&
B Je L . R4 RIGWER IR A 58 ) X 62
i (Zostera marina) AB i Ak 3 AR 52 MR 1Y) % N S5 R
WXL, HAFGRAE R, 5 E e A AT E
RO e, WEIXASAE 80 d Jm, il e b FR A 1)
1 B R R AT 15 R B 155 (69%) , &k & AL FRAH Y 3 1%,

Sk 1 Ty 2t e S A A R LA B R R
Wang %5 (2016)ffF 57 1 & 50 Ak 3% A1 JG 4= % 355 %o i v i
TR, & BLEE R 5 Ak B4 P 7 & %y
46%, 35 = TG AR I AL BT A T R R (19%)
X 2 e 45 (2016) 5K FH 2% B 7K O 8 55— 14T 42
21d, SLAEWEEE 40d, HA L FIE 57%, (B
A AET R =ik 95%LA I i 75 (2021) 8 5% T /K K
A1 T+ JOT 97T A R B Rk 5 T 8 S A A Y 5
M), 2 B 7K B (1 o 4+ 3 o i A Ak B 174 S A T A o
N A%, N KL TR R B A B AR 0 S A R AL N
24%. HHICAT UL, K3+ AR A 8 R S A Y Y
SR, RS e AR B 5 T R A T
Z N1, BB AR E . Wik, WIRMAA . BE%
SR A 1 8 R S AR RS O A

ARHFFE LIR30 R R 2 —— i x4, F
15°C. KRR EIFEAMT, W55 T 3 FAFFkH:
75 S OKEEAL B+ b . KB B+ 3 e A
JOT Rk K ) vl P T R L S AR G R RN A B
BT 3MORIRARS: 7 B & A, 8 X oA
ANFIF R I U S8 S AE AR AR B R AR
FREE A, 5 R S A S R Ak e, A
{8 0 ot - g S A I XA T) Ak s T =X A A B g 7 et

R, DU O s o 08 S A v N T 7 B AR AR B3
2%,

1 #RE5FE
1.1 SHIgHE

05 B R 2021 4F 7 A SRETFINARE R TR
15151 (37.338 2°~37.358 8°N, 122.555 1°~122.579 3°E).,
05 TR R A DX 3 e A T R A R A, B
L&A T RO E AR R T e e YR, BT AR
VI, R B TE T AR . R IR R
F58 N AT JC T 1 /K 6 PR KA Hp R A

1.2 k@it

22 BV A SCHkIE (Kahn et al, 2005; Tanner et al,
2010), JFLiA % el T m) . BB B & R R A %5
HZ, W& 3FRRIA RS 7 KGR o+
F . K ESAE B+ 5 A DA SR R BT, TR LR 1.
AR E 5 MEE . R (2021) . Niu
4:(2012) 1 Zhang %5 (2014) BT 9E 4516, ST h
42d, Hrp, Sefpr{Ed] 12d, 685041 N
# 30d.,

1.3 ZWigESRESE

1.31 Sk LAEMENRETAH 4 £
REZGHN, BEBRARGOIREAR . BHEK
R ORBERET . PEMOK RGO, & 1 R,
BRI A ) [ 325 B 6, BA% Ol 17 em
x11.2 cm (ELf& xR, M FFFL 5 4~ AR F 3L 5 5
KTk, FFILEAR R 1.2 om, FFHAAAFRHEBD
1.1 em?, ENEEE KA R R, Bk R 90 cm x
60 cmx70 cm, &N IEEKFCE 5 MRIGAEA . R
A KB KR, IF(E T8 200 W 7K
FHTKIEGER, DhdERe REKIR I —M, 1§
My 15 Limin,

1.3.2 FR¥EEMH SEHR K Ry 1L A A A BR 2
H Ak, AR BN T 7K 3 1 7K 53R 7K 32 B]
— & LR AR o SE IR, ORAE KR FE S (15+
1) 'C, KEFEIEHILE(60210) om, hfiith B g, &
AWE, REAK 1K, GRS AR, P
Y9 H % B EE A (3 321.17+120.15) Ix. S5 I A0 Ak
W R R A S IR R R R R AR 1038 k0%
B GRIEAA Z A W A, B R
FHE I 1 o
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Tab.1 Treatment settings for different cultivation methods

415 Wi % B B Germination stage I A ) S R B B (13—42 d)
Group 1—4d 5 12d Implantation time Seedling cultivation stage
KA W+ RAKK K EhF 10 k8 fre 1 39 1) HE A
B G A WA Freshwater hydroponics ~ Salinity 10 hydroponics ~ Germination process Substrate implantation
KK B+ RAKAK IR EhEE 10 kB P45 B oA A
iy J5 1l fH WB Freshwater hydroponics  Salinity 10 hydroponics  End of germination  Substrate implantation
Uk SS FJFi#k B Substrate cultivation — FEFR B Substrate cultivation

W 1 BEFURARARNR A, RASIERARA R KK T 20 AKIEAL 8RR Fh 1 & B BETEK 55 B 5E o kA7
3. B A A R R TE D T K 35 A2 B B BORE i A 10D PR D TS AR BT 4. WS A AR R TE R K AR B B B4 RS g —
0 RN AR AR 5. R JTUIAE F B W A I Rl TR AR P EAT S A TG 6. BEBURSE RN SRR TR
F BT, SRS RS BT TS ()5 B R K R PR AT ol O A R S A e

Note: 1. Natural soil was used as the substrate, which was collected from the natural soil of Mashan Group Co. LTD;
2. Hydroponic germination promotion means that seed germination is promoted under hydroponic environment during the
germination stage; 3. Germination insertion treatment means that germination seeds are inserted during germination process;
4. Germination post-insertion treatment means that germination seeds are inserted uniformly after the end of germination;
5. Substrate implantation means that the germinated seeds are inserted into the substrate for seedling formation; 6. Substrate
cultivation means that seeds are first sown into the substrate, and then the substrate is placed in the water environment of different
salinities for seed germination and seedling establishment.

TR e b A, IR RE , B 1k P77 5
R P I E THE KA, IARIKZE 60 cm {27 4 d,
LY R R K R HE T AR S 10 f9 N THEK
e i 8d; fERHIE, K H AR (LT =
1 om MBI AARE) R, 235l A 20T L 25 A R A
A TR A R AR /O MRS 4 B R A
RASERT, ALTUE G T IR SRR S T RE AL
B A 1 BRI R GG E KA, AR 20
N T K 2 60 cm AT IE TR -

K BEAE BT+ 5 A AL PR . fE BB B S K B e

F1 stEmENEETFAaRAR I . e
Fig.1 Diagram of indoor seedling cultivation platform Wi+ ] A AR A SALAR ], LR A1) AN 7 o

P, HEMRWNE12 dZR, SRR N
TR B X L 5 A AR S R R R, R A

@©: REERHRG: @ MEHKRS;
@: BIAE: @: WEKME
(D: Temperature control system; (2: Circulating water system;
(®: Cultivation vessel; @: Breeding water tank

AT JE KA, kO 6 S0 P 9 N 0K
AZEEEH 20 PN THE/K % 60 cm HEATSLA I
S SRR S b B« B SO BT I S A
PR A D, RERPIRIEREREBR AT 1.5~2 om,
SRIGE TR KA, IATRKE 60 cm {2 4 d, %5
AT RS 1 500 RIRACAR FREPLEIMR IS 63, e jmp ek 4 MeHE L F AR TE S 10 A9 ATk %
HAAMARE SAELE, BAELE 1I00KM T B 60 omgkaeewi 8 d, (EHHEIET 12 d. {EHikE
MAEIRABEPLERE 1 EIRARGE, WA S REEA  shgis . JgEh N 10 10T K A TR HE I AR BE
(BN AR I T KA, J648 2 dBEOLA 20 gy A Tk 2 60 cm AT/ BB R
L VA W L LN S KR R e RS S R R D e .
LIRS, IR P sy, 10 FERRESAN
IR BFAR A+ A AL BT fRET T AR, ok SEHILE IR, Geih s A B Fh 7 W R A, TR
) E 4 5 I 2 R A e TP 100 KR 1, BIE A SE P RBITLE. ENESRE, ST ma 9

1.4 SRIgEFR
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BRI AR B S A B AR s I S A A AR

R e 38 4 (mim/dl) =4 R 572 A B R AR /92 A

B MK SRR K S KA AR, JFREFLIEI 5 bk R R R (6)
SRR AT 2B TR UER B T 60 CHET E I, H2: B [ roots (shoot: )= b 24 R AL A/
WIS Sk B S B AR A RN 15 By G BT "
P T PRI RIVE R A fe 05 (AR . e ! J1lmg. DWI(shoot d) =RFpRSR A i F /52
LRI E CEBOR) ST . BA AR E ®
(Lewiset al, 2007; A4, 2009). 1.6 EBEmA

SBU K3 (%)= Y n /N x100 (1)
A, n NS | RFR TR R R, N O A B L
S5 A= P IR (%)= A7 1 1Y ) R IR A

06y S T Y AR (DR )=H B B RS
BRCE . B R N B R AR T2 RORL SR (TR
AL AR R A AR SR 2 T) . REVR B (B KRR IR

x100 ) 1 55 BOLFA 1A R
i 21450 24 % K SR ()= b 75 140 1 8 7 gg%giﬁiﬁ%ﬁi?i;%jﬁ;ﬁﬁii

o O parermnr, Wk 2 BR., JFRIEA T M5
T ()= BRI BRI oy it A2 RO R A

IS5 T B T (4)
B I A (cm?/shoot) =46 bk 92k i pp A L7 MRS

= ®) 12 SPSS 25.0 B BRI T4 BT, R IRI KBS

k2 BBEERASN T
Tab.2 Cultivation costs analysis/Yuan

F 3% Material costs
PEERK 3 FREEILRR ¢ HEE R °

AT.%% Labor costs
HFRHIET B4 S Mrmm S AT

i%ﬁjiit ﬁ?% 2 ﬁ%f)ﬁ% 8

Cultivation Ener
methods ~ ¢ed Cost Circulating Cultivation Cultivation cos?y Filling Routine  Seed Total costs
water  substrates containers substrates maintenance insertion
IKIEAE e+
s 50.0 32.6 0.5 10.0 90.7 1.0 84 12.0 205.2
i A WA
KGR H +
e 50.0 28.0 0.5 5.0 70.6 1.0 8.4 1.0 164.5
i ) 4 i WB
HFakEs SS 50.0 28.0 0.5 5.0 70.6 1.0 8.4 0.0 163.5

TE: L FETARSIE 1A () 100 KifhF)HEAT AT 2. B4 0.5 JU/kL; 3. SIEGHIE, WB I SS AbHIZH 5
e LIRIROK . 2 AR 10 ATk A 5 kERBE 20 A TE7K, WA AZRFRZTIN [ WB Fi1 SS AR FRZH 1 i 1 YR /AK e, HA
PRI S 2 AR FRLUARTF] , 28015, WA KbFRZ1 LA FHIR K 0.38 m®, i§7K 0.28 m®, WB Fil SS 4bFELA1 i %7K 0.24 m®,
ik 0.24 m®, Hrpifg KB4 110.0 J6/m®, HOKEH 4.0 oo/m®; 4. B EE KA £ 230.0 cm®, #4 200.0 Jo/m®;
5. WA Kb 3RZH AN H A A H] 2 DR A g, HoR 2 DA B AR A AT 1R AR, 340 5.0 015 6. WA AL FRZATE
il B A B BT 2 BB K R 58, WB il SS A HZH B H] 1 B K R EE, 2015, WA 4k B S vl & 129.6 kW-h,
WB Fil SSAbFEA1 4 fH F 70.6 kW-h, B4t 0.7 JG/kW-h; 7. BT : 1.0 T/4k; 8. H#4Ed: 0.2 0/%k/d; 9. Fh-FHif :
1.0k, SEE i), WA ZEPRAFEfe i BE 12 d A HAfAE, L3t 12 7, WB ARBEATHIAE 10, SSALBHAT A HEATHHIAR .

Note: 1. The analysis is based on the cost of 1 replicate (i.e. 100 seeds) of this experiment; 2. Unit price 0.5 Yuan/seed; 3.
During the experiment, the fresh water was renewed once, artificial seawater with a salinity of 10 was renewed twice, and
artificial seawater with a salinity of 20 was renewed five times in the WB and SS treatments. Except for the frequency of water
exchange above, the WA treatment had 1 additional fresh water change. It was calculated that the WA treatment group used a total of
0.38 m® of fresh water and 0.28 m® of seawater, and the WB and SS treatment groups both used 0.24 m® of fresh water and 0.24 m*
of seawater, where the unit price of seawater is 110.0 Yuan/m® and the unit price of freshwater is 4.0 Yuan/m®: 4. 230.0 cm® of
natural soil per replicate, the unit price of 200.0 Yuan/m?; 5. Two containers were used in each replicate of the WA treatment, and
one container was used in each of the other two treatments. The unit price is 5.0 Yuan per container; 6. The WA treatment used 2
systems during the seed germination stage, and both the WB and SS treatments used 1 system. A total of 129.6 kW-h of electricity
was used by the WA treatment and 70.6 kW-h by both the WB and SS treatments. The unit cost of electricity is 0.7 Yuan/kW-h; 7.
Substrate filling fee: 1.0 Yuan/basin; 8. Daily maintenance cost: 0.2 Yuan/basin/day; 9. Seed insertion cost: 1.0 Yuan/time. During
the experiment, the WA treatment was inserted 12 times within 12 days of the seed promotion stage, the WB treatment was
inserted once, and the SS treatment was not inserted.
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Fig.2 The effect of different cultivation methods on the seed germination (A) and seedling establishment (B) of eelgrass

WA : JRIG (e i+ P AL PR s WB: JKIG e i+ Jo il i Ab B2 SS. BEUR I 77 UL 34 .
RZELR AR T RN AN R b B 22 M) A7 7E B 35 25 7 (P<0.05) . Al
WA Hydroponic germination promotion + germination insertion treatment; WB: Hydroponic germination
promotion + germination post-insertion treatment; SS: Substrate cultivation treatment. Different letters on the error bar
indicate significant differences between treatments (P<0.05). The same below.

22 ELHEHEEK

221 Mt MR 0N e, ANEE
B 5 3 ) 8 B S AR P b b 2 SR AR AR AE B A R
(P<0.05), 4nf&l 3 frm o K35 A2 i + 58 o 47 A Ak 2 55
A IR SRS YRR, b, oK B4R B+ P e
Ab3HZH 45 M SR bR e, LRI AR i
JRE A A Ml b A0 A N A R AR S AR A
Fr R AR B AL HA ) 1.1~1.4 £%5(P<0.05)
222 ®»TaAR AN T 8% 85 T 30 8 S A
THLEA B ERW, o, DOER R O Uk 2
WAL, WK 4 Pros, BREFZSP R, SR
855 Jr 24k P A 8 S A T 1A R A e R A
FRAV R 7K B AR W+ v R AR A PR Y 79.0%F71 59.6%
(P<0.05),

23 BEERAX

HAR R Z0 e R R, AR5 E
WA AT 250 (P<0.05), HnlEl 5 frs . /KIE(E g+

W S AR AR AL LA RS B A B A1K(3.6 TT/RR) 432
JK S5 8 B+ v 36 A A R S5 Rk A T S AR 1Y
81.9%7! 65.6%.

2.4 LHEEHLEIFISIR

241 THEMWBEREHNASE LR R 7 22 W 4
R, IKEEAR T+ A A K B A2 0+ IS A A
FR) T R B T SE R 4 R G Wk 3 22 5% (P>0.05), 5
Yo 0 3 v 1 3 AR 4y =R # 4] (P<0.05) (B 6), 3
J5 % 855 7 2 A B AT A P S R S A LK
R B+ P A R A B 2 R AR 19.19% 411 22.4%

242 RkbHEeFELHE ENBEE NG, SR
Jr AL FRAI 4R a FRAE 2.4~3.2 mglem® Z JH]
M4 E b S EAMTE 1.7~2.1 mg/em?® Z[H], 25H0 5
NZE & HTE 0.8~1.0 mg/em?® Z W] (K] 7)., Hi, Jk3%
R+ P IR AL A LA WA O R SR E S
TR TR 7 A B, K B4R B+ o 4 A A R 4
MR a fm. MR b STEMEHE NRSTES
SR I TR A HRA () 1.4, 1.2 A1 1.2 £%5(P<0.05).,
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Fig.3 The effect of different cultivation methods on the leaf area per shoot (A), leaf elongation rate (B),
above-ground absolute growth rate (C) and productivity (D) of eelgrass
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The effect of different cultivation methods on the root elongation rate (A) and root generation rate (B) of eelgrass
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Fig.5 The effect of different cultivation methods on U —
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Fig.6 The effect of different cultivation methods on the soluble sugar content (A) and starch content (B) of eelgrass
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Fig.7 The effect of different cultivation methods on the chlorophyll a content (A),
chlorophyll b content (B) and carotenoid content (C) of eelgrass
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Fig.8 The effect of different cultivation methods on the total carbon (A), total nitrogen (B) and C/N ratio (C) of eelgrass
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Fig.9 PCA sequence diagram of different cultivation
treatments and plant physiological indicators

CA: E#1# FEK; Chla: M4t a; Chlb: MK b;
TN: E%; TC: B#k; CIN: BrAIL;
SS: ﬂ‘]ﬁ‘l‘iﬁ; S: ﬁ*}/j\o —Flﬁjo
CA: Carotenoids, Chl a: Chlorophyll a, Chl b: Chlorophyll b,
TN: Total nitrogen, TC: Total carbon, C/N: Carbon nitrogen
ratio, SS: Soluble sugar, S: Starch. The same below.
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Fig.10 Correlation analysis of germination, growth and
physiological indicators of eelgrass seedlings
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Effects of Different Cultivation M ethods on Seedling Establishment
and Physiology of the Eelgrass Zostera marina

WANG Hehu, ZHANG Yanhao, LI Wentao, ZHANG Peidong”
(Key Laboratory of Mariculture, Ministry of Education, Ocean University of China, Qingdao 266003, China)

Abstract

In this study, the effects of three cultivation methods (hydroponics germination promotion +

germination insertion treatment, hydroponic germination promotion + germination post-insertion
treatment, and substrate cultivation treatment) on seed germination, seedling establishment, and growth of
Zostera marina were studied at 15 ‘C, and the cultivation costs and physiological responses of Z. marina
seedlings to different cultivation methods were analyzed. The experiment lasted for 42 days. The results
revealed that there were no significant differences (P>0.05) in the seed germination rate and seedling
establishment rate of Z. marina between treatments of hydroponic germination promotion + germination
insertion and hydroponic germination promotion + germination post-insertion. The average of the two
cultivation methods reached 54.8% and 46.5%, which were 1.3 and 1.6 times higher than those under the
substrate cultivation treatment, respectively (P<0.05). There were no significant differences (P<0.05) in
the growth indices of Z. marina seedlings between the two cultivation methods of hydroponic germination
promotion + germination insertion and hydroponic germination promotion + hydroponic germination
post-insertion, but the average were significantly higher (P<0.05) than those under the substrate
cultivation treatment. Specifically, the average of root production rate was 1.6 times higher than that under
the substrate cultivation treatment. Principal component analysis revealed that the physiological state of Z.
marina seedlings was best under the hydroponics germination promotion + substrate implantation
treatment. The contributions of the total nitrogen and soluble sugar contents were greater under the two
treatments with an average of 16.6% and 15.0%, respectively, which were 1.2 times greater than those
under the substrate cultivation treatment (P<0.05). The analysis of cultivation costs showed that the
treatment of germination promotion + germination post-insertion cultivation had the lowest cultivation costs
(3.6 Yuan/plant), which was 81.9% of that under the treatment of germination promotion + germination
insertion cultivation. The results showed that the hydroponic germination promotion + germination
post-insertion treatment is a suitable method for cultivating Z. marina seedlings, mainly by enhancing the
formation of nonstructural carbohydrates and increasing the photosynthetic pigment content of seedlings.
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