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(1. REFEREAR 54 Bl 2013065 2. WK FRA A E RS AR A S E

EHE!

R E K PR AT ST B B K PRI AT P EKFERAIR S eIl A SRR IR HS 2660715
3. HRRFAEMSREYE WA FE 266071 4. AN FMERAS JLaT 100012;

5. RN S KTEAERAT IR R 264312)

BWE  MTEARA TN R 454 (Zosteramarina) e 1 i A T3 H AL Ay EEIR Y, K
REFRFALETEREFELEO, 1.2, 4, ShEBREAMABERFFEHZROGEME, MEHLK
MR SR AKFEUKTAMNAECAT)EEMT ZBEMDA)EE W E B, FH 345 %0
# A (non-invasive micro-test technology, NMT) it # F th Ca” i 4T T2, HEE T BEA 5
HECTREZ AR R, HERET, METHRAERE WA, SAKE, HREEHEIK, At
MER A, THRAEAWNEWATFUAZALENATFHRERKT 12%, LEShEHWHAERE
FRI, hRBAENMHFHREBRKT 68.7%. MDA 4 EZ# F 7, CAT &4 k& T 1A E
B R B3 A4k EHE T Ca® 2N L, Aok R & T8 A0 52 0 3 69 38 Ao R W fm oA, EL oA
KRE Ca RN R B AR (y=-0.192 2x+94.09, R*=0.860 6), KH X K, Ca’' k5

ERFEHEARBENAERE, AAKRRARERRGIFEBERTED T ENED

KA

hESES Q948.8  CEKARIRAD A

fil %1 (Zostera marina) A A 2% 44 (Magnoliopsida) |
P15 H (Alismatales) . 8 ¥ F} (Zosteraceae) . #5 # )&
(Zostera), Jf&—FhZAEAMGHERNFHEY), W UL T
WME A AR AL, BTK A I (Short et al, 2007).
08 B S B3 A T S A R PE VR B IX A RO L JEAE
JC U, SR TR IR A U AT PR B ) LA
HA7 B4k K 5 (Gambi et al, 1990) . 147 4 ) ZHE
(ZESCH5E, 2009; XITEBAESE, 2013) . 308K (Bos et al,

BEAT; FRAHE,; MTFES; CaoRE; FEREHMEA
XEHS  2095-9869(2025)06-0203-10

2007). [ #%(Duarte et al, 1999; &IV F5, 2013)%%: &
B A SR 55 I BE(Short et al, 1996), 4Rk, Ziff
TETT 5 M P 8 JBE 498 K D R 4 RS A AR AR A S0, T T
PR JR S P H 25 2B 76 4 (Short et al, 1996; Park et al,
2007; Brodie et al, 2020; Xu et al, 2022), [ 5§
IR b B AR PR G RS 4, 2013), FEX AT
SN, WEIRT R B R 2%

MR, R R U RS U i O AR T E R A
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W AR TIFBR 2R R R E SRR
—(Orth et al, 2000; Shafer et al, 2010; T /NHE%E,
2023). HHERHMEE 7 ik F B8 A BRI E D . fh
F 4% U RN R AR B2 FE 9 = 28 (Phillips et al, 1990;
TR A, 2013; ZEFRAE, 2010), Hip, AEBERKE
s AR s Bl Aok b R FI0AE L Wk 1R
AR TEVE 2 TRIME . A5 AR N TR 1 5 L R4 1
FRAG GBS SR R 1 — ik, B S
FE R0 TR Fh BN XA L, 72N T 250 T 25 5 F il i
B FREE L O IR AR IR R T R R P R Y
i A R, AORIEA 48 e A R R R 5, oD b
T IR R AR R kot R 4, 2017; #EIEMAAE, 2012;
Tanner et al, 2010), A HEEEFEFFLEEN TE WG
B Ak B0 X 918 52 07 X 08 8 B A (E A R 5,
2013), WL RE AR ET S FEXERR T2,
T30 TR TEM L IR T, JUE B/ T A%
REFTREMG AR, AR, Bl T RR AR BB
2H 28 Z BT, MR T AN TR E A e R
PR P 7 SR RO R A, R O b X B Y R
SO, 8 H TR BT TR R B ARG,
Al PR | R R B AT R TG RS B & iR
TR i TR 18 S B A ) R

H AT, 88 R 3% A I ATy 32 B T & 28 S
oo POmE gL ta SRR G g i, (BRI — o R R
K 2RI ATAE R B [l R, 3 T B = A
A BEAF A R UNAESE, 2023); PUMRYL (7% B AE—E
FEEE bR A% 7, (AR, B FA —&
Pif, MELLWE R . TSI R G K .
Sk AT 36 0 0 R AT R R A SR I E,
T B AK R NI . Wy RIEEIa], 36 ] BEXTAR i 1
BT o SRR, B GERN 15 R Ty ik B AR
B AR, (BAFERERT | BRI 2 R R
P X LA A AR AR % o O R B B R A i
TG JIPE . MERR . IR TR . BEE FE AR
G SE. 3 - E | 575 E W ve i N 7 S U U F LR AR i
W7 3L FF G EL, W dE 3145 0 £ R (non-invasive
micro-test technology, NMT) . IT£L/MGikH AT £
R EEIEBGEEAR . BT BRI AR S (AR,
2020), Hrp, NMT J& i i< I 2 3% 76 Fh T 2R 1 1Y 25 1
53 T I A W 7 9 336 0 o % AR SR A AN
DS RBE S TS OLT , ARARIE B G PR BE 1 25 1
Iy F U I 22 2 B8 SUEE IH R (VP i, 2021). X1
T B B R S R B R AR S S R
A 5 3, AR T AR RE i 40 2 2 1

50T ZRACHIL I 3 A ] R RO i T, -t RSk T A U i
5 S 118 2 308 75 1 A7 o AR A Y S o AT LA
i [ BEAN AR o A TR | () B Xof 2 o ok 44 7 A 0
A2 NMT AR AT B 5, 2007). i BR HA AR
i, ZHl. ZME . SRBE . S0PERERS,
O IE B A AL GoAt i A8 B2 vh HLAT J 2 0 O FH AN EL,
1 AR Z2 9 25 LA B A R W WE 5 R R B )T I N A
(McLamore et al, 2010), Zhu Z£(2020)F1 Li Z£(2014)
$ NMT i FH 8K 5. (Glycine max L. Merr.), K (Zea
mays L.). #7451 JL(Caragana korshinskii Kom.)%:
P16 PG, dar Tk AL SR . Ca® ik
SRR RN CLR,

Ca®" JE A Wy A K 22 7 R0 300 855 00 7 1) A% 0 8 9 TR
To AR 5 AR, AR 32 B REE )
Wk, S EEEY, Wi RINRRL S, EEE
P An i o 24 . A0AR G . AR A R DL A K
HEFBRIBIEE, 2003), ALY PHATT5IE Ca**
WAL, F R AEY AN A 5SS, IR IE
JIREHFERR . AR, T NMT K Ca® i 7E
T K A i A AE W U A R FL G DG O T i T
15 Ca™ Pk 2 1] 56 R A IR o AAF 5% $0058 i
3 B0 2R G600 5 R TR 1 40 T B RRD Y Ca™ i
R BT ], FREE Ca ik 8 F Rl 5 o 22 R Y
KA, NHET P T R B8 R S e
J5 AR T R

1 MR57EE
1.1 SEIe#

I i T 488 R B LU AR A SR BT AR B T
FRIX(37°01'~37°09" N, 122°24'~122°35' E), 246
FNT 15 CRIRMGEKIEE D ORAF 285 1 o TF R SE BT
FIFRE S e 5 AN THE, EHL 3 500 A0 (0 B A7
B BT IR AR | S5 SE R AR . T 3% IR
BRI 3 min FEATIE T, BEJS S EDATTEEER A 4R
T K R AR T B AR BN R TR A, A R 5 IR
A 7 B 1 ST B L F R B8 RL R A B MR T2
THEEIIELE A 30 B9 K PR .

1.2 FEHE

121 REENKFFF oG % AU =R ERL A
BFefah, REREEN(2541) C . 1B R(50+5) %1 5%
P, i 68 w1 A AL B (Park et al, 2017), £
T, S NEEKE LA —EME ALY,
SN 0L 1, 20 4, 8 he FSCK B RiEid 8 h (AL FE
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H KRR 10% AR, LAt 88 557 B35 J1 341K,
ANHE TR ez, A HEE o5, B & KRS kE
AN, HAFTILANEACIHEEIERE N 30 K
AT R — 25,
122 #HFHEER W N [ T i B v 2 Ak Ak B
J& B8 R BT 2 mL A CIHEE AR 10 BT
KB LA, #ifEKE2REMT. SO
1 RiFpF, 3AESE, BANERL S0k, HEOEET
15 CHERIEFAANROEHE SR, 24 h BUBSEiH45 58
U2 R B0, AR 21 KT & % (germination
percentage, GP) (B4, 2014):
Y R b4 .

GP—-qﬁgsgéi—XIOOA
123 w3&nz  ERUSHSTERAABE 50 kb
05 W ol 7 Ry — SCIR AR BRA , B —SCER AL PR AT 3 A
WE HEBEFKMYE 38, FHEAE TRk Fh
FIAT #1100 mL BEARA, IMA 50 mL K8 FK,
BT 25 CREFFEM TP 12 he ¥E51J5, FIH YSI K
JOT 43 B SRS 0 2% e A P VR AR FEL 5 8 (uS/em) o B
BEPERR N Fh 7 SRR &3, BHIEEIREQS C)F, H
Y L % B A TR AT S R AR L, TR AR XS
5% (relative conductivity, RC), I AFh-F#i1ji % (Li
et al, 1998):
_ EBRTHRS R
e
1.2.4 &K FENE BRI 8 Ab BRS 11) 20 A i 71
PR — SR A B, B — LI AL B ST 3 IRAEY
22 RGBT RT- DN 0 A A B 1) 68
THEE ., X T 0 h TR AY 68 R Rp 1, AR E HiE
S BB AR TR R K Ay o S $ 0K 68 R R
FAEFE T 70 CHAF T 48 h, HIRHHT KT
Mg HF 8 R A FE 2 A7 (19 5 7K R (moisture
content, MC), A3 UNF(Li et al, 2020 ):
MC =
TR AR i - RS AR

TP AT LA PP T
1.25 it 84 A H(CAT)E M fo B —B5(MDA) A2
- CAT %M A1 MDA 5 5 I 2 /i e X # 5 647 2
HE e, M8 RFIAEA R HWEE (g/L), AL IR
WR . WERRARELZ S 8 b HILS 1 68 R i
Fed () « MA(mL)=1 : 9 B HLBIIA 9 RHAFR 213
A Ji——100 mmol/L PBS ZZ MW (10 x ), & F Ik
e, FEVKIE EOHES SIS, B ANBSOE, 2 500 r/min 4 °C
B0 10 min, BUEVWER(10%5)0 FIHR). IR
IR T ARG BT 4 1 E B (TP & e T ik, 78

RC x100%

x100%

595 nm P FMEREAE AL C, (100 mg prot/mL);
PR B0 LA 4 000 r/min, 4 CHF T EL 5 min,
100 pL FIEW, ZMEp st d A B CAT I5E R &
BAETT 5, 7E 405 nm PRI FP TR CAT (& 1R
f2(U/mL), BRLPL C,, REIFFIIAEA S CAT HiF
(U/100 mg prot),

MDA & = E AL TRUNT . AERFRIE TR Ak 2
JRRES RN TR B, fE R (g) - AP (mL)=1:9 Y
FEBIInA 9 A AR 2) 397 Jlii——100 mmol/L PBS %
MR (10 %), B TR BB Y, ek EAHESIHK,
F 4000 r/min, 4 CZMFNEL 10 min, HL50 L BiE
W, Z MR AR ) TR RS T MDA I 100 &5
YE715, T 530 nm P K FIEFRDFH MDA 7% #(nmol/g)..
1.26 Ca’'RiEn & AL ST A BH A R A
AR 0 2R G0 (NMT100-SIM-XY)il 2 Ca™ Jiiid o
WS W A e [ I DK e 7
8 mmol/L KC1. 0.1 mmol/L Na,SO,. 0.5 mmol/L CaCl,.
0.5 mmol/L MgCl,. 540 mmol/L NaCl. 2 mmol/L
NaHCO;. pH {H» 7.8, BUECHLUH; &IEW 1 ByECTy
& 8 mmol/L KC1. 0.1 mmol/L Na,SO,. 0.1 mmol/L
CaCl,, 0.5 mmol/L MgCl,. 540 mmol/L NaCl, 2 mol/L
NaHCO;, pH{E# 7.8; 1B 1T AYEC /74 8 mmol/L
KCl1. 0.1 mmol/L Na,SO,. 1 mmol/L CaCl,, 0.5 mmol/L
MgCl,, 540 mmol/L NaCl, 2 mmol/L NaHCO;, pH
60 7.8, RKIERIMACHHA

TESE L Ca® it AL IR AL I, SER A IR T
EREWR T 58 BUAS IR AR A TE LAAS 31 AV B2 PR
PEAT Ca® WM E : (D K B il 4 1 5 AL TE W 4331
A 24> 35 mm SRR FRILA, K A AR E W Y 5
FRNGL R B G b, B2 b e T, 1 AR
R RCIEWR T b, Bl S 4 B AR B [) — B R R
THGRIE, WS AL B o th 0T, TR diie e s
B E AR | BB B4 S ot , JHEH
TR T G, JHUBARH R IR T, A B
UL VAR IBCHY 5 i D A% s 1 25 L P A8 38 A
WA, JERAER T s Fri A e &%, RIATJT
Rl g, @ REIUAE S TR AL S T I R -
%/ 30 min, FFFIRIEAERE SR ML I,
TEIE B M5 T . A 3 mol/L KCI BUB AATEI 2 [
R, 2B T KuEd a8, AR IR . 367
B8 R &, R — 002 3V MR LD S0 L
SRR R NE N CER SR W LB = A s a3 T
AL IR A 30 pum, A BB A ] A 600 s,
R SRl i i 3 S A T 8 = 4 B, AR R R
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%40 &

— 1T 08 s A AT e ok g b7, R AT RENG ISR .
@ VAL L2 SR X-30 pm, Rotate “H+90°,

R B 3 5 T 3 Bl iR 28 . )53 Motion JF
5%, 10 min B ERBRERRE . @ ST HEEL
it o A3 10N 3R 0 3 A5 R A B3 2 9 a5 ) A 22
HLEA AL, FI BB R i R4 A R MR de, JF

AW
ol
dx

THEAS 3] Ca® R , B0 4 pmol/(em®-s), 20 H7,
I Ca¥ ik, DAy Ca> FEMHAM P #HUH L, de
Ca’ ¥R BERRIE, dx MHLH RSB B .

1.3 HIFELE

SEISKHE ] Excel 2010 {342 ; SR SPSS 26
ST T R 7 7 22 530 HT (one-way ANOVA), SR
Duncan’s £ 8 R IR 40 225, P<0.05 N ER T E,
P<0.01 ~22 54 i % ; KA GraphPad Prism 7.0 k4%
%, FIF GraphPad Prism 9.1.0 3412 (6] Y [l P9 4%
T8 55 Ab 3% 48 bR S Ca® AT A e, LU
Ca™ P N FIAC R, FhFIG Jidehn IR AR i

2 HRESH

2.1 T4 IR I i) 3 68 B HE & B R

THEALFR O, 1, 2, 4 h WUBBEFN 22 14 d 2247
& IR EE G, 15 & 2500058 95.33% . 92.00% .
88.00%. 83.33%, THEALEE 8 hif 17 RAKFIEE
W, B RERN 32.67% (K 1), 21T 1) 68 5 Fh
T 2 R T AR ) () 2 17 2 AR (P<0.05), Herp
25 8 h T AR AL PR A Fh T 1 &SR BRI 1 35 (P<0.001),

100
90 |

THEHE GP/%
3

0123456789101112131415161718192021
F5flE] Time/d
B 1 ORI ] 60 B T 2 R R
Effect of different drying time on the germination rate
of eelgrass seeds

Fig.1

22 TRACEREEEERFEEEBFERNRm

221 Ak FE KA TR FR S KELN
36.19%, Lol TR AL BR S AP T B K R H R 4 T Ab
P55 ACR B B FEAR, LR 19 S K RS T4
FF 1) B 2B K TR (] 2) T 1. 20 4. 8 h S HFD
FHRZ TR R 5 AR BIBILT 4.75%.,
7.40%. 16.08%. 25.99%.

222 ARsbd & mE 3 iR, £ 1hf2h+

40

301

K MC/%
S
T

101~
U 1 2 4 8
T8} ] Drying time/h
Pl 2 IR i 0 5 T K

Fig.2 Effect of different drying time on the moisture
content of eel grass seeds

* %k

100 |

80 | |
S
S 60 T
-
i
g 401
Z

20

0
0 1 2 4 8
FJ§:E3 ] Drying time/h
B 3 S [R]) g b [ o fige 35 o 1 A X EEL 5 SR A 52 i)

Fig.3 Effect of different drying time on the relative
conductivity of eel grass seeds

THRAL PR 5 OR AL BAS B R A LL , ns TR 225 A
(P>0.999 9), *Frn25 E#H(P<0.05), ***F/R2EFWIEL
2 (P<0.001),

Drying treatment group compared with non-treatment group,
ns denotes no significant difference (P>0.999 9); * denotes
significant difference (P<0.05); *** denotes highly
significant difference (P<0.001).
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S Kb B I 5 R o~ A T P R 23R A R 45 b B 3 e o
FICHA A (P>0.999 9); £ 4 h T AL RS ) filg E5
Tl 7 A X H R A R 20 4 68 R R T g 3 T
(P<0.05), FTFAIIk 17.09%, 8 5 fh-1 40 i s 2
i 37 TR M S K . 28 8 h T AR AL B A 5 R R T
AR HL SR b TR i i 2 (P<0.001)

223 MDA4 &4 CAT %% Bifi o T f4R F ] ) 3
i, BEERT MDA & TR, WTE2h ETHE
W, B4 8 h 5 19 MDA & 353 7 107.73 nmol/g,
PR 28 T4 4 ) 8 25 R 25 40.73 nmol/g (] 4).
TR, BB RFp T CAT 16 M Bl T i ] 14
TR . R TR A PR TR T CAT W61
1 43.66 U/100 mg prot, ELZE TH%y 2 h kBTN,
CAT 1E I B 2 64.66 U/(100 mg prot), Ifij J5 Heidk T F#
FTRACFE 8 h, H CAT IH 14 TP %2 27.33 U/100 mg prot,

120 - - 80

100 - - 60

MDA% &

MDA content/(nmol/g)

CATE M
CAT activity/(U/100 mg prot)

(=) o0
[ (=]
T T

1 1

[\ S
S (=]

o1 2 4 3
FJistE] Drying time/h
4 AN [E] T8 s [ o 88 B e~ CAT ¥ A
MDA 5 & [ 50
Fig.4 Effect of different drying time on the CAT activity
and MDA content of eel grass seeds

2.3 FRRAEREEERRTF Ca®iRiEMHMm

ToRF 2 AL E TR 0 BfHlE, HAR AR T
PR Ab B FP T Ca i T ST (DU AR v it A, HLE—
SE T Bl N % B o A 28 TR AL B 88 5 Fh T Ca® AR
ETE—64.84 pmol/(cm?®-s)ZE Ay, UL}, #@EIFpF Ca?t
BT, M 1 h )5, Ca? AMRFi#EE ., 764 1 h
THRAC B , 8 5 R T Ca> 2K 28.46 pmol/(cm™s),
BOR A PRL B8 B R T Ca® B B E AN . YT
2 h i}, #BFFPT Ca® i AE 51.26 pmol/(cm®-s)Fff T
Wsh, RIEME. 4 4h THRABS, 8BRFF Ca® i
BN 130.57 pmol/(cm*s), 8 h TG T &
299.25 pmol/(cm*-s) (& 5).

400 -
350}

NE 2507 o Blank lh —4h
3 200F : . ——0h 2h  —+8h
R=] 50+ 1 I I "; 171
R N S SN % < 23 AP Slln 7 2 21

-100-

It [E] Time/s

Pl 5 O[] T A )Xo 8 e Ca® 30 11953 1)
Fig.5 Effect of different drying time on the Ca*"
influx of eel grass seeds

24 Ca”RESENIBIRAEXED T

WAL AR Ca” R S &R TS
FEPRIE R, Ca™ i 5 i 2 R A AH M A W 35 /K
3, AR BRER N Y =-0.192 2 x X + 94.09,
RN 0.860 6 (&l 6); Ca®" i ik 5 A}y G R 5L g 25 4%
PEIEAES, R 0.980 8; Ca’' Jiii 557k % . MDA
TR R ENAMEKEER, RN 0961 3; 5 CAT
EHEASCEAR E, R R 03116,

120 —o— WIK*E GP/%

—v— HAXTHLF3 RC/%
100 - —o— EKEMC/%
c\\°
(5] L
& 80
5 60r
o~
L °
20 ¢
O 1 1 1 1
-100 0 100 200 300

Ca? influx/[pmol/(cm?s)]
Bl 6 Ca™ Ui 5 08 Bl 1% J) MG FE bR 1) 2R M A Sk

Fig.6 Linear correlation between Ca®" influx and indicators
related to eelgrass seed vigor

3 itig
3.1 FrRAbIE AT E) XY 68 B R F £ B A B4 R B

T F-15 TR Fh ¥ R ZF R A3 A AR R
FEAR BTN BE T3 FIAE 77 185 0 R, 2 1t o ) B 2
fobn o PRAT T RAT1E S5O0, KRS IS AFR T
UM RTINS Bt S 1 e S - 1 (192 S 1 N
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P2 T ARG TS R ik AR A
ARIED . S =R E M (TTC) Y Ak . %
Rk . S RE S, H A /KE . CAT &Y it 5 Fh
T A BT R o LRI 2R T 16 )
W5 v A AR h vk 22—, R H S RRT L e £
Pl B 4RSS P o ARG v, B T AR A B (] 1Y)
FEA 08 D 20 M R M L WA 5 2 TR MR I K
28 4 hF1 8 h T Ab 3 (1) 65 R A X R 3 T
P11 RV kit o83 B | N O N i 18 ey
PR 0 200 e T BEAE D HOVE AR BRI s P,
TE R A P ) B AN PREE Ty ] 0 S T, PR R
T o Fh P55 KRB KN BB 1 B B A R A5
B, XRZEP TR, B0 F KR 25 B 111
15 Gy (BB 24, 2001); MDA 288 ALy
ey, AR BT D WA P AE T 2 W38 T 40 A LA
MAMBANITEA RGN Z IR, MDA &,
Y B R S R, PRI, PG MDA B
HEE A ik A P RR B, DA )40 2 B8 3R 0 52 40 R B M
VI E (T 31845, 2024) A B 58 P, 8 B Ff 7 MDA
BB AR O L S R A B A T B R A T BT, S5
FRGNHA S, 2008)IWFFE 45 S ka A [H] . MDA &
ST IR A A Ak A B N [ B0 o S
AR, dE— s A Yz, S0 HR
FRTFE . CAT EA YR AR & i i oGk M £, J2
YRS 2RI 2 — (R 218 5E, 2008), fE

Yy A i B e e R SRR AN, CAT B
TP KT SR AR . B e 2
YRR, 3 4 0T A A 42 s W -3 i R/ (R 21
4, 2008; Wei et al, 2019), HYEETREL T, HYIHT
S ALl T R DL KOS 3 T T W O S A BT S
(Imahori et al, 2016), 7EAMFEH, T 28 k4
W, YA MR A 3 A ST E L E
i M 1E 5 A PRIERR S 5 S AL B, LA ALY
I Rk T LA [ e A ) AR 7 2 T R 3
A5 (Wu et al, 2016 ), 7ETHEACEE | h Z |, #85
FhFH CAT T bl T il [ B K I i o, HE
2 Bk BT, o e PR T R B TR AL 8 h B
HCAT WM TREERANA . 1h A2 h TR,
B R CAT W& MR HE = R PL AL Al i 5
E B T of (R G, 8 R 5 K R M R . CAT
PRUK S PR SR A AT B B AR MG 0E . 38 CAT 16
SULST N N T i N 1 N SR (W B g e e S R RY

Fig I AE T MR PR T AR ARG , 2 A 8 R Fh - 1 36 R
MR B AU T — MOk, Bl 16 1B, & 2R
B AL, AIXTHL SR A MDA £ e A 45,

2015; Kauth et al, 2015), AR5 WA 2] T HHFEIEER
A CAT EMEM IR G A AR, ARz 34k
AW A R, AT EOR AR Y Ca® i A S A R A P
JLNE o HNREERET R AL 3 25 B 1 24k, Z Ak (E
5 I B — R W R Ak S O R ) G
Gl Ca® W AN, SEANMIT N Ca® vk 58
AT 7 42 45 {55 (Chinnusamy et al, 2004), 55511
Y- i A 0 0 L DS S A A DG B I U, T B R
MNP EIEG R R GR, X5 CAT W& HHlE
IR A

32 TFTRAEREIEEMTF Ca® iR

Ca® fEN—Fh Z IR EE A5, 7EJLFRTAH 1)
A A= Py ety v 07 AR A HE R 2 AR A TR
e ER e R R IR R SE £ B 38 (Ranty
etal, 2006), CHWIFEERM, ANFEMAEEYWEES
RERCAS M PN Ca® /Ko X T 5AhAEAE MG, Cca®*
AN RGN A BOCIG, 1 H 2 DR bR Uk T )5 2210
{555 3 (Dong et al, 2022), Ca* Z i & i B 7E A
YR BB RS A R A AR AR, 2013) A
e, B8 ERpF7E T IRAL B 0 h B AN BLS:, (1
JETHEALEE 1 h B Ca* SN, ELIE TR ) A <
Ca” IMFB WG A, B Fh TP Ca> B> . A5
S8 B FERT M BT 5 A 5 7K 4375 SRR R T Y 20
Ca*" Wit &3, BUEON K Ca* FMiEIE 21 (Mak et al,
2014); M4, ALK KB, AN (Pinus tabuliformis
Carriere) Fl 4 ¥+ (Pinus tabulaeformis f. Shekannesis
Yao et Hsi)7E K T 50 T, Se i Ca® S i 3%
Tl TSR BT AN B A (LTRSS, 2018),
AR R, WFRUET, 43 (Epipremnum
aureum)7E 32 FIHLMIR 055 B Ca™ AN, 1
K ##¥(Kalanchoe blossfeldiana Poelln.) Ca’" & N
WA (F SCEESE, 2012), HEt s 56858 AR 224,
PETS HAaY, R ZEHEE Y et & % Ca™
SRS, HED, THRALER 0~1 h, S@FFTH T
PR R 0 7 A TS E S, AT DA BRI S
5 A 3 1 3 R o U 0 A S R R R A A —
TN A BRIE # A, FpEL Tt = XA ) 1E 7 40 AT fE
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Abstract

Eelgrass (Zostera marina), a perennial marine seed plant of Magnoliaceae, is commonly

found in offshore shallows and river inlets and lives in submerged water. Eelgrass has important

ecological services, such as water purification, protection of biodiversity, dike protection, disaster

mitigation, and carbon sequestration. In recent years, with the increasing intensity of marine

development and utilization and the impact of global climate change, seagrass bed resources have

shown signs of increasing decline. The degradation rate of, China's seagrass beds also accelerates

annually. Thus, the protection and restoration of seagrass bed resources cannot be delayed. In addition

to taking effective management measures, scientific restoration of seagrass beds through human

intervention is another important approach to protect existing seagrass beds. Transplanting artificially

cultivated seagrass seedlings for seagrass bed restoration is also a way to utilize the seeds efficiently,
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and the evaluation of seed vigor status is the key to determine the germination rate and seedling
establishment rate. Seed vigor is an important index for screening high germination rate, high seedling
emergence rate, and other high-quality varieties. It is also the main index reflecting the rapid and neat
emergence of seeds and the normal growth of seedlings. At present, methods commonly used to test
eelgrass seed vigor are low-temperature germination assay, conductivity assay, enzyme vigor assay, and
2,3,5-tripheyl tetrazolium chloride (TTC) staining assay. However, low-temperature germination test
cannot reflect the real vigor level of seeds well, especially in eelgrass seeds, because the germination
time needs more than 2 weeks. Seedling growth determination, germination rate determination, and
other traditional methods for detecting seed vigor need to be verified by a large number of repetitive
experiments, which require large amounts of manpower, material resources, and time, as well as a large
amount of investment in the development and development of eelgrass seeds. Similarly, conductivity
measurement, enzyme activity measurement, and seedling growth rate measurement need to be
validated by a large number of repetitive tests, which require a large investment of labor, material, and
time, and may also damage seed samples. With the rapid development of technology, various
non-contact, non-destructive, rapid seed viability testing methods have emerged. These methods include
non-invasive micro-measurement, near-infrared spectroscopy, hyperspectral imaging, electronic nose
detection. Among them, non-invasive micro-measurement determines seed viability by means of the
sample. It also determines seed vigor by measuring the ion or molecular flow rate of drops on the seed
surface. Given its advantages of non-damage, multi-electrode, multi-angle, high sensitivity, and high
resolution, this technique has been applied in different plant research fields, such as plant salt resistance,
plant pathology, and plant heavy metal resistance. In this study, we determined the Ca*" flow rate and
direction in eelgrass seeds with different activities obtained from drying treatment by a non-invasive
microbolometer system to investigate the relationship between Ca®" flow rate and eelgrass seed vigor,
and provide a new method for the rapid, non-invasive, and in vivo identification of eelgrass seed vigor.
Prior knowledge of seed viability status is a crucial aspect of artificial seedling cultivation, including
eelgrass. In this study, eelgrass seeds were subjected to different degrees of drought stress for their
special recalcitrant properties, and the same batch of eelgrass seeds was artificially treated to create
differences in vigor. While different indicators were used to describe the physiological state of the
seeds after the drying treatment, non-invasive micrometry was used to determine the Ca®" flow rate of
the seeds and investigate the relationship between eelgrass seed vigor and Ca*" flow rate. In this study,
drying treatments were used to artificially create viability differences in eelgrass seeds from the same
batch, totaling five drying times (0, 1, 2, 4, and 8 h) and 20 groups of samples. Germination rate,
relative conductivity, water content, catalase activity, and malondialdehyde content were determined.
Non-invasive micro-measurement was applied to the detection research of eelgrass seed vigor. Its
primary objectives were to verify the feasibility of seed vigor grading through preliminary experiments,
formulate a demonstration scheme, and further lay a solid foundation for the subsequent establishment
of a standardized system for eelgrass seed vigor grading. Results showed that the germination rate
gradually decreased and the relative conductivity increased with treatment time, the germination rate of
the seeds after 4 h of treatment was 12% lower than that of the untreated seeds, and the germination rate
after 8 h of treatment significantly reduced and was 68.7% lower than that of the untreated seeds.
Catalase activity also significantly changed with treatment time. The Ca®" was effluxed, and the efflux
rate increased with treatment time. The germination rate and Ca’" efflux flow rate were significantly
negatively correlated, and the fitted linear equation was y = —0.192 2x + 94.09, with an R* of 0.860 6.
This study proved that the Ca®" flow rate could serve as an eelgrass seed vigor detection index,
providing a basis for the rapid and non-destructive identification of eelgrass seed vigor.

Key words Eelgrass seeds (Zostera marina); Drying treatment; Seed viability; Ca*" flow rate;
Non-invasive micrometry techniques



