RE&s T
EVIEWS

BRI 18 X i 22 N B I SR PR R

ENLOROBE, Kuetg', A

1,3
EX

(1. "HEREBOE ST AN SRR FE SR E, IR FH 2660715 2. H ARG VOO
FEET, 7OV JbiE 5360005 3. H S EEHERAESEAKGER LR EHEASSAERFEDRTREE, ILAR
T 266237, 4. HEFBREEBERE, LT 100049)

WE: BRI AL EEERBDTAIRREST ) T 2Rk 542, I RAE P AN
A, A Ak, ERTARRAKR S HEE PHELINT BB EAARERAFRONEL, @ LAERY
Foih iy RIRCLZE AT S READERTAY AN RELH R FHAELERODRLTH IS, ALE
BT Z+F R A R AR R T, T2 AFAEATOFE: ()AL iEE
FAMEATE L LB, k. ARG EAA G S, Q)FRMMIENEE LB E L Bk
B A RSB T E vt A b, MALEHE GRS, FIYEEEAR T RL T EULTH. A
B3 A B AR XA, Q)T R WA T L 2R B L ABBINEL G H A MR Fit— 57
BlEZ AR LAY, STEZGARTREEN Q@Y A, (4T B &I AR AN T
R, 2E25E5FEHHOHBAFFANREMEFAX. RERE=ZFENEE, LERLDMETE

Haw,

MR BB 6 RN, T B ENA G RA B 2 BERG I FRGIRE, AXAHT

A® T MEFESHAM ARG XA, AR RT R ERANGRRBESE.

XKEE: Ak B, 12 1R A
hE5SZES: P76 XRAFRIRAD: A
DOI: 10.11759/hykx20200224001

T3 R ME—— S TUK P i H R M T AR FIAR AR 25
AIEFE R AEAE Y, BRI Al 72 R, AR RAE
IR P A I LA B BT AT DR U B9 P 9 9T I 2K SR
L e 2l T AR A 3 i B PR O U R, T
PRIE = R MBI UT G A 28 R G —, X P 98 2 1]
NASRGERAEEE L, B E ok m® . By K
S, R A Y R E 41351, A2
AR AR oA YR, R U b DX R R
JE B e AR, OF BAERR . A B
Py HBER A28 B o BAT AR

TR R £ B4 38 D AR P s T 9 ¥ 0 U AR PP AT B
PRAAD ) ERA SRR, sl B A AL
PP BRI, BRI EE IR 10~1 000 pmol/L
I, XA AT B AR R A A B AL S A A
55 ATP A3 201 B8 FRbR 25 5% A Tl P (N B i
% ADH), FEMREYIE A& IR BERT LL(AEC)
LUK R B A BT R, AR 2 ]
240 2R A A T A4 i £ 3R R T B R, X R Y 23
AL A F AR A, A ST AR B AE AR
Yy w1 952 W) AR DR v W R B i

X EHES: 1000-3096(2020)11-0123-09

A RO R A Az 2 O E T
W, BRALYI XA G E R AR AR R R
ISR 53 W S5 T T A T TS

T B3E AR AT B R TR R, Frp
ST A TR 84 Rk, TEFTIFAE R
KEHOE R kBT Ak 1R AR AL ZL )
B, T H AR MG X e g kA 2R E N
R RUTF b s A v B 3 5 T 5 B0 K T R
TR 200 HLIRTE, N IR K P P
DX B R I I ) 32 A S b, R I )
Thalassia testudinum 53 5 7E 1987 4-F1 2015 4F ) B oK
B & A i PR R R BE T 35, 1 5 R B 61 2% T

Wi HHH: 2020-02-24; & 191 H #: 2020-03-29

BEAWH: ERARFFIEETH (41606192); FH A LM TAE L
i (2015FY110600); [EZRE SWF AT 8 @R R AT &8 £
(2019YFD0901301)

[Foundation: National Natural Science Foundation of China, No.41606192;
National Science & Technology Basic Work Program, No.2015FY110600;
National Key R&D Program of China, No.2019YFD0901301]

EFE A BKRE(1996-), L, IWAREEDTA, WHU5E, F2NFHE
AR BB 24 HFSY, E-mail: m17854201347@163.com; JH%, i{E1E
#, Hif: 0532-82898646, E-mail: yizhou@gqdio.ac.cn

Marine Sciences / Vol. 44, No. 11 /2020 123



R gk @
EVIEWS

Ik 95 705 23 HUFN 88 V- 0 L, T AR 98 14 2 1 7 >4
BT A DL & &R m, LUK h AL S &
HHE AT T 2000 pmol/LP% 4,
BTHRREAESRE PR EZEME, DA
Yoxhig B M, AR SCERR TR = AR R AL
Xof VR 0 AR SC A ST T AR, EBEN A MR
X R 7 A A0 P R BE A5, BRAL P 1R A i B2
gt . WS Ak, B Ak i R e A 1 R B fE K,
DA B AN [ it B b 2 B AR ) 1 1R AL . BE X
WHNERBEE 9N, BEHRIE T ARV TAEME
Mo ARSCH Bh T AT T AR I B S G AL b 2 R Y
KR, MBI R IRA MRS

1 B AL X 375 A 38 B IR A

1.1 #&

T Ak ) 0 T R 7 AR i 3 A R A RS AT,
AR M 21 2 58 55 AR FRRR ZE A AL S0 DT 0K,
AR I AT 2 D 559 Y 1 ] R AR AR A 1 977
fig 1% 2R (R AR ZE R A S8 AR AR AR KA
JE R T M R G EE TRk B E R KRR A
SPELR PO, SRR DL AR AR R S LA 2627,
BA] AT AR DR B ) SR A, IR b 2
TR R T 2 RKE P A BTG BB AR ER Y SR,
KA T S R AR B ) 2H 2R DT RR ) X AR Y
SRR, DUk 2 B R A, A ik
LR, Akl R A R g4 30,

Pedersen 55 NMIRFSE R, TP R A SHY)
1) S 2 VT AR G, HOA TE o AR L AR R =R 4
o3 FEA AR A 25 % A2 PO Terrados %5 A & BRI HE
PR PR I 0 A 5 DO R 1 AR A i fEL A7 AR,
i AU G0 B S, DR B R Y O T R A
FLBK s A 0 B Ak B & = T . Holmer il
Laursen & BB F S5 08T, R ADGEVE 52 2152 0m,
FHUE AR R B AR R, A w2
B NEY Borum AR A, X2 HLA TS = A
AN [R] 1l B T B3 A 2 SRR 25 b i S SR AL
B 1R IEATIESY, AR Rk PR B S A R Hfl TR 2%
AR PDOC A A R R BT B 1R AT R
PRAI £ Holmer 1 Nielsen fIF5% 1 I B R P Y 22
AREEA AR & B P, 48 B3R W B I 38 AE 1A £
W2 A5 FH B S B2 R BCRTD 114 56 i ok R 2 Y R R o 1 4
S, AT RS AT R Pk S B 52, DORR A 1) i S I
AR E A, 3 L EDRNE T ORI W 0 TR

By, ST AR R R R, U R R AR Y
VIR BRGNS, S B A X 1 A T

1.2 #4

Bk T UURR ) R AL Bl ) e AR,
IR R R Bk RE 5 B A S g A B Ak I R T UE (FeS)
R A (FeSo)™, BT I8k A WL AR ) v 7 A 0 1) ¢
JEE B U RR A rh ki s SR T Ak A ) B
FI4AAL, DIRU X G fb ) i 22 vheE 1 T B, AT 1S
T AR 1 2 R AR DY) Robertson 4
N WREE SN TGO v it Ak e B v ) DX 3l R A2k e ok 2
AP, R TR vk K T BB R AL
fRAMF AL TR P — BB S R 0, 7E
ORI s N8k T 22 AT DL B2 o Vv 30 DR A i A
TR, DT Ree E A Ak B % ¥ R DR Y B 1, 8 A
B R Ty, B E ] DU G DR R R A i W R
R IR Al A, R ki A A i A B 41 il
Marba (Y Bl 47 52 45 & Wl , 7E 76 BE F Hb b g R &
Posidonia australis 15 R PR INERCE Al TR
TR AR IR JFR BEAI 2 4%, AARAN TSI 2.5 £557,

1.3 AWRE &

A AILIBT B TR S X TR A Az 0y b 3R Ak 22 45
PR M 2 3 B A 4R A TG R A 2 i B R R 1
Frederiksen %5 AWF5Y T ¥V 8%} Posidonia oce-
anica ZERACIIR AW SE N, 45 R W37 1% K BT
R T OO A LT &, TR TR A
(At A2, 30T FRAL Y A ™, Simpson
A S5 e B A ) 1 e I A S A 0 s ) B i
BN, X5 Boschker % AHiHITFTT 45— 514,
0. Mascard [WUIFRPIHIMA S /L e, @il Al
U AR DB ER £ 18 I A B 9 B, &k B AL Y
P BN, Holmer TEMFSE A A KAEAFIUT
TS B R A Vi B 0 S AL 1= A D & B,
AT M SOR S B = i fe P iR AR 2R, 1T
XA b A PR S A LT AR IS, R 3R
A P A S U AL R ) T A R R BT
1.4 FH#

Johnson W58 & B, MELE R 65 B, W ARPRE
e 12BN E, T testudinum FIRTURY) H L)
M BB AR <55 Iy HAS X IRZEEREE Y 35)H
e, BRALPI R R BRI 4 5%, A AU bk
JE IR 5 536+330 pmol/LU . 3t 5% I 4 1 Ji [ 2

124 WEEERLA: 2020 4F /55 44 % /55 11 3



R HREGR @
EVIEWS

T. testudinum WA FE A 7E— 2 Y Bl N B R BE (35
45, 55 1 65) IR N, ok ZEk A g kL R
O3 T IR R G RE AN, PR ARG R e T
WAL AT FEZH SRR R, DT el 7 R 1) 70 A 2 41
ZHN AT R] . R R B AL R i )

2 BRAUABRNEELARNERE HE

%14
2.1 BAAHBNEE BB RE

F A R R AR IR R A5 5, T AR ER 1
FPEAL R ARG 4 B ARFIH T B R
TEASR W BRIR A2 2%, B>k B K s e FL K o
AR TR 3 LA R LA S LUK TR A Akt il TR
1% 63 S 20 B 0 A TR, O A AR AL Y B 4 R
Y S R 2SS A MK TR B ERER Y 67'S A E
WO E I, KRAR+21% 78 4 Y, LB FLER K
§MS HAMUAR K, HEUE T+ 60% " WiE W+
FALPI ) 87'S MIMH 5 Z AAHZEAR A, i 3 & 7E—10%o0~
20%o, AR TR ERALY) 87 AAH B 2 -50%o0.
[N A2 B AL 112 A I Y 84S RS HEAR TR 2
AL 1R AR iR

T IE NIRRT I, M AR AR R R
MR RS, ZRGER T HURZEFIR, Jf
VFESAERL Y iz i 2> R 1M B Ak 4 S M A 23 38
12 B 2R G A T B AR AR A P F b T 28U RS B it
Frr 2339 Holmer B9 M IAF L & I8 Y Zostera marina
ZHFRALPRARE, RRIZHET 83S {55 AR, M
X FARAARZE §'S (F 9 RULRIER, RAFL
YR ABIRER, SR A 8Uh I E R R G R
F HAtb g 4112 22 Holmer 8% Bl Zostera nigri-
caulis 5 F\GALI R AR, TRALD 1R AR IEFIHT &
—FE, LR AR A BIRE AR N, I B B AR IR
2Lt | BT
22 BACHEGEFEARFHHERL

AP AL, wRALY AT RE Y AL P A FE
JERR(S) R ER(SO3 ), BACHMAER(S,05 )L K Hofth
TERAVALS Y, o SRR AR, SR AR
T e i AR N R A T AR A Y BLARBL T H AT A A
A, HJR AN /DB 5 3% B PR A 2 B Ak ) 1
EAL Y, HAEM A R R L 2 4 30
Hasler-Sheetal i1 A4 L F W% . AB I (A HK x 4

LOGIg: L A3 O R DL R g Y [l R
PR R R IR AL R A AL S, A —H 0
A0 7 1 Y B 2 e Bl S AR DOVE R R B, A —
BT B ALY — 2D B S B R PR £, I —
5338 2ok AR AR S A Ak A LB . A [RDE S By i
FEA T HARRARZ) PR, R E T 80%,
TEHL T HEUH, 67% LT A FFa, 17% 4 A LA,
12% MR IREL, 4% W BREE . HeAh, B 5T A i i 5 2
fitt A7 70 RRR ZE AR T 198 3 U)Kl T 2 25 i
F|Hh L7 Hasler-Sheetal MR H AR LS Y&
o 45 RS E TR 28 7 B 00 45 K i Ak ) 1 A Ak i
PR EE AR 1 AR R 7]

3 mikHEENEE

B Ak 0 %o i R 1) £ T2 R 3 o R R T
()53 HE AU 3 — 2D g B 0 D SR R AR .
Garcias-Bonet X3 P oceanica 5y 8 143 240 iy
1A 43 L5 TR rh A 4 0 vk B 4 U0 Y SRR G
KFR, ZE R RG2S 16T F 8 il 72
A ] o3 A A 20 43 2405 By, DA I B Y AR A
ok EE A SR ET RS R P AR A3 T D Ao Y A AR
FHOIRZE Y BB e A 1AL B 57 5 i 5wt
R4 1P pifh it R o A ALE" 5 i 7%
PEMHDOCAEN, SRGEEA T TR, JFXTHAL S
4 g it e A T 5 i 1O

1Z4 1k, B8R Z W58k W B Ak ) 2 i
MR A, B A i, IF X R R 1 i 2
HoAh iy B 1 5 g 22 2230 192 il 40, Mascard 18 i 7R
IEERINE X iR Ca /DO AN D) SER e e et
R S A LTS AL BRAE, AR PR A2 2™ E Y
WALy, S5X A, FAERK AT 2 R 4 8
JEAATFRET 79%H 91%, T HAE MR GHAER,
P B MM A, Wik, ke sk tLZEN
R LR B Ak A v ok v T AR B0 R K T ARE T
sy f11.20.23:24]

4 FEEERHTRETRNEER

AR H AN W) SR AR L, TR A % 45 i A
XFREA (72 By, AH IR 45 P ) i B A O A8 K/ 22
SRR, MWNBI(H K EE<2 om) B R BV A (4
>2 m)B A, Hi | N HER R 2
O30 3K SR 7 T i 7 A Ak 4 W v LA

Marine Sciences / Vol. 44, No. 11 /2020 125



R gk @
EVIEWS

PISZ
o
AN TR 2]
aerenchyma parenchyma
| T
' C,mg m
o thiols
v g
organic S @ =
/ AL z

A\ 4

Oy

organic S

0,

~

.
.

b
=}

bacterial sulfate reduction

.
<

DAY B R i AT

Bl 1
Fig. 1

DU T AL W 45 A B 20 4 Y A S AR A BT

Route and changes in sulfide species in sediments during entry into seagrass tissues

[57]

TE: BEAURARY /L, SRRy B BB AR, FRARAIG, 2R AERURMLEY, TR ARPOR A K
ox fRRLEMNEN; ez REREEAE; MIBAFKRABNL KEIMAR IS HFEHEE, NEMRK TS {5005

FEFRU 333704 Mg B ) R ) R/ TR 1, AR AR
il /N2 A A R R Bk v 1), T LN I g )
Fan Halophila ovalis 1 Zostera nigricaulis, H:4%
DMHAM . £ H)ZEE ALY R A AH B OCER
f; AR AR B 2 AL ) 4 AR FE AR R AR, BRI
EEYIFI AN Amphibolis antartica, HTEAAZELLI K
3 SR DT D AL S R BRI, PR R
HOARZE AR R fb 2 AR BEAR &, i v h Ak
P AFEFEARARET A= 9 7 06 0 7 Ak )
(4 3k 7 v kS B B A F ) AT 5 o Posidonia sp. I
Cymodocea sp MR AP S5 EALY R AR 2 7UAH
K, XA R O AREOR, e B E T R B Z,
AR T AR, R T A B PR AL
R 2, [EILYI R AR, i Halophila sp.
T OLIE AR, YRR AR BN, DA R A E
AR, e A B3 T AR A S AR, e

126

TR R A ER BT S Ak A 00T

Frederiksen %5 N[5 P oceanica Fl Z. ma-
rina W1 Z AR AFEEAE, P oceanica W R 324
WA, T Z marina 00 W2 AL P IR AT
FEREE, NG LA PSR R RS (1) Sl
WIEE 2R AR, P oceanica WHRARZES Z. marina
AFE, BEA TR, WA ACER, X3 TR R HAR
EYRIE RS (2) bR EBRA LUK B AR T AT g
SRR ) 2% B R AL Y 9 1L, Frederiksen X 7 47
FRPR ZERE W7 1 ) R K R, 5 Z0 marina #HEE,
P. ocenica [ EBRAI LU, ALY TER N5 RS 3 B
g,

5 FEWEEERE
4 4 T 1 B 0 24 L
SR TR VL (LR MBS 0 4 2

HEEERLF 1 2020 4F /55 44 4 /5 11 1Y)



R HREGR @
EVIEWS

HRE, Ko iirs £ 24 Pl AR | A2 m,
B O Y Y Lo e - O R R AR ) ST CE e
N HLHE SR R ILT%A; A, Bk ikia T
VR T R A 16 S R 5 A % 20>, RO o SR I 122
LA_E =5 BB AT

51 BRAYMETHEFER. WIEEBY

R

IR 0 TR AL B R, R B B AR I R
e B Y e A . PR FR5r i A R AR
BRI SHO8, A 1R 0 0 £ o 4 K R
2 BIREIN, DN SO P A RE#E 47 1E 7 R AR B
WG, JFRASHICT, F SRR FSS R
LA 0k IRRY, WK G g AR 1 A T RE K A7 51 ™
TS 150, 2 A A 7 T U 4 7 T 5 o 3 R 3
K VEE R A A AR OL T R AR U M kR %
eI R BEERAL, AT IT SR B, 336 5% bk 30 X AR
L 7/L S T N2 R N LB R i R R T = s
X SR A 45 1O Ik Ak, A BFIE R, HYIH A
SHLVRIE R R | MRS | 4 4 1S S A Y
P 2 DIHETY B AL A R, iR A4l
AU R MRS . R G DL A A R AR AR
02 iz W v R 107 A Ak ) B B T T, AT
AR,

5.2 BACH AT iBE ST EEVH GAFR

R R /PO R A e (e - AT S S K 5] FE
B 5 7 T, B 5 Y6 4 A 6 10 5 0 3%
SEBRAL Y W0 I I B A A R AT AR AR Y T
A 38 X1 R B 2R G0 ) B4R R A T A A AT
g%, Bt R g 1 Al 2523 7Lz, of frp
PR 6 R 0 58 e SR QA 5 A P, 33 T YR — SR R Y
SRR EAS R B o MAH Y 2 B A i, RN
7 A KRR T L, SR RS B R T
MG E— RN A B ELL, RAENEY
(OBET=, B I A 2 X V8 7 2 S e, VAR 4
N B0 28 A il 2R 0 2 anfe] A8 Ak LS XS JBik 38 1Y, 0
TR S -

WAk, Vg BN B Ak 4 36 e L ) PN E BIL R H I
EATERE, R SR | R | R (R4 L
JAR A 2 G A BOR B 24, DZ NI T8 2
TAT IR A H i AT V8 B0 B Ak 00 0 o 107, 9 e 8 DA
AR 4R N AL teab, g ndg b in s
Wi ARKER | GAIER . IR R84 XT PR W

T SN (8 R TR X K, — AL SR 48 A & BRI
AR R U R R B Z RIS bE, B2k
A TARA . W R AL AL Rl Sl
27277 T A I A AT DA 380 B AT RE A B AR A e T
AR 7% i 1 9t 7/ I (I 2 A D T L - S I
IR 22 T8 O 2R =9 . A AL )2 T AR = 4%,
FH VL Ty ) 0B 78 2 DR R 75 37 B B Ak g e, ol A s
R Sy Ak 0 v B T v 0 R K TR AR AT T A,
AT A )V 7 A S BB TR T A
5.3 HAHIETRAGEIHRAKGIRE

KRk TC 2R RE 45 A 1 R A KRB T AR AL
P A B Ak TUTE (FeS) Il 8 £k (FeS,)PY, M i ik
TR R R AL B E R, T L H R 25T
3 3 i) Y AR P R I0 K T 3R R B A L 1 A R R
A, JEEUS T — 2 BSR4 Sk i 9 & R,
m AL FEINEgoT R, v B ERS Z marina
R 2 B N A B, IR AL Ak 4 K - B kot
F AR R AR, (HRCRAI BB N A [H]
MEIR, TR A AR, BARNEBE AR
T BRI B R 9 S PR DA T o

AR, AT LR B AL T 6 0 G g B
Hil 5N TEFEMSEGEHTAESBE . E55
TR ML A RS b, 3 e 5 D TR Bk v
SERI A, $a R R T B A 3 it A2 1 o 4
i 1A 470 A I 9 0 83 ) e s, o PR TR
5 e A PR A 8, 1l AR X S BURR (EPSPS 17
il 700 35 PR 731l 43 8 A o ok ) 2 M 1 i
S (bar BEPH), o H A i 3R DR B3R B3 0 590 X A )
AIFETEVE TS R, Aok LA B3R N TR F
BER: & A9 o3 R R 1 R R R

S ik

[1] Short F, Carruthers T, Dennison W, et al. Global sea-
grass distribution and diversity: A bioregional model[J].
Journal of Experimental Marine Biology and Ecology,
2007, 350(1-2): 3-20.

[2] Short F T, Polidoro B, Livingstone S R, et al. Extinc-
tion risk assessment of the world’s seagrass species[J].
Biological Conservation, 2011, 144(7): 1961-1971.

[3] Moore K A. Influence of seagrasses on water quality in
shallow regions of the lower Chesapeake Bay[J]. Jour-
nal of Coastal Research, 2004: 162-178.

[4] Fonseca M S, Cahalan J A. A preliminary evaluation of
wave attenuation by four species of seagrass[J]. Estua-

Marine Sciences / Vol. 44, No. 11 /2020 127



[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

128

HRLzik
R EVIEWS

rine Coastal & Shelf Science, 1992, 35(6): 565-576.
Unsworth R K F, Nordlund L M, Cullen-Unsworth L C.
Seagrass meadows support global fisheries produc-
tion[J]. Conservation Letters, 2019, 12(1): e12566.
Edgar G J, Shaw C, Watson G F, et al. Comparisons of
species richness, size-structure and production of ben-
thos in vegetated and unvegetated habitats in Western
Port, Victoria[J]. Journal of Experimental Marine Bi-
ology and Ecology, 1994, 176(2): 201-226.

Short F T, Wyllie-Echeverria S. Natural and human-
induced disturbance of seagrasses[J].
Conservation, 1996, 23(1): 17-27.
Fortes M D. Mangrove and seagrass beds of East Asia:
Habitats under stress[J]. Ambio, 1988, 17(3): 207-213.
Thode-Andersen S, Jorgensen B B. Sulfate reduction
and the formation of *°S - labeled FeS, FeS,, and S’ in
coastal marine sediments[J]. Limnology and Oceanog-
raphy, 1989, 34(5): 793-806.

Koch M S, Mendelssohn I A, Mckee K L. Mechanism
for the hydrogen sulfide-induced growth limitation in

Environmental

wetland macrophytes[J]. Limnology and Oceanography,
1990, 35(2): 399-408.

Goodman J L, Moore K A, Dennison W C. Photosyn-
thetic responses of eelgrass (Zostera marina L.) to light
and sediment sulfide in a shallow barrier island la-
goon[J]. Aquatic Botany, 1995, 50(1): 37-47.

Raven J A, Scrimgeour C M. The influence of anoxia
on plants of saline habitats with special reference to the
sulphur cycle[J]. Annals of Botany, 1997, 79: 79-86.
Trought M C T, Drew M C. The development of water-
logging damage in wheat seedlings (7riticum aestivum
L.)[J]. Plant and Soil, 1980, 54(1): 77-94.

Saglio P H, Raymond P, Pradet A. Oxygen transport
and root respiration of maize seedlings: A quantitative
approach using the correlation between ATP/ADP and
the respiration rate controlled by oxygen tension[J].
Plant Physiology, 1983, 72(4): 1035-1039.
Mendelssohn I A, Burdick D M. The relationship of soil
parameters and root metabolism to primary production
in periodically inundated soils{M]. The Ecology and
Management of Wetlands, 1988, Chapter 34: 398-428.
Howes B L, Dacey J W H, Goehringer D D. Factors
controlling the growth form of spartina alterniflora:
feedbacks between above-ground production, sediment
oxidation, nitrogen and salinity[J]. Journal of Ecology,
1986, 74(3): 881-898.

Bradley P M, Morris J T. Physical characteristics of salt
marsh sediments: Ecological implications[J]. Marine
Ecology Progress Series, 1990, 61(3): 245-252.

Pearson J, Havill D C. The effect of hypoxia and sul-

phide on culture-grown wetland and non-wetland plants:

[19]

[20]

[21]

[24]

[25]

(28]

[29]

[30]

[31]

Chr

II. Metabolic and physiological changes[J]. Journal of
Experimental Botany, 1988, 39: 431-439.

Terrados J, Duarte C M, Kamp-Nielsen L, et al. Are
seagrass growth and survival constrained by the reduc-
ing conditions of the sediment?[J].
1999, 65(1-4): 175-197.

Robblee M B, Barber T R, Carlson P R, et al. Mass
mortality of the tropical seagrass Thalassia Testudinum
in Florida Bay (USA)[J]. Marine Ecology Progress Se-
ries, 1991, 71(3): 297-299.

Zieman J C, Fourqurean J W, Frankovich T A. Seagrass

Aquatic Botany,

die-off in Florida Bay: Long-term trends in abundance
and growth of turtle grass, Thalassia testudinum[J].
Estuaries, 1999, 22(2B): 460-470.

Seddon S, Connolly R M, Edyvane K S. Large-scale
seagrass dieback in northern Spencer Gulf, South Aus-
tralia[J]. Aquatic Botany, 2000, 66(4): 297-310.

Borum J, Pedersen O, Greve T M, et al. The potential
role of plant oxygen and sulphide dynamics in die-off
events of the tropical seagrass, Thalassia testudinum|[J].
Journal of Ecology, 2005, 93(1): 148-158.

Hall M O, Furman B T, Merello M, et al. Recurrence of
Thalassia testudinum seagrass die-off in Florida Bay,
USA: initial observations[J]. Marine Ecology Progress
Series, 2016, 560: 243-249.

Mascaro O, Valdemarsen T, Holmer M, et al. Experi-
mental manipulation of sediment organic content and
water column aeration reduces Zostera marina (eel-
grass) growth and survival[J]. Journal of Experimental
Marine Biology and Ecology, 2009, 373(1): 26-34.
Pedersen O, Borum J, Duarte C M, et al. Oxygen dy-
namics in the rhizosphere of Cymodocea rotundata[J].
Marine Ecology Progress Series, 1998, 169: 283-288.
Caffrey J M, Kemp W M. Seasonal and spatial patterns
of oxygen production, respiration and root-rhizome re-
lease in Potamogeton perfoliatus L. and Zostera marina
L[J]. Aquatic Botany, 1991, 40(2): 109-128.

Schaub B E M, Vangemerden H. Sulfur bacteria in
sediments of two coastal ecosystems: The Bassin d'Ar-
cachon and the Etang du Prevost, France[J]. Hydrobi-
ologia, 1996, 329(1-3): 199-210.

Frederiksen M S, Glud R N. Oxygen dynamics in the
rhizosphere of Zostera marina: A two-dimensional
planar optode study[J]. Limnology and Oceanography,
2006, 51(2): 1072-1083.

Pedersen O, Binzer T, Borum J. Sulphide intrusion in
eelgrass (Zostera marina L.)[J]. Plant Cell and Envi-
ronment, 2004, 27(5): 595-602.

Holmer M, Laursen L. Effect of shading of Zostera
marina (eelgrass) on sulfur cycling in sediments with
contrasting organic matter and sulfide pools[J]. Journal

TEPERLF 12020 4F /5 44 45 /4 11 1)



[32]

[34]

[35]

[36]

[38]

[39]

[41]

[42]

iRk
R EVIEWS
of Experimental Marine Biology and Ecology, 2002,
270(1): 25-37. [43]

Holmer M, Nielsen R M. Effects of filamentous algal
mats on sulfide invasion in eelgrass (Zostera ma-
rina)[J]. Journal of Experimental Marine Biology and
Ecology, 2007, 353(2): 245-252.

Holmer M, Pedersen O, Ikejima K. Sulfur cycling and
sulfide intrusion in mixed Southeast Asian tropical
seagrass meadows[J]. Botanica Marina, 2006, 49(2):
91-102.

Briichert V, Pratt L M. Contemporaneous early diagene-
tic formation of organic and inorganic sulfur in estua-
rine sediments from St. Andrew Bay, Florida, USA[J].
Geochimica Et Cosmochimica Acta, 1996, 60(13):
2325-2332.

Jigensen, Barker B. The sulfur cycle of a coastal ma-
rine sediment (Limfjorden, Denmark)[J]. Limnology &
Oceanography, 1977, 22(5): 814-832.

Holmer M, Duarte C M, Marba N. Iron additions reduce
sulfate reduction rates and improve seagrass growth on
organic-enriched carbonate sediments[J]. Ecosystems,
2005, 8(6): 721-730.

Holmer M, Kendrick G A. High sulfide intrusion in five
temperate seagrasses growing under contrasting sedi-
ment conditions[J]. Estuaries and Coasts, 2013, 36(1):
116-126.

Robertson D, Teasdale P R, Welsh D T. A novel
gel-based technique for the high resolution, two-dimen-
sional determination of iron (II) and sulfide in sedi-
ment[J]. Limnology and Oceanography-Methods, 2008,
6: 502-512.

Marba N, Calleja M, Duarte C, et al. Iron additions
reduce sulfide intrusion and reverse seagrass (Posidonia
oceanica) decline in carbonate sediments[J]. Ecosys-
tems, 2007, 10(5): 745-756.

el KIS T R Fe Al Cu iYL K 8ot
0 B R AL W TR ) 0 G2 i SN BIESE (D], I AR
B I RE, 2015.

Zhang Qian. Studies on the iron and coper absorption
patterns of mineral elements of eelgrass (Zostera ma-
rina L.) and alleviating effects of iron addition on the
sulfide stress towards eelgrass bed[D]. Qingdao, Shan-
dong Province: Ocean University of China, 2015.

Wang X T, Zhang Q, Liu Y S, et al. The influence of
increased iron concentration on survival and growth of
seedlings and young plants of eelgrass Zostera ma-
rina[J]. Marine Ecology, 2017, 38(3): e12425.
Frederiksen M S, Holmer M, Diaz-Almela E, et al.
Sulfide invasion in the seagrass Posidonia oceanica at
Mediterranean fish farms: assessment using stable sul-

fur isotopes[J]. Marine Ecology Progress Series, 2007,

Marine Sciences / Vol. 44, No. 11 /2020

[44]

[45]

[48]

[49]

[50]

[51]

[52]

[55]

Chr

345: 93-104.

Boschker H T S, Wielemaker A, Schaub B E M, et al.
Limited coupling of macrophyte production and bacte-
rial carbon cycling in the sediments of Zostera spp.

meadows[J]. Marine Ecology Progress Series, 2000,
203: 181-189.
Simpson A G, Tripp L, Shull D H, et al. Effects of Zos-

tera marina rhizosphere and leaf detritus on the con-
centration and distribution of pore-water sulfide in ma-
rine sediments[J]. Estuarine Coastal and Shelf Science,
2018, 209: 160-168.

Johnson C R, Koch M S, Pedersen O, et al. Hypersalinity
as a trigger of seagrass (Thalassia testudinum) die-off eve-
nts in Florida Bay: Evidence based on shoot meristem
O, and H,S dynamics[J]. Journal of Experimental Ma-
rine Biology and Ecology, 2018, 504: 47-52.

Koch M S, Schopmeyer S A, Nielsen O I, et al. Con-
ceptual model of seagrass die-off in Florida Bay: Links
to biogeochemical processes[J]. Journal of Experimen-
tal Marine Biology and Ecology, 2007, 350(1-2): 73-88.
Oakes ] M, Connolly R M. Causes of sulfur isotope
variability in the seagrass, Zostera capricorni[J]. Jour-
nal of Experimental Marine Biology and Ecology, 2004,
302(2): 153-164.

Rees C E, Jenkins W J, Monster J. Sulfur isotopic com-
position of ocean water sulfate[J]. Geochim Cosmo-
chim Acta, 1978, 42: 377-381

Kaplan I R, Emery K O, Rittenberg S C. The distribu-
tion and isotopic abundance of sulphur in recent marine
sediments off southern California[J]. Geochimica Et
Cosmochimica Acta, 1963, 27(APR): 297-331.
Jorgensen B B. A theoretical model of the stable sulfur
isotope distribution in marine sediments[J]. Geo-
chimica Et Cosmochimica Acta, 1979, 43: 363-374.
Frederiksen M. Seagrass response to organic loading of
meadows caused by fish farming or eutrophication[D].
Odense, Denmark: University of Southern Denmark,
2005.

Roberts D G, Mccomb A J, Kuo J. The structure and
continuity of the lacunar system of the seagrass Halo-
phila ovalis (R. Br.) Hook f. (Hydrocharitaceae)[J].
Aquatic Botany, 1984, 18(4): 377-388.

Greve T M, Borum J, Pedersen O. Meristematic oxygen
variability in eelgrass (Zostera marina)[J]. Limnology
and Oceanography, 2003, 48(1): 210-216.

Jorgensen B B, Bak F. Pathways and Microbiology of
Thiosulfate Transformations and Sulfate Reduction in a
Marine Sediment (Kattegat, Denmark)[J]. Applied and
Environmental Microbiology, 1991, 57(3): 847-856.
Rennenberg H. The fate of excess sulfur in higher
plants[J]. Annual Review of Plant Physiology and Plant

129



[63]

[64]

[66]

130

HRLzik
R EVIEWS

Molecular Biology, 1984, 35: 121-153.

Hasler-Sheetal, H. Fate and effect of sulfate on sea-
Odense,
Denmark: University of Southern Denmark, 2014.
Hasler-Sheetal H, Holmer M. Sulfide intrusion and
detoxification in the seagrass Zostera marina[J]. PLoS
One, 2015, 10(6): e0129136.

Garcias-Bonet N, Marba N, Holmer M, et al. Effects of

sediment sulfides on seagrass Posidonia oceanica mer-

grasses: from molecule to ecosystem[D].

istematic activity[J]. Marine Ecology Progress Series,
2008, 372: 1-6.

Dooley F D, Wyllie-Echeverria S, Gupta E, et al. Tol-
erance of Phyllospadix scouleri seedlings to hydrogen
sulfide[J]. Aquatic Botany, 2015, 123: 72-75.
Hasler-Sheetal H, Castorani M C N, Glud R N, et al.
Metabolomics reveals cryptic interactive effects of spe-
cies interactions and environmental stress on nitrogen
and sulfur metabolism in seagrass[J]. Environmental
Science & Technology, 2016, 50(21): 11602-11609.
Borum J, Raun A L, Hasler-Sheetal H, et al. Eelgrass
fairy rings: sulfide as inhibiting agent[J]. Marine Biol-
ogy, 2014, 161(2): 351-358.

Li S-Q, Zhang H-Y, Kang B, et al. Assessment of the
ameliorating effect of sedimentary iron inputs on sul-
fide stress in eelgrass beds[J]. Marine Pollution Bulle-
tin, 2020, 150: 110730.

Duarte C M, Merino M, Agawin N S R, et al. Root
production and belowground seagrass biomass[J]. Ma-
rine Ecology Progress Series, 1998, 171: 97-108.
Holmer M, Hasler-Sheetal H. Sulfide intrusion in sea-
grasses assessed by stable sulfur isotopes-a synthesis of
current results[J]. Frontiers in Marine Science, 2014, 1:
Article 64.

Apostolaki E T, Holmer M, Santinelli V, et al. Spe-
cies-specific response to sulfide intrusion in native and
exotic Mediterranean seagrasses under stress[J]. Marine
Environmental Research, 2018, 134: 85-95.

Roberts D G. Root-hair structure and development in
the seagrass Halophila ovalis (R.Br.) Hook. f[J]. Aus-
tralian Journal of Marine and Freshwater Research,
1993, 44(1): 85-100.

Kuo J, Hartog C D. Seagrass morphology, anatomy, and
ultrastructure[M]. Springer Netherlands, 2006.
Wk T . A [ B 555 ER A0 4 v 0] 9 05 T 3 3k 1 HIL B

ARTFE[D]. VLA RI Rt ARk R, 2007

Yao Ruiling. Response mechanisms of Cyelocarya
Paliurus seedlings for different provenances under os-
motic stress[D]. Nanjing, Jiangsu Province: Nanjing

Forestry University, 2007.

[69

[70]

[71]

Chr

1 EW, RROR, ERE, 55 ﬂm% X e A I A A
R TRl 2 4 B — S A BRAR AR A R WA 7], 3 ARl Ry
2732, 2005, 27(5): 473-477, 485.

Wang Bo, Song Feng-bin, Ren Chang-zhong, et al. Ef-
fects of saline-alkali stress on ultrastructure in chloro-
plast and some physiological indexes of oats[J]. Journal
of Jilin Agricultural University, 2005, 27(5): 473-477,
485.

FERG, KL, BRGE, S TR TN /NE A
J A A A R S R B IO R [T]. R AR AR,
2000, 15(S1): 4-7.

Wang Fengru, Zhang Hong, Shang Zhengqing, et al. The
relationship between the nucleus of the wheat seedling
and Ca*" under water stress[J]. Acta Agriculturae Bore-
ali-Sinica, 2000, 15(S1): 4-7.

P AR 0 55 R A A AR AR PR A ) 45
AIWTFE[D]. 1L TPRFH: PEFHAOl R, 2017,

Ran Zhuo. Effect on physiological and biochemical
characteristics and anatomical structure of alfalfa under
low temperature stress[D]. Shenyang, Liaoning Prov-
ince: Shenyang Agricultural University, 2007.

MR BE, BLK4, HWSE. % EPSPS-G6 JEHHLH 1
JBEAR AL B AR A L BT M2 0], 2R AL 5 AR Y
2%, 2018, 37(9): 3944-3949.

Yan Shufeng, Zhu Shuijin, Tie Shuanggui. Acquirement
and glyphosate resistance identification of transgenic
cotton with EPSPS-G6 Gene[J]. Genomics and Applied
Biology, 2018, 37(9): 3944-3949.

[73] Him2, BICE, that, %. ¥ AMT79-EPSPS R [H i
B BER TR EREE ST Rk AR F R,

[74]

2019, 27(9): 1550-1559.

Weng Jiahui, Lou Yiyuan, Xu Jing, et al. Genetic sta-
bility analysis of transgenic AM79-EPSPS glyphosate-
resistant soybean (Glycine max)[J]. Journal of Agricul-
tural Biotechnology, 2019, 27(9): 1550-1559.

X4k, RRGEM, BLY %, 4F. hﬂh%@]%ﬁu
LN B1C893 (3RS 5 % ], 2¢ 38K FE, 2014,
29(1): 67-71, 75.

Deng Lihua, Deng Xiaoxiang, Wei Suijun, et al. De-
velopment and identification of herbicide and insect
resistant transgenic plant B1C893 in rice[J]. Hybrid
Rice, 2014, 29(1): 67-71, 75.

3, 1, I*@,m-ﬁﬁﬁﬂﬁﬁuﬁ‘ai
A ZRAT ARSI (0], il BLoE, 2019, 47(5): 734-
737.

Hu Yi, Fu Chao, Wang Xueting, et al. Detection and
obtainment of transgenic herbicide resistant plant in
Pak choi[J]. Journal of Shanxi Agricultural Sciences,
2019, 47(5): 734-737.

TEPERLF 12020 4F /5 44 45 /4 11 1)



R HREGR @
EVIEWS

A review of the effects of sulfide stress on seagrass

ZHANG Yu"*4, ZHAO Peng? ZHANG Xiao-mei" 3, ZHOU Yi'"?

(1. CAS Key Laboratory of Marine Ecology and Environmental Sciences, Institute of Oceanology, Chinese
Academy of Sciences, Qingdao 266071, China; 2. Fourth Institute of Oceanography, Ministry of Natural
Resources, Beihai 536000, China; 3. Laboratory for Marine Ecology and Environmental Science, Pilot
National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266237, China; 4. University of
Chinese Academy of Sciences, Beijing 100049, China)

Received: Feb. 24, 2020
Key words: sulfide stress; seagrass; invasion; restoration

Abstract: Sulfate reduction, which produces toxic sulfides, is considered the main terminal process of the anaerobic
mineralization of organic matter in coastal marine sediments. Sulfide invasion into seagrass tissues has been ob-
served in most seagrasses studied to date. Moreover, several large-scale seagrass die-off events have been docu-
mented in the temperate and tropical regions because of the high concentration of sulfide in sediments. This paper
reviews studies describing the effects of sulfide stress on seagrass in the last 30 years. The four main findings are as
follows. (1) The environmental conditions of sulfide invasion into seagrass tissues include hypoxia, iron deficiency,
organic matter enrichment, and high salinity. (2) Sulfide invasion is initiated from the root and then spreads to the
rhizome and leaves. In addition, sulfide in seagrass tissues eventually takes the forms of elemental sulfur, sulfate,
and organic sulfur. (3) The harm caused by sulfides to seagrass mainly comes from the direct destruction of meris-
tems and subsequent inhibition of photosynthesis, which seriously impedes growth. (4) Different species of seagrass
suffer different extents of sulfide invasion. These variances may be attributed to differences in the morphology and
internal structure of the grasses. In the end, three aspects of expectation are proposed, including a further study at
the tissue and cellular level, the molecular response mechanism of seagrass and effective methods of seagrass bed
restoration under sulfide stress. The present paper contributes to the understanding of the relationship between sea-

grass and sulfide stress and provides suitable references for future research.
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