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1.1 #FRKEH#R

22 A 2 WE B M (31° 25’ N ~ 31° 38" N,
121°50"E ~ 122°05"E ) 4 F52 B & 5 AR iy, S A UL
X Bt R i 35 BT i Ay 56 35 R YT 1 2R 30 37 e
TR . 53R I 7 BT 2 KU A X 4
PSR R 15.5°C, W0 ZE 40 W, AE B RE K 5
1 143.7 mm AEBRFOR S LEER™ o iy 2
A B 75 ZE ( Phragmites australis ) | fi& M & ¥
( Carex scabrifolia ) . ¥ = & BE B ( Scirpus
mariqueter ) F1 H ALK B ( Spartina alterniflora ) 55 3L
TR ™ o S50 430 A A
PEA A =T AR R I ) SR AL, — i B Z= A %
WAL i J FERK 2 ZR080 /0 o 55 Z ARG I, 14 b A 45
WG e R F R B R
1.2 #HmRE

FET SER R PEAS W] 2= 59 ALl AR AR AR IO
T2022 4 6—11 F MR IF A 1 UCHY m A%
IGFE AR o SRAE ST S BAR W B AR PR3
DX CIE 1), FE G RE, 7 35 R0 B AL K B IX 3 %
Sm x5 m FETTHEAT 5 RIREE, Hirh TEAR B
XUCEEAE Y RER 1 em JEE N AT
10 em PULERY), 766 X BCR 2 )2 10 em DT
TR, 53 A8 A 5 2K B2 23 BT { ( Aqua TROLL

400, 35 [ W 5 JE A7 7 7K A 1) iR E R e 4
(DO) ik, M RENTIRYE TR M
AR 25 B8, B BIKE TR IR HE
T4 CREDEIRAE . RS E R T 4 BDK
A 0.22 pum PEIRE, 5 WCEE 2o U KRR T T TR
YUk [ B e, [RI K B3 W] — R 7 R AR
DURRWIRE S AE IR R AT T SR A 5 430 T 4 C
F1-80 CEF PRI
1.3 ARHMIEBELSHSN

K YSI 30 #UER B 3l Mettler-Toledo pH i
GBI E VOB R EE R pH Y K AR KT T
FRYIWTIE i 100 H AN 8589 W i , F) FH o5 2 23 4
(VarioEL M) ) & & & (TN) Fl &Kk (TC) % &,
FFXF 1 mol/L HCI FRALAL ¥R 5 P LA iE 1 7 A AL
B (TOC) & it 43 Hr . U4 L 2 mol/L KCI ¥
WO B 5, R 3% 223 3 3 B AL (SAN plus,
Skalar Analytical B. V., faf 2%) il 28 3£ NO; Hi
NH; &8, K 1 mol/L HCI {2 £ Y LA Wy 42 Uk
TRASRAED wh, I 2 DUB Hh i Fe® &5 i, R i
FZ IR IO 5 4B IE X A ER IR R MR A I FE S
MRS, R h R EgE RS Fe”
FRIZEANA Fe SR, R B A i
(Thermo scientific orion, USA ) Ml 52 IT. R ¥ %1 1k
Py OB P R B R R R PR vk vk
PEATIE

N
31°37'30" Hibke
® Spartina alterniflora
7
}Ie Le;,e
31°35' 00" e .
P @
° Mudflat ;@w
e %2
P 2=
'S o ! n EU
= 31°32'30" o
[22]
I~ RO 8
# Chongming Dongtan
31°30'00" |
Phragmites australis
31°27' 30" \

121°48’ 121°52'

121°56' 122°00’ E

2P Longitude

1 RESUTEE
Fig. 1 Location of sampling stations around the Chongming Dongtan
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1.4 FZ PCR &S#f

{i F] Powersoil™ DNA Isolation Kits( MOBIO,
USA) 32050 & 52 052 B 2R Mk 3 L 0 AR ) 4
DNA, AR BRI 2.5 ¢ DO R BT ) , B
A1 A 2 4 IR & BB 5. RIS
chbL_K2f(5'-ACCAYCAAGCCSAAGCTSGG-3") FlI
cbbL_ V2r ( 5'-GCCTTCSAGCTTGCCSACCRC-3")
KA HG ebbL FE K, K B 4544 : 95 C HH 3 min,
95 CAS P 15 s, 63 “CiR J 1 min, 72 °C %E fif
L min, 3t 40 D9E 2, F 514 cbbM _f (5'-
GGCACCATCATCAAGCCCAAG-3") 1 cbbM_r(5'-
TCTTGCCMTAGCCCATGMTGC-3") 3k ¥ 3% cbbM
FEP SOW AR 195 C Tk 3 min 95 CAEME: 15 s,
57 CiBk 30 s, 72 CHEAH 1 min, 3L 40 PMFFR
1.5 RS EEE RN E

FFH™C TR 2 bR e 0 5 A ) B ik [
7€ % (Dark carbon fixation rate, DCFrate) " .
B, P AR PR AL A2 R G Al CMS015
A E SR A b K B R TS ALK ( Dissolved
inorganic carbon, DIC) e, MG, ERE S
FUABREART I A 11 f FE GRS 8 & TR
Fid 35 A9 BB (0. 22 wm) i 55 e 0K o e
BEAIL > R PR, b . — AR 5 IR, B 1 mL
TeHH N 1. 1110 B 9" C R I i Bk i %44
(NaH"CO,, 3% PE 2. 12%10° Bg/mmol, Perkin-
Elmer, USA) , 7625 414 T LA IR FE B 57 24 h
S TS IMARTR G B0 2% 1) 28 R 35 575 0 — 4
VER S (X HEAL, B[R] 0™ C e 4 Fn PR s
PEATHRIR SRR % o B IR G UR , 1o RE s
L 3 mol/L HCI I 44 L5 55 197 0 B9 05 o
FIFH R4 28 AT LA B BRIk IR A #h o 3 2 [N AR
W ( Perkin-elmer, USA) ?;EéERMC FricHI B VLY,
Il AR IN SR 1T 8%s (Packard tri-carb 300) 22
S HOHOR P, AR 4k 4 20 B 3 728 3 ( Disintegrations
per minute , DPM) {i 35375 31| 05 ik [ o 3 48, 1%
B¢ [ 32 3 R mmol/ (m? « d) JHHHAR:

dx1.05xC
B DxXVXT (D

Kt .d RSB 5 X5 fEE DPM (1 22185 1. 05 J2
FHT 2 E R 2 W) 88 C A 3E R S g rh
B AR R R JCHLER 5 i, wmol s D O B SR

JEEA NaH"™ CO, (15 DPM i ; V Ry AR 45 7 ) 75 5 46t
ISR, m®; T 5 38mE L d,
1.6 it

F A SPSS 23. 0 % % 8 45 it o #r, Origin
2022 . ArcMap 10. 2 FI Canoco 5. 0 | &, {ii F 88
K 75 22 (One-way ANOVA) 73 B 728 1 22 54, OC
427381 ( Redundancy analysis, RDA) & 7 [ Bik 3
P2 S PR R T A5G R, Pearson AHIC /3BT ITUAR
Py e [ 30 5 A B s PR = B 2 ) ) A
Ktk

2 GiRES

2.1 RARYELER

DU R AL M B An 2% 1 TR . ST TE],
SEI AR WA TR) R g X UT AR b KR
20.30~35.40 C, Hirp 8 A EF i, AKX
DO VKR 5.00~7. 10 mg/L, KN [FAE#E X 2
(BT 3% 25 5 o DUARAER EEFN pH 43512 0. 17 ~
2.92 F17.62~7. 96, H vk B Bl 5 W vk o R4
T T, (0 R A4 DXl B) R S B 3 25 5
HZ AR, AR X R )Z DU T g TC TN,
STLIK NO; & RBH B B AR, Hr, TC
TN 4 &k 11,29 ~ 16. 17 mg/g 1 0. 24 ~
0.74 mg/g, Fe = H I H BUAE 2 35 A9 X 1 NOS
FERALY) (™) FEATHIN 0. 04~ 1. 71 pg/g Al
0.01~15.27 pg/g, Hrft NO; & & 55 & I AE %
W AR S* AR A
2.2 EHRERFEESH

DU R A cbbL FI1 cbbM F [H = FE AR AL 175 i
w2 frs . WFFEIAE], AS R AE B X R )2 TR
HIf) ebbL F1 cbbM H&H = B 43531k 4. 04% 10° ~
2.18%10° copies/g 1 1. 17 x 10* ~ 2. 06 x 10’
copies/g, 31 H cbbL F: N FEFIH LS T cbbM %
o fEzsii) o An b, B Rk ZE (7 1 #i 10—11
) BAEKEL X IRITTRY) cbbL K F R B
TFEHE, 1 5 2 2 XU T Y cbbL FE[H 3
JERCZEMEN B R, (HBE S P R AR K
JEARZE ,8—11 H WAL X Sk /Y cbbL F K =+ fE %
Wik, 5 2 M H, B K B XK S TR
cbbM FEH FFEAE 7 AR 11 H ¥ W 2 & Tk
P X3
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Tab.1 Physicochemical properties of sampling sites
BLiRiTe 21 By P HAEK p
Environmental parameters Mudflat Phragmites australis Spartina alterniflora
I Temp/C 28.40+5.69(20.30~35.20) 28.60+5.66(20.50~35.40) 28.60+5.62(20.60~35.20) 0.990
4 DO/ (mg/L) 6.30+0.90(5.00~7.10) 6.20+0.67(5.30~6.90) 6.10+0.58(5.40~7.10) 0.938
EhE Salinity 0.87+0.72(0.17~1.85) 0.99+0.99(0.24~2.80) 1.13+1.09(0.24~2.92) 0. 896
FRusE pH 7.90+0.04(7.85~7.96) 7.79+0. 10(7.65~7.93) 7.70+0.09(7.62~7.86) 0.002 "
S TC/ (mg/g) 12.55+1. 17(11.29~13.21)  14.75=0.84(13.95~16.17) 13.40+1.36(11.96~15.08) 0.015*
A TN/ (mg/g) 0.43+0.15(0.24~0.69) 0.62+0.12(0.46~0.74) 0.47+0.10(0.39~0.60) 0.046
JBA MK TOC/ (mg/g) 1.61+0.73(1.03~2.78) 3.22+1.17(2.17~5.43) 2.80+1.51(1.57~5.52) 0. 080
W4k Fe™*/(me/g) 0. 84x0.12(0.72~1.03) 0.98+0.31(0.81~1.55) 1.07+1.21(0.85~1.47) 0.257
B Fe*/(mg/g) 0.89+0. 15(0.72~1.12) 1.06+0. 33(0.75~1. 69) 1. 16£0.23(0.92~1. 60) 0.213
Witk SO/ (mg/g) 0. 310. 14(0. 10~0. 50) 0. 43=0. 08(0. 37~0. 59) 0.45+0. 14(0.34~0.71) 0. 146
WALy S*/(mg/g) 0.93+0.90(0.01~2.42) 6.33+5.13(1.17~15.27) 8.09+3.07(4.07~12.96) 0.008 *
[7gN NHZ/(pg/g) 1.35£0.79(0.16~2.17) 2.35+3.48(0.50~9.39) 1.37+0.79(0.39~2.50) 0. 649
fHIREE NO3/(peg/g) 0.84+0.85(0.04~1.71) 0.10+0.05(0.06~0. 18) 0.20+0. 18(0.03~0.53) 0.045%
BB PR b2 G 5 + LA A AEHE (0. 05)
Notes: The values in the table represent Mean+SD (range) ; * indicates a significant correlation( P<0.05).
® )69 Mudflat ® [ Mudflat
P 9.5¢ 17 % Phragmites australis = L6r [ 173% Phragmites australis
2 4B BEAEKEE Spartina alterniflora S P EAEKE Spartina alterniflora
g 3
S 2.0f =) 12l
ke - mZ
#Y 15 #H3
el ey
i © e 0.8f
=22 =9
S§ LO} =8
QO o QO o
S S 0.4}
o 0.5} @
g g
S S F
5 S 0
= 6 7 8 9 10 11 =2 6 7 8 9 10 11
A4 Month B4 Month
(a) cbbL (b) cbbM
B2 AEEZTRY cbbL(a)F cbbM(b) EEFERIF =5
Fig.2 Temporal and spatial distribution of chbL(a) and chbM(b)
gene abundance of the sediments in different habitats
2.3 BEmREEER T8y v TR R DX (151 3)

ST, WE SR UL A Y DCF S SR
0.47~2.41 mmol/(m* - d),4E DCF %R 2K
1.17 mmol/(m* - d) . YiF4 DCF 3 % 52 #7 H
WER RS (P<0.05), Hrh & Bk 2=
DCF ¥ SRR TR R R AT H7E 8 Al T
BN E D E N, WA kA, AT
P X AFIE) DCF 8238 38 90 A B AR K B> 50>
=5 DX B, o B AEOKR R X DCF 3 %8 4F 9
BT B R 1 6.7 HGHEX Ik DCF 3 #
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2.4 FEHITITUAR YRR B E B9 R0

] FUAS [ AE X TR Hh DCF 346 5 B g5
PR 22 (] (4 A OGP 23 BT s, DG e DT AR b (Y
DCF AR F 82 5] NO; 75 Fl cbbL FEPR 322 1)
BEFEHW(P<0.05), HZAHLL, M H 51
X ) DCF #3155 S* & 5L cbbM 3 [H 4= 5L BE
BFIEMTC KR (P<0.05), 1 AL A F X P
Y) DCF #5 5 Fe™ FIl NH, & oAb & i 2 E A 56
(P<0.05), 1322,
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Tab.2 Pearson’s correlations between DCF rates and influence factors of the sediments in different habitats

BT S PR HAEAR
Influence factor Mudflat Phragmites australis Spartina alterniflora

HhEF Salinity -0.117 -0.265 0. 346
B 2 pH 0.417 -0.584 -0.550
Sk TC/ (mg/g) -0.367 -0.342 -0.027
SR TN/ (mg/g) -0.391 -0.010 -0.296
ALK TOC/ (mg/g) -0.097 -0.117 -0.016
W4k Fe* / (mg/g) -0.785 0. 068 0.638
B Fe¥' /(mg/g) -0.875* 0.075 0.839"
Wilah SO/ (mg/g) -0.500 -0.205 0.198
B S/ (mg/g) -0.453 0.932" 0.129
£ NH,/ (ng/g) -0.472 -0. 166 0.922°
fMREE NO3/ (ng/g) 0.896 -0.073 0.477
4 DO/ (mg/L) -0.011 0.289 0.491
cbbL FEH = ebbL abundance/ ( copies/g) 0.846* 0. 260 0.179
cbbM LK FJE cbbM abundance/ ( copies/g) 0.303 0.821°* 0. 153

T = 2R A BAE SN (P<0. 05) ARG T A 223 I s 4 .

Notes: # indicates a significant correlation( P<0.05) , hypothesis testing was performed before correlation analysis.

—a— Y& Mudflat
-e- 2% Phragmites australis
-A- HpKE Spartina alterniflora

2.57¢

2.0

1.5

1.0y

0.5

R B R
Dark carbon fixation rate/[mmol/(m?  d)]

A4 Month
3 AREENRYEREEERNEZESME
Fig.3 Temporal and spatial distribution of

DCF rates of sediments in different habitats

FIIH RDA 43t ik — 204 7R b aA i sk [ ¢
BEILIN B SN P2 R ARG ([ 4) o 4
SRR ERETURY i) Fe™ S5 cbbL JEN
JEZ B AT 2 AR (P<0.05) , P T
X 56. 2% B F R Al il . 52 AL,
P2 K ) cbbL F1 cbbM FLPH B4y 352 5] |78
/K DO K- FPLAY ST &R B (P<
0.05) , 43 Ml B T 50. 2% il 43. 5% [y 3[R =F JF
BB, T AR K B XA R TOC & &
5 cbbM FE[R =B A G

3 e

FEAME T, S5 B 2R 3R )2 DUAR W) 1Y 4F- 3y
DCF %250 1. 17 mmol/(m” - d) , 5iF ] & H
(I R AR IR Tk [ o 2472 R K
YLIA] B AR K Ay B e 31 7 W5 g, T 78 AT
FEHAT BERE 2 WG B ARAN T, — ek Uk, T i
A TR ER A W b BR AL A A PR 2 A2 B R AR
PAEZh I R | T S A ) £ g 2 T AR
WIS 25 A - V8 A 52 ) L AR v 1 o A0 24
RS N FE AR FE AR K A X8R
JURRYY DCF #2322 = TORRE, IF A RIAE 9% X
JA4E DCF R (1) 5GP BE 52 M [N 1t A7 A b 3
Ze5p . Ho EEE RS FREE (NH, (NO3) (Fe™ il
S*7 R R M £ W AR o i S ) A4 855 T R A0 I e
SE N RIS R

E N, IR RE 5 e A A R i Y
TR R R 15 A BE B 3% AR 4 5K 2l Y I Ak [
SEL S ARBIRGE AR A AR ) 2 A R X R TR
) DCF #RAb H S e AR 4 — 2 W
ZE D EHINMAA B TR 3) X — A
5 B AT 0 1A FUK R kg &
IAH— 35, R W1 219 1R B AR Ak M 45 T 1 PO AR
B[] 7 ) DG BR PR TR - HJR:, 7R AR R R I
BT (8 ) i FR T AR Y DCF 3 %4 3
SEEN R (K 3) , R B UTR Y 1 o [ B i
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T2 PR i R L R A 2 U T RE X R A W T
PRI AR R S5 0 TR ) 6 I B [
BEAN , A S i e B, R4S 45 A B X DUAR YY) DCF
HRITE 9 H kB AR, (A 5 ALK & X IR DT
FRYI) DCF 803 25 i TOGMERD ™ =, R i

JEE 55 PRI DAL 1 1) b ) A0 T 2 3 42 A [ A i X 15
BRIEE R R, Biln, BA B ™ s ui R
P R SR TR R PSR B TR T
T3 ARG, o MV 1 02 1 AN [R) AL BE I SRR
WK s B4 R I S S

1.0 = 1.0 1.0
DO TN .
chbM TOC
’ cobL PH chbM
= Fe¥t 1l = = s
™ P — oo
) — & |pH =
& S =
3 ‘ T 3
5 po e -
£ £ £
TC chbM DO cbblL
chbbL
Fe? s+
-1.0 -1.0 -1.0
-1.0 1.0 -1.0 1.0 -1.0 1.0

Axis=1(71.7%)
(a) J6# Mudflat

Axis—1(62. 9%)
(b) 7% Phragmites australis

Axis-1(83. 2%)
(¢c) HAEKHE Spartina alterniflora

B4 FEEEEHRERFESRERFH RDA 5347

Fig.4 RDA plots for the relationship between gene abundance and environmental factorsin different habitats

H A E 1L BE B 3RS, B dn & A AL 20
PR T AP A TR R AR AR A A B 45— LR HE T cbbL
B Z SR T e KD AR WS b DCF
HA 5 cbbL LR 2 B 5L 3 IE AR G, eI 45 &
AU WD TE N B £ Rl AL B 1 37 A 2 ] 3R
BT O AR A I B L ELJR Y A Y
AR T AR AR PR 2 AT, DT o 7545 DX 45
YU T B Ik [0 5 SR A AR [R) . g, AR X
TP X, JEHMETTA Y i NOS & i e s o L
DCF %5 NO; BB FHEME(ER L ME2), £
WCRETTAR M vh 7] REFE A6 % NOS B9 B, A4k
T FEREAS AR 66 BR 55 P g NH; [7] NO; %5 1k,
S ' i 25T R 0 v AT R A 7 R A Ak R
Ak, I ik A R R Sl i I R E D
MESL R R R S FEE AKX [RREAT
B A A O R 0 ) I B 2 1L I 3%
Xk f DCF iR 5 Fe'™ & 5L 5 A1 G, R WA 2k
AL IR Bl BB A I B [ L R T
PRI o MR &, 2 35 K TR 8™ & 2
S TOEME, 3T B DCF i 5 cbbM JE PR F B Al
ST B LR B E IEAR G, R S UL P B
FALTE YT BEAE E IR RE D A O, I [
SEH AT REIE T AL i STk X 5 0
S B K VT T T AR AR AR A B B o5
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53 ELL L 6 VLB B 2 0 20
o5,

4 g

ABFFEFIHNC R R bRk It as &0 724
WA R RF 5% B AR R S A0 D A ] 49 DX TR
Py e [ 58 HEA TS, 1S BN LA 4598

(1) YLAR %y DCF &4 0. 47 ~ 2. 41 mmol/
(m® - d), 44 DCF # % % 1. 17 mmol/(m” -
d) R VTR 1 A 0 5 A AR K I sk [
.

(2) DURRPy itk [T ELAT Y25 ) 2= 1 A1 25 )
225k B B 2R LR N, DAY DCF 34
F E T AE [F] A% i s T 6F DCF 3 5 A 4 i 4R
FH s BAEK B 3 T AR v B I Bk 5, T
X BRI DCF A8 AR XS A ek

(3) LRV I8 ok [ 52 3 32 52 3] NH (Fe™ (S*
S it DA SOCSE D RE L K] (cbbL  cbbM ) = FE (1)5%
M, AN AR 30 5 8 7 G S A 45 PR 3 T 1] 42 5
M AR v B Rl 4]

Rt ARG LB RE A AR RE AN KA
IARGY XA 8
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Effect of vegetation distribution on dark carbon fixation of sediments in
Chongming Dongtan wetland

WANG Shiming, CHEN Jiaming, YANG Rongrong, CHEN Ziyan, LIANG Xia
(State Key Laboratory of Estuarine and Coastal Research, East China Normal University, Shanghai 200241, China)

Abstract: The study of dark carbon fixation in estuarine wetlands is of great scientific significance for the
comprehensive understanding and scientific assessment of the carbon sink potential of estuarine wetlands.
Taking Chongming Dongtan as a typical study area,the effects of different wetland vegetation distributions on
sediment dark carbon fixation and its key environmental control factors were studied using *C isotope labeling
technology combined with molecular biology research methods. The results showed that: the annual mean
values of sediment dark carbon fixation rates in mudflat, Phragmites australis, and Spartina alterniflora
wetlands were (1.27+0.66), (0.88+0.40),(1.37+0.63) mmol/(m* - d) C, respectively; there were
significant seasonal differences in sediment dark carbon fixation in estuarine wetlands, in which the dark
carbon fixation rates increased significantly in summer, but were inhibited by extremely high temperatures;
the dark carbon fixation in sediments was promoted by Spartina alterniflora, while that in the Phragmites
australis area was reduced relative to the mudflat; different vegetation influenced the dark carbon fixation in
the sediment by regulating the NH; , Fe’*| S°” and the abundance of functional genes ( cbbL and cbbM). The
results provide a theoretical reference to accurately assess the carbon sink potential and the influence
mechanisms of the estuarine wetlands.

Key words: Chongming Dongtan; wetland vegetation; sediment; dark carbon fixation
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