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Abstract ; Silicon (Si) is an essential nutrient for many plants as well as an important element that controls the functions of
terrestrial and aquicolous ecosystems. Wetland ecosystems are considered to be very important for Si transport and
transformation in nutrient biogeochemical cycles. However, information on Si cycling in wetland ecosystems is scarce. The
Shanyutan wetland is the largest tidal wetland in the estuary of the Min River, southeast China. In this study, the Si
distribution pattern and its influencing factors were determined by seasonally measuring the levels of dissolved silicates
(DSis) in the porewater and biogenic silica (BSi) in the sediments of Phragmites australis wetland ( PAW ), Cyperus
malaccensis wetland (CMW ) , and Spartina alterniflora wetland (SAW) from October 2012 to September 2013. For better
comparison, three sampling sites were added in SAW since January 2013; these sites were isolated by a 30—m wide tidal

creek. The sampling sites near the land were marked as S. alterniflora wetland (inside; SAWI) , whereas those near the sea
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were marked as S. alterniflora wetland (outside; SAWO). The results indicated that the average contents of BSi were 14.33
mg/g in SAWO, 10.40 mg/g in CMW, 9.98 mg/g in PAW, and 7.50 mg/g in SAWI. The average concentrations of DSis
in the sediment porewater were 407 pwmol/L in SAWO, 359 pmol/L in SAWI, 344 pwmol/L in CMW, and 323 pwmol/L in
PAW. Generally, the contents of BSi in the sediments and DSis in the porewater were higher in summer and autumn,
whereas they were lower in spring and winter. Statistical analysis revealed significantly positive correlations between DSi
concentration in the porewater and BSi content in the sediments or the distance from the shoreside to the tidal creek (P<
0.05). BSi content in the sediments was slightly positively correlated with temperature. Taken together, our findings suggest
that the distribution of Si in the wetlands of the Min River estuary was correlated with vegetation, temperature, and tidal
action. Unlike that of native species, the invasion of S. alterniflora, to some extent, altered the distribution patterns of Si in

the wetlands.
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Fig.1 Map of study area and sampling locations
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Fig.2 Vertical variance of DSi in the interstitial water of different vegetations wetland soil in different seasons
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Fig.3 Vertical variance of NH;-N content in the interstitial water of different vegetations wetland in different seasons

2.3 OR[RE B IR B AKE FRER  E S

4 FpAE A N L B R B K S PERE PR ZE T AR B AR 3 HRKE T R TR R (ES) , Hfi
AN E AE KBRS 29 407 pmol/L M 354Ky 323 pmol/L. i i) BR/K TEHLA TG B 5 255 AR (b AR AE | 2 25 J
I 2 R VA N A0 B AR K Ry 3 (R Bk P NHG-N 5 B AR (B 5008 (34.61+10.14) | (45.86+17.64) |
(23.58+6.20) F1(19.83£6.23) pmol/L, Xf T NO;-N+NO;-N &4, 18] 74 4P .46 K FEAH 105 b 7] B /K & 2 B s
(£46.30 pmol/L) , M= el (£ 3.67 pmol/L)
2.4 AN[FAHBEHT TR A Wk (%) F0 T 43 AT SRR

MR BEASAU KT | 4 Fivie Bl 10 - 18 25 W e 5 k1 30 T o0 A AR IR R B A b e (| 6) BR T
2013 4F 4 J HACKE (F)) 2013 4F 9 H HALKEL (Fb) FP 2500 b 4 A= P ik 5 5 B VR 28 AR B0 HoAt 728
AR BE XA /I, A L il R Y80 AR W R 5 S AT S B e R R AE 2013 4F 4 9 A bR, i
2012 4% 10 A #12013 47 1 A IREE MR 5 & & PR R . NN ARRE 4 R e i
T IEAYIREAE 2012 47 10 H 2013 4F 1 H 4 A F19 H W5 8455100 . 8.48+0.60 ,6.76+0.78 ,10.92+1.98 Fll
14.60+2.69 mg/g,
2.5 R[RAE BRI 1 3 A MRk Y 2 AR AL

PO JEIYE A HAEKEL () RIUE AEK B (A1) M A M B AE 44 4 M (9.98+2.66) | (10.
40+2.33) ((7.50+0.46 ) F1 (14.33+2.78 ) mg/g (& 7) , HHh W4 A B ALK R0 b 4 3 A W) ik 75 i e i (8.
82—17.67 mg/g) , M1 PN F ALK R M 3 A= Wk B B 451K (6.57—8.56 mg/g) , AFIARIRA /N, BR T A N
HARK L At = A b 1 A MR R B S AR R

http ; //www.ecologica.cn



6 S % 36 &

NOy-N + NO, -N&
NO;™-N + NO,™-N Content/(umol/L)

0 10 20 30 40 0 5 10 15 20 25
0 T T T ] 0 T T T T ]
20124E10H 5 20134E1H
5
10 A— 10
—O—
15 —— KFE(H) 15
—K—— k%)

20 20

25 25
g
N
=
2 30 30 L
=l
E 0 10 20 30 40 0 2 4 6 8 10
w0 T T T 1 0 T T T T 1
5
= 2013424
- 5 5 F

10 10

201349 H

15 15

20 20

25 25

30 - 30 L

B4 FAEFEHAEEHTEMHTZEER KD NO;-N+NO;-N @ EEEH TUHFE

Fig.4 Vertical variance of NO3-N+NO;-N content in the interstitial water of different vegetations wetland in different seasons

800 ~ 100

= =
W= 600 | g 8
& £ oH =~
S &g
& 400 -
# e <8 40
S o0 zZz
\43(‘7)’ +,20

/A 0 L L L s E 0 1 1 Il ]

10 1 4 9 10 1 4 9
m&z 15 - A4 Month
e
\:\“ZI = 10 F + 75%
S5 —O— N
£%< 5L —M— KN
7z —— KHBH
O 'm 0 L L L .
9 10 1 4 9
H 4y Month

B5 AEEHFEIEEEKEFEESETHENEE

Fig.5 Average nutrients’ contents in interstitial water of different vegetation soil in each season

3. S SR E] K bR S A A A R
{0 11t - S A e R S AR MR A 5, 2 4 pH (/N T 8 I, pH BN AR M IV R

http ; //www.ecologica.cn



214 B A A5 ¢ L0 )R e A [ A S % ) B K v ik B 7 A R 7

AW fik& & BSi content/(mg/g)

0 3 6 9 12 15 0 3 6 9 12 15
O T T T T 1 O T T T T 1
sL 2012410 sk 2013481
—A— P
10 b —©— EMEE 10 -
—— KHEN)
15 F —¥%— KKK 15 +
20 | 20 F
g
3 25t 25
=
2
g3l 30 L
CR 5 10 15 20 0 10 20 30 40
=0 T T T ] 0 T T T ]
= 5| 2013%4N sl 20134295
.H
10 ol
15
15 b
20 -
2 b
25
25 b
3oL
30 L

B6 AREVAREHTTEENEIETNEHEFE
Fig.6 Vertical variance of BSi content in the soil of different vegetations in different seasons
FRSZ IR /N KT 8 B S 0 88250 file i Y - 25 -
HE pH (A1 6.68+0.03) X -+ ek Wy ik 5 BRI 2 B it
—|— X
——

s}
(=]
T

I

AN, IR A 2 St B B M A R A A, T ol
R AN BT 5 i E B B A T A R A 5
AR AR SCIFAE Ml 7 05 £ 30 0 - 8P B YD
R 22.33 71.11% " A F T 5L Y RERAE 8
SR B b AT A B AR B (o
VAN ) M M - S B b R B
5 MR B A e | 390 B o BB A 0 . . . !

gﬂﬁ,j:igﬂpﬂﬁmﬁgﬁj‘ﬁﬁ'ﬁﬁﬁ( @%@{Xﬁ{ﬁﬂﬁi 2012-10 2013-0:3%q DatZCOl3-04 2013-09
HEEHLA LS 2R 0.40% ) X 3 A MRk 952 0 1
AR, U I I 52 ) 7 e N VS BT 5 B K v R B7 FREETLREGRFHERNEFTEML
AR S R SR EHLA (p = 0.01) B IEM%, 5 Fig.7 Seasonal variance of the average BSi content in the
BRRREL Z A ARAFAEW BE R (p=0.14) , 7E8E 10 JERHb
UL B A B a5 1 K PP B E ARt LA i K e i A TE ML a2 8 52— 5 i T AR G
KF (I 8) , YRGETT, B YT CRESE 5 VR e S 1 919 , 1L BE 5 e i JC AL RURN Bk 2 52 T AF G G
R, G WERRER G R T UL, YK PR B b K P SR (T PERE R S TS ML) B It g
2 R PR A KR A D S B, 1 ) T 2 o AR 75 A U ) B U, Iy e
WIRER)— 5% . TR IE T | 4 TR BT T by 2200 b K A K o B 30 3 o i R 1 3
PR 22 R AT Y A A M R R 5 AL A Rk T LA e SR LA P 1 2
2 Ml R 5 9 R A

T A HG WK B3 B e b R B A L VTR MR T 0, 1

AR

BSi content/(mg/g)

—_
(=]
T

wetland soil of different vegetations

http ; //www.ecologica.cn



8 S % 36 &

30
y=0.0184x + 3.7525
25 R=0.5884
) T N=90 P<0.001
3 o O
ﬂ\é 20 L
M
5'5 15 |
3 § 10 |
a st
0 Il J
0 500 1000

30 _ _
1= 0.0281x +9.2685 5 1000 1=0.9247x + 321.24
i R=0.1911 3 R=0.1970
h OO N=90 P=0071 Mg 800 % N=90 P=0.063
gﬂg 20 '<<>> > o 4y
B IR0 0 @ 3 gz o0
Re 155 %% YN £
gt X S 25 400 g
B2 ol v &
S ' © =3
2 5 Y § 200 R
@
0 1 1 1 ) D 0 )
0 50 100 150 200 200

B AR T AL o

DIN content in porewater/(mg/L)

B8 tTEAwEaEstEakKPERIENEIYE

Fig.8 Correspondence between concentration of nutrients in the interstitial water and BSi in the soil

o e R HbAT R TE E BOUK IR . 2012 4F 10 H—2013 4F 9 7 (1] 58] Y1 11 D0 o A0 45 0 s = 98 [0 B /A 7% 1 ek R
AR B RARYCR  BAEK G (HP) 1R > BAER () SR> R SRR > P =5 1R BEA AT & B T A
8 ) B K ke AR e R, U R A AT K T R A, T b T K A TR UK PR R R
WA . MR YRR & AR YO : HABKFE (A1) 1 >0 33 0 > 2 35 10 1 > T AR OK B () Wit
5 A Y R B G I A S | X S X0 AR ] YR A 0 A W S I I R AR ) R S ) L A
FHKF(P<0.01) MLEEAHINE , 1% AT AES WIEHE S PR AL R R A K A 2R A ) i S 85+ S A7 Rk 1
B, ARG RBE AT LT =R A0, P bt v — 2 4 W7V A kX - 39 A W e R i 0
e

R TR b 2R 5 T e 28 1) A R I AL 5 43 ik R T ) B T AS T TR L, 34 1t A 0 P9 23 0 R = FBE RE 5 5% i 152 3+
e Wrk S A R R LA R R A A L BRI R B, A 3 A DL SR A TR K R PR A 409% T 1 Rk R AR R
o ) R TR K VIR b A ki (25.78—40.92 me/g) B T H ALK EL(6.71—7.97 mg/g) ,
SECRIT O R S i T AR R AR SRRt S R T T 56 o Y S T - 4
A P i (5.12—17.46 mg/g) 5 T304 P L A6 K w5 0 - A Wik 5 it (6.57—8.56 mg/g) .

AN, A R AN TRITRLRE T EL A AN ) 0 7 A T A g AT i L R T T L
AR WA A3k | 39t WS 3 AR 1 B 22 AR A b RN ] B K R ) e BT TR YT T A
D S AR 5 AR TR PE I B TR DI IR RS TS o e in 5 AR PR Y 0 18] K AR R
Fik BB B PR, I U 28 (144 30.6°C) TR 3 ] BRUK IS PERE R AR & B B . KR, BARAG VR W dk sk
O3k ABIERE R R (SF38 21.0°C ) S 85008] B A I Mk R h W ARG, & X, F B A IR [l 7 (P34 18.
5C) AEYAE KA TT LR T FERE , X RE AL T80 B 21 10 S 0] UK TR PERERR R S R T E M, [AAE,
e HEAIAT Schelde T87 113 M7 5% B AU A 22 e 00 2 K T80 947 160 i ) Btk 1, 2% BRI ARE B9 2 AR AR ARRAIE

ZE b BT I fr S K AR P S SRR (B BR IR R RERER S TR & & IR A B O RS

http ; //www.ecologica.cn



21 4 B A A5 ¢ L0 )R e A [ A S % ) B K v ik B 7 A R 9

i

PR 2R 19T LA S o 4 e~ 9 A4 e i ) R AR (E HG B e ol R B LT o S T, I it — 2D SR
3.2 HARKEL AR RHE R MG B0

T 11 R S o S SRR O AN SR R A IR R v HL AR ), LA VAl i U5 S R s
TR B 2R v RE T T ARy U2 T 4 10 L 6 ) R 0 A4 5 R BRI L Sh BE R B2 SR B T
Wi FRER AT AN, 38 2 AR TR IR, DR e 25 B i ] UK 48 FR SR A A s . 2004 4R LK, BAEK B
TN i N G S AR T W B 5= 0 ) N e L QY @ 0 e s S A o L e X D L0 A
WA MG R e — B TR MO TR R G A AR A 25 S5 T e

HRHE 1 AR LI 45 5L ] YT 1 e e N b Fh 2 B0 ), S R A A P AR BT S K
T PERERRERAE 248 1220 30 323 344 F11359 wmol/ L, 35 A Wb AR -2 & 43 510 9.98 .10.40 F17.50 mg/
go DNER VT 145 A T Vi Hh 3R 40 A 5 B B I S i A — A DR, (R YA P AR K o e W
T A AR T X R T S s RIVE A G IR e SR R A G, B2, HAEKE 0—I15 cm
MR A W A, LR P A A AR 0 MR AR S Rkt T B i BT V) P L AR K I R B R A
AP, R B BB B AR R AR AE — g R AR T R YT e - S - R S A AR R

VI HbAR ) R R SR AR A FEAR I A A A A R v RSO K AR v A e R I AR A R SR AE IR DY, A
[ SRR P BE AR, VT R =5 | B AR R N AR ik B 5 50l 25.78—42.74mg/ ¢ .6.71—8.92
mg/g, HACT 41218 Tl AR 35 Brest 115 W0 B A8 K 50 AR M w5 Bl 2.23—7.82mg/g' ™, W] WL H. 46K
TR ERERE IR EAR . XA & SEDY BRI IE 45 R AR A K R W T R S R,
PR A R A 7 0 2 T A W R 38 380 T AR AR S sk L Rk, FRATTHEN . 48
KPP A WAL T 8 s AR AT R A e S R IR, 1 TR R AR A - A W S RN RE RS T
TR B AR TTE REIE—25 1) JR 3 - R A AR RO 22 (6, % 4 38 P A A7 A5 18 O, 2k 7 BB AR 5
WK I st R S BTt B 7 T Y T ) B S5, A pHT B B T A D S S A R e A e
I LE AL 2 F M BRI PR A
3.3 YT AR RS AT T VA L

A= PR E LA DI USRI B 3 AR A T 15 B DR AF R AF G A S R (R A, AN BB , SR A K AR A 7= T3 7K -
W A e X 30 AR SR E R G 7R T SR BN A AT & B b B B AR R
FIIRI AL J153 32 289 404 372 468 mg + C/(m® - d) , BAT AL BIRGZ i LT sh™ 3k 1 T
B, o E U A e o At S PR — RE A R S A R ST AR M TS A (CSE R E A B A 4.3
mg/g AT 5.1 mg/gt ) RO IT FUEAE) 12.0 mg/g'™ 1M A 1 R 0 A 0 1 2 45 v (P21 49.6
mg/g" ™) 3% 55 K R A PR T KSR — 3T T PR MR YT T (AR SCROHR ) 1 M AR Rk A

®1 ERMNEEBALE/MRYENESESH (SN AFIE)

Table 1 Distribution of BSi in the bays or seaport of the world ( mean values in the parentheses)

&

BSi i BSi &k

HBIX. Are: X Are
i [X. Area BSi Content/ ( mg/g) #1X Area BSi Content/ (mg/g)
St o e e [ 54] ) YU =1 [34]
T R . 2.5—5.8(4.3) KT I:['{// UESE 4.7—10.2(7.5)
Southern Bohai Sea Shoals in the Yangtze Estuary
S s 1331 N,
Hﬁ.L)l'”('v 3.6—6.9(5.1) H.{ n_‘ I (A30) 3.3—23.7(10.6)
Jiaozhou Bay Min River estuary
Y Y b [55] Ao B [6]
KITHS) o0_11a(120) AR 0
Yangtze Estuary Adjacent Sea Schelde estuary, Belgium

N e[ 56] ’ﬁ%:: ] i :z;ig\: Y7V [15]
R A _ 3.3--90.0(49.6) % E{jl:(ﬂ‘m o107 ik 4.8—15.8
Northern South China Inner Elbe Estuary, Germany

N i) [43] 2 ] stz ol M 2K R b o) [11]
,ﬁ'%f(EILlu%f@ 2.48—19.3(9.91) %U%‘F??ﬁﬂﬂ[*)ﬁ*ﬁ'ﬁ/&(mﬂﬁ 0.8
Yellow River Estuary Wetland Tidal Marsh in North Carolina
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e, FRUCH BT 111 VL B, X T 5 A 10 AR 5 ) KO m AR D8, T RS 5 A= KA
Vg2l B AR AR A G, S5 Ae S IR A — € R AR, 5 E MR 4 S A L 1R Y
VM -3 A W RE TR 5 10.6 mg/g, 5 UL PG 0 ) b TR A 1 2 N 56 L R 2 ok
G K IR AR Y

4 i

(1) BT e 4 FfoAe ity S ] B S5tk A /NG 0 O < AR (A1) Bl > T AR 55 () it > J
SRR > P 20 M, A e ST oK R D B K 5 ik e Y A A A Bl R R B B A R, Y s
BR,

(2) 0 A= W 1) 1249 55 DR/ N 23 31 g« ELAE R R (O ) 300 > 6 i A s > 7 3 30 > B AR OK
(PA) R, P b 3 R IRV K &5 ek 4 SR B Rk TR B2 18 ALHFIE

Bt A RAER RS R A B DY SO0 P R ATUE S AR A RS A TR R AR R AR AR R Y
By, eI — I RO R |
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