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Abstract: Silicon is one of the important components of the element cycle in wetland systems, and its distribution
characteristics in the soil are closely related to the activity of the soil-plant systems in wetlands. To investigate the variation
in total silicon content and storage in soils in typical vegetation communities and ecotones in the Min River Estuary, the
Cyperus malaccensis marsh, Spartina alterniflora marsh, and their ecotones ( C. malaccensis-S. alterniflora marsh) were
studied from January to December 2016 using field sampling and laboratory experiments. The results showed that the average
annual silicon content in soils in the C. malaccensis marsh, C. malaccensis-S. alterniflora marsh, and S. alterniflora marsh
were 197.67, 201.21, and 210.33 mg/g, respectively, and increased gradually from the land to the sea. The total silicon
content in soils in different types of marshes in autumn and winter were higher than those in spring and summer. The total
silicon content and storage in soils in different types of marshes in the upper layer (0—30 c¢cm) were higher than those in
the lower layer (30—60 cm). Statistical analysis showed that the total silicon content of wetland soils was significantly

negatively correlated with the amount of organic matter (P < 0.05) and positively correlated with moisture and pH (P <
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0.01). In addition to the C. malaccensis marsh, there was a significant negative correlation between the total silicon content
and available silicon content in the C. malaccensis-S. alterniflora marsh and S. alterniflora marsh (P < 0.05). The study of
the total silicon content and distribution characteristics in wetland soils in different vegetation zones in the Min River Estuary
revealed that the changing in total silicon content in wetland was under the influence of different types of wetland vegetation

growth and provided key data for silicon research in this study area.
Key Words: total Silicon; distribution characteristics; wetland; Min River Estuary
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fis £ BEVE M ( 119°34712"—119°41'40"E ,26°00736"—26°03 /42" N ) 42 M VTIA] 1 % K ( 249 120 hm? ) ORI i
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Fig.1 Locations of study area and sampling sites
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AL (ECTestrl 1+) M52 ; 58 pH ANIELEE KB H#ER pH 3T (1Q150, USA) MIAE 5 439685 K 4R A 5 28+ eI 15
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Table 1 Physical and chemical properties in soils in different types of marshes

i 55 EC N
WA Blectrical | fk o o ik e Bk
1 reganic
Marsh types conductivity/ P Moisture/ % © gamie Clay/ % Silt/ % Sand/ %
temperature/ C matter/ %
(mS/cm)
W1 3.05+1.02 6.16+0.66 47.55+4.46  23.98+5.93 5.54+1.23 12.88+2.44  64.18+6.24 22.94+8.17
w2 2.43+0.93 6.26+0.72 48.75+5.6 23.80+6.21 5.41x1.22 13.41+0.93 60.30+2.75 26.29+3.34
W3 2.93+1.01 6.16+0.7 48.44+4.75 23.46+6.09 5.22+1.35 13.94+2.69  56.45+7.54 29.60+9.96

W1, % M 9E 298 H Cyperus malaccensis marsh; W2. 38 4% 45 ¥ i C. malaccensis-S. alterniflora marshy; W3 H 46 K 51 1 Spartina

alterniflora marsh

1.4 f5b5iT5E
T HER S j R ARG I L (ke/m®)
Ly = Cg X dv; X h,/100
K, CoFRREE j R LIRS i (g/kg) ,do, FoR TIEATE (g/em’) b, KR LIEE IR (em) , 100 S # 5
IR RGE R (T, ke/m®) NERNHFIERE (G 2 J2) B3k EZ M, 1,
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AP T 25 B3 51T Pearson A 5& 43 #1T ( Pearson’ s correlation coefficient ) | 3 i 43 3 # ( Principal component
analysis, PCA) FIZ L2 [F1H 707 ( Stepwise linear regression analysis) , ‘i & P /KF5EE 4 0.05,
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2016 4F 1—12 A WIa], 7] YR 3 RS AR Y0 + 5 A h 5 Y SR R SRR AR S T K& T
THEEFNEE(E 2) ARG EHEeR e AN F O Z IS 7E B EE2ER (P < 0.01), S0
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Fig.2 Temporal variance of total silicon content in soils in different types of marshes in the Min River estuary
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mg/g) <SCHEF IR (201.21 mg/g) <H ALK FIRI(210.33 mg/g) , P s 5 i + e 4 ek % i /E 20—30cm
T2 (193.17 mg/g) AR T LAY RE TR 1t 3 FiAs 4 2S00 4 358 4 i 5 1 7E 30—40em 12235 FAH[R] K
SF-(206.28 mg/g) , HIITE 40—50cm + 2 H A%,
2.3 RV 13 M A5 AP Y 1 A REAK I o0 A AR AT
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M-SR M (102.94ke/m® ) < B2 54 1 H (106.02 kg/
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m®) <E ALK BIE A (109.11 kg/m?) . 3 Fi4 2 ARG e
i 0—30em + )2 + 384 mE 4% B 3K = F 30—60cm + 100 120 140 160 180 200 220 240
J2, 0 0—10em +J2 + M4 Rk R 8. 7 0T 010k oW /ﬂ
H1,0—60 em + )2 HM AR RAERFRIEIZ 5 00| o g
)3 B AT W5 P22 5+ (P<0.01) E ol Ku\
3 'I«Tj'ﬁ': & 30—40
IS
/4 4 o 3 B
31 R IESRES RN ERAR H 4050k

FIH Pearson 43 77 MR b 3 RER &5 + 5060 |-
BERALE T (2R 1) BUADCHE R B, R REE Y pH,
Sk R 22 [0 A B B TEAI S E & (P < 0.01) 5 3 ELAOAREERM TS SENT ETHIFE
5 i‘{ﬁ 5,5 7’:& ﬁ% ﬁ ;FH ;’é ;’é /% (P < 0.0 1) , 5 ﬁ *}L E\%ﬂ] Fig. 3  Vertical variance of total silicon content in soils in
EC R B EMMIELR(P <0.05) (£2), N THH

different types of marshes in the Min River estuary
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B(3) o ARV S0 0 - 18 4k o

1 2 R A LT, - TR RO AL 5 52 M) 38 B T b+
et A i ER R R S KR R RL; e H
FEAK R A R 1 E K 0 R pH FIED
KL, HE— 2B XA RN TR Y 32 5 e R AT 8
AN WIS HT, 45 8 I S v N b HOA A L
JERIEA T 7 A, B Yy, = 223,651 —4.690X 45 (P <
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Total silicon storage/(kg/m?)

NN\

N o N _ = _ 0 L A N

0.01) , B H - 3 e rE & F B2 HIEA VLR & 81 w1 w2 w3
SN SCHEARIE M U KRB AR 7 L B Y, = WAL Marsh types
123.446-1.581X ;4 (P < 0.01) , Ui - k5 H4 ETAORRLRAED R+ SRS

jf%%jﬁ‘%ﬂ(% é\iﬂ/\] ?ﬁ ﬂ[ﬁ ; E/ﬁz }Kﬁ{@ﬂi’{ﬁjﬂﬁ pH Fig.4 Distribution of total silicon storage in soils in different
jﬂ:)\ [E[ Uﬂ 7:7 %35 , El] sz = 116.976 — 15. 059X pH( P < types of marshes in the Min River estuary
0.01) , BEHTH L34 i &5 i 2 2052 LSRR BRI 5200
£ VLI 18 (A -4 L AT BT B Sk %A pH (A9
F2 ETHOEH 2016 FLELESIESTEBAEREXXR

Table 2 Correlation coefficients for soil total silicon contents and properties in the Min River estuary

1 5 3% EC N
R Hh IS A Electrical - EIKF j;:(ﬂ;l f*ﬂﬁﬁ Kok ayaA Wh kL
Marsh types conductivity/ P Moisture/ % o e Clay/ % Silt/ % Sand/ %
temperature/ “C matter/ %
(mS/cm)
W1 -0.203"* 0.173* 0.121 -0.353"" -0.167" -0.022 -0.113 0.093
w2 0.147" 0.115 0.111 -0.340"" -0.093 0.097 -0.069 0.030
W3 -0.173 " 0.215"* 0.242** -0.292"" -0.137" 0.219"* 0.254** -0.251""
H K Total -0.800 " 0.157** 0.152** -0.327"" -0.103 " 0.102"" -0.045 0.009

* FORMICHEISE] 0.05 BH KT, v FoRMKAEAE] 0.01 52 FAT
AWTERY, SAURE 2 ) T3 A ik & A ™ (A BF A B e e B k5 A LB ik 22 [ 1
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MR RIFAE ' HEGHE™ | AP 1 rE o a2 2 B RAHDCOCR (P < 0.05),
AR R E A G, VLI COR A AR e LA R B UG (P < 0.05) 1 R R 3
bR IRRE R AR AR R A K AR R IE B L) R R AR AR N SR T Rk B AR, PSR B A
ek e g LA AR E T S 2 R JC BB A O, A R A AR S T IR AT RS A A At A L T L
AL BRERR W L6 22 o A OC 3 BT 4 R AR I TRV L0T A S 20 3 - 3 A i % i 5 3 0k 5 i 2 ()
T FERRIEZR (P > 0.05) R - B ALK AR R T AEK G S ik 5 10000 5
RORE & BAFAE R TR KR (P < 0.05) , J34h, BIA TR MAEYR DRI T, AR R R4
T8 ) L AT MLt R I A2 /0 DR 550 ) 98 i 4 M 4 i 5 S5 A ML 35 B SR B — ol S AR DG a3
ABIFFEAR A B K ARG e A i i Z (A R F IEA SR SE R (P < 0.01) , b al v PR i &5 8 23 Bl 1
HE7K 43t B AR B0 TR A S A B EL A OK R i K Rk (359mg/g) e TR I
(344mg/g) "SR] REAE T HAEK BRI SFE T | 3200077 S A KW FRF IR S 9 K R T i
SRELS G A ERAEHE KA R L 8 b gk I et e e, v ELA LR B P A 7 b e AN R 2R R
AEAR NN 2 T SRR ARAT AVt , X #RRE 0 0 130 5 Rt 102 30RO Xk - 4 A ek (1 5 ) 5 - SRS
KRS RERR (W R I 5C o 3 rp ) AR IR T % RS 7 2% o S A ) B 0 ek R 40 1) 26 1T R B 19— OHL &A1 I
JECA WA RERR > BEE pH 8 38 0, SRR X fE T2 1) W A S th 1, i TR 6 A B 3800 b, 17 - 38 ORE
R R IS  RERR AN A S B A (BRI IERON HAE 6 < pH < 8 AYTEEL T AT, BIAE 48 5 R v
ol ok

£3 HEEREMSERE

Table 3 Eigenvalues and Principal components matrix

WHRFFAFE Initial eigenvalue FE 843 Principal components
T Hh 251 % R TTHKR STk %%lﬁ?
Marsh types Components Eigenvalue Contribution Acm'lmu.lalive Variables 71 72 73
rate/ % contribution/ %
w1 1 4.0890 51.1125 51.1125 EC 0.2149 0.1381 -0.1875
2 1.8138 22.6731 73.7856 pH 0.0011 0.4919 -0.0885
3 1.0878 13.5970 87.3826 Bk -0.2121 -0.0899 0.1614
4 0.4269 5.3365 92.7191 +iE 0.0690 -0.5062 -0.1985
5 0.2849 3.5607 96.2798 AL -0.0306 0.0611 0.8751
6 0.1707 2.1338 98.4135 R 0.2039 -0.1004 0.1633
7 0.1269 1.5864 100.0000 biig A 0.2391 -0.0723 0.0417
8 0.0000 0.0000 100.0000 [ -0.2429 0.0848 -0.0799
w2 1 2.5852 32.3153 32.3153 EC 0.0197 -0.0076 -0.5408
2 1.6927 21.1587 53.4739 pH -0.0013 0.1440 0.3092
3 1.2403 15.5035 68.9775 FoK s -0.0759 0.6119 0.1059
4 0.9913 12.3912 81.3686 +ii -0.0051 -0.0402 0.5414
5 0.5626 7.0328 88.4014 HHLE 0.0057 0.5279 0.0183
6 0.4885 6.1058 94.5072 bty A 0.3122 0.0329 0.0330
7 0.4394 5.4928 100.0000 b A 0.3790 -0.0655 -0.0252
8 0.0000 0.0000 100.0000 {2 A -0.3987 0.0448 0.0116
w3 1 3.1748 39.6844 39.6844 EC -0.2061 0.2106 -0.2763
2 1.2280 15.3497 55.0341 pH -0.0752 0.6021 0.0583
3 1.1683 14.6035 69.6377 oK 0.0341 0.5407 -0.0449
4 0.9822 12.2772 81.9149 +ii 0.0263 -0.1465 0.6785
5 0.7700 9.6248 91.5397 HHLE -0.0532 0.2919 0.5508
6 0.5335 6.6682 98.2079 biky A 0.2990 0.0083 -0.0392
7 0.1434 1.7921 100.0000 b A 0.2975 0.0339 -0.0553
8 0.0000 0.0000 100.0000 iz -0.3063 -0.0279 0.0525
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F 1L 2 FK 3 PRI R — AR I E LR (n=216)

AR X, pH -5 A 3985 e e 1A 56 5 7 08 5t o Pk sl B (9 T R X, pH (5 R HE S Rk AR
{0 X T 7 S AT R M X, FROK R R, R SR, VAR AR, R pH (E (I(E R 6.19) 5 45k
THEZEAEREEHCCER(P <0.01), B2, HEAVRS &2 FER, SRS, DM
- AR B B 4 KR 2 i - B A
3.2 (RTINS AR Y I R A 25

B T A A OGS ) YT 1 A e i — s, AR K AR 6 A R A AR 3 i At
A ELERYFE M, KB R Rl TV R AR L SRR R B AR R BB AR AR (T 0 M L A
HURK &5 12 @ 1 n Y | - e gk R 5 2 Blest | 0% BRFVE PS5, 96V T b Y S RE R R B Bk Ok o i HL T AE
K i B R RS IAE T, BEA A5 K A m % TR KR I 20 I SR AR Ok Y DR T 4 4
REACEIE RS IR B 19 [ RobEAE B AR R BAVE 2 308 T 50X RERR BT RE 0 . LU, )Y 1 B 4K
KR B T IAEZ (TR, S0 R R 1 B i, L MR DR B i ek ) R 3 o, Xk B AE
DK - S A B AN S R T A AN IR L K IR R T I A R A - R TR K
HRTEE 18 43 A R AE R 2 BT VA (X A K B b - 3 A e 15 A0 - S [ B /K o A0 3 P e R R A B Y R T
DX 3 R, X S A SO 2518 S AR — 80, T HAE KR B AL I T A DL Ko ik 2 A 1) RN BE, 5L
TIPS 2R B AR R S T 9 A i B R RN R 2 R T S 2R MR AR S v S I S - 4
L TERE R (102.94 kg/m?) K TS AEAHTHL (106.02 kg/m?) FIH ALK BT HL(109.11 kg/m*) |, 3% 5 w4312 16 g
T e £ RS 1) 10 2 P 2 T e A R A /N T AR B O ST A R A

fo £ T M 3 RIS HIME 0 IR A RE S R 2016 4F 1—12 H AR BT & & E S TF
B2 AT e TR 221 A VR 55, -8Rk bk R S 1K, LA A V% AR 28 i T S8 5 34 0 T 3R 1Y)
T, YL 3 R R YT A ) S L RE R A A 28 2 b [ VTR (4—9 H ) AR 948 5 4 AR
R 71.2%—79.1% , Horh 4—6 AR E 2015 24E 8 50% . midEmM(1—3 A (10—12 A) #Rimm R b
SRR 20.9%—28.8%" ) 1 4 H Gy FFUG KR IR K A ST 11 D8R, Xof 8 0 0 bt A — S A < R 5k
N, R A — e 3—4 H PR PO K A58 i R E R R 1) it R R in , AT 5 35 398 4k
TETE 4 A EA%, A0, BT 1 R TR Bl 28 R b - 39 4 m 5 i A R R B R 3 1 2 (0—30em) &
F &8 L2 (30—60cm) , iX—J7 1 7] e 5 M 3R 5 A1 25 o il AR AR Il A G, 0% — T T S AP o0 fff A7 — 8 G
R, — MR UL HERZ A Y Sl Z KR R B R B £ L LU A B AR AR R A
FEGOR R 3 b A A KA RS LR R AR 2R PO BBRE R B 55 YIS AR
YirE + R E R BE R Y SRR I IR B R A, TR R )R A2 KRR AT
YIRS AEH] Mo RN VE R 2 i b 12 155 Nt , S ECE e rE S g T H 2,
3.3 VLT M g A g [ P A H At b XX

BT R e hE & R B AR BEGT, T E AT A X 4k
) AR AR Bl 230.14—668.05 me/ g, Ho & B T A6 i B 5T 1 3 1 b @ RE 0 % 5 (> 66% ) BH I
TRE TZRABF 5T P 2R A i (< 45%) 170 1 ah, A A 7 20 A R 6] 2 S 30+
HEARES RS, B R 2R E N EEAE , A Rk S — R T R e
() - HE Ak B (594.50 me/g) 20 B I g ik B B 3 (280.00me/ ) ' M 5 (353.89me/g) 2T I 4k A
L, R W T IR BERE E AR AL A AT A AT 3 0 ek R AR L AZ R G Bk RN AR T AN BT
B, ERER E A B R T R IR RO A - KA TR A E AR A R D R K E R L
T3 Hb DX (14 828 R AR 2, S 3 AR AR /), B AT bl R A7 8 rp n RS IR ik . — BB S AT AR
TE A b DX A 382 SRR SCAR AR A 2 0 W AR P RS R R SE BV E o I, 466
FE R LXK, BRAEA 78 2 A 7K 43, 38 b B REZE AR IR A A 1F N AR ME R i ol %) I YT 8 i 7 3 By
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T S A PR A 2 SR X A8 e s, A RIS, — T i, i et 1A i 0 A XA R A R, T 5 —
T3 T, MR A F A AR K R A AR TR I T RERY TR o S8, BV R S e R B
Tk LAYD L B ASERE L, B TAE LR A (B2 R 1R 1) I B RE ) AN it | S B0 1 N 1) 1 1 4
R THAMIX (K 4) .

R4 TRBRTELEIELER

Table 4 Publised data on soil total silicon contents from different areas

B ERE A A DAY s EXER G oe

e e b LA it 2% it
Annual average Latitude and . Average silicon

Area . . Soil typ References
temperature/ C longitude position : content/ (mg/g)

S 18°10'—20°10'N, s
T 108°37'—111°03'E ESiwe) 322.11 [37]

34°22'—38°24'N,

X ;B UL .
IR 14 114°47'—122°42'E 1k 5 A KAk 7E 643.47 [36]
20°13'—25°31'N
7 \/ N B Ll il X =4 .
IR 18 109°39'—117°19°E 1A AT 602.95 [36]
18°54'—28°15'N,
HlH 28.5 Isaedl'—178075ny D 280.00 [38]
. 18°10'—20°10'N
AR 23.8 ; 3| 353.89 [27]

108°37'—111°03'E
X 18°10'—20°10'N )
] I — ! = 22.11

i 108°37'—111°03'E  ZEH 3 [37]

29°41'—34°38'N,

YR 15.5 114°54'—119°37'E bz 594.50 [37]
. 26°00'—26°3'N .
b 130 3 5 £ : X RS :
V] TR I £ £ i 19.3 119°34'—119°41'F T -4 204.00 A3
4 g

(1) YT 1100 b A5 AR Ty 308 A R AR P-4 15 e S S B T 1) Vi ¥ b T A A 3 R B i S 21
H1(197.67 mg/g) <A MBI (201.21 mg/g) <H ALK HIRHL(210.33 mg/g) , = H ZAFETE R E 27 (P<
0.01) , i A [7) 28 050 b 9 A4 < o 108 s 4 398 4 ek ) A0 A1 A T B A5,

(2) M YT A AR B I hE & B RBR DA MKA ER THREEZWBES, AR L2 SRS M
TR AFRI N EI 4 E (0—30em) & T F B+ )2 (30—60cm) .

(3) FE)YTIA) 190 3 ik & B AU S 7KCR A pH LR, B IR et S B 5 AV T #
T, 5 E KR pH AW B3 IEASCOE R, BFSE IR VT3] 1R HOAS [ AR By 1 398 4 e 5 i s i DR 28 S L
A3 AR, AT 45 7R T B 4 R /K AE R TR S TV b A B 2B K R R AR L R

5% 3Lk ( References) :

[1]
[ 2] Mitani N, Ma J F. Uptake system of silicon in different plant species. Journal of Experimental Botany, 2005, 56(414) . 1255-1261.
[3]

Struyf E, Conley D J. Silica: an essential nutrient in wetland biogeochemistry. Frontiers in Ecology and the Environment, 2009, 7(2) : 88-94.

Jones L H P, Handreck K A. Silica in soils, plants, and animals. Advances in Agronomy, 1967, 19 107-149.

[ 4] SongZL, Wang H L, Strong P J, Guo F S. Phytolith carbon sequestration in China’s croplands. European Journal of Agronomy, 2014, 53 10-15.

[ 5] DermyL A, Kurtz A C, Ziegler K, Chadwick O A. Biological control of terrestrial silica cycling and export fluxes to watersheds. Nature, 2005, 433
(7027) . 728-731.

[ 6] Moulton K L, West J, Berner R A. Solute flux and mineral mass balance approaches to the quantification of plant effects on silicate weathering.
American Journal of Science, 2000, 300(7) : 539-570.

[ 7] Minasny B, Hong S'Y, Hartemink A E, Kim Y H, Kang S S. Soil pH increase under paddy in South Korea between 2000 and 2012. Agriculture,

Ecosystems & Environment, 2016, 221 205-213.

http ; //www.ecologica.cn



8314 JAE = 40 4

[8]

[9]
[10]
[11]
[12]

[13]
[14]
[15]

[16]

[17]

[33]
[34]

[35]
[36]
[37]
[38]

[39]

Landré A, Saby N P A, Barthes B G, Ratié C, Guerin A, Etayo A, Minasny B, Bardy M, Meunier J D, Cornu S. Prediction of total silicon
concentrations in French soils using pedotransfer functions from mid-infrared spectrum and pedological attributes. Geoderma, 2018, 331. 70-80.
RERY, ZRPRE. P E B ) . dbat: Bl L, 1987

Al LA AL P E R JER R EARO A, 1998.

Struyf E, Smis A, Van Damme S, Meire P, Conley D J. The global biogeochemical silicon cycle. Silicon, 2009, 1(4): 207-213.

Struyf E, Temmerman S, Meire P. Biogenic silica sequestration in freshwater tidal marshes; relation with marsh developmental stage//Struyf E. The
Role of Freshwater Marshes in Estuarine Silica Cycling ( Scheldt Estuary). Antwerpen: Universiteit Antwerpen, 2005: 99-122.

Struyf E, Temmerman S, Meire P. Dynamics of biogenic Si in freshwater tidal marshes: Si regeneration and retention in marsh sediments ( Scheldt
estuary) . Biogeochemistry, 2007, 82(1) : 41-53.

FEOK b, TN ) VO N b AN R AR B - B ] BUK e Y A3 A AL 2R RS 2R, 2016, 36(21>- 6766-6776.

C3 PN é/kuu SRIGEH , AL VA X ] VT U M LB K B B R | U B 1 R AR, 2017, 28(1) : 337-344.
e, BRI, MY, INER, WEE, SR, NS, B, Ix*EJ{T(TDEﬂﬂ#ﬁ%ﬁﬁ%%w&ﬁ%mﬁ%-ﬂ%ﬁi%EP&?H%MJ . Kt
SEEs %ﬁ 2017, 31(1) ; 279-285.

TSy, BOKE, (T, WFH, 2. TAEKE AR R0 M VL0 38 i 4 596 a5rk i b 45 AR A4S AE. A4 3R, 2018, 38(17) .
6136-6142.

XUSIFK. MVLI ERMAT ST, JbaT. B2l i, 2006.

WM. R HTROIA T (I 2 K R R RE A k. B HAR, 1995, 5(3) : 42-44.

Band. O ARE T U, T ERL R AL, 2000 48-269.

XTGBTl BT EOCR BT HT LU SEIRATFY. 3@ iz, 2005(04) :116-119.

EARE. Y EFRICHE N LA, ., Bl H AL, 1983 578-608.

B, R, $lEd, BRS, EEE, Y. WAUE ARG S . P IERGT LR 1997, 6(3) @ 176-181.
mJTRE, IR, IR IR RS S LI OC R, 14, 1993, 25(3) : 146-151.

fres. VLI R AR Y — DR GRER W ECAFERTZE[ D], AR . AR ARIEYE R, 2018.

Singh J, Salaria A, Kaul A. Impact of soil compaction on soil physical properties and root growth: a review. International Journal of Food,

=

Agriculture and Veterinary Sciences, 2015, 5(1) ; 23-32.

K. LB B+ R AORE B i 4. R, 1998, 29(3) : 126-128.

A, HIER, FHER, SR3C, R, TR, A IR S s A . BNARL AR, 2017, 45(3) ¢ 139-143.
TRRME, TRZ . LA RRE i MO IR PR AR DGR I BRIB TN R R K224, 1996, 8(4) : 42-45.

Haynes R J, Belyaeva O N, Kingston G. Evaluation of industrial wastes as sources of fertilizer silicon using chemical extractions and plant uptake.
Journal of Plant Nutrition and Soil Science, 2013, 176(2) ; 238-248.

TIE, §ABE, %R, T, R4, 2R, JrkW], RAE. EAEKF AR VLI 0 - 330 A M 5 . VTR s I8 5 P 8E
2017, 26(1) : 100-109.

Zhou CF, An S Q, Deng Z F, Yin D Q, Zhi Y B, Sun Z Y, Zhao H, Zhou L X, Fang C, Qian C. Sulfur storage changed by exotic Spartina
alterniflora in coastal saltmarshes of China. Ecological Engineering, 2009, 35(4) ; 536-543.

SREH. VTR BOK SCREE ST, ZK3C, 2000, 20(6) @ 55-58.

Yang J L, Zhang G L. Si cycling and isotope fractionation: Implications on weathering and soil formation processes in a typical subtropical area.
Geoderma, 2019, 337: 479-490.

Ma J F, Yamaji N. Silicon uptake and accumulation in higher plants. Trends in Plant Science, 2006, 11(8) : 392-397.

KGR, P E AR AR L PR T BB S ST D 1. BUM . WV AR 2, 2016.

Bk, sk HEK. P X ZRARE LTI IR A2 . LR, 2010, 47(3) : 385-392.

Fox R L, Silva J A, Younge O R, Plucknett D L, Sherman G D. Soil and plant silicon and silicate response by sugar cane. Soil Science Society of
America Journal, 1967, 31(6) : 775-779.

e, R, IR TTIA B R IR RS B 3 Wb AR RHE 28T BARBESE (SO , 1995, 7(2) : 18-24.

http ; //www.ecologica.cn



