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E&WH : HRARF I EIUH (41771216,41340019)
r#e B #7:2021-08-01; & F HH:2021-12-29
# W IRAER Corresponding author.E-mail ; taozhen@ mail.sysu.edu.cn

http ://www.ecologica.cn



17 1 PNATSE A5 T R I VY g 0 S A W A B s 2 5 AR L 7093

(weathering crust) , soils, plants, rivers and lakes in the form of dissolved Si (DSi), amorphous Si, cryptocrystalline Si
and crystalline Si. The soil DSi mainly consists of two parts: monosilicate ( primary DSi) released by slow hydrolysis of
silicate mineral weathering process and H, SiO, formed by rapid dissolution of soil biogenic silicon ( BSi). With the
development of soil, the primary DSi was continuously leaching away. The solubility of soil BSi is twice than silicate
minerals, and soil BSi gradually became the hub of Si migration and transformation between lithosphere-pedosphere-
biosphere-hydrosphere. For the purpose of revealing the change and its driving mechanism of soil BSi in tropical monsoon
climate region, soil samples of representative communities (include tropical monsoon forest, economic forest ( rubber forest,
eucalyptus forest and mango forest) and crops ( banana, sugarcane)) in the Changhua River Basin of Hainan Island were
collected in dry season and wet season from 2014 to 2016, respectively. The soil BSi content was measured by thermo-alkali
digestion and continuous extraction method and its temporal and spatial differences were analyzed. The results showed that
there were differences in soil BSi content among different plant communities in the southwestern Hainan Island, in turn,
banana land ( (2.38+0.72) mg/g) >tropical monsoon forest ( (1.86+1.34) mg/g) >rubber forest ( (1.42+0.81) mg/g) >
eucalyptus forest ( (1.22+0.28) mg/g) >mango forest ( (0.98+0.71) mg/g) >sugarcane land ( (0.62+0.74) mg/g). Due
to the differential absorption of element Si by different plants during the growth process, soil BSi content in the study area
varies with the plant community in season: the soil BSi content in the forest community in dry season was higher than that in
wet season, however, the soil BSi content in the agricultural herbaceous community (for example, banana and sugarcane)
was higher in wet season than that in dry season. Correlation analysis and principal component analysis suggested that the
changes of soil BSi content were mainly controlled by the soil mineral chemical weathering, soil organic carbon content,
total nitrogen and C/N ratio, implying the coupling driving mechanism of biological factors and abiotic factors on soil BSi
pool change in the study area. The averaged soil BSi content (1.43 mg/g) in the southwestern Hainan was lower than that
(2.5 mg/g) in the tropical rainforest region. The reason why is that more active microbial activity and stronger erosion of
rainfall runoff in the mountain soil during the heat and water period, which is conducive to the migration and transformation
of the soil BSi, and is discharged into the South China Sea in the form of dissolved silicon eventually. Clearly, the soil BSi
dynamic, to a certain extent, maintains the nutrient composition structure and ensures the virtuous cycle of the South China

Sea ecosystem.

Key Words: soil BSi; spatio-temporal variations; driving mechanism; plant community ; Hainan Island
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0.5%—47% 2. [8)' > Horp DSi F2 %2 ik R b 4 XUk ik A2 1 K i B ) SRk R Si (1, Sio,, JRA: DSi)
YR K B A JE & IR Si ((Si0, » nH, O), Biogenic Silicon, BSi) " & [a] 4 5 45t 1% f# 12
H,Si0, " WAL, ST LB, B PR T 3R 18] 562 Y BSi AV R R RERRER T IV MR Y 2 A5
W% TR H R A DS RNWTREKAE  BST AR X 15 DSi 1 TTBRZ IR 0 0 B N MRS AR Y S
H. DSi iE RS R AL AZ B R A= P R AR > ) AR YR B DX X — B G L S 5, SR TR 3 3
AT TR 58 BST I AR DSi i A ST R KRR 75% 7 SRS IAT F AR A 90% Y T A AT i Ak
Wi 35BS T B A A5 R 40 DS B A STER A 1290 L, fkef Rk AR S A i AR 0 S o B
A5 R GE DSI JEI I BT KN—BEAFAE R WL ARk — [n) B JEE il A S R G A8 e R
HOR M3 BS & B L L

AR E KA TR 5 A Y BB AR DUIAE 5 A R T AT R 5 VY R R B AL T i 3k A R A Y
VT2 R A RS DU B AR AR AN BST & i BN A XX 1 BS A 0 A R
TiF T HL = BRI R 38, A i VA 25 2R G- R A1 BB 8 4 (A S 0

1 HREXHER

EALTT A TR 5 PU R0 (18°32'—19°21'N; 108°36'—109°44'E) , A1 55 15 55 — KW, KI5 T 55 55 h
TR ELRE I 2 RIS B ARIG-PU R -PY AL ], e AT AR, % DX A2 R 30 2 XU g 0 2 XL ) s i, 2 XL/
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W A ERE T B WL FIBRTRER J5 87 ] Mastersizer 2000 385 B (I 42 - 984 38 5 28 2o 91 Ak 3 119 + B2 % 5
i ZSX Primus X SR TGN E +IERE S BEOCR & (MXHRZE<1%) ; 213302 (HC) (10% ) T
AL PR A AL S EL CHNS-0 BUST A0 5 34 HLk (SOC) (FHXFIR 22 <2% ) FLUE A (TN) & & (HH
YiR#ZE<5%)

19°20'N

18°40"

109°00" 109°30'E

1 HRREHREXBORERMAE
Fig.1 Vegetation types and distribution of sampling sites in the study area
BWL: Z=F K Monsoon forest; XJL : 4 i Ak Rubber forest ; ASL : ## #K Eucalyptus forest; MGL: 754K Mango forest; BND : & #& L Banana; GZD;
HEHE Sugarcane

F1 HEHMER

Table 1 Information of sampling polts

, FHAEE AT ; TR T4 REA
B PR G4y L WL i
L Sample . Vegetation Dominant Soil Soil Parent
Sampling sites Location . Deepth/cm
name type species type texture rock
BTN 19°05'03.83"N; O - -
5 s 11 o oy
Monsoon forest BVL 109°07'15.36"E WERRAR - GRAER S et 40 ferdi
BRIk 19°15'31.39"N; , " , -
) 423 ' Pase [T
Rubber forest XL 109°05'33.19°F LHH R a#t Rt 0 Terie
et 18°45'57.42'N; X
5 LA i y s 3 L 5 70 L
Eucalyptus forest DYA 109°09'18.74"E LA K At et 10 WA AR A
R I 18°58'10.27'N; . ,
MGL : 2 TR z b 2 Gibs
Mango forest ¢ 108°5607.83'E S I+ (258 0 i
fig:s ) 19°13'53.37'N; . -

R H 2k '\ FE Ty
e o DS e wER B BREEL 0 e
R 19°11'56.32"N; , .

’ 4 ] FaRIm A
Sugarcane Gz 108°46'55.65"E AR HEE it L 40 EHIUEHIS

222 BRI
SR AR T SR O AL I 138 BSi IR 54 FRIRCS g H3EREALE T 50 mL VMR B0 45
T AT R H,0,(15% ) Fl HC1(109% ) 25 BR A HLBTFIBR R £ s SRS A 40 mL Na,CO5(2 mol/L) ,85°C fHif/K

http ; //www.ecologica.cn



7096 A E = 2%
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iz FH SPSS Statistics19.0 X SE ST 4007, A Bt LA P B eAn iR 25 ) 3R . ARIFFE 145
Si 48 BSi & 22 50 B K 7 2240 BT ( One-way-ANOVA ) Y Duncan 4T 22 5 i 5 PERG 36, 0 1 18
BSi 5 HIEHALIE bn AL AR FE B (CIA) A W) 55 5 K 4T Pearson #H & 43 #T ( Pearson Correlation
Coefficient) , > H £ 4343 H7 ( Principal Component Analysis, PCA ) 325152 W iff 5% X + 338 BSi A8k 1) 32 B PR 5%
K-, i 7K R 0.05,

SCHRE B ARG 72 9 (NPP) B U5 92 [ b S A R 3145 9 MOD17A3H £ dis 48, i [B] Y B Ry 2014
HE—2016 4, 25 [ 43 HE% R 500m,

SCHEE T Origin 2021 Excel 2019 F1 Adobe Tlustrator 2018 #4224

%100 (1)

3 #R

3.1 WX L IERALRRE

WFFE XA BE VR e B A M A AE 25 57 (2 2) o P98 IX - 3438 pH {EAR LT 4.36—5.61 Z ], F¥h 5.11,
MHTESBEEMAHEE, ARFEHIEAREILEEER (P = 0.68>0.05) , HIES/KFAEMLT 4.31%—
18.02% 2 [1] , e fIAE tH BUAE H e (GZD) | e i {A B AE B A ( BND) MR 52 [ il 390 90 0] 70 o < R
Bi(< 2 pm) FARL(2—50 wm) FHPRL(>50 ) |, BFFE X ERGRL B b DA 45 2 41 43135 5 143 3 Ry
10.06% 22.24% ,67.73% ; Horf AR IEAR (XIL) B RL & i fe i (26.82% ) , 2 R AR (MGL) 3R & it e 5
(89.87%) . ZEFMIAK(BWL) M AR (DYA) 2R (MGL) | H M (GZD ) Bb AL & f B 3T 60% , 15 5k
(XJL) FFEHL ( BND) KioRL AR & 44 5T 50%
3.2 kXA

WX FE+ CIA H4 T 79.61—88.25 Z [a], SE-H(H Ky 84.14, ik & T F 72 ( Upper Continental Crust,
UCC) R FF4MH 47.921% | JB 7RI FT IX Rk R £h Ak 2 AT A T 45t 1) Hh 4558 BE AL 4 XL R BE . o DY A FE b
AR fi o (88.25) , XJL FEHBIR 22 (84.49) , MGL ¥ XL FE B 555 ( 79.61)

A-CN-K = B ] FSR AT L Hew 4 Ak 27 ALt B2 e B a3 0% 9 IX - e T A 47
T A-K L TN A, AR 7E QR A Al XL 31 UCC-PAAS #4 i A LM (K 2), #\aiiss
X AIEPRHC A SRR I WL AT S =8 GHRA MK A 58 K 07287 1 TSR 9 KA ; TR AR R
TH Y LIRS A R 3 IR A TR E S AR B B
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R2 MIREXTEELESE

Table 2 Physical and chemical characteristics of the soil in the study area

oE B R 7 RLEE Granularity/ %

Ejrlr)[lifn*gﬁ’ pH Vo]umeﬁé‘iweighl/ ﬁﬂ(%/% kL b b A - Wk

; N Moisture content 7 ~

sites (g/cm”) Clay Silt Sand
BWL 4.36+0.38 1.33+0.12 16.98+4.04 3.26+1.89 25.71+11.24 71.03+13.05
XJL 4.84+0.26 1.65+0.12 16.46+2.54 26.82+6.74 41.83+12.34 31.36x17.14
DYA 5.18+0.09 1.75+0.12 11.51+0.20 5.28+1.97 6.89+2.61 87.83+4.58
MGL 5.61+0.34 1.57+0.05 14.31+2.10 4.58+2.04 5.55+2.96 89.87+4.97
BND 5.28+0.75 1.48+0.10 18.02+1.62 18.13+12.16 29.60+16.36 52.27+24.9
GZD 5.41+0.21 1.63+£0.14 4.31+0.81 2.35+0.29 23.88+8.09 74.04+8.09

3.3 4 BSi Fima ARk

5T X+ 44> Si & i (TSI, BL Sio, #5%) 284k F X mhor oo
51.92%—84.60% Z [], *F-34 2 68.81% , W& T° b Flio¢ ALOs
(R FIBE B (66.00% ) %) 3 5T X 541 LA LA Rk R 26 1o et P\ Kbz
AR A, PR LTS ARE | A R rwe
BSi A RAFTEZR (1 3)  Hoh GZD BEE LI (R PN
SEDOZCAN BT AR ) TSi 2 B K (84.60% +6.13%) §§ 60 |- Fﬁ”ﬁﬁ%‘
BWL BE 8 (B4 16 1 5 AR ) /N (51.920% gu . BTN Kt
2.16%) . ARBEEHRIZ(0—10 em) T34 BSi & ae;
M5 E AR Y g BND ((2.37+0.71) mg/g) >BWL & 2l -
((1.86+1.34) mg/g) >XJL((1.42+0.81) mg/g) >DYA (.
((1.2240.28) mg/g) >MGL( (0.98+0.71) mg/g) >GZD D ‘o
((0.62£0.74)mg/g) .

BRIEIX S BST & BAPAE S22 4L (1 4), 3 M2 ACVK=AE

o e . Fig.2 A-CN-K tri lar di
MGL XJL.GZD j:i%% BS; ﬁﬁéwﬁﬂgﬁ%‘( P<0.05) ) ig riangular diagram

5 IX T2 T 58 BSi A8 T 0.13—3.85 mg/g Z
6], SF-349 0 1.53 mg/g; 187 13 BSi ST 0.34—3.56 mg/g Z 8], -2 1.28 mg/g, WFFEIX R |, F
2 BSI F AR TR 2R B AR A BEVE RS b ARV 10 BSE ST BT ER TS, AR
(BND 1 GZD) -3 BSi &= H BUAH R =58 b BB R T3 (K’ 4) , I, BF5EIX 38 BSi &
A T B2 AR I T AR A R

5T X 418 BSi 5 b+ R R B i (B S ) X — R — BT HHEFR R Z RN "

4 FAZRIX 11 BSi XTIRE (L B0 K2

4.1 +HE C N P & S AL R ARE

PR il bt A S 2R G T B R SRR, LR R R AR Y 3.3 A ARG 4.5 £,
o C NP\ Si SFIC RSB A A (7 53 FE Rl FLE 5 S A T R R 4 ) - T ) SR R AR, I REE —
SERREE PR SR A AR BRI TR S T R e R R RS S 2 R A 4 C
NP Si & L HAF TR AE I 25 28 57, WF98 X 3 BLEK (SOC) it T ARk T 4.1—11.13 mg/g
Z 0], T HEH 6.90 mg/g, e AAE L IITE XJL FEHE, e/ ME L BTE GZD Kb ; 15 2% SOC & #7816 T 3.43—
13.77 mg/g Z 0] SEXIE N 6.69 mg/g, e KAH L FAE MGL #EHb , fe/IME 30 7E BND FEML, +3E % (TN) F
FAAT 0.3—1.3 mg/g Z 0], S KA H BLAE XIL FEHE , e/ IME H BUAE GZD #idth ;W2 222846 T 0.27—1.13 mg/¢g
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Z 8] SFEIE N 0.62 me/g, e KA HBLAE DYA #EHb, S /MA H BLAE GZD #EHb, #F 58 KO [R) V% + 48 0w
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DYA b,

100
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XJL DYA MGL
FEYEARR Community type

60
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=ik & BSi content/(mg/g)

20

BND
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B3 HIRARAEFHELEIRNEYESE

Fig.3 Soil TSi and BSi content in different communities in the
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Fig.4 Seasonal variation of soil BSi content in different

study area
E K/ /NG TR [F B 22 (8] BSi/Si -1 8 22 5 1 k. 2 communities
JKF- ( Duncan K555, P<0.05) , #H 7] 75k KR AN W #E ¥4 22 A1 AT .
T2
5 -
4
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1
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I |11 I
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T T I IR

Community type and soil depth/cm

B5

=)

TREETEEYESENHTE

Fig.5 Spatial and temporal variation of soil BSi content in different communities

14 C.N. P 2 XIUK AR L R RS | 28 (a) SR rE s kS RS R R TS 3 ¢/N T8
T 7.33—14.50 Z 6], SFYE N 10.45; 8272840 T 7.05—14.09 Z 8], SF{E K 11.16, T 182 K G
16 GZD FEM, B/ IME X PRTE XJL RE . BFSEIX 48 C/NCEE R 11.03) 4230 i E 34 B B 3K OF
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(11.9) %7 48 C/P ZEb T 6.35—41.15 Z[a] ,"FH{A K 22.03; T4 N/P AL 0.48—4.61 Z[a],F-HI{E N
2.32, A C/P iRJE N/P HP I S (E 5 IR XIL b, S fIG (A Y HBUZE BND FEHL, AFF5E XOR RS £
5 C/P N/P MR T b [ AR A UK (61.,5.2) M) RS IX 40 Jm T N BRI R IE T S
FE T A, A A M N 3 it R
4.2 3 BSi SRR BT R

o AR A K A R R IR P DSE, IF LT Si(Si0, - nH,0) AR AN B AR 4 20 (T 3
SR ) T R 4 RE R 4 ( Phyolith, BSi) , #R & B U8 V% P iR 38 45 - HE R )2, 48 + UL W o i RE
BSi* 7 AT, -1 BSi i AR 1k 32 T HA AR e AR ST - S A R S AR RCR . R TR A A
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Fig.6  Relationships between BSi content and environmental factors
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TR MM A DU T e A L3S A ORI £ BSi HEA L3, R, BIF 5 XAl 1 ¢
BSi & ) AR S BRI A
£3 HWERFEEREERDIER

Table 3 Eigenvalue and main component matrix of influence factor

WIHHAHRAE A Initial eigenvalue F ALY Principal components
ﬁi?é%?ﬂ Ay B ﬂiﬂ“ Eyil % %%Iﬂ?
Coenotype Components Figenvalue Contribution A(:(tlijmu‘latlve Varibles 71 72
rate/ % contribution/ %
Al ZE bR Faaiy 3.618 60.300 60.300 KE -0.424 0.718
Tropical monsoon forest & 7KF 1.530 25.503 85.804 KR 0.750 0.602
SOC 0.704 11.728 97.531 S0C 0.974 -0.082
TN 0.139 2.312 99.843 TN 0.964 -0.226
C/N 0.009 0.157 100.000 C/N 0.974 -0.020
CIA 0.000 0.000 100.000 CIA 0.220 0.770
ZTHR A 2.719 45.320 45.320 Faysiy -0.612 0.645
Economic forest Bk 1.646 27.438 72.758 FKER 0.815 -0.265
soc 0.873 14.553 87.311 soc 0.725 0.555
TN 0.438 7.297 94.608 TN 0.853 0.502
C/N 0.316 5.263 99.871 C/N -0.555 -0.083
CIA 0.008 0.129 100.000 CIA -0.346 0.771
RAEY) A 4.029 67.153 67.153 AR -0.679 -0.414
Crops Bk ER 1.276 21.272 88.425 KR 0.979 -0.071
soc 0.491 8.188 96.613 soc 0.809 0.510
TN 0.170 2.840 99.453 TN 0.937 0.293
C/N 0.032 0.533 99.986 C/N -0.725 0.638
CIA 0.001 0.014 100.000 CIA 0.742 -0.588

SOC : 1-3EH MLk Soil organic carbon; TN &% Total nitrogen; C/N:BRZE L C/N ratio; CIA . fb2# 1A $8 4L Chemical index of alteration

P B, WF 9T IX 18 BSi i (1.43 mg/g) Il THH FRAR 8 BSi A9-F24 7 & (2.5 mg/g) Y IRMIE T3
B i A 25 2R 40 3% BSi P37 i (23.60mg/g) ), X T B BSI A AR BB T A2 RIS SR R AR )
ZREEREIR ) Sh 38 ZWF 5T KK SCR G AR 2, R K0 G A 7 g 0 38 A% T 30 TR AR5 5 b U 2% 2 31
XJL .DYA MGL SFZ 5T HAWEE AN K E , IR A 3R BSI 30 2 R 58 X 447 5 1R 2 AR AR T i,
T IRGE TR SIS R, AR T BSI WA BRSO

SRR L AUk 1 BSI S A A 225 (B 7) 4 X -3 BSi % 5P B E
(5.72 mg/g "y I 2 v TR R M DX ARV (B (1.96 mg/g ) o 3SR T AP 4 R b X IR R I
A ML R RN 0 2 w5 5 B T X 44 DA S K O 3 iR BT- 28, NI s /b | i A= i/ 35 551
ARTF BSi 7 R pg BRI B X, TR AT XK SR 9 2 XS A R 322 3R E it
W Bl SO P o3 R BST 3E A ST s LUK AR B b DX A AR R /K A 2 LI TR 5 BE 0K, Tl
TR AR AR, AR T BSi 7E HHEP AR WFT X M R AR ML s %0k 82 m/Ma' ™ | if3 48 £ 1)
HHE BSi BAETRS i, 52 LA DS TR SR AR I ) B A 6.39%10° mol Si/a( & A DSi) " HE
— BRI LRI A S R G R E IR BT G5 T OR T AR R R G RAEE IR

5 #ig

(1) e & VG e PR AN R AL U 7% 358 BSi & AR B/ IMRIR y Al ((2.38+0.72) mg/g) > T
PR(C(1.86+1.34) mg/g) >R ((1.42+0.81) mg/g) >Fe MR ((1.22+0.28) mg/g) > SR H((0.98 +
0.71)mg/g) >HIEHL( (0.62+0.74) mg/g) , W 5T X 1 1€ BSi &5 A7 76 AR VE AR fb i 2 A0 A . ZR ARV 4%
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