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Abstract:  Objective Soils and their functions are under threat from acidification. Phosphorus (P) and silicon (Si) mobility and
their interactions in soils are sensitive to soil pH. Although Si fertilizer application has been reported to efficiently increase P
availability in soils, the responses of Si mobility and availability to soil P enrichment are not well understood, especially in areas
of intensive agriculture where soil P accumulation is significant. Method This study investigated the effects of P addition and
artificial soil acidification on Si sorption and mobility in two typical farmland soils with different available silicon levels (the

lower available silicon level, LASi and the higher available silicon level, HASi) using P and Si competitive adsorption
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experiments and soil incubation experiments. Result When Si and P were simultaneously added at equimolar concentrations
between pH 3.5 and 8.0, the presence of P decreased Si adsorption by 26%-74% and 31%-84%, respectively, in LASi and HASI
soils at the corresponding pH, suggesting that P had a greater affinity to soil solids than did Si. Si sorption by the soil generally
decreased with decreasing pH in the pH range of 3.5 to 8.0, and the reduction of Si sorption due to P addition was more
significant under higher pH conditions. =~ Conclusion Soil acidification and P addition decreased Si sorption and the soil

HOAc-NaOAc-extractable Si content. The responses of soil CaCl,-extractable Si content to soil acidification and P addition were

different between the two farmland soils, and further studies are needed to understand the mechanisms.

Key words: Silicon mobility; Phosphorus accumulation; Soil acidification; Silicon adsorption; Silicon availability
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Table 1 Basic properties of the studied soils

B DU AL
N N P2z i BT
+ 1 +1E REARER Particle size distribution
Hb A il Organic
Hii KA Silica-alumina b AL AL pH
Sampling  Cropping matter/
Number Soil type ratio Sand/ Silt/ Clay/
location system (gkg')
(gkg!) (gkg") (gkg")
N HIK L
LASi 3.76 551.1 56.0 392.9 6.4 40.13
S L] s
Pk IR hE-FKEE
HASI . 4.93 417.1 115.9 467 8.0 16.12
Wi 1 tae] &
Lotk
Ak dh B Ik b BT ks
+ 1 e R ¢ A hE EEREE S BE
E=RIRS AL Exchange
Hii Total P/ Olsen P/ Total Si/ Available Si/ Exchange
Feo/ Aly,/ -able Ca/
Number (gkg!) (mgkg!') (gkg') (mgkg™") -able Mg/
(mgkeg!') (mgkg') (mgkg')
(mgkg™)
LASI 0.40 26.79 334.6 28.20 1 446 3563 1072 78.31
HASI 0.90 19.33 282.7 253.6 3160 9 881 4709 206.9

TE: Feor: AERBTAME: Al JEMBUEMG; LASI: AREELH; HASI: @A RUE L%, T, Note: Few: Ammonium

oxalate extractable Fe; Al,x: Ammonium oxalate extractable Al; LASi: the lower available silicon; HASi: the higher available silicon. The

same below.

+3E pH Hy 3.5, 45, 5.5, 6.4, 8.0. % pH +}Esr
BIAMA 3.2 mmol-L™' SiO IFM (AbBHL 5. Si).
3.2 mmolL™' H,PO, % (¥4 5 : P ).
3.2 mmol-L ™' SiO;” + 3.2 mmol-L ' H,PO, iFT ( 4k
PG5 . Si+P), LMFFRA pH F 386k . B4
M B 35500

FREC1.00 g WU T34 50 T 50 mL 2508
S5 25 mL 3.2 mmol- L™ ) Na,SiO3-9H,0 ¥
. 25 mL 3.2 mmol-L™" Y NaH,PO, ¥ . 25 mL
3.2 mmol-L™" A Na,SiO;-9H,0+NaH,PO, iF & , 45 4b
FAIIF 0.01 mol-L™' A NaCl B, HIAW pH
e 2 3.5, 4.5, 55, 6.4 (LASi +3%) 5 3.5,
45,55, 6.4, 8.0 (HASI +3), #KS HIERES
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H¥%% 16 h, WIRDERZA pH JFAT . FEMRAE
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pH T4 514 0. 60 mg'kg' (LA P,Osit, T ).
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TE R RIE T I RERY,
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Fig. 1 Effect of pH on Si sorption (a, b) and P sorption (¢, d) in the Si and P competitive adsorption experiments
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£ P 5 Si+P AbFR A, b 3 0 8 4
TN bE pH FEA% 1 n( P<0.05, & 1c, &l 1d ).
FHEST P LB, Si+P b B I oA i 2552 ) X B 1Y)
W R Si AL —E AR, RPN
fi# W & 4y M 7E 0.11 ~ 0.92 mmolkg' . 022~
0.77 mmol-kg ' 2 [d] .

7E pH3.5~6.4 [i], HASi T3 Si AR A0 fik it
(4.92~19.98 mmolkg' ) ZN LASi + 30 ff i
(1.12~9.63 mmol-kg ") Yy 2 %5 ~4 5. TMiMifh 1% p
AEHER (B SR pH3.S BREEAL, S ERARE,
w LASi T3 P oAb SR A9 WK BE RN 3440 ~
18.78 mmol'kg ' , HASi + 3£ 25 & 2938 ~
23.89 mmol-kg "o FFEEIR R (B | 3 B IN, LASI

R BA Wl B v A i, 24 2~ 31 £ HAS
T34 pH3.5~6.4 [A], Wil 29 WAk R 1~6 1,
B¢ pH8.0 Ff, HASi +4me i it i & FRAK, P LS
WS 10.44 mmol-kg ™', {UMIF] pH R Si AP FE
H (21.82 mmolkg™") HIZ) 50%.
2.2 TERMNERMHFESERMHE

R pH T, BREAINIIREAR T e fek 0 W B
(F 2, B 3); HERMREEIIRE pH YR A,
IX 5 A R IR VA E ik o A W B I 5 R A — B
PN TINBRAG £ WA 1 30007, IR B pH AT B AIC o
WFE pH3.5 BF, PR IEM R 3 I, FORIR
BRI (0. 60, 90, 120 mgkg ') AbIH N AYHENL

A 12t 2 W fe /)

m PO
400 ¢ 4001
pH3.5 < P60 pH4.5
A P90
300 | & P120 3004 ’
200 | % 200} > 4
3 0° - ®
100 F 100} 1
TC\D 5 5 % O
S of % of %
g &0 055
g _100 |6 1 1 1 1 ] _100 1 1 1 1 1 ]
2 0 20 40 60 80 100 0 20 40 60 80 100
=}
Iﬁ 400 400, .
= pHS.5 pH6.4 4
=300 n 3004 o
o %
200 % 200f 4 o
7 %
100 s 2 100 S
o 3
ot " 2 of 66
N 7o)
~100 L L L L L | ~100 L L L L L |
0 20 40 60 80 100 0 20 40 60 80 100

- Y B Equilibrium Si concentration/(mg-L™)
. PO, P60, P90, P120 /3 HIFK/RBEAME N 0. 60, 90, 120 mg-kg ' (L P,Os3f), F[H. Note: PO, P60, P90, P120 are the

P addition rates of 0, 60, 90. 120mg -kg' ( Calculated as P,Os ), the same below.

K2 pH SBEASIN 1 (LASH) kW BHFIE 520
Fig. 2 Effect of pH and P addition on Si sorption characteristics of the soil LASi

DALV R G I RE R SRR WL i 4k, 1551
BR a, P b KRR ¢ (£2), T pH, P
TN B 250 LAST 3 rE R 28 a.
bl co, pHxP ML EAEH R ER M a, b; pH
XF HASI +3E) a. b Fl ¢ A BEIEM, P&
BERW a, co, pHx P RN EAERMN a 45 8%

BN o XF T LASi +3E, pH6.4 &b 35 H: Al 2 1k Ak 3
FALG, IERER W2 B R BRI a. AR b
S Ee/NREAREE coo BEIERR ML, RIK a (i pH6.4
AFAY 4.29 [% % pH3.5 B 2.85 ( P<<0.000 1 ); ¢ M
pH6.4 B 9.31mg-L " BEHNZ pH3.5 A 23.77 mg- L™
(P<0.000 1), FlE#EZMEMAIEM, R2ah PO

http://pedologica.issas.ac.cn



818 + b1

T 61%

JINEY 3.97 BEAKE P120 BRhNESAY 3.12 (P<<0.000 1);
co 1 PO ARANAY 14.58 mg L' HANE P120 FANATAY

20.35 mg'L' (P<0.000 1), HASi 3t FPIK)
PRI

900 | W PO 900 }
H3.5 H4.5
p < P60 P S
600 | A poo 600 | '
O PI120 LoV
300 f B 300 f LS
% ks 2
Of oo © 0 g
~ 0 20 40 60 80 0 20 40 60 80
'on
5 900 900 |
g pH5.5 . pH6.4 "
2 600 % b 600 | u %
2 o)
£ LS
2300 | o 300 | %
e % )
= o & ot &
# 0 20 40 60 80 0 20 40 60 80
. ST I RO A
] LT : o
900 pHS.0 ™ % q‘@ Equilibrium Si concentration/(mg-L™")
600 /S
300 | ®
Le]
ot &2
0 20 m 60 80
ST TR VA

Equilibrium Si concentration/(mg-L™")

&3 pH S8 INXT 58 (HASL) EWRBHFE 1) 52 e

Fig. 3 Effect of pH and P addition on Si sorption characteristics of the soil HASi

pH . 50 + 3% CaCl,-Si & (P<0.000 1),
P 7N #5200 LASI 13 CaClL-Si & (P<
0.000 1, %% 3). LASi +37F pH6.4 i} CaCl,-Si &
BN (15.61mgkg '), KRk, CaCl,-Si
FrE B E TR E pH3.S B 21.18 mgkg ' (& 4),
1644 pH F, LASi 13 CaCl,-Si &8 3 hy F i
N I 1 B g @ E I ( P<<0.05), AnfE pH6.4
i, PO. P60, P90, P120 & MALEEAHN Y CaCl,-Si
SR8 1421 mgkg! . 14.64 mgkg! .
1637 mg'kg ', 17.23 mgkg ', 5 LASi +HARqH,
HASi + 37 pH8.0 HI CaClL-Si & & N =
(52.47 mg-kg "), Rl +3ERRML, CaCl,-Si 7 f: i ¥
iR % pH3.5 Wi 32.36 mg-kg '; {XAE pH8.0 5 pH6.4
MR, BEAINEXT 3 CaCl,-Si & A7 i 5
(P<0.05).

pH #0148 HOAc-NaOAc-Si i (P<
0.000 1, % 3). LASi THE7E pH6.4 A} HOAc-
NaOAc-Si & Nis (42.77 mgkg™!), Bfit IR

fb, HE&RBERIE pH3.5 BFH) 32.16 mgkg '
(Bl 4). HASi T IHEFE pH3S5~6.4 JLHE N,
HOAc-NaOAc-Si & i 52 i b g a4, HS AR s
N 118.1~221.1 mgkg'; £ pH8.0 Hl, HOAc-
NaOAc-Si it )i E AL E 207.0 mgkg '

Ah, 3 HOAc-NaOAc-Si 7t 50t 241
co BIT W FFAMKIER (LASI: R=0.61, P<
0.000 1; HASi: R*=0.65, P<0.000 1; [& 5), LASi
+- 3 CaCl,-Si & i 5 co LB 3 IE A R*=0.63,
P<0.000 1), HASi +1 CaClL-Si &5 co T
W @ F A (R*=0.27, P<0.000 1),

3 1 ®

3.1 pH 58500 Rt 0% B
ABIFEEERR W, A5 EE IR FERE | W [RIFER

AT AR, AT R X R AR s HL

TSN eE, R AR R (E 1a,
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x2 pH S8 IEERM A IESHAE

Table 2 Effects of pH and P addition on the parameters derived from the Si isothermal adsorption equation

P SN LASi HASI
pH P addition rate/
a b/ (mg'kg") co/ (mgL™") a b/ (mg'kg") co/ (mgL™")
(mgkg™")

3.5 0 3.17 (0.06) -71.19 (0.64)  22.47 (0.57) 481 (0.19)  -81.60 (1.04)  17.01 (0.49)
60 292 (0.04) —65.05(2.82) 2227 (1.15) 459 (024) -80.85(1.88) 17.73 (1.10)
90 272 (0.11) -62.23 (4.69)  22.83 (1.03) 439 (032) 8573 (4.17)  19.59 (0.69)
120 2.57 (0.06) -70.52 (2.45)  27.51 (1.55) 410 (0.12)  -83.69 (3.31) 2043 (0.21)

45 0 3.98 (0.05) -63.58 (3.35)  15.95 (0.68) 11.62 (0.48) 4842 (10.09)  4.11 (0.70)
60 3.61 (0.05) -65.32(0.34) 18.08 (0.24) 11.14 (0.17)  —60.80 (4.31) 547 (0.42)

90 292 (0.06) -53.10 (1.03)  18.17 (0.41) 1025 (0.17)  —63.64 (3.89)  6.21 (0.36)

120 2.76 (0.06) —66.27 (2.15)  23.98 (0.65) 10.25 (0.36) —65.63 (12.99)  6.33 (1.02)

5.5 0 391 (0.06) —47.09 (0.80)  12.06 (0.22) 1228 (0.32)  —43.15(5.19)  3.51 (0.42)
60 3.73 (0.04) -50.28 (0.76)  13.50 (0.19) 1231 (0.12)  —62.22 (0.68)  5.06 (0.09)

90 3.57 (0.04) -54.06 (2.33)  15.12 (0.50) 11.00 (0.52) —51.42 (14.60)  4.58 (1.08)

120 349 (0.11) -64.64 (4.68)  18.46 (0.76) 1042 (0.32) -44.28 (5.94) 423 (0.47)
6.4 0 482 (0.13) -37.84 (2.24) 7.86 (0.47) 13.76 (0.77) 7.53 (3.32) -0.58 (0.29)
60 448 (0.08) -37.52 (1.36) 8.37 (0.20) 11.95 (1.13)  6.15 (11.79) -0.70 (1.02)
90 422 (0.08) -40.51 (5.05)  9.56 (1.04) 11.37 (0.11) 1.81 (2.23) —0.16 (0.20)
120 3.63 (0.03) -41.68 (5.12)  11.45(1.31) 10.75 (0.28)  5.99 (12.90) -0.62 (1.24)
8.0 0 — — — 18.09 (0.96) 2.83 (3.67) -0.17 (0.20)
60 — — — 15.04 (1.05) 672 (17.69)  —0.61 (1.16)
90 — — — 13.64 (0.44) 6.55 (1.88) -0.49 (0.15)
120 — — — 12.24 (0.66) 8.39 (5.76) -0.73 (0.48)

725571 ANOVA
pH P<0.000 1 P<0.000 1 P<0.000 1 P<0.000 1 P<0.000 1 P<0.000 1
P RN P rate P<0.000 1 P=0.002 8 P<0.000 1 P<0.000 1 P=0.6317 P=0.035 1
pHXP # A4

P<0.000 1 P=0.024 4 P=0.2278 P=0.007 8 P=0.9343 P=0.240 1

pHXP rate

TE: FESNBFERFRER 2. a. b R, cor 24 130Xk M5 BH S Z2 0 09 7 B W REVR . (mg-L ' ). Note: Standard

error is given in parentheses. a, b: Equation coefficients; co: the equilibrium Si concentration when the Si sorbed is 0 (mg-L™") .

K 1b), 7E¥E 3% pH 3.5~8.0 JLFIN, fiEfE 15
B EE AR B R T (HLSiOy) B
TE ;5 MBEER 3 (HaPO, ) 7EVA IR HH 4 H 55 £l 8 4L
pKi=2. pK,=7, B4 E + 5 pH<7 B}, Bife 1%
W E L) H,PO, MIESAETE, M 14 pH>7 B
( fn HASi 3546 pHS.0 ), # 5 LA HPOS (L
e 22 gAY (B RS ) TS

T W% B A H B9 H,PO, FI HPOZ™ 11 A J2: 3F L 25 Y
HySi0y, AT FEOCY AE . A5 U 5 5] B 8 n 25
F A X A A W B i pH K, TR R AR
7S EEER i e e AU N T
VTP B T RO IR A, FETR 4 B L O
i H R pK BRI, PR R Y H MR R AR T PRk
FLES IS PR AR 1 ) W B B R s 20 BTG
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#3 pH 5853 1IZ CaCl,-Si 5§ HOAc-NaOAc-Si MBI 75 ZE 5

Table 3 ANOVA results of the effects of pH and P addition on the contents of CaCl,-extractable Si and HOAc-NaOAc-extractable Si

+3 CaCl,-Si HOAc-NaOAc-Si
Soil F P F P
LASi pH 148.8 <0.000 1 30.67 <0.000 1
P R4 P rate 35.71 <0.000 1 1.67 0.1939
pHXP FRJE pHxP rate 1.84 0.098 8 1.53 0.1799
HASI pH 1222 <0.000 1 112.9 <0.000 1
P R4 P rate 0.87 0.464 9 1.77 0.162 6
pHXP Z¥JIIHE pHXP rate 227 0.026 3 4.96 <0.000 1

: CaCl-Si: 0.01 mol-L™ CaCl, &I AE; HOAc-NaOAc-Si: pH4.0 ZFRZE MR IRAA 3. T, Note: CaCly-Si:
Si extracted by 0.01 mol-L™" CaCl,; HOAc-NaOAc-Si: Si extracted by pH4.0 HOAc-NaOAc. The same below.

IPo
e - e
231 LASI EZZP60 50 LASi
a aa KNP90 a NS
b X a  EAPI120 N E3 .
20rp b b —I—7§ o ab.L, 'ep 40} 7§ o::
— NS <) b bR a 2 NS s X
o Ea 3 S N < a 55 2 T 2
= X 0, X2 R
5 is) % SN 2 o I
KA o, % Q 7] Q
s 5 g2 : 3
7 % < < 0 < & X9
Q10+ % XXl o) %) Q 20}F Y bl
= o 3 < s <
% 0 % 3 S 2 9 8
X XJ Q X XJ
© < < S < S
St 2! % X % 10+ o 0%
s 8 & 2 X =5
R 3] o ) X X
] X 0 xS o] 0
0 X X X X 0 o <
35 45 55 6.4 35 6.4
60 300
HASI baTb ba HASI
- ~~
sot 2 Ty 250 a ab i
—~ - =1 b _I_ba X
240 £ 200 e %‘E
S— B "
- a -
&0 g a
g A b K R
g = i | %62
= 7% N 210 a2 [l
% SHEN:: 3 NN
S0l NE | AN AL NN
] 908 o . \»,0, /§’n
KX o Q KX %%
S 5 3 2 NN
10 o o) O 50+t KX Y
& = /\:o:« 53
% NN
0 R4 < 0 NS = <
8.0 35 45 55 6.4
pH

1 :[fl— pH P AR F R IRFE P<0.05 K 122 5 1 3 ;NS %78 22 5 A 5k 3 . Note : Different letters indicate significant differences
at P < 0.05 under the same soil pH level. NS, not significant.

K4 pH S5#d %+ CaCl-Si 5 HOAc-NaOAc-Si 75t I 5
Fig. 4 Effects of pH and P addition on the contents of soil CaCl,-extractable Si and HOAc-NaOAc-extractable Si

pH iRy, BERYWIEBBEZ IR, B L pHI.8, sk (i H,PO, B8 HPOZ ), H%k
REYWE IR B K (pKy (HySiO4) =9.8); WERY  4u4a ik MRy 20 i B s 2s , o
W R R, BB T pKo=2, pH i, HW pympaEoamEi (F1d).

N

BEEFRAR. 24 pH>T7 I, RIBEEE PR IR 285 KT R SR, BT AN Z M Freundlich 1
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Fig. 5 Relationships between CaCl,-extractable Si, HOAc-NaOAc-extractable Si and soil Si sorption parameters ¢,
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