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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

- - BN AL,
RAE Fh i AL
+ 1 + 1 R Particle size distribution pH
A il g Organic
G E3iv] Silica-alumina wkr bR A S A
Sampling  Cropping matter/
Number Soil type ratio Sand/ Silt/ Clay/
location system (gkg)
(gkg')  (gkg')  (gkg')
e MR L
LASi 3.76 551.1 56.0 392.9 6.4 40.13
W £ [} e
i 7R hE-EKE
HASI 4.93 417.1 115.9 467 8.0 16.12
IS ] (B
Atk
Ak A 5T eSS
et B0 AR B AR BE
Afbk AfbsR Exchange
G Total P/ Olsen P/ Total Si/ Available Si/ Exchange
Feo/ Aly,/ -able Ca/
Number (gkeg) (mgkg') (gkg') (mgkg™) -able Mg/
(mgkg') (mgkg') (mgkg')
(mgkg')
LASi 0.40 26.79 334.6 28.20 1446 3563 1072 78.31
HASI 0.90 19.33 282.7 253.6 3160 9881 4709 206.9

TE: Feoor ARMBTAM; Al JEMPBUALE;

LASi: kA %hE 4, HASI: mA%e: L. . Note: Fe,,: Ammonium

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

same below.

3 pH K 3.5, 45, 55, 6.4, 8.0, 4% pH +3%
BIAMA 3.2 mmol-L™" SiOF W (AbBE4H S . Si).
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YER . R SAS 8.2 47 A% T Wiz ot iffy 2 i) £t 401
A 8 pH L BRI IR B R B FH G A5 R
ZH. HOAc-NaOAc-Si, CaCl,-Si &% i i % 1

W ZE )T 2508 ( ANOVA, P<0.05); HJ{H A £
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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 k5
(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

IR R L R TR, 200 2 531 £
HASi +3E7E pH3.5~6.4 [6], WeRka 2 AR 1
fx~6 135, {A7E pH8.0 I, HASI 380 5 i B WA
P AbIRIR R ZE 10.44 mmolkg™, 1 KA pH T Si
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TEAS pH N, BRESINIIREAR T 45X fif 00 i ot
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PN TINBRAG £ WA 1 30007, IR B pH AT B AIC o
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et 5 S

mPo
400 |
pH3.5 < P60 pH4.5
200 A P90
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200 | % > 4
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100 } 8 1
'an 5 % a
4 2 5
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g a0 56
— ’G &
'8 _100 I 1 1 1 1 1 L L 1 1 1 1
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2 400 | .
g pH5.5 pH6.4 1
= 300 f o
B e .

200 | % a ©

7 2
100 s 2 3
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0 % % 66 5
B o
7100 1 1 1 1 1 1 L 1 L 1 1 1
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ST A Equilibrium Si concentration/(mg-L™")

. PO, P60, P90, P120 /3B /RBEAME N 0. 60, 90, 120 mg-kg ' (L P,Os3f ), FH. Note: PO, P60, P90, P120 are the
P addition rates of 0, 60, 90, 120mg ~kg’1 ‘Calculated as P,Os ), the same below.

B2 pH 58I 18 (LASI) REWRFHRIE R 20

Fig. 2 Effect of pH and P addition on Si sorption characteristics of the soil LASi

PAZEE 7 PR UL - ik 3R S TR W R i £, A5 )
B a, YR b KRR oo (£ 2), 1 pH. P
IR A4 5B 3 0 LAST ik RS IR M S5 a .
b flco, pHxP IR EAEHEEM a, b; pH
X} HASi +380 a. b Al ¢ A BEIEM, PRINE
BER a. co, pHx P RN EAERMN a 4 8%

WOV . RFT LASI +4, pH6.4 AbFE 5 HAh R fk b B
FHLG, TIERER WA A B RBIRLEE a. AR b
Kt /N RRIE oo B HIERRIL, #13 a i pHO6.4
AFAY 4.29 %% pH3.5 B 2.85 ( P<<0.000 1 ); ¢ M
pH6.4 W Ay 931mg L™ ¥ fm & pH3.5 B Y
23.77 mg-L ™' (P<0.000 1 ). FlEBS 7R E A3, &)
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a1 POUSHNGY 3.97 BRI Z P120 BRANETAY 3.12( P
<0.000 1 );co H1 POZRANAY 14.58 mg-L ™" H4 /11 % P120

AN 20.35 mg' L' (P<0.000 1), HASi +3
AR .

900 f H PO
H3.5 H4.5
P < P60 P 2,
600 - A P9 r ot
300 - O P120 i e
2 2 ? )
0f  eoo © -g°
~ 0 20 40 60 80 0 20 40 60 80
'op
~
2% puss - pH6.4 "
2 600 | ® b I . %
2 Ke)
5 L
2300 o . %
] o] o]
= o -
# 0 20 40 60 80 0 20 40 60 80
. SRS AT VA

900 pHS.0 ™ % 4‘0 Equilibrium Si concentration/(mg-L™")

600 [ RS

300 f ®

Le]
ot &P
0 20 20 60 80
A T VR

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 @ T (P<<0.05), WNTE 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 #5013 HOAc-NaOAc-Si &1 P
<0.000 1, # 3). LASi +37F pH6.4 A} HOAc-
NaOAc-Si & Nk (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% CaCl,-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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#2 pH S#FIM LIEERMAES NG

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/ (mgkg") co/ (mgL™") a b/ (mgkg") 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 (0.24) -80.85(1.88) 17.73 (1.10)
90 272 (0.11) 6223 (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)

4.5 0 3.98 (0.05) -63.58 (3.35) 15.95 (0.68) 11.62 (0.48) —48.42 (10.09)  4.11 (0.70)
60 3.61 (0.05) -6532(0.34) 18.08 (0.24) 11.14 (0.17)  -60.80 (4.31) 5.47 (0.42)

90 2.92 (0.06) -53.10 (1.03)  18.17 (0.41) 10.25 (0.17)  —63.64 (3.89)  6.21 (0.36)

120 2.76 (0.06) —66.27 (2.15)  23.98 (0.65) 1025 (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) 12.31 (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 3.49 (0.11) -64.64 (4.68)  18.46 (0.76) 1042 (0.32) -4428 (5.94)  4.23(047)
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) 837 (0.20) 1195 (1.13) 615 (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) 1145 (1.31) 10.75 (0.28) 599 (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)  6.72 (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)

Ji 225381 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 7R HIEE 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 BN
P<0.000 1 P=0.024 4 P=0.2278 P=0.007 8 P=0.9343 P=0.240 1
pHXP rate

H: TN FERRRMERE . a. b: IR, cor 24 FEXRTRE AL B A 225 0 i A W MR B (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™") .

B 1b), fEE L3 pH 3.5~8.0 JulHl iy, fkEfe 1%
WO E TR B R REIR > T (HLSi0,) TESAF
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pK,=2. pK,=7, RIM4i% & -4 pH<7 i}, Bire L3
W B L) HoPO, IR SRR, 148 pH>7 B
(4 HASi +3E)HS pHS.0), B % LL HPO,  (IE
BRI Y (g E s ) o

55 T W 45 H B H,PO, A1 HPOL® i A H 25 19
H,Si04, M-S 30 1 R | Bl A5 R 32 (W) BV m 25 fb
F A XA A W B i pH K, TP R AR
b4 1) 2 T R A BT ) R B fA ok, NIRRT
VTP B T RO BRE Y BAh, FETR 4 B L O
i H R pK BRI, PR R Y H M R AR T Rk
P, LS R AR 725 - (4 W PR P e i 2 Y P

http://pedologica.issas.ac.cn



820 + b1 2 e 61 &

#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

ot CaCl,-Si HOAc-NaOAc-Si
Soil F P F P
LASi pH 148.8 <0.000 1 30.67 <0.000 1
P ¥4t P rate 35.71 <0.000 1 1.67 0.193 9
pHxP 7 iN & pHxP rate 1.84 0.098 8 1.53 0.1799
HASi pH 122.2 <0.000 1 112.9 <0.000 1
P 7N P rate 0.87 0.464 9 1.77 0.162 6
pHxP ¥ iN & pHxP rate 2.27 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 a KNP90 a NS
b b 7% % a EBRPI20 BN
20rp b == o abL, on 40f 3]
— NS <) b bR a 2 NS s X
CIIRN SHE7N BT T
| o o, X2 %
N 2o = ol Y
g X < oy ? 0 A X <
= 3 s % S 2 S 3
A 5 < %3 ) S 2 S
2 10F 5 3 20f 5
— O |
Q X XJ
o 55 L S
5L 9% %S RS K o 10F e X
S X X X <3 X
% Q2 2 % T ! X3
% 5% 0% % %
> R 2
0 X X X X 0 o <
35 45 55 6.4 35 6.4
60 300
HASI baTb ba HASI
- ~~
50} 2 Ty 2501 a ab
i) = abRR
— : b b
240 £ 200 e %‘E
S— B "
- a -
&0 < a
£ 2 b B R
Fo¥i \ -
= e TN 210 et
% SHEN:: 3 NN
S0l NE | AN 2 0= N | NG
] 908 o . \»,0, /§’n
KX N Q KX o%S
S 5 3 2 NN
&4 o) O 50+t KX Y
10 o K \’0’0 %02
00 o ==t / R %2
64 R o Y
o K NS &
0 o X 0 K& K d
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 A, BERWMHERBEZ 3K, HE I pHO.S, WA (Hh H,PO, B#i 48 A HPO, ), Hik
REM WL A B K (pKy (HoSiO4) =9.8); MilERY  SH5AIL%SE WL " Feim i far kB 5648, o
WM AR 2, PIBEIR > 719 pK=2, pH B, HW (MM S 2 mIEAL (1 1d).

B, 24 pH>7 B, BE7EA R IRAFIE S ) KT RERSF IR B, T AZ M Freundlich Al

http://pedologica.issas.ac.cn



34

SRBEEAF : TRAL-S B A T - e A R A R

821
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3 T 3=032x+13 4 2 3t
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Fig. 5 Relationships between CaCl,-extractable Si, HOAc-NaOAc-extractable Si and soil Si sorption parameters ¢,
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