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Adsorption and Desorption Characteristics of Phosphorus on Cropland Soils in the Hilly Area of Sichuan Basin,
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Abstract: Adsorption and desorption characteristics of cropland soils at different pH in the hilly area of Sichuan Basin to phosphorus were
studied, and the effect of soil physicochemical properties on adsorption and desorption parameters was discussed. The results showed that the
adsorption characteristics of the tested soil to phosphorus could be well described by Langmuir, Freundlich, and Temkin equations. Adsorption
and desorption of the cropland soils at different pH to phosphorus indicated significant differences. The adsorption capacity showed an order of
neutral, acidic and calcarous for the purple soil and paddy soil from high to low, and neutral soil was beneficial to phosphorus adsorption. The
Maximum adsorption capacity (Q,,) and maximum buffer capacity(MBC) of the paddy soil to phosphorus were higher than that of the purple
soil, while the equilibrium concentration of phosphorus at zero sorption( EPC,) and desorption rate(b ) in an inverse order. The adsorption and
desorption parameters were influenced by the physicochemical properties of soil. Q,, and MBC showed a positive relationship with the contents
of organic matter and Fe_,(P<0.01, n=6), while b showed a negative relationship with the content of Fe_,(P<0.035, n=6) significantly. Adsorp—
tion constant(K ) showed a negative relationship with the content of organic phosphate(P<0.05, n=6) significantly. EPC, showed negative re—
lationship with pH and CaCOj; content(P<0.05, n=6) while a positive relationship with the content of organic phosphate(P<0.05, n=6) signif—
icantly. Therefore, the suitable countermeasures should be put forward for phosphorus managements in farmland, e.g., promote the activation
of phosphorus for the paddy soil and control the usage of phosphorus fertilizers for the purple soil.

Keywords: purple soil; paddy soil; phosphorus; adsorption and desorption

W7 B 3 :2011-02-09

EETIA : P EAHEB IR AR TR H (KSCX2-YW-N-46-11); [E 5 s #11 X35 H (2008BAD9I8BO5 )

EEENT:E  E(1985—), 5, EMRKEN, BLU5RA:, TEAFIFEB YA MR . E-mail: wangyan0431@sina.com
*BWAEE R P E-mail:bzhu@imde.ac.cn



2530 555 103

& A W OB OB % % R

2069

BRI KT REEFRTRZ — MR
HE AR AR A7 B B B B, (EHAN - B A e
R T REAIPRFREE, LT | A SRR R
BB AR B B SR A B B P, S8 8 R 7 AR
AR 2 WRARZEAF T i SR R K AL
P, AT E S I R s, R 4
AR FE DU AR L B XM =W R X, ARG 16 £
T7 km®¥, XIS SARIE B I R,
R AR A = A 09, SR, DX IR FH - S AR
FEHHERMA S BB AR R R, B
ZRME) = X AR IR R, R iR 5 6+ X
HARH RGBT,

B 5 - S e 14 0 55 A R A X il ARl
FERWBER TR I Z YUK IR L A
HER X BT, AR KIEITRE T KRS H &
A PSS - S Bl F) 5 B — AR IR A AR T 5, e B
ST AR B AR IR AL 55 HA 3 A HLJE L CaCOs.
RERL 5 B TG M Fe/Al 75 8 S5 BRALME BB VIAH G,
A TR 2R Y ity - 8 DR HC T A A T Y 22 7t T 4% L AR AR
PENE AU, 1| F s F e X 3 2k FH 338 (K
FET 5 ) o Tl ) R S A0 A A T 4 7 S B
91 T2 PR A X 0 ) R M 55 A A T R 2 L RTAESE
BABRN A LEHTIRABIPIF o

VU1 e g DX AR FE M) T 2 45 SR AR
B LR O8RSO KR . RYEL
SRR 2257, 5 0 L RS TR M P A I
Bt KA RRIKEZ 7 o B+ AT
[EailY: 0 pe A i i o N e o 37 R € S W U
WX, Atk + ER TR I IR X
AR BR M B M - 3 CaCO, G 1 Fe/Al
o8, PR XA RO B A . BESTI%
DA R pH A497K F 5% 3t 338 X 08 ) B2 5 7 A
Ak, AT LA B FABRAE 52 m BRAC A A 2R 42 il 4k F
TR R LR AN AR K A B IR AR MR A A

1 #RExR*E

1.1 g 1%

P EER B IE R B XS o & 4
FHTTER = ELARIL £ B R T ILARS XA L 2 (LU 4390
RN & RIS FIRE L S ) A F RIS &6
H BRI X, RAERTE] Ry 2009 4F 4 A o HHERARH
MR REARMER LR 1, B ES e
TR, NE-FOREANE; KH TR R
H , FE K BE—/NEZ UK - lE. AEHk
e 1 g3 A T, pH SRR AZ R E 5 A 3
0.5 mol- L™ NaHCO; IR, 4HBAHUIE BB AN
E 5 2 FHRRYE - SRS LA JFOE B 0 € s A HLBE R
PRk e ; 2RAAYIRERAENE; AHLRH
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Table 1 Some physicochemical properties of the tested soils

®1 il IR EREBUMER

W e FH 4 CaCO/ HHLF/ &F/ 2B Fen/ Ala/ HEBY HUBY SR/ BR/ Kok
Rt F i gkg?  gkg? gekg? gekg? grkg? grkg? mgekg? mgekg? % % %
Sl #HHzs B 53 mHEZet 0 20.6 15 0.7 1.13 133 872 3450 38 42 20
2 HEL KH 54 BHEKEL 0 24.5 14 0.5 2.08 2.83 113 2225 49 32 19
S3 REs B 65 At 164 18.7 1.1 22 1.41 0.19 244 2650 48 34 18
S4 ME% KHE 67  HhHkEE 247 47.8 22 12 2.62 0.41 239 2200 41 38 21
S5 thlis BHr 83 FARKHEZEL 584 12.0 1.0 0.2 0.72 0.07 9.8 938 29 50 21
S6 Mg KH 83 AKRMAREE 620 17.7 12 0.6 1.52 0.12 155 1363 24 55 21
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Figure 1 Isothermal adsorption of phosphorus on the purple soil
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Figure 2 Isothermal adsorption of phosphorus on the paddy soils
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Table 2 Isothermal adsorption parameters of phosphorus on the tested soils

Langmuir }7#2 C/Q=C/Q,+1/(K*Q,)

Freundlich 57 lg Q=lg K»+1/nlg C

Temkin 5 7F2 Q=a+Kilg C

e =0
Qn K, MBC EPC, R? K, 1/n R* a K; R
i mt(S1)  384.62 0.15 59.17 0.33 0.968 49.61 0.57 0.846 71.42 52.73 0.846
HpE a1 (S3) 588.24 0.23 135.14 0.19 0.951 110.01 0.52 0.991 155.28 93.95 0.896
ARMEELE(S5) 17857 0.39 69.44 0.14 0.991 55.13 0.35 0.932 60.81 31.22 0.944
BRMKAEE(S2) 526.32 0.28 147.06 0.22 0.998 107.17 0.53 0.923 148.03 95.44 0.979
KRR (S4)  909.09 0.37 33333 0.12 0.960 205.21 0.60 0.946 305.84 146.24 0.924
AIKEAFEL(S6)  384.62 0.34 131.58 0.07 0.971 108.87 0.36 0.932 141.22 54.02 0.937

1 :MBC=Q,.*K,;n=9; R0=0.602 ; R»:=0.735,
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Figure 3 Isothermal desorption of phosphorus from the purple soil
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Figure 4 Isothermal desorption of phosphorus from the paddy soil
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Table 3 Relationship between the desorption capacity and
adsorption capacity of phosphorus

y=a+bx
A+ » ; P
ARt EL(S1) -5.37 0.14 0.941
e+ (S3) -4.82 0.11 0.982
ARMEREL(SS) -7.65 0.26 0.816
Bt REE(S2) -6.05 0.07 0.874
sk ARE 1 (S4) -4.11 0.05 0.978
FIRHEKFEL(S6) -8.57 0.14 0.946

7 :n=9; R0:s=0.602 ; R0=0.735,

2.4 i B U M 5 IR S H R

R SERREESN, TR M 5 i R S RGE R
HABPBRAME B, 45 R 4. ATLIE W A PR
XA R AR BERE A N, 0, MIMBC 5A
PUR S BEREEIEMR, HXREDHIXE 0917
10.938(P<0.01,n=6), XA RERTEAYIRETE
E Fe Al BMWIE I T BVL-THLE G, AHTH
BRI , SR ZHRIE AZE R —2 ",

Fe . 5 5 0 A3 o S 149 W52 T — o8t IR A1 P 52 i
Ko MFEAMLEH, Q. MBC 51 Fe . S HEER
EWIEMXK R (R=0.914.0.913.n=6),b 5 Fe_, %
BEPEMNTFERXKR(R=-0.900,n=6), Z5HREH,
Fe, B LIENRBFE N XREY Fe. 55
POLTR JRAERS ) FePO, YTTE , BE T 52 S B 9 I
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Table 4 Relationships between adsorption—desorption parameters of phosphorus and physicochemical properties of the tested soils

8 pH ARBE  AVBE a8 27 AYR Fe Al CaCO;, {2 i i
On -0.361 -0.054 0.357 0.579 0.823° 0.917* 0.914™ 0.069 -0.400 0.555 -0.595 -0.147
K 0.764 -0.791 -0.901"  -0.349 0.032 0.200 -0.394 0.755 -0.466 0.428 0.630

MBC -0.037 -0.298 -0.011 0.329 0.813° 0.938™ 0.913™ -0.083 -0.067 0.273 -0.328 0.187

EPC, -0.830° 0.792 0.820° 0.039 0.058 -0.137 -0.228 0.570 -0.814° 0.492 -0.480 -0.465
b 0.605 -0.050 -0.513 -0.454 -0.743 -0.767  -0.900"  -0.433 0.612 -0.645 0.667 0.341

PR BEMR(P0.05), " Frf BE MK (P<0.01),

Mo X SR A HEP R BRI RIZ VTR A Rk g
F1% Fe_ TS R—3L,

B LB S BT I )1 233 BE X Ak H - 38 ) R
REIEREZEW, K 5 -GBS EEBERMERL
K Z(R=-0.901,n=6) , UtBH T A VLB & B —EF2
JE 5 -+ R BB A BE R, B LB S B, X B
4 % B RE 1 R 55 s EPC, 5 A MLBE & & W& IEAH R
(R=-0.901,n=6), 7 HLB% & Bl & , [l K AR IR BE PR
AR X EEL T P AR E,
25 MK ARRER, 530 RIS R A5 R — 2
PR A S B S BVES BT E M, 7]
BEJE F TR A AAEAE T XA AL 2 A TR A

EPC, 513 pH.CaCO; S B2 BEH AR, X
F TN E R R B B ) R M RE R AR, pH T,
CaCO, SRS, ¥o5HEPRAY-THE &4E
FH R E CaCO; RINBRASS & RERR. 2 R, T
BH-THE S AR BS S RERT A SR,

SR FH B BT 4 d B W IR M S
FERSEI W, SRAFEERANZR 5 PR FTLAE 28
— BB E MG BTTERERIA R 93.69% , IR BLH]
BN FERA AT B — F W FE S IR E
BR,E_FRSFEETEAIY T EE L, pH.
CaCO; X35 — F RS I TTEREEK, 1] CaCO; HE S
pH ZYIHHE, UAHH pH Xt -+ 38R IR B A iR/ 2L

RS ERSAEXREIER
Table 5 Matrix of correlation coefficient using principal

component analysis

- FS
1 2

pH -0.820 0.545
CaCO;, -0.822 0.542
HHLR 0.777 0.615
2R 0.808 0.523
Fe_n 0.742 0.573
AL 0.746 -0.582
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