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Table 1 Basic physical and chemical properties of the experimental soils

AH BT X p— Ak A B B Bk RhkL 3 kL
R GE
+ 1 Organic Total Amorphous Crystalline Clay Silt
pH Olsen-P
Soil matter phosphorus . iron iron <0.002 mm 0.02 ~0.002 mm
(mgkg™")
(gks™") (gkg™") (gke™") (gkg™") (%) (%)
g
5.68 35.69 0.92 44. 4 5.83 14. 14 14.07 56. 15
Yellow soil (YS)
%614
6.31 18.02 0.46 6. 3.10 8.4 19.98 47.37

Purple soil( PS)

1.2 WHE

1.2.1 +HER SR ZMOCHRL12], Rl T g i
1 mmfjii + A 5T 50 ml 25048, in 25 ml 58 7
KB AGRUEIR S 55 1 o TERE AL T 25°C 1557 0.3,
7.10 .15 .20 d, ORI 2 TG i B 8 i e 8 E Ak P .
Fila 1l g W Ay Bl m A pH 5 pH 7 .pH 9
0.1 mol L™'CaCl, . KC1 NH,Cl %% 50 ml, % £} 15
15 d J5 B F 1 I AS R 24585

1.2.2 i 5 R W 5 A 1 HH P01 28 S5 45 W
Mk IR SR 15 d J5, TE IR AL Feo &
ERARE, N K 3R 15 dJE 2R AT B G W R
RIS, A BIARIBUR 2 K s K 35 5% 15 d Y+ 4
0.5 g, A PO ~100 mg L™ BEA TR (KH, PO, Ll , L)
0.01 mol L' CaCl, fE ¥ fg it , Hp P O. 1 ~
5 mg L' g fIk v B %) 50 ml |, 7 B 4k F 25°C,
220 r min ' ZcfF R EEIR 24 h,J5 T 3 900 r min '
T S min, 18 OIS ACL UE , HAH B B LG Ak I E

IR
A £ W BRSO
Langmuir 5#£:Q,, =X, KC/(1 +KC) (1)
Linear %R 3. Q,, =m x C - NAP (2)

D) FI(2) H Q, Ay Wl 7 Atk - 498 3 T (9% ~F- 467 Wi o
B (mg kg™'), C N V-4 W A9 B R B (mg kg ™' ) 5 X,
oW AE Bt 1 R om0 B R & K R OB i
(mg kg '), NAP (mg kg™') b A IS W BfH 25 %,
m (L kg ™) FAEXT B (00 WL B8R, K Sy B8 B Y
M BhF i %5

1.2.3  +HETCHLEE K - HETEHLBE I PR H
T AR 25 4 42 A9 7 95 £ 0. 25 mol L™' NaH-
CO, ## 4% Ca,-P, 1 mol L™' NH, OAc ¥ #& Ca,-P,
0.5 mol L™ NH, F % #: Al-P,0.1 mol L' NaOH-
Na, CO, 24 Fe-P, IR L 0,12 00 7 4 O

A EL
o

1.2.4 - BEER A ALY I E TG & B R E AL W
(Feo) Fll i S ERE AL W) (Fed-Feo) R T RAZ A £
RO R 0 7 1 B AT 3 S B U K B 3R 1 -
0.2 mol L ™"Eifi4% +0.2 mol L ™' Bifig (pH 3.2) #¢ +
K HE 1:50 F B 25°C,220 r min = 4 T E R AR
PEHC2 b, b3 WO B Wk U AE Feo, )F Y LA
A1 mol L' NaCl & ¥t 5, FH DCB % % (20 ml
0.3 mol L™ "4 MEHN +2.5 ml 1mol L™ BRI A & +
0.5 g % " WHREN) T 80°C KA IIHIS min, B H )5
F3900 r min ' FE.LS min, FF A 20 ml 1 mol L'
NaCl ¥ 2 ¥, & JF EIE BT R IR0l E Fed
1.3 #HiELE

SCE YR H Microsoft office 2003 . DPS7. 0 % {4
HEAT AL B 53 A 5 0 BT S5 59 %44l Origin 8. 0 Sigma-
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M1 0] LU Y BEAERITE 5 11 Feo it 7E K
iR ERA RN . SR K R L, Feo BEAESS 15
Ry, 5 B i JFEOK 9 5.81 g kg™ 3.08 g kg™
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Fig. 1  Variations of Feo and Fed-Feo in the purple soil (a) and yellow soil (b) under flooding
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B K W BB Xmo ¥ K BT R 619.3 mg kg™ Al

x®2

488.6 mg kg™, ¥ K S5 N

Isothermal adsorption curves of phosphorus at 25°C in the yellow soil (a) and purple soil (b) before and after flooding

1057.8mg kg™ ' Al

535.2 mg kg’1 LA E AN T 70.8% F119. 5% , BELETR
b = 38 1 %) IR B 5% R0 R R K RN R 2% il RE ) MBC
M AR IR 38 R K 15d 3810 45 S BOR T K T .

BB EHMEREMEE L FEB RN Langmuir %]

Table 2 Langmuir parameters of phosphorus isothermal adsorption in the yellow and purple soils before and after flooding

o

#

HHE Yellow soil

{4 + Purple soil

WK AT

Parameter

Before flooding

% KW s i Maximum P adsorption capacity, X, (mg kg ™) 619.3

W% B 5 F1 1 % %4 Adsorption affinity constant,K (L mg™') 0. 055

3% K 2% v g /7 Maximum buffering capacity, MBC (L kg™") 34.06
R’ 0.977

Wk 15 d 5 7K i Wk 15 d 5
Flooding for 15 days  Before flooding  Flooding for 15 days
1058 488.6 535.2

0.119 0. 104 0.111
125.9 50.81 59.41
0. 947 0.965 0.964
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BB S /KT i X A1 e TR T ) S5 SR T B A 1 3
AT LAt Wi IR O i~ 47 Ak 38 A o 2 Rk 3
IR SIAY G B E AT 0.2 mg LTS,
AL S 1) U TR R R T, I A B R R 1 R 32
P AR B X, L VR R A S S PR . 5 K i
PO, 7K e B M X A ) TR R A BT R A O
7K 1S d e e S A B R R R T AT

" YS 2t
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Amount of P adsorption (mg kg™)

20" TR
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Fig. 3 Isothermal adsorption curves of low-concentration phosphorus in the yellow soil (a) and purple soil (b) at 25°C before and after flooding

EPC 2k 30 AR Wy % s 19 W B Ak W 3k F- A ERE 1Y
W G I LR X i Y v g B R 0, R /AT
FAEXT AP R B R ZZwbfig 01, ik 3 WL,
HEM) EPC, ¥ /K B 0.36 mg L™" %% ¥ K J5 1Y
0.23 mg L', F##37% . —Jiifi, # /KJG Fe, &
S0, A A X B A W BR A B o, oF i 3

Jin % S B 1 2B whBE F7, EPC, BRAR . B — Jr i,
BAR MK S5 EPC, ff 14 W A% Xt 40 95 5 75 e B A —
SE YR e A A AR T KR i R
A K KA P g B B 0. 02 mg LT,
R e I XK R AR SR A AE R 1 R
B 9 35 e KUK

R3 BAMEHMERE LSRN Linear £

Table 3 Linear parameters of phosphorus isothermal adsorption in the yellow soil before and after flooding

Parameters

W HE Yellow soil

K AT

Before flooding

WK 15 d 5
Flooding for 15 days

AR W A B Native adsorbed phosphorus, NAP (mg ke ~!) 7.89 6.03
5% M 4% % Phosphorus adsorption efficiency ,m (L kg™ ") 21.94 25.8
R® 0.983 0.995
R ST #i R B Zero equilibrium phosphorus concentration , EPC, (mg L.™") 0.36 0.23

Hi P& 3 3 T 7 Y, 55 (0 X i ) Wi R o B
B A0 4 0 2 ) Se R B, e g BTk 5
TR ETAR B, WK 15 d )5 58 8 £ (PS-15) X B (19
M BRI i, B O WK 15 d R R T K
HITHY

R AE S0 - ARty L B8] 3),

F Langmuir 75 F X5 HBEAT LG M4 R W3R 4, T L
A BEAE 5 b A R R R T R B K D K
15 dfF 9 (PS-15) Ik T W 7K 1T 19 (PS) 5 1M fie K W 8
X, I e R g2 nh RE ) MBC B oMK 15 d
F%9 DR T S AT 4, 2 W K i 5 €8 Xk Wi ) R I o
T
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x4 BAREERKEHRELZE LT FEERM A Langmuir S

Table 4 Langmuir parameters for isothermal adsorption of low-concentration phosphorus in the purple soil before and after flooding

246 + Purple soil

KT oKk 15 d 5
Parameters

Before flooding Flooding for 15 days

F R WE s i Maximum P adsorption capacity, X, (mg kg™") 104.7 148. 6

W2 B 3 F11 3 4 %% Adsorption affinity constant,K (L mg ") 0.931 0. 809

2 whEH) Maximum buffering capacity, MBC (L kg~') 97.5 120.2
R 0.973 0.975

2.3 BANMIEEEMEARTHBESNTW

25 T LAE W, K E PR 1 5 49 Olsen-P
BB W A, B RN 4 4 Y Olsen-P 4351 i1 O
K[ 44.4 F16.1 mg kg ' FEALE 4 20 K1Y 28.4 Al
4.3mg kg ', BN 36.0% FI1 29. 5% . P AP R
Fe-P & W K J5 ¥, 43 5 i 0 R 19 248.2 Al
35.8 mg kg™ 4N E 4 15 K i 274.3 A
47.9 mg kgfl JH00E A 10.5% 1 33.8% . Wi fp 4 15
() AL-P & 575 K G B rp s S A e, K 15
KBy 0 K1 g 5 30.9% F1 92.9% ., Wifp + 45
(1) Ca,-P AR (LAY &)

P 5 Fsk 6 nf A1, $2 I Olsen-P J5 , #EHEY

Ca,-P 5 HAEEEHUWY Ca,-P & & LT AAF , HAE#E K
R B A AR 4R, Ul BH L Olsen-P 32 22 5 Ui 25 1)
FePO, fil AIPO,, % 6 h # 4 Fe-P f1 0 K 1Y
283.2 mg kg 'HEANE S 15 K1Y 306.5 mg kg ', 14
Wik 8.2% ;Al-P f 0 K1 62.8 mg kg ' 4 hn 2 45
15 K717 mg kg™ WA 14.2% , %6+ 0AT
ALY

WE7K L 2 Olsen-P % 3 19 T [ 1T f8 2 &6 43 Ui
B FePO, 1 AIPO, % Ak A3 2 ME BAR 1Y Fe-P Al
Al-P 5 AR FIE Fe (AL BT WG B, i K ik 72 v 3 n
(1) Fe-P AL-P 7l fig 2 ph A & 5 4k 40 00 Bl i k" o

x5 FEAKHEHEEMEEL Olsen-P REMBEEESE

Table 5 Contents of Olsen-P and other forms of P in the yellow and purple soils under flooding

K B ] HHE Yellow soil s 1 Purple soil
Flooding time (d) Olsen-P Ca,-P Fe-P Al-P Olsen-P Ca,-P Fe-P Al-P
0 44.4 25.3 248.2 38.8 6.1 5.0 35.8 5.6
3 42.3 25. 1 254.6 41.8 5.6 3.6 42.5 5.6
7 38.2 25.3 266. 4 46. 1 5.2 4.4 45.4 8.3
10 37.3 25.7 269.2 49.6 4.5 4.4 45.7 9.0
15 30.5 25.0 274.3 50.8 3.9 3.4 47.9 10. 8
20 28.4 25.4 271.9 49.0 4.3 4.2 46.4 8.8
%6 RAMEAEBENEETEHEELE
Table 6 Content of various forms of phosphorus in the yellow and purple soils under flooding
T8 7K B[] 1 Yellow soil 2 (a4 Purple soil
Flooding time (d) Ca,-P Fe-P Al-P Ca,-P Fe-P Al-p
0 25.3 283.2 62.8 4.0 49.5 7.9
3 25.3 289. 1 64.8 4.4 51.9 9.7
7 25.4 294 67.6 3.6 55.5 11.9
10 25.3 299.7 70.2 3.4 56.0 12.4
15 24.9 306.5 71.7 4.4 58.4 13.3
20 24.6 304.7 70. 3 4.7 57.7 13.2
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2.4 pHMAEBFHEBEEKEFPBEESN

A

w27 Ww, HpHS B 0.1mol L™'K*  Ca®" |
NH," i Ak 38 1) 8 18, . Olsen-P & 52 43 1 24 58. 1,
55.4.57.7 mg kg™, G A S R 4 Bk 32. 6% |
26.5% 31.7% ., JH pH 7 % 0. Imol L™" K* . Ca’" &
WAL IS H Olsen-P & 8 LA B & (HH] pH 7 (1)
NH, % J AL )5, Olsen-P £ i J54. 6mg kg ™', 5 5
R LE 38 W 1k 24.7% . Fi pH 2 9 9 0. 1mol L7
K* Ca’" | NH, ¥ W &b ¥ J5 H Olsen-P 55 5 43 51 A

=7

53.5.53.5.72.0 mg kg™', 5 J5E 4+ A Lk, # 0E ik
22.19~64.3% ., WK, AN [F pH T AR B 1 X 1 5%
Olsen-PZs ™ AL AN Rl (52 M, NH, I 72 A3 pH T 1
fdfi +-35€ Olsen-P &840, K* (Ca’" 7E pH 5.9 & F
Olsen-P & &3, 7€ pH 7 F Olsen-P & & JLF-A4E,

WEoKEEFRS R, EHEL pH 9 1Y NH, % WAk
B, Fe-P & i (224.9 mg kg™ ') Mk T 5 &, Bk 1R 3
10% , H: Al &b 3 1 Fe-P & & F+ 5, 3 I 5. 8% ~
12.1% . SR A L, A A Ab PR AL-P 5 & 3 5
i 2 o 21. 8% ~47. 0% .,

A [E pH £ 0.1 mol L' CaCl, KCI.NH,Cl iZ&155% 15d ZENERESSE

Table 7 Contents of various forms of phosphorus in the yellow soil incubated for 15 days in 0. 1 mol L™' CaCl, ,KC] and NH, Cl

solutions as affected by pH of the solutions

AN W K 5% 15 d

Incubated for 15 days in different solutions

17312 7K i
Phosphorus fractions Before flooding K+ Ca?* NH,
pHS5 pH 7 pH 9 pH 5 pH 7 pH9 pH S pH 7 pH 9
Olsen-P 43.8 58.1 43.6 53.5 55.4 42.1 53.5 57.7 54.6 72.0
Fe-P 249.9 264. 4 271.7 271.8 267.9 280. 1 273.3 270.7 277.5 224.9
Al-P 38.1 48.9 51.9 51.1 46.7 51.5 48.5 52.0 56.0 46.4

i®

o
X A HE D) HE AN+ Ry 3, o B
Sy M M T 28 £ 0 SR X L AAET A
I 5 v AT L, A AR A 40 O U B kR AU TP s
PES R R B K Y b 2 T RN G
W B2 X T A, B A LR IR
e Gk ARk & i | T e B X
(1% 2 e B e, L A A K S T B 1 I R 4 L
20+ WE .

bt B 4 R 45 (0 7E W K S TR B B Y RE )
A HE AT 3R o X R VR Rl A Y e K B
BT, ELTEWE K 6] i 1Y W B 1 L 26
W X TR B B A B v e A B
5O £ Y P A A G T R R G T R R - o
FIN MM, Syers % ARHE i K (E 315 H Y
I HH B A G B0 B 8 43 i — A DX, 57— DX 1 1 f
SR ZRARBE A T I AR A8 X P a4,
A% Ja S B 5 R L 5 B3 AR, 3K T X S8 BR A Ak 2
W BF 5 575 = DX 14 A5 TR 4R B O T L, O UL B
BRI B = DX 1 Rl B A T, 2 A

s s E 5 S v I D G i o (17 A R T
BORAESE — X, Ak 2F W B i 55 68 b B A 4 Ak 2
W o A 355 49 R

Olsen-P {3 + 58 A &8, FEME B AR X AN R,
LR R HE T REHE A KR 59 S8 R B CaCl,-P
e ™ A WEIE & B, Olsen-P il CaCl,-P 2
FAFAEB AR LR Q/T M &R, B 24 Olsen-P i 1
B — B , CaCl,-P & 3£ 34 i, ¥i 3 HL A5 [a] 1) 1) 48
e, WA R+ 5 i S A e e, B
TE S ) A & 5 2 A Ak 1 T Ak RE B [ e B2
350 A5 42 - W K 5 Olsen-P 35 7R [ 11 28 30
Fe-P 1 AL-P 34, i W 7K 4 398w 1) A7 5k v eI
17 ) B A

+ 4% pH 5 pH 7 .pH 9 % 0. Imol L' CaCl, %3
S5 3% )5, Olsen-P (1) 25 46 12 BUAS W] () LA, pH 7
i 45 72 1 Olsen-P 45 f A48  pH 5 1 pH 9 A Olsen-P
S AT TGN, AT ] R R TR AR R R
TET V1 Tl W o 7 A5 o i, 5 80 e O ) L 2 B
1%, J 25 DO AT B 2 Wl R B s B i 4l JH T B OH ™ X
E W) B R I SO R I R R 4 R

TP AA BRI AW AT R
PRAM 3 T B A H S 2 T, B A 4 i E A U TR
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H, fE Ca’" K™ (NH, K17 78 B, 3 28 58 4 7 B
B AR A L R A - OHL/E FIT i e w45 &
L i BAL B AE B M B ) 3% TR LA L )2 9 TR AR
5530 )22 88 3 5 i v | g A T M A 5 R
AR, PR B 7E 8 W, AT Olsen-P % R AZ
M€ pH 5 8¢ pH 9 B, 4 L 2 P 1 ol Ak 4 3 2o g
SR AR R Bl IR AR R i B A+ B W, i
Olsen-PaH1 .

4 4 g

1) WK FRERW], B A 1K 5 &8 8
ALY E R R AR RO B A RN, Bk 4
A B B ATG , B4 A S RS e AL R AR R S

2) i Langmuir J7 FEF Linear 45 =X Y 15 41
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) BB 75 G XU
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NH,Cl W 55 37 1 35 45 , H Olsen-P Fe-P  Al-P & &
Yo 5 2510, 2 W V& A S obobte B L A5 SR R
INF, - 398 vh A RO RTRE 1 N, OF 52w A XK B B
i, AT 52 M AR S R 5
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ADSORPTION AND TRANSFORMATION OF PHOSPHORUS IN SOILS OF THE
TIDAL ZONE OF THE THREE GORGES RESERVOIR REGION
Zhu Qiang' An Ran' Hu Hongging'" Wan Chengyan’ Hu Lian> Wang Sumei'
(1 College of Resource and Environment, Huazhong Agricultural University , Wuhan 430070, China)
(2 Institute of Hydroecology , Chinese Academy of Sciences, Wuhan 430079, China)
Abstract After the completion of the Three Gorges Reservoir project,a 30-m height tidal zone is formed around the

reservoir. Changes in P adsorption and fixation by the soils in the zone and in fate of the phosphorus directly affect the sur-

rounding water environment. Through batch processing and indoor incubation of samples of the yellow soil and purple soil

in the tidal zone,changes in form of the iron and adsorption and transformation of P in the soils were studied. Results show

that flooding significantly decreased the content of crystalline iron oxides,while increasing the content of noncrystalline iron

in both soils ; Under flooding the content of Olsen-P in the soils displayed a declining trend , whereas the contents of Fe-P

and Al-P turned upwards; Indoor simulation demonstrates that in the two yellow and purple soils under flooding for 15

days , P adsorption capacity increased by 70. 8% and 9. 5% ,respectively ; Incubated in 0. 1 mol L' CaCl, ,KCI and NH,Cl

solutions at pH 5 and pH 9, separately, for 15 days, the yellow soil increased its contents of Olsen-P,Fe-P and Al-P signifi-

cantly , indicating that in the soils of the tidal zone,application of K, Ca or urea might increase the content of soil available

P,which could eventually lead to increase in CaCl, extractable P, thus affecting the phosphorus content in the water body

and water quality of the reservoir.
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