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Table 1  Soil properties (0 ~20 cm) of different treatments in the experiment
4 A HLBT K K KR A R B AHE
o pH Organic matter Total N Total P Available N Olsen-P Available K Bulk density
Treatments . ' . . ' ' N
(gkg™) (gkg™) (gkg™) (mgkg™") (mg kg™") (mgkg™") (gem™)
CK 9.16 12.70 0.54 0.58 38.82 4.27C 216.8 1.56
PK 9.62 12. 48 0.48 0. 80 40. 09 22.39B 222.0 1.50
NPK 9.26 13.30 0.58 0.92 70. 64 13.61BC 284.9 1.50
NPKM 9.26 14.96 0. 81 0.90 85.92 45.42A 939.9 1. 46
NPKS 9.26 13. 41 0. 69 0.72 51.55 8.93BC 291.9 1.52

3R 14 2011 4E 6 JRAEMHZ 0 ~20 em L AF, I & 46 b5 S W B3 i W80 F 0 7 S8 0 MR B )5 1 KRS SE B R OR7E p < 0. 01
I KT B 45 5 Note: In Table 1 the soil samples were collected from plough layers (0 ~20 c¢m) in June 2011, and the data are properties and fer-

tility of the soils before the adsorption and desorption experiment. The capital letters affixed to the numerical digits mean significantly different at 1% level

(p<0.01)
F2 19902011 FEHFHHNE
Table 2 Average annual nutrient input from different sources during 1990—2011
b3 fENE Chemical fertilizer 45 HUAE Manure T FF Straw
Treatment N(kg hm~?) P(kg hm?) K(kg hm~?) M(t hm~?) S(t hm~?)
CK 0 0 0 0 0
PK 0 29.2 ~60.2 18.8 ~50.4 0 0
NPK 99.4 ~241.5 29.2 ~60.2 18.8 ~50.4 0 0
NPKM 29.8 ~84.9 8.7~22.4 6.7 ~10.1 30 0
NPKS 89.4 ~216.7 24.5~50.8 16.9 ~42.3 0 4.5~9

TE: CK b RUR AR A IE ; PK 43RG P UK i IE 5 NPK &b 30— 550 NPK 4h 3 I 52553 51 24 - A 1990 451 1994 4 N 99. 4 kg hm > P
29.2 kg hm % K 18.8 kg hm ~2, JA 1994 4E %] 2011 4E N 241.5 kg hm ~2 [P 60. 2 kg hm ~? K 50. 4 kg hm ~% ; NPKM g #LIE K 26 3% 54 HLIE 24
AEFI A 15% 715 5 NPK 4L BAE N P K 4 s NPKS 4b B A f5 AT 42 9034 1, #5251 24 4EF T 10% 315715 NPK A B4E N P K &b, LA H 60%
Y RN B 4w B0 AR VE REAE ,40% 19 F B A 38 JE Notes: CK means no fertilizer applied to the crops. Treatment PK and Treatment NPK were the
same in P and K application rate. The application rate of N,P and K was 99. 4 kg hm = ,29. 2 kg hm ~? and 22. 7 kg hm =%, respectively , in 1990—1994

and 241. 5 kg hm ~? ,60. 3 kg hm ~* and 50. 4 kg hm ~%in 1995—2011. In Treatment NPKM , the organic manure was sheep droppings, of which the nutri-

ent contribution was calculated on the basis of 15% ,the utilization rate of organic manure in the current year and in Treatment NPKS, the nutrient contri-

bution of the straw was calculated on the basis of 10% , the utilization rate of straw in the current year. The two treatments were designed to have the same

nutrient application rates as Treatment NPK was. Of the chemical fertilizers, all the P and K fertilizers and 60% of the N fertilizer was used as base fertiliz-

er,and 40% of the N fertilizer as topdressing

1.2 MEmAB

1,21 - 558 56 U0 W B 1 0 B R A
FREL 2. 500 g 45 6 {7 F 100 ml 2.0 %, 43 5 im A
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12,2 9 45 i i W Wt A 0 K LA L W B3
B 1) b WA, 25 ml AR A NaCl 3 e % 2 Ik
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PRI YR TE 3. 25C TR 1 h, #iE OF
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B SRR R SAS 9.1 1 Excel 2003 & fF
PEATGE T o3 A, K 1] 2 LU R ) LSD ¥k

2 4 R

2.1 TIEBEERRMEME
20101 SR AR A L R OA h 2 + S AN TR
KBS A b BE B R B T an P 1 AE 2 BOR
I He BEAE 0 ~ 100 mg L™ S5 Y, BESM R Bk 2
S, A% Ak B A S Wl BRSO T 1S ORI B R O
Wi/ HA 0 ~50 mg L7 F P, BR PK AR ER SN 1%
B — B S R #4550 ~ 100 mg LS,
5 A 4b B S 0 K O R A AR R B . B W) K
0 A5 A B B AD R R B | B R R
AL R S R G IR Ak T A ke e T B
REZW T RBE T A& Ak B - ek R
B F) A8 AR, A 0 6 2B 45 ) 45 T % B T e R A5 4D
G IR A0 A P R R R R AR, B
WFFE & WA T[] 7K 1 2% 4k 2 0 4 398 8l 2% R PR RRAIE
2.1.2 TSR W O R FH - 17 5 T 5T
SRR BB R W B G, R ] Langmuir | Fre-
undlich I Temkin %[15'24] SR B O AR, SR LA B

S
W
[«

—4—CK —8-PK —A—NPK —¢NPKM —e— NPKS

400}
350}
300}
250}
200}

—_—
4
[«

100

W
[«
T

W% [ Amount of P adsorbed (mg kg™)

(=]

25 50 75 100
JIBEHK E Concentration of P added (mg L™)

(=]

1 7S [ A 252 S8 ) 25 30 TR S o 2K

Fig. 1  Phosphateisotherm adsorption curves in different treatments
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Fig. 2 Change in P adsorption rate with extraneous phosphorus
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Table 3  Isothermal adsorption equations and parameters in different treatments

Langmuir W ff 25 97 =
Jb 3 Langmuir adsorption equation

Freundlich Mg [} 45 5 =X

Freundlich adsorption equation

Temkin W Bff 45 1 =X

Temkin adsorption equation

Treatments C/X=Cr/X, +1/KX, X =KC* X =K, InC + K, InK,
X, K r b K r K, K, r

CK 416.7 0.2156 0.99 " 0.3305 105. 6 0.99 " 91.20 0.254 0 1.00 "~

PK 244.6 0.175 3 0.95" 0.144 1 119.5 0. 65 30.72 3.070 4 0. 64

NPK 333.6 0. 606 5 0.99 " 0.157 2 177.5 0.79 41.24 4.051 1 0.76
NPKM 330.2 0.180 1 0.99 " 0.2817 96.7 0.99 " 67.01 0.458 0 0.97"
NPKS 236. 1 0.167 4 0.99 " 0.283 4 65.4 0.99 " 48.98 0.176 6 0.99"
T w5 R IR p <0.05 fil p<0.01 B EH K Note: “ * 7 and “ # % ” means significant difference at 5% level (p <0.05)and 1%

level (p <0.01)
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SRR T AR R (% 3), Langmuir R 2.1.3  HIEBE R WM S Wl %) WO BfF 2o 2 1T LA

MorFERy Rk . C/X =C/X, +1/(KX,,) , X,
X Oy RS g, C OB A WO BB LK
W B REAT OC 1Y 3 %, X, O S8 R R W o Freun-
dlich % WK B 7 B2 R - X = KC", 3, X Sk 2437 1 i
i, CONF BT K 5 b S g R SRR AT G
%, Temkin Z£1E W fft 7 2 M : X = K, InC + K, InK, ,
AP, X O LW R &, C O B R L K F K
5 R B O R B i) =R A R R 7
e, XS A~ b B - SR 2R O B 0 E AT AL, S5
BHULE T B A C S BB WL R 3. 455K B, Lang-
muir J7 B U5 B2 K (p <0.01 B p <0.05) 4%
Freundlich J7 & fll Temkin 75 f2 5 , #l-& J7 F24H ¢ 1
W AR RB B RT 0.95(5£ 4) , BiH] Langmuir
T3 AR S R I A A %l ) W R AR AL Y e AR
o P, AL S 28 £ ] Langmuir J7 72, ok B AR F
ST e 2R A B AE
R4 EALIE Langmuir %8 R M 7512

Table 4 Langmuir isothermal adsorption equations in different treatments

Kb FR Treatments Langmuir 77 ¢ Langmuir equation {3 2% r

CK C/X=0.0024C +0.011 3 0.99 "
PK C/X=0.0041C+0.023 5 0.95"
NPK C/X =0.003C +0.004 9 0.99""
NPKM C/X=0.003C +0.017 8 0.98""
NPKS C/X=0.004 3C +0.031 5 0.98""

He s VRIS w kT AR p <0.05 Al p <0.01 K

Note: “ % 7 and “ %% ” means significant difference at 5% level (p <

0.05)and 1% level (p <0.01)

HAR Z 80k RAE , AKX 55 36 A DL DU Fh 2 50k 17
WFSE s (1) 35 e KW B4 (X, ) - X, B e 4 338 i 44K
W B A3 B 22 /0 SR b A B — AR
ALY TR B - N, A AT BE 1
VeI IR 4320 5 AN b B rh CK AR B X, {8
Fe K i AR B 12 £ ~ 18 A, 5 A Ab P GK )
Wi B2 Rk (3 5),NPK 5 NPKM .PK 5 NPKS
L] 22 BRI % {H NPK 5 NPKM 4b B 244 i 2%
KT PK 5 NPKS 4b 3, PK 5 NPK &b 3 ) + 38
R ABARE (W3 2) {8 PK 4b 2 K B & R W™
O /N T NPK AR BT R A S B R RN T
NPK b3, - 3B R B R AR (WL 1), K
I, PK &b 3 A 8 W% B 25 5 AR X 45/ ] B, NPKS
Ab B A HERE ZR /N T NPK b PR R R
W i 78 DN

(2) W Bt B (K) <K A 3R 3 I R 55 i i AR
BT SRR T AR, R S R R N R
fE— B e 7 HIEW B RE . 4 K N
TEAE I, 150 B R B s 07 A R R T R A R AT K E
B R /N o e 2 W B S 102 1 B K R RE AR L R
B R FR RO, A B RS, DR AR g R A
5500, AbERIE] K 30k AR, 2% W45 b B R
W B 2 02 7 I T BB RE A & R AT, K/ S NPK
> NPKS > CK > NPKM > PK; H.t  NPK 4b ¥ 1Y K {H
B I 2 K T A Ah B T A 4 A Ak 3R] 25 SO
Fo RWIN P K LR 5, 1 0% B B R o 1Y
5, AT AS iR | B P UK AR, DL K NPK AR it A ML
R AT 157 il A A1 A T g g WA B

RS LTEBNRMSBRSH

Table 5 Phosphorus adsorption and desorption parameters in different treatments

e B R B

Maximum

W B

Kb PR Treatments . )
adsorption capacity

Adsorption constant

ER: S0 PN SUIES s
Max buffering

b8 B i e

Readily desorbable

T 2 0% A 0
Phosphorus sorption
phosphorus

capacity of soil P saturation

(X,)(mgkg™") o (MBC) (mlg™") (DPS) (%) (RDP) (mg kg™")
CK 416.7A 0.21B 88.788B 1.02D 0.00C
PK 244, 6C 0.18B 43.90C 8.83B 0.25C
NPK 333.6B 0.61A 202.7A 4.10C 0.00C
NPKM 330.2B 0.20B 64.37BC 14. 24 A 3.82A
NPKS 236.1C 0.24B 53.37C 3.87CD 1.39B

WL RF R W FRER R 25 8 2 KN p <0.01 Note: The capital letters affixed to the numerical digits mean significant difference at 1% level

(p<0.01)
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(3) LR R & (MBC) : MBC 4y Lang-
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MBC {8 fie K JF5 HA A 3 sk 2% 25 5, CK &b
PR i % ¢ F PK Fil NPKS &b #f, PK . NPKM ,NPKS
Qb PR A 25 S5O W . Ab BRIE) b, NPK Ab B R 2
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DAt 4k 1R) 1% B35 2% W RO A0 RN R OC &R O : NPKM >
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Fig. 3 Phosphate isothermal desorption curves in different treatments
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Fig. 4 Phosphate isothermal desorption rates in different treatments
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¥ iR 50 %

SO (G 30 mg kg ™' o ARBFSE R, A L AL L 5
SERZET 1L AR 4% AR AL B ) Olsen-P 55 4 2% 5 iE
— R W2 A F 41 mg kg™ KR IR it AR
it 51k R IR A (IR R A ) & (AR
H) 25 R R W B Rt % 2 2 R
A5l o ASHIESEE 4 Olsen-P 5 i AR 2 5 19 5
Pt AEL A B, [ PK AR FAL , 343 B3 T 24 4 4k p
KR I8 (1 i e 3 468

K A R B T G R 2 A CK AR B,
YW 2 IR AN B AN T L R R AL TR SRR R
ARAS . T, 25 9 W BRI 06 P, CK B BoA B K
F) Tl 22 TR R 2 (X, ) R R, /DN B0 Tl 25 0% A i
(DPS) {5 AF 25 5 i W 48 56 v D) 2 Bk 6 + 18 5 %
RGO 5 A AR A A S R B R, Sk
SE T CK HAWARE DPS {H (p <0.01) . fLALEL)E
A HLAL AL B8 (NPKM ) f) - 398 5 % W i 5 L 1 438 de
K BB X, AR A, Rk, NPKM 4 B (%) DPS {8
B 2 T b gk B T 0 % I
EE 38 BE A% - Wl 2K O B2 I K, X Bk T U
AEU MR ST B S, — B MR A B R
YA R, 45 3] CK,PK NPK ,NPKM ,NPKS Fi 4> /b
FEHERE 0 ~20 em - 38 3k B B 22 W B 46 0 6 1) 575 B
i, 5k 1 287,670,960 .828 691 kg hm ™, R
Fie BB V85 - - Bl 200 R I T A M WA L DL
FRAE TR B0 AR 8 4 HiE 1, PK ONPK
NPKM NPKS P44~ 4k B8 Jc 48 43 31 75 2 14,36, 44
26 a7 HY I i, SR 2 A" AT LA 3k %) 00 4 A A
J o SR, ASHIE 5 2 K5 1K 300 5 37 i A BFJZ2 0 ~ 20 em
TR BT FE X S T IEAE O ~ 60 em B H A HEAE
J2 SRR ] S 4 /N 2 A K R LT AR Mk U
PRI, 78 1 309 6 B 4% 126 T, 998 3 ) Bl 25 0% 44
JI£ B S2 B B[] 17 %0 K T 14 ~ 44 a B I ] 38 R
XA EE SR A B Kt b 30 W B S e e —
A K R, K B BRI
B v A

4 45 ®

TESMERE M 0 ~ 100 mg L™ [l Y, K V8 +
(¥ 45 W W Bt 28 5 Langmuir J7 B2 (9 4004 )3 35 51 4
FH M UL EAKE(r = 0.95) ; AN [A] Olsen-P 7K ~F- 1 K
U I I AR I O O R A e
iR W 3R H4) AT KT W B R R T D . R BE -
1 Olsen-P & /K V-5 + 3 W % W% W 46 Fn & ( DPS)

FIR/NEIEA G K R, B, £ Olsen-P % /K F
HAE T DPS B K/, W] 1 5 Olsen-P & /K
JER N DPS (RN &
JRIEE A AR 43¢ Olsen-P 5 1t /K V- (AL FRIR] LA
998 A R B (X, I F K CK > NPK =~ NPKM >
PK ~ NPKS ., H &b # [H] i5 ] ¢ W 3 22 5 7K °F; CK,
PK NPKM NPKS 4b 2 [a] 1% 0 B} 5 %5 ( K) {85 JC & %
5, NPK 4b 34K & 3% K Fi% 4 A~ Ab 3 NPK 1 +
B R oh 455 (MBO) {H e K W i 3 K THAY 4 ik
F,CK H i % & F PK Fl NPKS 4 ¥, CK 5 NPKM .
PK 5 NPKS &b B[] 22 5 A 1 3% o A0 e it A HLAE
SR AT B AL 3, 438 5 A W B (RDP) { B 3% KT
Ui Ak I B4 A R L L DL AR IR A BILAE it R AR B A
PR, A AL JE AL e it 4 vt 2 2 v 4 38 1L 8l AT 1Y
S AR AL 7 =,

2 % x #f
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PHOSPHORUS ADSORPTION AND DESORPTION CHARACTERISTICS
OF GRAY DESERT SOILUNDER LONG-TERM FERTILIZATION

Wang Bin'? Liu Hua’ Li Yaohui’ Ma Xingwang® Wang Xihe’ Ma Yibing'’
(1 Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China)
(2 Institute of Soil Fertilizer and Agricultural Water Saving, Xinjiang Academy of Agricultural Sciences, Urumgi 830091, China)
(3 College of Prataculiural and Environmental Sciences, Xinjiang Agricultural University, Urumgqi 830052, China)

Abstract Phosphorus sorption and desorption characteristics of gray desert soil (0 ~20 ¢m) under long-term fertili-
zation as affected by phosphorus content level were studied through an isothermal P adsorption and desorption experiment.
Results show that within the range of P concentrations set for the experiment, in all the gray desert soil samples, regardless
of Olsen-P level, P adsorption, P desorption and P desorption rate gradually increased and P adsorption rate gradually de-
creased, with the increasing amount of extraneous phosphorus added. A positive correlation was observed between Olsen-
P content and phosphorus sorption saturation ( DPS) in the soil. In terms of soil maximum adsorption capacity (X, ), the
treatments of the experiment followed a decreasing order of CK > NPK =~ NPKM > PK = NPKS, and the differences between
the treatments were extremely significant; Treatment NPK was much higher than CK and Treatments PK, NPKM and
NPKS in adsorption constant ( K) and maximum buffer capacity ( MBC). And the comparison between last four treatments
showed no significant difference in K value, and CK was extremely higher than Treatments PK and NPKS in MBC value,
but the difference between CK and Treatment NPKM, and between Treatments PK and NPKS was not significant. Treat-
ments NPKM and NPKS were significantly higher than Treatments NK and NPK in RDP, and Treatment NPKM was the
highest in P desorption rate.

Key words Long-term fertilization; Phosphorus; Gray desert soil; Adsorption and desorption
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