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Table 1 Fertilizer application rate of each trial plot per year

I el b 7 ek FH 4 Application rate of fertilizers (kg hm > a™")
NS o o "
ertilizer EU [
Tested plot . , . BE WAL RFT
treatment Fresh pig manure Dry peanut straw
i TEHLIE NPK 120 39.3 117.7
Inorganic fertilizer NP 120 39.3
licati
appriedtion NK 120 117.7
PK 39.3 117.7
HHLICHLEC CK 60.0 19. 65 58.85
Combined application of BM 60.0 19.65 58. 85 30 000 1260
organic-chemical
SR 60. 0 19. 65 58.85

fertilizers

1.3 TIEREIRFHEE(PSD) Aol E

FREC1.00 g 32 2 mm G KT+, B F 50 ml &5
OB INA 20 ml B Ky 75 mg L' (¥ LA 5
VU (BRI S F 1.5 g kg™ soil) , Il AW
RO IR s, .o EnsEis, T 25 «
2CH=IR T, HEEIRG LIRS 18 h 5, &0 i
U8, HIEH W b kI E nE M iy i, PST TR
K.

PSI (mg kg '8 L kg™") = X

log,,C
XA X BRI i (P mg kg™ soil) 5 € AR
R (P mg L")
1.4 TIEERASHFHEXIERUE
AHILITT >R FH 5 T A 3R EE A% R A AR b2 vk
7E s pH SR LA 0, W A bR 2.5 1 ToHL#E
PR HI5R SRR Jackson £ H B9 J5 58 1 HE TC Lk
538 AL-P(ERES & I BE IR ER) \ Fe-P (Ek 45 & MW IR
£8) \Oc-P( A ELBBEIREL) (Ca-P(E5E5 G HIBEIRER ) 5
Ui B R AR E ALY R I DCB 5= 82, ] 1ICP I 22 15 i
TR BRI B AR A BT SRR R T R M R
EHEW M 0.2 mol L™'(NH,),C,0,(pH=3.0~3.2),
WA LR 50: 1,78 25°C DB FIEEIRY 2 h, &
O JE R R PR RS 10 4%, ICP 3200 s v v i 2k
BRo RS HrIn B BAREAE D BRI WL SR 12 ],
FURLLEL AT BRI 100 0 9 KT ke

0.1 g Z247T 50 ml e o, Tl /b bk 2 A /K A i 12
18, 0 AGE 5 4 A S FBR A LT, R, T
Pk B o B A SRR, SRR A 1S ml
0.5 mol L™ {5 & k4 43 W 4y WO 0 B 3 9, H
KQ-400DB {4 i 7 ipl AL 2% 75 28 Ik 22°C (W ¥R 58 T
75 10 min, A Coulter 1.5230 #tK B 43 A1 A0 72
K FH 2 K B2 20 53 M FORL( < 0.002 mm) kL
(0.002 ~0.05 mm) %7 (0.05 ~2 mm)3 MR 2,
L5 Zitsoh

B8 g8 it o3 A R SPSS13.0 B 14, JF
DPS12. 0 i# 17 3% 2 [8] )4 53 Hr ; £ 181 2k ] ORIGINS. 5
Ak

2 ZARSUHHE

2.1 B IEHT A 1B BB AE T RAE1E B

2T SR U1t ok P it A LA X T ARG A 0
AR E(PST) (2 2) , THLAE X 9 NK b ¥ il F
KA SMEBE A, 1 38 i W S A X 2,
HPST (Bt i &, 5 NK &b 3 AH L, 1 B e # f
NPK NP #1 PK 25 kb ¥ ) PSI {H B 1% T 59.1% ~
61.8% ., Tt T4k W HE B Al 1 B b 4% 9 IE v fif
Z13% PSI [F#AIK 48. 8% , M AL FFA40 FH AL H A PSI H
VAR T 4. 9% , TETG I AORFFE b A3 b 0 5
HYAEIR MR 2, © i Langmuir 5 85 X5 @ 4 W B 52
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WAHHATIVG TSN T s R i (X,) o
WA HT A& B PST 5 X 22 [] 5 i 35 R 1 T AH O
HZ(X, =0.5 PSI +412.8, r=0.967"" ), +5H
i K% WEE J7 ( Maximum buffer capacity, MBC) X F5
WETT #5 & ( Standard P requirement, SPR) 43 51|52 FH %
FAE T IEUEBERE ) S A IERER A 7, i 1]

VUt U 46 A (PST) 5 3% Z ) 2 12 Ak 2%
RPEARC R (r=0.9977" ) o fgnl WL, Al LU £
SRR K (PST) B A e d R T W i (X, ) SRk
MELLIE A [ BERE 7, I AT PST A /M= - 3 {1l
REJT, BT IR TR B0 A I, R T A 3 T R
FEAHI T o

R2 KHEMAEX SRR SR 4 (PSI) B T

Table 2 Effect of long-term fertilizer application on PSI in red soil

TS el FAAR i AR 438K
/N etk 4k 3 . .
PSI Decrease Decrease in percentage
Test plot Fertilizer treatment .
(mg kg™) (%)
.8 +£30.0 ¢
KA NK 1619.8 £30.0 a
Chemical fertilizer NPK 618.8 +13.0 b -1001.1 -61.8
application NP 645.8 £22.0 b -974.0 -60. 1
PK 662.4 £22.6 b -957.4 -59.1
o
Combined application of BM 305.9+18.0 ¢ -291.4 -48.8
organic-chemical fertilizers SR 568.0+16.1 b -29.3 ~4.9

1) A FRRE XN PR R A B 7R 7E 0. 05 7KSF 25573 3% The difference between values followed by same letters in the same colum is not

significant at p <0. 05

gb 4000 oo . 1000 =
e 3500 F— SPRIYAMIZ . |
£ [ = MBC . E
e 2 O0T - MBOH Al &
2382500, I 2
2E Y=2.61X-824.6 L7 1500 & g
o = L .— Kk ,

SR 2000 | r=0.997 ,p<0.0/l, e 8
B E 1500 F - 250% g
27 1000 f A
=] Y=0.70X-157.6 B
é 500 b r=0.997%* p<0.01 10 é
] ot s
~ - - - 250

0 500 1 QOO 1500 2 000
SRR R
Phosphate sorption index (P mg kg™)
K 2D fe 4 (PST) S i RGP RE 1 (MBC) St
HEFT B (SPR) ARG A
Fig. 1 Correlation between maximum buffer capacity, standard P

requirement and PSI in red soil
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THE — A AR AR, SN — B 5 e
fih, 502w b HERIURE T I B AR e, O HLBEE S
T AR IR ) A AEE I, 2 TR A 4% T 2 1 W2 A P 82
PR M DT RR A - S BURE ¥R M ) [ i
T SR A B W I — A e R g R
TS LI PST XS 38 pH A AL Bk AR AL
BhoRL T  S JC AL R R S5 5 4 20 % 1 B W
A

2.2.1 +EpH  pH 250 4 HERE R AE 1 1
BN T2 —, 8 pH 3B R 0 5 1 I
PR AR B T AR 5, % T A8 W i R T 5, pHL A9 £k
BRE LR O, o pH S TR
G T R A — A EE B bR, T A B AL
J50 FR4TC WA AE T 25 R0 3800 L A W 1 3 L
TR A K % & 0 A AR R B R i o K 01 e s =
i A LA R AT LA 0tk 38 4T S Y RR PR BRBE (36 3)
PK 4B 5 707G 5% D6 T Ak B0 - 38 pH 4 4F [T 44
0. 09 />EAfr 4 g i e, LU NP B AR A5 AT
I PR B NPK Ab FH0 ) 58 i 32 35 AH X/ B £
KB AT LU 21582 1k, NK b 38+ 32 pH L4
420,01 LT R, S B BE AR EBRBE JIIKT,
VEpptE Kz,

RGBT (2 3) 214 PSI 5 pH Z il & &
FERAHKIER (r= -0.856", p <0.05), B +-HE
PR , 21358 4 [ Bl RE 7 o B, 3k 7k % o3
2T L TR P B 05T, T i 3 K Wl 7 M T A Uk
JiE T AR R AR . A B
P e XA B R v - g, % pH TR R
SRR A0 [ T A A, B R pH Y T,
R TR T o A AR X R4 i & 2k
Sl TAERRME LI B T K, Y pH 355 5.0 ~
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5.5 AUHIERBIIIE NI IEAT I R G &M, Ha ReWAS, S eENmA LS G HRA ALLOH 1y
e d SR L TR T R A o X SR, T IN 1 S X g e R

£3 KHEIMAEXTLIE pH BIS0E (1988 —2004 4F)
Table 3  Effect of long-term fertilization on pH in red soil (1988-2004)

HE/N X JIEk Ak 3 " Al R pH & PSLARSEYE
Test plot Fertilizer treatment P Variation Annual variation rate Correlation between pH and PSI
TAHLIE RIS Pre-experiment 4. 60 Ypg = —585.6X 4 +3 914.2
Chemical fertili
emical fertilizer NPK 5.30 0.70 0. 04 r=-0.856"
application
NP 5.39 0.79 0. 05 p <0.05
PK 6.08 1.48 0.09 n=7
NK 4.38 -0.22 -0.01
A HLIECHLE it iR HI Pre-experiment 4.65
Combined application CK 5.30 0. 65 0.04
of organic-chemical
BM 6.24 1.59 0. 09
fertilizers
SR 5.53 0. 88 0.05

2.2.2 GHUBRSER A PUEX IR T
WAERE I RS R 5 2%, — 7 1A BB ml Bt 5 ol
PR R S 4 WS T A7 1147 ISF 88 3, ol WA R 1 %5 5 —
D7, A USRI A HT AT DUy 2 T AT J
FACTA T A B, B LA, A3 HLST B T LSS ok
W E NS AR 08O D R N
FEAF R B, BEE A LS & AN, 204 PST AR
RS, —H 2R B HE LR C KR (r =
0.896"", p<0.01) (£ 4). LA PN A R
PR (14, ) Tl PR i B A IR BRE AR Ao (ER, 4l

LYt A 35 5 B R ALY 2 SR R4S 5 )R el
S5 R B - B 0 AR DT . AT A
Ay e R ARAEAE AT DL B 2 R AR AR
[AIAFAER e BT, e AT A 3 I A S ot e —
PBCA S o i S PR T, i 6y AL 37 A1 A5 L
PR AR A IR RS S AN — A B9, {EL UL A 7 35 B B TR T
SUREM BT AT LR B 2 1 A W B2 A LI R
LA daf P S B AR i R RS A 7 L D R 11 T
BiF, SCRT LUJE RS A2 19 AL BL-P 23 I
“Fe- A WL %A1, 1 J - e BB 0 B 22

R4 OEAVRRFEBHARS TEBRIFHEHHEXXR

Table 4 Relationships of phosphate sorption index with organic matter and clay contents in red soils

%NS JEREAL 2 AHHLBT AU PSIAHSME RORLURT FORLIRT S S PSTAR G
Test plot Fertilizer oM Relationship Clay volume content Relationship between
treatment (gkg™) between OM and PSI (%) clay volume content and PSI
ToHUIE NPK 12.75 PSI= -0.140M + 2.68 23.2 PSI=0. 12 Clay -2. 14
Chemical fertilizer NP 15.30 r=-0.896"" 25.7 r=0.770"
application PK 14. 60 p<0.01 23.6 p <0.05
NK 8.77 n=7 27.2 n=7
A HLICHLAL it CK 12.57 22.3
Combined application of BM 16. 83 18.9
organic-chemical fertilizers SR 14.43 24.5

S IERRL I - T s 2 I A A B AR
53, ERIICHLA R 73 252 h 2 AR AR R Eh FEK L4
BRI SEAC) , DL B2 o AN E B BRI S Rk R A,

SFRLR T A AT, BB -5 S B A Aok A
VERT, sme 8 b i) Wy B AR 2 AR W R R I
Rl SRR ) R I B IR ERER, B S
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JSERE R SR AL X B R I B 2 4 AT
B 3R B 3G 0, 2T 3 W RE TR B0 K,
R [E B BE S 3088 (r =0. 770", p <0.05) ,

2.2.3 PERAMRY Bk ABEYER ML
e DL S A Y A, AR - SRS R AR )
B LEY T, 5 A R YR IE S ARSEAT
N BRI RE ) K S AT LUE AR
Jite AL it %o 21398 r i 25 SR AR B 52 M B R, FE AT L
TCHLTCitE X, Fc it 3 JBE A 116 A= s FF A4 FE A 24 ) 4

Serbiires S ALk VB A R R TN BRAL B, M
T HLAE 8 it T Xk = 38 v T 5 T S0 BR A8 5 i A
3 R TG T AL 1 R e 22 5 3, AT PLE
AR B JOHUIE DX, A AN it
{1t NK Ak B ) - 38 r i 0 S AR ) 10 die K, OO
NP A1 PK, ifii NPK Hrdg/IN, Jo =35 Z 6] () 22 53¢ AN
Fo MICER B AL H R . NK /),
PK ek

x5 KHBERGTEHIRKBEUDSERES PSINEXRY

Table 5 Iron-Aluminum Oxides content in upland red soil under long-term fertilizer application and its correlation coefficient with PSI

ToE AR TR P Weh | 27 Si) g L B R
L i3 . -
A WUEHLEE Amorphous ek AL R T s
PRI/ X . Free aluminum ) )
Fertilizer aluminum Amorphous Total amount of ) Free iron oxides  Total amount of
Test plot R . . ) oxides ) ]
treatment oxides iron oxides amorphous oxides free iron oxides
(skg™")
AHLLHLEC CK 4.04a") 2.55a 6.58a 8.12a 26.67a 34.79a
Combined application BM 3.21c 2.58a 5.79¢ 5.48¢ 20. 66¢ 26. 14c
of organic-chemical
. SR 3.47b 2.76a 6. 24ab 6.28b 24.95b 31.24b
fertilizers
TCHLIE NK 4.6la 3.20c 7.81c 10. 54a 29.96a 40. 50a
Chemical NPK 4.37b 3. 65hc 8. 02bc 8.98h 24.24b 33.21b
fertilizer NP 4.49ab 4.02b 8.51b 8.31be 26. 88ab 35.20ab
application
PK 4.44ab 4.85a 9.29a 7.89¢ 27.42ab 35.31ab
5 PSI AR R4 0. 626 0. 096 0. 330 0.828 0. 805 0.852°
Coefficient of

correlation with PSI

1) FHREARTR] 1Y 22 AR R I /DN X P A 7] it JIE Ak B () 52 06 2% 5% 18 3% (p < 0. 05) The difference between values followed by same letters in the
same column is not significant at p <0.05; 2) = FE0.05 /K |- g ZE A& Correlation is significant at the 0. 05 level (2-tailed)

PSRN A 7/Pas A AR IV PSS
JEHE W BB A, W3 S T LUE Y, 205 il
EHAR AL S PST Z )5 1 3 TE A OGOG &R Ui
AL BRI R T g A Bk . AERRYE M
BRESAL G W R0 5 DL A 2o R R R i 7
PRS- (1) T8 X R0 18 B 5 2 T 9 2 O A
A S, BT IO B R R A A W 2R i i A P
9 % A0 (2) M Y B R Ak S R R A 1Y
| AR
2.2.4 JCHLBERRERALN  BRRRERAE HIET AT
TR S SA L T 2% 3 pH BRI, BIFFE R,
b pH <6.5 I, PBERR Bk | B R A1 A4 Hh B
A R 5 24 3 pH > 7.0 15, T PR T Bl i i
B AEMELL AT 25 1% pH A F 6.5 ~7.0 i,
S| R 5 R/ R E PV QS N ot

pHL A 4725 1 L 4 17 05 265 W 2
ok HLHL (™! 0 pH TSR, 3 = R
(HPOZ™ ) i B 398k, H o 8 B i 4t 3
W, B 4 B 5 B B B 25 L
AT M AT 2 (46 6) , PST L0 P 445 4
HERREL (ALP) K45 A AR EE (Fe-P) I E
B R (Oc-P) S 445 £ A5 BERR L ( Ca-P) 977 4%
PEGURIZEEF FFL 555 2 A5 BB 2 (Fe-P) 2 B
EHHEER (r= -0.828" ,p<0.05) , X 5L
O BRBEAT S, 7E 2T HE A LR P F L Bk A0
B R ™ T EL B 25 I ) P 9 45, 4
B B AS BRI AR (AL-P) U1 23R AM B A Bk s A5 25
BRREL 0 (Fe-P) |, FF LB 45 24 25 B 3 ( Fe-P) X4
MR TETRERE TR WA e, BB T R , Bl
L T2 R R - B R 2
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1T - BRI Sz i B R B T, B R A ke ol it FH
AR SRR A A0 ot B - R B
(RIS e e B 8 1 e R W e i (X, ) 5 TCHL
H A TE B E  AH G OC R . T IR £k 20 Al
(RS T T T B S g B A, {HL pHL T g 1 [ s
- SR 6 R T P R A7 AR A T R, R 1 B PR

*6

Ay 15 22 BT FREARR T B A IR R o 3 S A LT 4 Y
AR FEAN IR B 5 v R A T AR AN IR, R B
SOV R] R L1 B B A | P B S IR
Th AR A5 EE 5 £ pH B AE IR OCOC R (R
6),H pH JHmfie ot 1 B ER AL AL, R AR 1208
B RE ST o

T pH  EABEER R0 53 5 LT RS IRFHE 3 ( PSIT) VA X R &

Table 6 Correlation of PSI with soil pH and inorganic phosphate in red soil

TCHL#EEZ L Inorganic phosphate I EE= =T
vl Al-P Fe-P Oc-P Ca-P PsI
pH 1 0. 688 0.867 * 0.790 * 0. 805 * -0.856"
AL Al-p 1 0.879 0.921*" 0.919 -0. 580
Inorganic Fe-P 1 0.916** 0.973 ** -0.828*
phophate Oc-P 1 0.936 ** -0.741
Ca-P 1 -0.711
WM PSI 1

# 7E 0. 05 7K I 5t #FAH5% Correlation is significant at the 0. 05 level (2-tailed) ; == 7E0.01 /K- |- g A Correlation is significant at the

0.01 level (2-tailed)
2.3 qEERAHSS T IERRFERNEIES

TEARSR AT 3L AE |, 32 ] Dpss 4K 4% 21 38 5
J2H 53 5 IR WE W R R B R AT A0 [BLE oy,
— A5 WM 1 198 4% 5 J5T 2 43 X6 e W AR i B ) 5 el
JE o BR pH A1 300 B S B AR A B R RES I A
DA B P e o I N & 3 E

PSI= —1428.3 —61.2X, + 32.9X, +43.1X, +
74.0X, - 1. 0X, (Z AL ZEH R =0.996 7, 3 AH ¢
FZHR,; =0.980 0,F =29.9, B E/KF- p=0.1379)

(1)

U PST BEWFR B X, , AL X, IR AL
X, Preg Ak s X, BB X, BRMR K

MTTRE (L) T DA H RRL Sl 25 R A0 A Ak 3
PST 5 IEAE ], WA DL 5 B R 2k Ak & T/ H
R 7 8 AL R T R Ak R X6 PST RV AR 482/
Rt , i — 2B BIBR R 7 X, X A5 A 07

PSI= —133.1 - 99.6X, + 64.9X, +69.0X, (R =
0.993 7,R,, =0.987 3,F =78.3,p =0.002 4) (2)

MITHRE(2) AT LUE i 25 SR A 2k 5 Rk 41
R RO B X FE R, BB
YER T B8 Ak k. A I B X 21 38 Wl W A5 48 4
B B A E e 2o TR L, aE— 25 5l Bk Uit 5 4E L4k
BROYSE M , A5 A LB R RS PST Y [al9 7 2

PSI=1395.2-151.9X, + 55.4X, (R=0.9477,
R,;=0.9205,F =17.6,p =0.010 4) (3)

i (3) #E— 2L WIHR 1 A AL Rk R
EESCM N5 PSTRMERIC R, iT AR 208
BT S - ERA W AR 415 K01 S B e 2 73, ik
SRR

i®

3 4
1) -FHeR B B RE 172 T E 1l 22 I ) b
FCIREEAT W 10 TSR, R S5 5 (PST)
(R4 1 5 R AL T 48 07 TE 0 5 A i
(BB I A W, 7 TR A R B A, 4 ST
R R AR 40T

2) SIS KL PST) AT AR AR 3k
Wi (X, ) K FAE 5 I BEBE 77, JR 0T i PST Ik
PNKAEIT - SR R L R

3) BRLLEERREIREE A AL Bk &
BilaEh (Fe-P) [ty o i, 7T i S MR IR LT 1) ST, B %5
A b B Ak 6 AR A S B B R I, 41
PSI iz 0k,

5 % x
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EFFECT OF SOIL MATRIX COMPONENTS ON PHOSPHATE
SORPTION INDEX IN RED SOIL

Wang Yanling'?  Zhang Yonghui’ He Yuangiu’
(1 Jiangsu Key Lab of Agricultural Meteorology, Nanjing University of Information Science and Technology, Nanjing 210044, China)
(2 College of Applied Meteorology , Nanjing University of Information Science and Technology, Nanjing 210044, China)
(3 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract Soil samples were collected form the 7 treatments (NPK, NP, NK, PK, CK, CK + BM, and CK +
SR) of a long-term upland fertilization field experiment, which started in 1988 , for determination of phosphate sorption in-
dex (PSI) with soil maximum P sorption capacity (X,,), and hence discussions on effects of the soil matrix component,
like soil pH, organic matter (OM) , clay, iron-aluminum oxides and inorganic phosphates on PSI. Results show that long-
term application of phosphorus fertilizer or combined application of organic and chemical fertilizer could significantly re-
duce PSI. With rising soil pH and organic matter and iron phosphate (Fe-P) content, PSI decreased markedly. But the
higher the contents of free iron-aluminum oxides and clay in the red soil, the higher the soil PSI. Soil phosphate sorption
index (PSI) showed a significant linear correlation with soil maximum P sorption capacity (X, ), (X, =0.5PSI +

412.8, r=0.967"", p<0.01). Therefore, the former could used to replace soil maximum P sorption capacity (X ) to

characterize soil phosphorus sorption capacity and soil phosphorus supply capacity as well.
Key words Red soil; Phosphate sorption index ( PSI); Organic matter; pH; Iron-Aluminum oxides;

Inorganic phosphate





