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FH o 3 [ 2t 5 /0 A vt A K - 5% W ES 9
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A MU 3 FLAE AR ] v R I R 35 YA ) K A i, 20
A HLIE (AOP) | Hh 4555 A WL (MAOP) (fa 5
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R0 R IRI2H 43 W 25k A A A v R TR, B O R
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B LR RE 25 5% B T L3z b JF ARl 28, H

AT E A 2/3 () LN R FE B 0 el . 204840 5 4
] TR 21% , 15 25 44 - M T R 32.7% .
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1.1 RAEXH#ER
R X AT = & i i e Xk M 4

(N25°18'6. 8" ,E103°53'55.4") , i 4 1 906 m, J& %
A A KA, EHIR 13 ~15°C, = 10C Bl
3500 ~4 000°C , 4F F& 7K £ 900 ~ 1 000 mm , 4F 7 %
#2000 ~2 200 mm, X1 70% ~74% , T 76
245 d, R - HE o sh BURE R R A 1 R 4T
I HT (1978 4F) #h 2 L e L AR AL Mok n 36 1,
FRAEVEY & E K, —4F — 2, 2RI,

F1 RIGHBETE(0~20cm) E A MK (1978 £)

Table 1 Basic physical and chemical properties of the topsoil (0 ~20cm) in the experiment (1978)
. A HLBT o e AL AL
) pH (H,0) oM Total N Alkalytic N Available P Available K
Soil
(gkg™") (gkg™") (mgkg™") (mgkg™") (mgkg™")
111 J5L 4T 4 Mountain red soil 6.1 20.6 1.0 71.0 JE & Trace 67.0

1.2 A&t

BUES R T 1978 4F, % i 6 A R AL HE. (1)
NF, ZE 54 ZNEBC i ; (2) NPF, & B AE 5 4 0
B, (3) N, Hujti & I8 (4) NP, jifi 20 A5 (5)
NKF, & B AE 5 4 AR AT it ; (6) NPKF, &0 B 40 AR
S5FIOEME., B3 REL, it E ILE
2, AERLIE FH 77 1 AR 30% 15 B B AR, 70% 1
FENE ;s B 8 5 A S NEAE R IE 7 it

FK(Zea mays) &Rk 24 b K TH B RS 458
Ff (1978—1984 4 7K 1 # . 1985—1988 4F 3k 5T 2% 6
2 1989—1991 4F % B 1 B 1992—2007 4F 4
M4 B NXTE AR 66. 67 m”, B AE %5 BE R 67 200
B hm =7,

x2 AEEELEELEE (1978 £ES)

Table 2 Amounts of fertilizer applied in the different treatments

4k 3 it A

Treatments Fertilizer amount( kg hm ~%)

NF N 276 3 4 FAE P30 000

NPF N 276;P, 04120 ;4 ZJIE 30 000

N N 276

NP N 276;P,0,120

NKF N 276;K,0 112.5 ;4 5 JE 30 000
NPKF N 276;P,0,120;K,0 112.5; 4 FK}E 30 000

DR F A B R FF 38 5 HEIX 19 + 2% I8 Barnyard manure

was composed of sod,and composted straw bedding

1.3 MEFZE

AT AT R R TR AR Ak A o Ak I
FIEpH( L KN T 2 2.5) R pH iHIE . +
e 4wk M H,S0,-HCI0, 1 2 —41 86 bt L 3%
FE o IR R kR SRR — B P A
g

T HETCAHLBE 4> 9% . 2 IR Chang FlI Jackson'! Jy
B, R SR PN E SRR T (1) Al-
P AW (1mol L™" NH,C1) 242, 1 1 pH 8.2
(¥ AL B 7 W (0.5 mol L™'NH,F) 242 (2) Fe-P,
SN (0.1 mol L™" NaOH ) 124 (3) 0-P,
PR B WL (0.3 mol L™" Na,C H,0,) 5%
WAL 4M (Na,S,0,) Kk, Z AL ME IR, = RIR
BN 5 (4) Ca-P BRI # (0. 5 mol L™" H,S0,)
B

1 G HLWE 4> 9. 2 B8 Bowman-Cole 3 R
P Al 2 AR R BEAT LA ML AL o3 W 2 o (1) 36 P
L8, pH 8.5 Ay K R A 4 7 W (0.5 mol L7
NaHCO, ) i@ 4 (2) H 458 1% M A HLBE , iRV i (1. 0
mol L™ H,S0,) Fl & & 1k # ¥ % (0.5 mol L~
NaOH) ¥ 42 (3) i At HLuE, I & B & A Hl
1, N AT AR R 4R TN BB IR BT UL UE 1 3B 435 (4) = kR
PEAALBE , RIS SO A A ML, O i AR R 4 R
FRULVE MR 5 o EARERAEZ DL SCik[22]
1.4 HERITESHSHF

JIT A B HE R ) Excel 2003 B4R dE 178 3 5 2
FH SPSS11. 0 G it 43 #r 3K A 3#E 47 J7 22 53 W7 &
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2.1 KHMEBEXT 8. E BRI
ASTa) it JE b 3R 42 B % FE A T 635.0 £28.9 ~
1181 £76 mg kg~ s ik W & A T 6.95 £ 1. 15 ~

45.84 £1.97 mg kg™ ; K Wt AT 33 4F 5 NPF NP,
NPKF b P + 3¢ 4 B & &3 . 3% & T NF N NKF &b
R4 W0 70.07% .23.30% 24. 52% ; NPF NP,
NPKF b 35 3 % 0% & 1 43 9l 9 NF N NKF 2b 2 )
3.50 £%5.6. 07 £% 1. 27 £% . d WA 09 i FH 28 A 2 38
A b R A S (R 3) .

®3 FEERLENIERRESHILIENE N

Table 3 Effect of different treatments on phosphorus components in red soil (mg kg™')

s a0 AT ATHLE B LG B
Treatments Total P Available P Total organic P Total inorganic P
NF 635.0 £ 28.9a 6.95 1. 15a 302. 1 £26.4a 352.1 £ 7.5a
NPF 1080 =+ 78.6¢ 24.30 £2.40¢ 592.0 £18.5d 588.1 £43.0d
N 882.9 + 34.6b 7.55+1.13a 481.0 £19.8b 401.8 +20.2b
NP 1088.4 + 79.0c¢ 45.84 £1.97d 563.3 £41.3cd 625.3 +44.0de
NKF 948.6 = 64. 4bc 16.44 £1.78b 553.2 £13. 6¢cd 495.3+ 7.1c¢
NPKF 1181 =+ 75.9d 20.95 £1.51¢ 538.2 £45.5be 643.0 +=15.8e

1 R ) SR R B s 22 5+ 8. 3% p <0. 01 Note : Different letters in the same column signify significant difference p <0. 01

2.2 KHEIMEREST T RS E AR R EE RN

AN [A] it JE 4b FER JC AL BE S R A T 35201 +
7.5~643.0 £15.8 mg kg™ (% 3),5 NF N NKF
RhFRAH LG, NPF NP NPKF 4k 3 JG HLBE & & B 35 4%
& 67.01% .55.62% .29. 81% , & W - 1 jifi s 5 5
HHZ BT R

AN [R] it A A BT 21458 To AL B A% 2 o i R
AFECE ) . AR, 33 Fe-P & &1
Fm THAM = A n & = A A b B b
Jiti U AE 4 3 AL-P Fe-P il Ca-P & it fie {1, 34 Jifi
AR5 , B NP 4b 3R A 32 (% AL-P Fe-P il Ca-P & &
A AN [) 2 5 Ml 14 T, B8 B2 430 Sk 52.46%
65.35% F1 46.50% , 5 NF kb B AH L, NPF 4b B +
Firh Al-P Fe-P 1 Ca-P & & 4% 5 34 fin 12.52%
114.66 11 9.77% ., jiti NPKF () + 1% Al-P Fe-P #i
Ca-P & i = F NKF &b 3, 34 i i B4 63.01% |
26.78% F1 9.9% , KT S, i B8 NP, NPF Fl
NPKF &b B + 39 T M8 25 21 43 7 1 =2 VA i W 1)
N NF 1 NKF &b 334 A, 34 hn g 5z 53 51 2k 55.57% |
67.01% F129.81% . 1] U, 3% it % N %) = R 1L i 21
ST HLBEH 7> A AR K 5THR

K HARE B T, Ll J5 2T HE T LB 45 4153 1 43 o
BLULE 2, NI 2 Hha] DU, BT AT AL 38 4 58 TR AL
BRI LL Fe-P o 5 B 19 50% A4, it
RN AL PR +HE Al-P Fe-P O-P FI Ca-P [t 4K ¥
g 24.06% 55.82% .5.90% 1 14.22% ,jifi NP 4b 3

450 -
400 ¢
350
300 ¢
250 1
200 ¢
150 +
100 ¢

50

oAl-P @Fe-P @O-P mCa-P

NF NPF N NP NKF  NPKF

TR LB B
Contents of inorganic P fraction (mg kg™)

JHEAEAL 2

Fertilizer treatment

BL TR it MR Ak 31 A 33 TE AL 45 40 43 7
Fig. 1  Contents of inorganic fractions of P in soils

different in fertilization treatment

+ 3¢ Al-P Fe-P O-P il Ca-P Hfil 4K kK 23.57% .
59.32% 3.70% F1 13.40% , 7] L)L & H 14 it 5 AR )5
I Fe-P L3I, o Ath = PP IE S T ML A A
[ P B A R AIG, L O-P B 3] B A i 85 K T AL-P Al
Ca-P, fl4n NF kb P34 it 9 10 J5 , £ 3 rh AL-P  Fe-
P.O-P Al Ca-P [l iy 19.56% .53.33% .7.29% Fl
19.81% % 725 3 13.14% . 68.55% . 5.3% Hi
13.02% , NPKF 4b¥ 5 NKF 4bBEAH L, 4 41 43 T L
1 LU A AR AR A 100 Oy < AL-P LG 45138 i, Fe-P L O-P FiI Ca-
P Wil i 53.72% . 8.06% . 13.15% [& % K
52.47% 4.91% 11.13% , H v O-P L {5 B {15 i 5
K,
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P2 AN Tl it A Ak B S DE ML B 45 2L 3 BT o L 481
Fig. 2 Proportions of various inorganic fractions of

P in soils different in fertilization treatment

2.3 KEYEBOENBEARREFRNENZMm
AN [m) i A A BE R A ALBE B A T 302.1 £26. 4
~592.0 +18.5 mg kg ' (£ 3),NF.N &b 5 NPF,
NP 4b 3 AH b, A LB & & W 2% 4 & 95.93% M
17.11% ;NPKF 5 NPK kb ¥ 5 LB & & 5 5 2 2%
S o XL SC T AR il ] R TG B 3 n L U ] e
2 DR R T bt A N8 45 A a0F 1 B ML ) G L B A%
b Lee %" i 15 5 26 (L i) BF 5 405 3R, 3% 250 FH o
FE B2 w5 T 4 HE T ML 4 oy A o A HLEE AL Ay i
SO S T A ATk 9k R P K A e
XF w2 R ) BF 5 L FE A 0 it A AL AE B
FALF IR $ 30 ~ 20em + 2 1K &8 AL
RiMAEA LB R
AR LN E AR . 5
TCHLBEAH LG, A HL8E 7E 38 b B BRI RS Bl
Bl HEICHLE By [ R A R G, BRI X I T K Y
A LB 05 W] 4 2 B ik b T AL, RHE Y A K
WA AT F o AR A A AT LB AL o R 7
A U2 T A Z 1), v 55 3 M A LB A b Rt A Bl
2 - A LB b e 3G BRI L 50 A R R 1 4
Gy o WLAN IR W 5T B U M HLEE S e 2
WA %Y R B, A SCTE S AT 5O IR it
AhBRTR A AL A 4y B A 38 0 0% PR A PLEE L S
PEAT HLBE AN R RS M HLBE | R AT LB I AR Ak
AP 3 AT LU L 52T S BT A it R A B (B
NPF &b 358 ) ¥ 02 i AR v A HLBE & it b i, Th 5 0
PR LB & &R b, m R A ALK 2, W A L
o R K. BN AUIE, A T M AL L P A
WA OLBE AR PLEE AN = R LB A Ry
Wk 24.45 184.28 236.43 #l 37.32mg kg ™', NP

Ab A P it RN Ak BEA B, A 08 b A 1 A BLEE A
AR R A HLE O i A S (R AR EE A 3, 1
4 20. 67% Fil 62. 78% ,{H 4 33 A7 HLBE Fi i A 1k
AALBE B B REAL, W/ IE BE R 7.53% F112.67% .
NPF 4b B 5 NF b BAH LY, 4 358 76 PE A HUBE | A 4506
PEA HUBE R R VA AL B 3 1 3, 15 0 43
Wk 6.30% .10.95% i 37.20% ; {0 & Fa Pk A5 WL
R, BRI FE o 8. 56%

NPKF 4h ¥ 5 NKF &b 2 AH L, jiti fin @ I8 5 1 458
R P AR A ML R A R 2 S R
A AILBE B e kA AL B B R B AR, B AR R R 43 )
1 6.73% F121.15% .,

wg S0 0 AOP @ MAOP mMSOP mHSOP
en =
E 2 400
1 o
412 300
x5 200
G
o
2 E 100
£
O 0 i :
H N N
it JEAL 2

Fertilizer treatment

1¥: AOP:3EM:APLEE Active organic P; MAOP: Hr253%1:
£ HlEModerately active organic P;MSOP: v fa it 45 HLi
Moderately stable organic P; HSOP: f&fait: 4 HL#k Highly stable
organic P. N [F], The same below

3 AN [ it AE 4b 2R A A HLBE 4% 2H 7 & ik
Fig. 3 Contents of organic fractions of

P in soils different in fertilization treatment

it A 2% 140 R 3 b A BLBE 25 41 43 L e dn
B4 fios o T A it N Ak B 1 4 398 vh RSt A BIL EL 491
e, LU TR A N A ALEE, RO E AR A L
Wl U5 A DLW B AR PR RN B - g, TS M b T
PE A AR R A AR v A DL L9 4 B 5. 07% |
38.20% .49. 00% 1 7. 74% , 34 Jiti B AC J5 09 L 451 43
Wk 3.41% 33.57% 58.10% 1 4.92% , 7] LI H
SUR R A DL LU 5038 i, i Al A LB L 1 3
R ARG, 33 156 B 348 e ol T2 s, 50 0 06 PR A ML L b AR TS
PEA AL BE T A2 PR A WL B ) b AR PR A LB B R
Ui B NP Bt ] DL RS i 4 g RS A MLt ), A
FIFizdlsrmiem 5 R, NPF 4 #E 5 NF 4b 3 AH
Fb, 39 v 2805 A ML B B A T G, TE R A AL
Wl L9 | A M A BB R R A P B LL 9 2
%, BB L L 85 I 15 A 58 i it v DA A 0 HL At B 2
1A LB 1] A 1 T A 4 R T Y ob S5 0 A BB A

http : //pedologica. issas. ac. cn



24 S ERAE R X Lt T S B 2 I A AR Y 5 355

A8 AR HEAEY = iR R . NPKF 4R L5 NKF 4k 2 A
oL BR T b e R ARk A HL B L A B, e
BN 3. 11% , Hofl = Fh B 25 B9 A7 HL#iE B3 44 | o
S5 R AR AT L R L 18] R A I R 0 )
H70.17% 1.62% F11.32% ,

o AOP @ MAOP @ MSOP aoHSOP

100%
Ay
=g 80%
2 o
R g
s 60%
Es
2% am
T g
B35 204
H & 0
&
0%

NKF  NPKF

HEALAL 2

Fertilizer treatment

P 4 A [a) it AE Ab B A A LB % 2H 3 BT o e A
Fig. 4  Proportions of various organic fractions of

P in soils different in fertilization treatment

2.4 TIEBEASSERMABMNER

4 Ry A HUEE O LB A o 5 ek 0 A
KMo g R WTUUE T EEEA LS L%
S A B IR A OC (r =0.861) , R AR AT ML B
5 A S W IE AR O (r =0.840) o HAh M 2H
G3 B AR S /NP Sy v de VA ILBE > 35 VA AL
W AU F B, b A5 0 A ML A AR A LB
S S 1) 2B b L 35 R AR K R ER
BT A5 R AH— 2, 13 b iy b S s PR A AL 2 -
96 AR 1) S EEOR UR 0 M ML TR B G, X
g R 0 TTER /D, HUA A b S I A L
NN TE , A BE T EVE W X R Rk . AL
BEZH 53 Th (Y Fe-P  AL-P 5 3005 73 ] 52 4% 1 2% 1E AH
X (r=0.908) B FHIEAHKL(r=0.706),0-P 5L
WA AR CPE R 55 o 25 R 3R W], Fe-P (Al-P 2 R L1 Ji
CIMER) R BE VR, I O-P AU A LMk, nT 0L, Bl
0 B ) 0 S K A 0 A S RO 5 B B, TG HL B
H A TS EATZ R A S S G
W5 B 5 ) - HE R AR 1Y) R K o

x4 ITEBEASSEHBMHBEXE

Table 4 Correlative coefficient of organic and inorganic P fractions and available P in soil

A PB4 4 Organic P

TEHLWELH 43 Inorganic P

AOPY MAOP?

MSOp?

HSOP* Al-P Fe-P 0-P Ca-P

HEL B Available 0.636 0.861""

0.840 "

0. 705 0.706 " 0.908 "~ 0. 365 0. 448

1) 6P A HL#E Active organic P;2) HH 4515 M A ML Moderately active organic P;3) Frfa 1A Pl Moderately stable organic P;4) & fa 1A Hl

% Highly stable organic P. # % p <0.01; = p<0.05

3 i

H a3 B & B A4 5 2w K208 19 mg
kg ™, AR T SR R0 B 555 4 £ B W S 0 4 AL
e 53 30 FL IV 7E 30 ~ 50 mg kg™ =2 A AR K
WABENE R IEOL T, W M0 it A 138 5 2 AR P b 4k i
B 3 - S50 ¢ i 5% 5 i — 2L W T (Fe (Al
Ca) 56 MEVS B IR 1 , X FEAR KRR E L5 i
W RS S A W A A PE . A BF SR I IE 33 4F
Jo b A AE BAR KR T, H B BN L AR
6.95 +1.15 ~45.84 £1.97 mg kg ™", 7] W, + HEw 4
535 SR Z 18] (1) 5& 568 i 5% N0 Rt FH A 2801 i
R E AR SCHE SRS 6O [ i AT A BT K e
AT 1L i £ 3 TE ML AT HLBE 2 43 52

3.1 KHEIEBEX WRIELHBEA S B

KTt A 5 - 4 G AL I B S e e R
MM B E B 97 56 . AR Z5 IR, B A i
JIE Acb B - HE () TEMLBE A 43 BT LA Fe-P Sy 32, o B (1Y
50% fe Ay, TCHLBE AL 53 Th 1 Fe-P (AL-P 5 3 850 5% 53
B W W ARG, B A £ e
bR % B S TCHLIE , + 18 1) TEHLBE 7 — 5 A1
TR A A B A AR A B BE HE N 1 3 T AL
o i, Al S Wl A RN A ML T e 3 o ek AR - B8 T AL
B 2 43 1) 5 SRR EL (91 B8 v T HE R O A L (A
KNI+ EAAERRES .

45 SRR 4 00 F 5 45 SRR TR, bR A
S A (RTEIRIE ) K A AE 15
AR HERE R A AT R R KA T R+
HIEE IR & & K/ANF K Fe-P > Ca,,-P >
Al-P > Ca,-P > Ca,-P > 0-P, #hs H %" %} 5 1

http : //pedologica. issas. ac. cn



356 + b

¥

51 %

26 AFA M E ORI Y TC ML S R W KA A
PUIE AL 22 W R, BR T Ca,o-P & 78 8F 2 i 0 4,
HoAth 25 22 ToHLBE 25 & XA B 38 s At ZE0IE 50
JEfE, Al-P Fe-P O-P Ca,,-P % ¥ />, Fe-P , Al-
P Cay-P Ca,-P 7 JCHLBE &5 49 L 38 i, i O-P
Cayo-P IR [ o X1 SCHE S 70 0 R S 1 B F 5T
S5 R : Ca,-P W HEBE B 7 fe i, F A L AN S 8%
(L8 i 0 B K B /MRIK Sl AL-P > Fe-P > Cay-P >
FACTRBE KA ) o T HFS 250 F) F AR 56 23 Br Al il 42
SINTAHZS G R 75 L T B 4 v 45 2 4 T ML X
RSO A A X H M T AR KR < Ca,y-P > AL-P >
Fe-P > Ca,-P > O-P > Ca,,-P, 1M [f] BE 75 BR Pk 1 HE 21
KRS L BTG R KW Fe-P By 2Ly, B
PR IR e 4 SRR W, £ S K A P A% 4 4y
TCHLBE ) & B DL Fe-P Al O-P o8 3, Hik 2 ALP,
Ca,,-P Fl Ca,-P, ] Cay-P HAT Y - TCHL WA 2] —
SE ~F T AL B 0 B I A AR, X KRR W R E SR DT
[ 19954 7= S A O S o TS S U e o= R e o
ARBSHEIA 3% 225, Fe-P (Al-P g =g L i 21 43¢
A SR

AT 5 2 B K 0 it A 5 )+ 9 A T LS B
It i b, Bt SN Y £ 58 AL-P Fe-P O-P FI Ca-P
F B 4K YR R 24. 06% . 55. 82% .5.90% Fl 14.22% ,
Ji M@ L 5 - Fe-P LU A3, HoAth = Fh & T
BLWE I AN [ B2 B2 i R A1, He b O-P AR 22 K T
Al-P F1 Ca-P, NF b 35 5% jifi 8% T i 2% R 4 i 17
Fe-P % it . NKF 34t 5 iC J5 0916 00 5 R 45 A
], 4 20 53 TC LB UL 451 28 A0 A% 0 Sy AL-P LG A5 385 in
Fe-P O-P Fll Ca-P X i B 1%, Hi b O-P L 451] B2 A R
BB K o AW 5T AL 3R B 1 it g I O LR E NP
K 55 437y K e it A5 HUAE A 3R o] 2 F A RS ok 1
B o A A R I, K S e A Ak B A
WA RO LB R DL R A
BRI PR Ak B i AU 5 (L i D 98 IS Ak D) K 7
e i, A XS -4 Ca,-P & BESZ A B K, HOR Ol Cay-
P AL-P; B AE 5 A HILAE B it 55 R T A 5 o B R B
FIA RS AL . FATSE X 12 4R 40K e
7378 A W g 2% B, 3% S it A A Wi AT DA KAk e
54 HUAC it , 459 T HE 40 S e A HLBE L CHLBE
B Al E W 0 bt FH AE 68 % 2D HE R 2 Y aE,
FELL AL-P 1WA 5 K il FH A B R (5 38) + 3
AIBEI L Ca-P F0 AL-P FLE S 3, 76 fr 5 Ab H vp 1y
RN LI O-P S RAIXFAE . Song % HF 5L 5
A2 B IR 5 A AILIE O R R A RR R A B )

O-PFI Ca,,-P 5 ALHY L
3.2 KEMEBILRIEFHBIE S K0

THEA YL A B A L B S
SeALRERE 1 BN G o A LU T L e 2L HE K 0 0
B 33 4R )5, P A it AT Ak B 8 v AR AT LG LL 1
TR, FLU O b S5 A LB, R OO AR R A AL
W, T PR AT DU B 1. AR A HLBE 4 0 K
WA AR SRS T 45 R R B - S5 T A LW 5+
RO S A A I AT O, R AR R A L S Ak
WS S IR ARG o Ul W L R LD T i P P AR A
BB AN - AT Rk 22 18] O R U T O T A HL
20 5 B AR W 2 [ B9 56 & H T O RE I, 7 N W)
HHER R IA 25 XN R B SR T K
it HES X5 A 08 AT MLl 2 70 B B2 WL, S5 OR RW], 5  E
W 288 R A IO 5% AR B 4 U B3 A BIL B R R A
EVEA HLBE 2 i 60% o i A [a] i 8 1 K 3+ A AL
W 2 2 359 LA v 2 3 MR AT LB D =, DO Rh A HL BN A
WIS 16 P ALIE > TP AR A ULBE > Ik A
BLBE > Bk e A BB R SR I A S 1 R 5
P = Ml 2R 2H 20 B9 BIF 5 45 2R 3R WA HILAE 4% 4k B v
ST b AR A PURE B B T AR E
FE R A LB o . XM 2R RE R L
PR EAE I B0 45 2R — 2 b e Ewk R i A8 4l —
JE T NS b 28 22 5 5 = AN [ 3R 858 4% 1R A AL I A9 70
PR AL A5

AWEFEAE R ik 2 WA W B0 IE 5 AR I TR it
] LAt 2 A IR 25 A LW 1) A7 M) T A A R
SETEPEATHLEE R AR A LB A e AR
P . W NPF 4B 5 NF 4 BEAH LY, 4 38 rp 2505
YA LB LU 490 A3 i 385 0, 3% AT LB L 451 L P AR R
A BLBE A i A A LB LU 9] 2 [ A ; NPKF 4k 25
NKF 4 BAR LE, B T 0 S 04 b A2 v A HLIE LU 49 A B
B, HoAl = Ao S 00 A PLBE I BEAR . IX — 5 AT
NS SAR L BRI A5 A K % it
NEZ&AF T, JEie Je 5t A AL AL i 2 H: [ 16 AT e 45 it
L PrRedR e L b A HLBE RO S i, LR fe R AT
B2 73 v 19 B3 E 1k A LB A A A BIL W 1)
R CR SRy AN SE AN T BU B P VA 1V
WEEWTSE T 21 4F A [A] it A Ak PR OK RS b i RO 28
Lyt a5 RE M KBS A PL-JCHLAE 1
TS LB A R0, O B R T A A
A HLBE A B R T A AR A R R P
1988 4F JT fify 1) i 212 it A 1< 39 5 o7 3o 6 1Y e o R
Loy W WFFEAE R W, 0 A HLAS AT DL 35 4 o £

http : //pedologica. issas. ac. cn



2 38

S ERAE R X Lt T S B 2 I A AR Y 5 357

HEA AU BB R B KB £ 16 KR
I e AL 46 12F T B F 9 2 T, AR i L Ak 80 - 395 1
B 2H 43 A T a3, i N Ak B0 TT LB 5 A BB 45
2043 0 7E R AR A A HLIE E R A HL B
RS T 60% 4,

4 45

Ll B £ 3 4 0T P WA A 33 4F I 23 3 - 3 v
e BRI S SO 5 5 e W Ak PR R JC AL B AR
2, A HLBE S AL A 2 25 o 1 Dt 210 38 4 30 e 98 2 1F
T JUHAE R BT SR 0 3 RS R, LR
R B BIE S A ZACBCHE 5, aT LAGE BE Al 2 25 1
A HLBE ) A AT 90 0 60 b 2 3 A AL L P AR
PEA UL 2 5 4t NE Ab 31T 4 TE Ll 20 73 2 LA
Fe-P g 3, (5 B & 50% 7247, B NKF 1 i 85 12 /5
AL-P LU 38 Ab, F At b BE A Fe-P LE 51 3% S 38 i,
Hop =B S0k LI RE AR . A% S AR 28T - 3 A
DL A5 223 L A1 0 R A AL L 9] 0 iy, Uy o
FE TR HLBE, B U8 R R A HLBE, I R A L
Bl A 0 M 4 2R 3R W1 2 T PR A PIL B A R R
A B 9 ARl 11 BRI

S % X W

0] Edndi . 3 0 8% 5% U5 R0 85 AT A= ™= 0 9% . o IEJH % ANl
>R. 43,2004 ,36(2) :113—116. Lu R K. Phosphorus resources
and phosphate fertilizer production and consumption and predic-
ted of China II Phosphate fertilizer consumption and predicted
demand (In Chinese). Soils,2004,36(2) :113—116

[2] Sims J T,Edwards A C,Schoumans O F,et al. Integrating soil
phosphorus testing into environmentally based agricultural man-
agement practices. Journal of Environmental Quality, 2000,
29(1):60—71

[3] ZERE. LS ESHEMERAMA . BHIC5EN,2002,
17(6) :1—4. Xi Z B. Macroscopic view of fertilizers and ecologi-
cal study (In Chinese). Phosphate & Compound Fertilizer,2002,
17(6) :1—4

[ 4] Zvomuya F,Helgason B L,Lamey F J, et al. Predicting phosphor-
us availability from soil-applied composted and non-composted
cattle feedlot manure. Journal of Environmental Quality ,2006,35 ;
928—937

(5] FFEE kS . KGR 8RR OB SR & H
AL W BT S . MY TR A5 IR A 4, 2005, 11 (2)
143—147. Zhou B K,Zhang X L. Effect of long-term phosphorus
fertilization on the phosphorus accumulation and distribution in
black soil and its availability (In Chinese) . Plant Nutrition and
Fertilizer Science,2005,11(2) :143—147

[ 6] MmiiH, 2Rk, SR . SRR A 9t I8 X 2% 4 4

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

B AR AR B S . K PR 4, 2009,23 (5) :205—
208. Yang L J,Li T L,Zhou C J. Long-term fertilization effect on
fraction and content of phosphorus in vegetable soil in plastic film
house (In Chinese) . Journal of Soil and Water Conservation,
2009,23(5) :205—208

EHEFS  fffe Bk, Rk A A RIEIE T 20 e i R A R i3
BB . 2R 4R ,2010,47 (5) :880—887. Wang Y L,
He Y Q,Wu H S, et al. Environmental risk analysis of accumula-
ted phosphorus in red soil under long-term fertilization ( In Chi-
nese). Acta Pedologica Sinica,2010,47(5) .880—887

Bowman A, Cole C V. An exploratory method for fraction of organ-
ic phosphorus grassland. Soil Science,1978 ,125(1) ;49—54
Bowman A, Cole C V. An exploratory method for fraction of organ-
ic phosphorus grassland. Soil Science,1978,125(2) :95—102
KBTI % R R 2T ST 25 K R AT AR PR ST,
B 2 AR Mk R 2% B8 U5 5 R B8 %% B, 2012. Zhang Y F. The
forms of phosphorus and the properties of phosphorus adsorption
and desorption in long-term location experiment ( In Chinese ).
Kunming: College of Resources and Environment, Yunnan Agri-
cultural University,2012

Saleque M A, Timsina J,Panaullah G M, et al. Nutrient uptake and
apparent balances for rice-wheat sequences :II. Phosphorus. Journal
of Plant Nutrition,2006,29(1) ;:157—172

Singh B R, Krogstad T K, Shivay Y S, et al. Phosphorus fraction
and sorption in P-enriched soils of Norway. Nutrient Cycling in
Agroecosystems, 2005 ,73 (2/3) :245—256

Sharpley A N, Weld J L,Beegle D B, et Al. Development of phos-
phorus indices for nutrient management planning strategies in the
in the United States. Journal of Soil and Water Conserva-
tion. 2003,58(3) :137—152

Lee C H, Kang U G, Dopark K, et al. Long-term fertilization
effects on rice productivity and nutrient in korean paddy. Journal
of Plant Nutrition,2008 ,31(8) :1496—1506

Kuo S, Huang B, Bembenek R. Effect of long-term phosphorus
fertilization and winter cropping on soil phosphorus transformation
in less weathered soil. Biology and Fertility of Soils, 2005,
41(2):116—123

Tt , A 7, AR E £ BRI LRI 15 4F 5 B 3 E
AR . 4 5 i, 2009 ,40 (6) : 1362—1366. Cheng Y
L,Cheng X L,Zou D Y. Long-term located fertilizer experiments
after 15-years in brown soil forms and availability of phosphate
nutrient ( In Chinese ) . Chinese Journal of Soil Science, 2009,
40(6) :1362—1366

PR RE R IR OE R AF L ROW s e A X K A B R B
BRI W . MY E I 5 IR A iz, 2009, 15 (5) : 1065—
1071. Lu Z H,Ji S X,Zhang M L, et al. Influence of long-term lo-
calized fertilization on phosphorus forms in paddy soil (In Chi-
nese ) . Plant Nutrition and Fertilizer Science, 2009, 15 (5)
1065—1071

M LR I, KRINE NS A IR 1 Y 4 e
RS RIEMBT S . 24,2006 ,43 (4) :605—610. Lin
D X,Fan X H,Hu F,et al. Forms of phosphorus in haplyudic iso-

humosols soils after long-term fertilization ( In Chinese ) . Acta

http : //pedologica. issas. ac. cn



358

il 51 %

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Abstract

Pedologica Sinica,2006,43(4) :605—610

B H DI EMERE AF . KNI RE 3 I X A T BL BRI
AT AT RIFE W . K LR 3F2 41,2007 ,21 (4) :51—55,
144. Han X R,Ma L L, Wang Y Q et al. Effects of long-term fer-
tilization on inorganic phosphorus forms and profile distribution in
brown soil (In Chinese). Journal of Soil and Water Conservation
2007,21(4) :51—55,144

T, FITR . AR IE X A LB S . T
] A 25 Al 2% 412, 2008, 16 (4) : 824—829. Ding H X, Yu W
T. Impact of long term fertilization on different forms of inorganic
phosphorus in aquic brown-soil (In Chinese). Chinese Journal of
Eco-agriculture ,2008,16 (4) :824—829

Chang S C, Jackson M L. Fractionation of soil phosphorus. Soil
Science, 1957 ,84 :133—144

=B S b (A =2 4 Ty b 7 e | M Rl 2 B o R e el
#1:,2000. Lu R K. Analytical methods for soil and agro-chemistry
(In Chinese). Beijing: China Agricultural Science and Technolo-
gy Press,2000

Lee C H,Park C Y, Park K D. Long-term effects o f fertilization
on t he forms and availability of soil phosphorus in rice
paddy. Chemosphere ,2004 ,56 :299—304

HERAE SRR . LA DL BT ST G HE R . R ARl
K2R B OBK B2 BT, 2002, 28 (3) :259—264. Feng Y H,
Zhang Y Z. Research progress on the fractionation of soil organic
phosphorus (In Chinese). Journal of Hunan Agricultural Univer-
sity : Natural Sciences,2002,28(3) :259—264

XISCHE . BRIEAE A B 8 ob 9 T] 25 e A B e T e ) B B
JEZ% B9 52w .+ HEE R, 1993, 24 (4): 154—157. Liu W
G. Effects of phosphate fertilizer employs on form changes in lime
soil and its fertilizer efficiency (In Chinese). Chinese Journal of
Soil Science,1993,24(4) :154—157

THEFS, EA, B2, 5 R LB A RO A Rk o
5%, K LR TR ,2004,18 (3) :85—89. Wang Y L, Wang J,

Zhao L P, et al. Study on forms of inorganic phosphates and their

[27]

[28]

[29]

[30]

[32]

usefulness in black soils in Jilin Province (In Chinese). Journal
of Soil Water Conservation,2004,18(3) :85—89
BRI M, SRR, AF . RN AT X L KRS A DL A
YRR . R E SR S LR AR ,2003,9 (1) :63—66. Huang
Q H,Lai T, Wu Q, et al. Effect of long-term fertilization on the
forms of organic phosphorus in paddy soil derived from red earth
(In Chinese )
9(1):63—66
R AR, EH I, KIWHE N X8 B R R R
BEAL B I BE M0 .+ ALk, 2005 (3) :32—35. Li
L,Li X H,Li X Y, et al. Effect of long-term fertilization on accu-

. Plant Nutrition and Fertilizer Science, 2003,

mulation , transformation and availability of phosphorus in Fluvo-
aquic soil (In Chinese). Soils and Fertilizers,2005(3) :32—35
FA AR BIR, SCA AR L A [ e E %o 5 4 21 B A S
fE AR M . K & R 3552 4R, 2005, 19 (1) : 97—100,
144. Wang B R,Xu M G,Wen S L. Effect of long time fertilizers
application on soil characteristics and crop growth in red soil up-
land ( In Chinese ) . Journal of Soil and Water Conservation,
2005,19(1) :97—100,144
Song C,Han X Z,Tang C. Changes in phosphorus fractions, sorp-
tion and release in Udic Mollisols under different ecosys-
tems. Biology and Fertilizer of Soils,2007 ,44 (1) :37—47
XN ARTE £ KB, A5 L RKIUIHE AR i A X A S A ML B 4L
5y Be Hegh AL Ry 52 M . LB, 1999,30(4) :2. Liu X H,
Zou D Y ,Liu X H, et al. Effects of long-term crop rotation fertili-
zation on organic phosphorus and development changes of brown
soil (In Chinese). Chinese Journal of Soil Science,1999,30(4)
2
BRI, A IR T B, AF L ROV TR A N K B A A BL
Rk . A IREE,2007,16(2) :569—572. Zhao W Q, Li
J M,Xu M G,et al. Changes of organic phosphorus components in
grey desert soil under long-term different fertilization ( In Chi-

nese ). Ecology and Environment,2007,16(2) :569—572

EFFECTS OF LONG-TERM FERTILIZATION ON FORMS AND AVAILABILITY
OF PHOSPHORUS IN MOUNTAIN RED SOIL

Shi Jing' Zhang Yufang '

Zhang Naiming'’

Zhang Shuxiang’

(1 College of Resource and Environment,Yunnan Agricultural University ,Kunming 650201, China)

(2 Institute of Agricultural Resources and Regional Planning ,Chinese Academy of Agricultural Sciences, Beijing 100081,

China)

Based on a long-term (33 years) fertilization experiment, changes in form and content of phosphorus in

mountain red soil were investigated. Results show that the long-term P fertilization increased both Total P and readily avail-

able P in content in the soil,leading to significant accumulation of inorganic and organic P in the surface soil layer. In soils

under P treatment inorganic fraction of P was composed mainly of Fe-P,which accounted for about 50% . Correlation analy-

sis shows that readily available P was significantly related to Fe-P and Al-P with correlation coefficient being 0. 908 " and

0.706"

,respectively , which means that Fe-P and Al-P are the sources of readily available P in the soil. The results also

show that Fe-P increased with phosphate fertilization, but Al-P reduced, which somewhat affected the content of soil
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available P. Soil organic P in the mountain red soil under long-term fertilization can sorted into four forms, that is, active or-
ganic P, moderately active organic P, moderately stable organic P and highly stable organic P. Soil organic P decreased
somewhat in the soils without P fertilization and increased in the soils with P fertilization. In the soils with P fertilization the
four soil organic P followed a decreasing order of moderately stable organic P > moderately active organic P > highly sta-
ble organic P > active organic P,of which the first two accounted for 90% or so. Correlation analysis of organic fractions
of P and readily available P shows that readily available P was significantly and positively related to moderately active or-
ganic P and moderately stable organic P, with correlation coefficient being 0. 861 ** and 0. 840 " , respectively,which dem-
onstrates that moderately active organic P and moderately stable organic P are the major sources of readily available P in
the soil. It was also found that a higher application rate of P coupled with N,K and barnyard manure can promote transfor-
mation of other forms of organic P into moderately active organic P and moderately stable organic P that are easily absorbed
by crops.

Key words Long-term fertilization ; Mountain Red soil ; Organic phosphorous ; Inorganic phosphorous
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