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BE: PEIARILHFRAHELIEZIN, $-FALRERK, EHERE(30~80 cm), LHEAH> KT H &
BRI, B sARER, RETEASATARAREMMFLIEAHRL S FERANEARRTES. ARANT
R E LB R MR T OB E RS AR EIH , AFFRAT 2002 £ 4569 K568 T AR, 547
MRETEGHEELRER/DEBERNERRREST X TLEARKLFHIE, FTEG%, RELIRETLE L
Bt PR AEY SBEAE. EREN. KAANEESRERERDREGBR, FRAEEFHES
A2 MWD &R A . OMNPK>>RSDNPK>NPK>CK; kM40 R A EER ST &4672 LA RIK T A,
AR 2H RAFBER KT ERIEE(Ex-P, AP, CaP, OrP)RES5 %, AFEEZRSGTERXARKC2,0.25~
2 mm) ¥ RS RE S . RAEE 6 E IR I I I A BB Fr o RAY R T R AAAE B R AT, T S A B e ik RBE
RIFARWABE. KIANAAMBE N TAH X HEH4ZD R4 T ExP,Al-P,Ca-P o Or-P T & 4 4, JFiLit
AlFP,CaP @ X B R4k, & T LR H AL RIFR A, AR o L 72 32 3 LI A AL A F LB R &
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B 5T 73 e A ()AL 2 P 3R s vb B AN T) B9 A R o b 398 mp AN [ 20 0 P 5 0 il 26 B 17 A ] £ i
BRIV T D0 0 3 58 0~ Rl 8 WG A i A, vl 8 A A AR S Ak A Xl R B BTk AR, A
R 58 0 YOO T A3 5 1 4 S TR X R B A R R AR R BRSO o X R
(9 BIF 5 2 /IR G o P R A e RO 0 P SR A O o P Wl it ks Hle 555 R LT R AP B 7E<<0. 1 mm R ER
ZIN T B U e e B R A s FE AR 5 R B VDR i 1 8 AR 5 R R A DL AL AR s Jalali ST A £
Sy L 42 ) 8 2R VR O A T BRI P OB A, AR OCHIF R SE AU A AFTE AR — BUW e . HIEIA RO BHE
5 it A 588 3-8 5 )~ 98 U 1) 28 A H 91 5 AR A DA T i 49 5 )T A IR S - S ABORE v W R AR AL H AT
KPS [5] i JE X 5% 5 A [ A7 45 14T 2R A v 9t 2 20 AP 1 0 PRS2 00 i R A TR A B BIT S . LA AT SR R RUBE 11
B . A BROE BRI A S OC RIR NI, TECBE A B A A B R 2R A R A SR S LN T .
B, ABFFEAEE O+ B X A 2002 4R TR R B KRUE A X . EEMT AR D Bl R LXK
ATAREAE T7 30T L e P R R T AR s 2) i R AL 77 3T BRI Sk . LA [R1E 25 8 3R A7 431 1Y
FF » NTTA BT 46 7 A HLEE BSR4 ] e 35 5% € o 3t 4 398 PSR AR 25 K A AL Oy DX 8 57 234 BRI
AR P L AL B S 1R 5

1 #R57RZE
1.1 HRXER

200+ bl A FARYL BE, AR 48 IR X, 2 D 1| 35 1 1) J B Rl DX 3. 3% X3 T o S B 2 T
FWAE, ZETHET A 826 mm, MR H EZEE T FEFEMKE, £¥SR 17.3 °C, KT 10 TH
W24 5 000~6 000 °C., FEFEHIHR 297 d. A AE I RR = B 5k 52 55 0 4Rl A= A58 0 (105°27'E, 31°16'N)
K E AR IR AT, X R R A R PE SR e, BEBTR YR A, BT . FLBTEE R, ISR
B HAK IR, +2EE R 30~80 em™ . IRE T + A ML TR 44k 8. 57 g/keg, &AL 0.62 g/kg, W
0.64 g/kg, 48 18.42 g/kg, WA 42. 29 mg/kg, AR 4. 16 mg/kg. A 71. 39 mg/kg.
1.2 RiEt

5=l Y B A BT E E A58 M 2002 4ETFAR , BEAS/NIXTETAR Y 24 m* (4 m X6 m), Y 77, 12 )E
JE 60 cm, PR RN & /N — B FOREAE. ANIKE S BCR i AE AL 3 (CKO , 8 AL, B . #7 IS AL (NPKO ,
ISR A . B, FIE(OMNPK) , REAFRCHEA . B, #IE (RSDNPKO St 4 g AT A5, 4 b b 3
A 3AEE. N4 B i AR S AERFAE R — K F (R 1D, OMNPK Hl RSDNPK 4b # B 75 & & 4 THLA
AELS 60 %, A HLAE A7 40 %0, /A2 2R AL & 130 kg/hm® (LA4E N 1) . BAE 90 kg/hm® (PL P,O; i), 4
fE 36 kg/hm* (LA K, O 31 s EARZFEEAN 150 kg/hm®, BALFIHE LR /N 22 7.

F1 FEAGELENENEBSHES

BAR/ g e/ FEFF/ LB/t » hm ?)

AR g1t
(kg+hm ?) (t-hm ?) (t+hm N P, O; K, O

KINE CK
NPK 130 130 90 36
OMNPK 130 32.4 78 90 36
RSDNPK 130 7 78 90 36

KTk CK
NPK 150 150 90 36
OMNPK 150 33.2 90 90 36

RSDNPK 150 10 90 90 36
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Jiti BB 7 2R FH AT F 48 Fl i — R M N A A/ N2 TR B 8] R 2 4F 11 A4, B B KBB4 6 A4,
it AR FOBEAVE [R5, 4/ 22 R BUHONE 19 77 20, B R RN 7, /N BRSO N T8k, YR N 20 em. AL
W BN B R kR A BRI A BERR S . BRIE S AL,

1.3 HmRESHW

2016 4F 10 A FERWRARN I, BA/NXR A H S E RS A~ 0~15 em REHRAE W —4 18,
SR R 0 v 0 - MK AR vk PR IR AR M R (BB BT AR &l MDD ZE S IR R KT B R R A, TR
+ BV E AR S ROSOR [F ORN E A RAA, R =R A N2 KT, BT 8 mm B A KT
4100 g, AW 2,0.25,0.053 mm MR ET EOREHED, MAREBEKEBK LH 2 cm fi
B, RS min, SRJF LA 30 K/ min B EEAEZEB K T IRY 2 min, EFIRIEN 3 cm, H4 450 F Y
P B 4443 i b e B BE AR TR, 3K 48 >2,0. 25~2,0. 053~0. 25 mm K FAPERI B IR, <<0.053 mm KFa
P VAT SR A 5 45 SR ] 28 W0 AR B0 I T BRC{E 90 B A 8 BT (B, R [l o 4% 90t b JAT 2R IR 21 43 i) 25 8 7 K
PR T E TR T, 60 C N ML TR AR G, R R LT 0 R AR EE A, 4005t 2 mm AT 0. 149 mm
G . HE SRR . AT R MR IE A 4 g0 E

A ML C A4 N RHICE MU E . £HE4 P il P82 % Rl Ak 2 0 By ik .
A3 R FRR VA — SHEE P I (A L BRIR A ANEE (Olsen B MSE. pH R A HLALENE OK £ 16 2.5 ¢ 1).

+ AR [ R 25 T AL I 2 R FH % SR UL AT A A Ex-PL B4 A A AP, BREE S
B Fe-P, MESH O-P. B855350 CaP A M Or-P 6 FIEZ. S 1.0 mol/L NH,CI(pH AN
8. O IEWALH Ex-P; #JH 0.5 mol/L Ay NH, F(pH {5} 8. 2)IF W #EHL AL-P; 0. 1 mol/L NaOH I ¥ 42 Bt
Fe-P; i 5 1 JH 0.3 mol/L 7 4 R B8 ¥ W M1 % — 0 B R %F O-P #E 47 #2 B & J5 A 0.5 mol/L(1/2
H, SO & B Or-P.

1.4 HELLE
h T BN ARG A R ARG E P, AR AL 2 2 i B AR (NMWD)
NMWD :M (D
Vmax — 7 min
A e 7 WEBRRWVUG I TALAR 5 r o NE/NE AL MWD SBPUERIRTRENE . Ht5 A0
n+1
MWD:§Jn¥anm, (2)

K ry BE D TFILE(mm) s ro=r,, r,=r, 05 m, &5 0T 0000 A R &G ot fnifEfk
Y E H AR NMWD 21 & B B ke @ P — 98 b5, H BTG, 2R B R i Fa 2 M/
K SPSS A7 2 Hr fAH =4, £ E R LSD ke d: . A Origin 9. 0 #1722 K.

2 H#RESW
2.1 A[EHEARALEX T BEREE S HRIRE SN

AN TR) il A Ak 3T A 4 A R AR o AR B 2 2 BoR , ORHEAE XS B AL, RiAR 2 mm A HE PR (K
A AL 15.55% . 0.053~0. 25 mm KL g + 5 B R AR (5 36.02% . S U FOkD g R AR R i AL
NPK 1, &40 42 + 3 AR AR E i 40 i 5 CK 4 R B[R] ;s OMNPK 20 1 5K 5 & Fifi 42 1 K 38 7 4
M, B4R =2 mm e RAK 5 34.31% 5 RSDNPK 21 A 4% KR 42 (>2,0. 25~2 mm) B B4R & &%
. B4R <70, 053 mm B b HE A RBAK D, AU E 16.42%. A [A] it A8 b B 2 fE) . 4% okE g% 4 b T R IR
RERBAFBENZS. 5 CK MM, NPK % MG P XA 0. 25~2 mm +IEABKSEEST
15. 76 % » S RA LG22 B L (p<<0.05) , AR F I B A B 2 9D/ A Ak (0. 053~0. 25,<C0. 053 mm)
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T2 2E K AR (2,0, 25~2 mm) (IE K. 5 NPK ALBEAH G, A3 HLAE B e fL B OMINPK it RSDNPK b
B 0. 053~0. 25 mm A2+ 38 A B IAR & #FE0 (p<<0. 05), <C0. 053 mm ki 2% + 3 P B AR R 7] 2 BE U
L WA G FE X FE, OMNPK fl RSDNPK 4K BE #5572 mm KA R & &, 4358 NPK
LEFRAY 2. 28 FI 1. 86 1, 22 F A G X (p<<0.01), Hidh OMNPK AR THSOR & I B, 5 RSD-
NPK 4b 38 AH b 22 5 A Gt 243 L (p<<0. 0D).

VI H AR (MWD) 2 A i A SRR E PR — A F8 bR, BE 4T S i + 35 i A1 SRR G . O My, 3R
ARG ETEROR . BIRRBL . RFEGEACAL BN MWD 22348 E X (G 2), 5 CK ML, Kl
WEAEAE MWD {54 —E T e, Hd NPK 243 MWD {55 T CK, H2E R LS 1% L (p=>0.05). OM-
NPK F1 RSDNPK 4t MWD {843 %] 1. 05 mm F1 1. 00 mm, B @5 T CK 43 F1 NPK kb3, Jf H %7
WA it 3 L (p<<0.01). ABFFEAERF W], AT Inge e AT FRS FF 55 0 U5A ALY RE AT 0 3 e Ik 1 39 ik
AR AATE A A 3 R T SR ARTE I, 003 38 00 P B8 4 JFL v 38 o g ok A e 20 9% B 400 SR ek 8 1 1 9 s T
Pic it 2L A

£2 FEMEMAETEAEEARES S

b 2 VSR AR AH X 5/ 2% MWD/
>>2 mm 0.25~2 mm 0.053~0. 25 mm <C0. 053 mm mm

CK 15.55Cc 24. 42Bb 36.02Aa 24.02Ab 0.73B

NPK 15. 04Cd 28. 27Ac 34. 73Aa 21. 96 ABb 0.76B

OMNPK 34.31Aa 22.76Bb 23.80Bb 19. 13ABb 1. 05A

RSDNPK 27.92Ba 28.70Aa 26.87Ba 16. 41Bb 1. 00A

T RPIE R P ME; B — S AR KRS 58 08 [ — P 3R AR 94 A [ I Ak 21 2 o) 22 S ge it 20 3 L (p <
0.05), [Al—F7 A [Rl/ING 58 37 [R] — it AL Ak BEAS [R) P 38 Aok 2 22 ) 22 53 A1 e 127 2 3L (p<<0. 05).

2.2 AEEELEXNTERARKFSRES I
Aa — CK
Aa [ NPK
B OMNPK
Ab HE RSDNPK
Ba ae Ac Ab
Cal Be Be
] Cb Bab

2.2.1 FRE#AEL I 38 B BIRA IR Z 5360 % R 15
AN TA]RE AR F B R i A BB B 4 BCRE A R IR

0.25~2 0.053~0.25 <0.053

BB ARLR /mm

Aa

12
WO T % W R N (1), I 5 OE ¥ E B R Bb
(MWD) W IE M A G it 28 X (p<<0.05). CK 4 e
AEFRHR, 0. 25~2 mm K g B B AR T+ HEH PLER R [Dab
EABEE, 0.053~0. 25 WA VLR FE & 985
o A WU B B A B B . 2 mm B R K 0 T

B 1 N e AR A ER 1 48 B Bk rh A WL R TR B A 8

O

BYBAELE /(g ke
w [ox}

& Hi4y 3 Mt 77X T, 0. 25~2 mm R A Bk

W A BLBR R Z . <<0. 053 mm B2 B4k 1
AT BURR 0 A3 B0 AR, VAR . BRI AR
A (>2,0. 25~2 mm) WA PLAK 5T & 43 B0 2 T
12 4 (0. 053~0. 25,<C0. 053 mm) , [k CK b3S, P& 2 5 WA St 2 L (p<<0.0D).

[i] — A G A [ it A Ak BER 22 ), 3 P3R4 v A AL B 5 8 0 R R AR AR B 5k . RSDNPK > OMNPK
>NPK>CK(E 1. =2 mm Hi g 45 AT 77 20 2 8] B AR b A7 Bl I i 0 B2 S A it % 8 X (p<
0.01), 0.25~2 mm K g% A 3R 44 A B Gk BT & 43 %0, RSDNPK il OMNPK A % T NPK, CK &b # Ll &
NPK 5 CK &b ¥ 2 (6] 22 % WA 48 it % & X (p<<0.01), RSDNPK #l OMNPK 4t 3 2~ 8] 2% % o 48 it %
B, 0.053~0. 25 mm KL AR AR A LR BT i S SO A5 i AL AL B ) 25 R E S 0. 25~2 mm KK
HHTA] . <<0. 053 mm ki g A A A HLBK 5T 5 43 %0, RSDNPK F1 OMNPK A %t F NPK., CK 4b 2 ¥ 1% 4
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Giit2F = L (p<<0.01), RSDNPK fil OMNPK 4B LA K NPK 5 CK 4h ¥l Z [0 ¥ LG it & L. itk —
WF5E % B, B 1 M P 3R AR A2 A8 /N, 4 Pt AE Ak B 22 ) A ML B I 0 B0 22 5 M T BRI T
IS A 3412 s - 9 K P 2R Ak B A WL 126 T B 1 280 20 B 1)
2.2.2 AREMRLESEHEARKAENE C/Ne#m

P 2 W50 (0 - 3B 1 AN [ it S Ak 4 8 A 3R v 4 N0 J5 0 508 A A 5 B R A SR b
PRBAAR, 2 N FEEDAALE TRARAER R (>2,0.25~2 mm) Hr. it B [ 4 380 4] 2R
P4 N J5T S 43 500 52 e AT R, R 00 it I 2 % 4 AT SR A e 4 R 40 034 W 3 TR R (p<<0.05) 5 5
NPK # #it JEAH I, OMNPK Al RSDNPK &b BN 1 4 S K A2 A R AR b 42 N B 0 4. (H R 2R & T8
KA BAR(>2,0.25~2 mm) 4 N Fii 2080, %F<C0. 053 mm K% A A 4 N 20 B0 Tk 2R i
2. 3 WA, MECF CK R NPK 23, A HUIEECETLHLALAE C/N 88 , X i A HUIE by KA
PUBR B LB TRPRLG ] C/N & HL, BT CK AbHE, Ay 3 P T A 3 35 A SR 30 BlRE 208/ C/N B
fRmy e, BT GEAA HLY T K 43 i 1A HLYD AT BE 32 B A AE T R A R Ak .

1.8 12 1CK
Aa CJCK =1 NPK

15F Aab [ NPK B OMNPK
~ L B OMNPK Aa Aa_ HEE RSDNPK
. | ABAaAa ABa Aa
E; . Ba Abe ™8 RSDNPK 9 [Bdgh Bal2 Ba sab  Abap
27 ABiBb g%BbAc J[ H {A
?ﬁ 0.9 Ca Ca Z 6f
] Cb
B 0.6
Z 3 -
03

0= 0252  0.053-0.25  <0.053 0 =2 0252  0.053-0.25  <0.053
T IR B AR /mm T IR B AR /mm
B2 AEERLETEARELRE NRESTH B3 AEEEAATE+IEREMES C/N

2.2.3 RRAMIELESEIFEARKEP SR P RET oG 0

B 4 AT, CK R 0.25~2,<C0.053 mm R AT R A b 4> P & 4 B s 5 0,053~
0.25 mm ZRA LI EL(p<<0.05), BAKM F CK LT &R RIKh 4 P it o s e AR, &
S RBAA 5.9%. 4 NPK,OMNPK il RSDNPK 3 Fii AT AL e, 18R 4 P 43507 0. 25~2 mm
FLGGR B R, R BN NEFEFAKIK N 0. 25~2,2>2,0.053~0.25,<C0. 053 mm; 4 RRY, L LM
Jiti A AT 3 2 AR A TS it A HLAE . 4 P 2 B ] FAE I T R SR A . X AN ] it JIE Ak B AT SR A v 4 PO A
BRI, OMNPK Ah 3R &R0 4% R AR b 4 P iR 70 808 T NPK AR, HoPER 0. 25~2 mm 2 57 TC45E
TR SO, HA 3 DRI 22 5 IR it 2% 1 X (p<<0.01); RSDNPK b3 5 NPK 4b # &4 4% 141
Rik4 P B BULTAMIE, 258 E5it5E L.

Hi &L 5 A, CK AR 3R 4% R AR A1 B AR s A0 P oSk 43 O W A8 1k, 45 BL R Z MR A7 e W) B 22 57
Xt F NPK AL BT &, <<0. 053 mm R0 G 14 A 54 b S A00ml 07 o o0 B0 i - 5 Hfh 3 S RiAR 22 R A Seit
208 L (p<<0.05) 5 OMNPK 4b 3 3l s5 8 + Z A7 7E T 0. 25~2 mm FI>>2 mm WA RE G0 A AR, T
RSDNPK 4Bt 0. 25~2 mm Hl 0. 053~ 0. 25 mm ¥ 4~ 9% 1 A 5 R B 20w I i 20 B e . <
0.053 mm KiK. 5 NPK 4B A . OMNPK &b F v 4587 2% P 58 40 ol 200w o 2t /r B 3w . B <<
0.053 mm Kigk, HA 3 MRAEMHE 2T A G %8 X (p<<0. 0D, Z5RFRIIFMILE N T £
A b S RO O A A, Hrh AR R T ARCR IR P (2,00 25~2 mm) #ERKBE A9 A BOK . M
T NPK 4b 2, RSDNPK 43 1 >>2,0. 25~2,0. 053~0. 25 mm B4 F] B K o 8 & il ot it 7y B 25 B B 4
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TEA RS, <20, 053 mm A7 A8 AP E RO 5B 2 RO AR T NPK AR B (p<<0. 01D, X 5 i Ak PR A 48 AT 3R
R A IR o A LA U A — B

16+ CICK
: =1 NPK
Ab Aa Ag B OMNPK
X Aa Ab HE RSDNPK
N L BbBab Bb Ac
2 12 Be
@ Bb
S~
# 08
R Cah Bal C4
1]
HE
a 041
H
072, 025-2  0.053-0.25  <0.053

1A B ORI LR /mm
4 ARABRLETEARGERE P RESH

2.3 AEEBLENLFEEARES P HRWEFERSH R

Ba

AP RESH /(g ke

o
X

be

®

CCK
I NPK
[ OMNPK

Aa Il RSDNPK

Aa Aa

Ba

Ca

-

0.053~0.25 I <0.053
L REB AR /mm
7 B 4 32 o U R R 4 o P RS B

2L (G 3 EM, CK ZbF Ex-P E2 01 T3 IR B (>2,0. 25~2 mm), <0.053 mm

LIRENGE NS O SR i 6

Hd0.25~2 mm K 2H RBIAF R Ex-P 5<0.053 mm B2 FH

it 2f 3% s 1 NPK Al RSDNPK 4b 3 dr, 460142 Ex-P &8 20 BN A8 T CK Ak BEK 08 58, o Ho2 >
2,0.25~2 mm P RAL, X 3FHALFET ExPHAREKSANRB/NEEXERH N, 0.25~2,>2,0.053
~0.25,<C0.053 mm. BFFE LT ExP EFZ M THANAEHREK(>2,0.25~2 mm), Hf
0.25~2 mm Fif8 F B IKh Ex-P 5 &t 40 8 i . 5t IE o7 A 808 & A R AR 1 T R IR Ex-P O K

it A1 C It IS BIL AE 25 2R B A

®3 FARAEELEBRRMEARES PEESRESH

Or-P

Ak 3 W R A K 2/ mm Fe-P
CK >2 5.620. 6Bab 7.7£0.8Ab
0.25~2 6.640.3Ba 7.7%+1.9Ab
0.053~0. 25 4.841.5Bab 9.540. 4Aab
<0. 053 4.0%1.3Bb 10.0£1. 1Aa
NPK >2 9.5+0. 4Aab 0.0+0.0Ca
0.25~2 11.442.4Aa 0.040.0Ca
0.053~0. 25 7.84+1.9Ab 0.040.0Ca
<0. 053 7.0%1.7ABb 0.040.0Ca
OMNPK >2 3.442.1Ba 0.040.0Ca
0.25~2 4.540.6Ba 0.0%£0.0Ca
0.053~0. 25 5.0%1.9Ba 0.040.0Ca
<0.053 3.840.7Ba 0.040.0Ca
RSDNPK >2 11.5£2. 9Aab 5.5%0. 6Ba
0.25~2 13.1£1. 4Aa 4.840. 3Bab
0.053~0. 25 9.940.7Ab 3.940.5Bc
<0.053 8.840.5Ab 4.440.1Bb

405.8411. 5Cb
411. 2+16. 4Bb
388.6+23. 6Ch
464.74+17.5Ca

12.5+2. 2Dab

685.61+0. 9ABb
810. 24+29. 1Aa
674.0+£12. 2Ab

136.8417.9Ba

205.8+21. 4Aa
203. 4+ 1. 7Aa
212.7£10. 1Aa
153.742. 4Ab

714.1+£32. 0Ab
816.5+1. 0Aa
673.7+25.8Ac
681. 6+ 1. 0Abc

o o o O

658.9+10. 5Bb
787.142. 3Aa

614.2+10. 2Bc

14.6+1.9Bb 71.8+2.9Ca
10. 0+ 1. 0Bc 70.6+1.7Da
4.540.4Cd 71.44£8.2Ca
30.3%+3.0Ba 77.7£5.6Ca

.6+0.1Cc 77.4£0.6Cc
.37£0. 1Cc 109.8+1. 1Ba
.5+1.0Bb  106.8+6.4Ba
.5£2.0Aa  94.6+2.6Bb

.0£0.0Ca  116.7£8.6Ab
.040.0Ca 128.5+2.0Aa
.0£0.0Ca 117.9£3. 2Ab
.0£0.0Ca  116.8+2.9Ab

.5F+1.2Ac 91.240.0Ba
.9+2.0Ac 93.643.0Ca
.445.6Aa 64.9%+2.0Cc
.8+0.4Bb 71.1£3.7Ch

e [ 5B T AR TR R 5 5 R s [l — A S [ i A ALk R 2 1 22 A 48 312 T L (p <20, 05) o ATl /NG 5 B 7% [ — i I Ak 35S [ it

Rz ZRAHEHFEL(p<0.05).
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CK 4 FH R Fe-P 4 v 43 A5 78 %5 /N i 4% A B A& f (0. 053 ~0. 25,<C0. 053 mm), <C0.053 mm $i 4% A
Bk FeP i8R E, 5>2.0.25~2 mm RiARH R FeP MR ERAGITERE L (p<
0.05); NPK 4bHFI OMNPK 4B, Fe-P i it 70 BOW AR . o 2546 U BR B2 5 AH 4L T CK Ab 3, RSDNPK
(FEFFBC it T HLIE) b 3 Fe-P 200 A THRRLAR B R AR (>2,0. 25~2 mm), [[A] I £ K2 Fe-P Jii &
G BURR AT T B AR

4 P IC AL BN AP 7E & R AR B RAK d iy o A AR A AL, EEAEAE T >2,0.25~2, Fl 0.053~
0.25 mm R RS, <0.053 mm FifEFRAEH ALP a8 b. KWL 5 45 k2 R ik d Al
P i A BOR R 5 . o NPK ORI OMNPK A4b 3R 25 k042 A R AR v ALLP BT i 0 B iR ik, 5 CK Ak 28
2 S GEit 2 L (p<<0.01), [FAHf OMNPK 4b B 5 NPK Ab B vh & kL4 A AR i ALP 40§02
SEIWA G FE L (p<<0.01). WFFELsREW . AP FEHorfi 2 KRR I B, 0. 053~0. 25 mm Hi
P R B IR AP it I8 b 3R] 53 B A R AR A SRR ALLP B 4 40, JEALAE B AL 2 R
RS E S s L T

X T Ca-P . CKALHH =>2,0.25~2 F1 0. 053~0. 25 mm K42 A BAK T Ca-P Fif 43 BT, 2% 5%
TG it E L, <<0.053 mm Fife B RAA T Ca-P BT 3 B K, H 5 HA 3 ASRife 22 S A St
SC(p=<C0.01) 5 FHEE T ASJiti A AL B, it FIE b B 45 R A% AT SR AR Ca-P J5 i 0 B0 K34 i, 0. 25~2 mm #i
B RAR T Ca-P it /-8R BRI, BEoE & B, B AL B A5 A T Ca-P [ 8 K H R IK R, Hop
TCHLEC Tt A AL A RO By 3

CK &L BEF /# O-P Bt 73 £ 7E 3R A b i) 23 A B A R B /MR IR 2 <<0. 053,>>2,0. 25~2,0. 053
~0.25 mm, HMEZMZERAEITEE XL, 5 CK AL, NPK 4 f O-P FEFE T 5/ 12 7
A (0. 053~0.25,<C0. 053 mm), <<0.053 mm R A RIEF O-P R85 m. 50k L 34
. RSDNPK AL#Err, 0.053~0. 25 mm A2 F R AT O-P BT 50 80 . =2 mm M 0. 25~2 mm KL
R O-P Bt 4 B iR . <<0. 053 mm RiA2 B RAK P O-P Jit it 43 BOH X . 25 SRR,
P AE XF O-P H/INKLAR 8] FORL AR A1 B AR 376 B /R AN R, T L AE it %5 1 7] A 8002 3 O-P fl /R0 A2 10 K
R AR R AR5

CKALHLR 1y Or-P 7E 4 Kife B R AR i or A B 3 —, M E Z 8 22 5% B4t # 8 L. NPK 43 F
0.25~2,0.053~0. 25 f1<C0. 053 mm R f2 R B F Or-P & E, 5>2 mm 2R A% L (p<<0.05),
A B AR T CK A3 3 Ak R AR Or-P B34 . 5 #i T HLAC AR L . OMNPK Ab 3L — 251N T 2%
KA B AR D Or-P i 2080 (p<<0. 05), Horfr, 0. 25~2 mm R BB AK T Or-P & 43 5ot 5. RSDN-
PK b3 Or-P F 250 T KRR R AR H (>2,0. 25~2 mm).

S ZARM IS . A A AE b BEAS R 25 TEWLR Le 9 & A T R Ak 4 Bt B Ab BN, & SR AR R
RP CALBE I LL Ca-P N £, & EHLBE LB R 66. 75 % ~82. 16 %. FL #5454 42 A B8 1 vh JC ML B £ 43 AH %ot
JF R BRI CK AR B R A9 4580 42 A B AR Ca-P Il Or-P H B3 s AHAR T AN AR A B, 4598 Sk L
Bl AL T R 2 AP, IR EI/NIY 4 AV k042 B R AR h . NPK AL BEFT OMNPK 2R3 AP Fe 41 43 531 38
8. 18 % A 17.1% ,10. 38 % A1 15. 24 % ,7. 42% F1 17. 93% ,7. 08 % Fl 14. 1%. RSDNPK 4 FF AL-P H. {4
$8 0 B
2.4 TERESHSIEERZENEXXRSN

FABRT HIESILEGS L AT S BTSSR, T LR A AR LS b g
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FrZ BIFEAEA KRR, AW S Ex-P,ALFP,Ca-P,Or-P IEAHEPEA Giit 4 s HIEHEM P 5 AP, Ca
P, Or-P., +3HEA PR E M WA G it 2408 S0 53— J7 . Fe-P W 54 ARk FI 3 &% P 7AH M ¥A 46
T X, 5 FeP K SRR 6. Ex-P AR - e R0k A0 4 B0 2 . 5 3 sl R A7 FE A G 6 &R

4 THERSHRESEYE. SNBEXREY

Ttem Ex-P Fe-P Al-P Ca-P O-P Or-P ZERING
Fe-P —0.029

Al-P —0.248 —0.811""

Ca-P 0.329" —0.788"" 0.706""

O-P 0.259 0.192 —0.480"" —0. 202

Or-P —0.238 —0.725"" 0.876"" 0.707""  —.430""

EERIR 4 0.419" "  —0.353" 0.449" " 0.747"" —0.19 0.456" "

B P 0.085 —0.899"" 0.829"" 0.867"" —0.111  0.762"" 0.624""

TE: xR 0.05 AKFCGUID FAHSCHER GEit 38 s« x R 0,01 AKFCRUMD A S A Se 2 2 .

3o #

AT 5 K 309t A8 AT A SR RS 2 E i AR MWD (B . A HLAR BC i JC AL AR X n o B &, A ALK
Ji ik o3 B A R AROF 2 i AR (MWD) IE M G HE A Gt 25 3 L (p<<0. 05) , R IR 15 4 1 K it AT
50 W A A T A R 2 AT SRR 1 AR R BT g G B A HLIE HIL I it T T e 3 R B K AT SR AR R
X 5 2 s A AR F 5 R it P A DL AE 4 SR A LR R G ML AR B A R TR 1~ 3 mom AR R R 5K
(0285 A — B R A HLY R IS e A DL SO W A T T i T A R 2 )
P O RIRC i, AT 4R T T R R AR T AR S R A HUYRR R N T 3 B T A PLBR
R AT A AT BB T 4 A O R ROR A2 >3 mm & 0. 05~0. 25 mm, KRR i
M, A HURR T 4 AR R, T <<0. 05 mm AT R R A BB BT S o BROIR T O Mok AR 1 3 A R K. Mikha
SR B R S AR AR — B DL 0. 25~2 mm M REA LR RO BERE. BATE . BRRAAE
HIZRAK (>2,0. 25~2 mm) " A BLAK 1Y BT 1 73 500 8 T3 AT 344 (0. 053 ~0. 25, <C0. 053 mm) , & CK
AbERAN 22 T IIMCA BT L (p<C0. 01). R [APKE AR 4 48 1 B A v A5 AL AR T it o0 00— R R 3R AE T &
HEA LB 5 6 Ak R A gE b 3 i 0T AR Ak B 84 F B /N B KT G U /0 T R AT A B L 1
RT3 A BIL T B e 43 i (A L) B A AE T R P SRR b, 3 5 6 AT SR A B L K A1 2R A b oA B ik
iR A A Ry R A

LN S I R N 1B 5l 1 I ve 1o i N R A 2 o N T R I W D o e - < e e NI |
B, R IR T AR AR AT B AR CaPy 0. 25~2 mm R AR BB R CaP BY IR B K, X I K
1t b B A R T Ca-P 1) 58K R IR A% . L ob JE ML IRC it A L 358 A0 A0SR fie 5 I WL IS TG e il T3] BF
WA AR HE O-P Hi/NRLAR ) KORLAR A R AR 8% . 03X R A 25 25 Wi 19 30 3% 00 A 68 4 8 L 8 A RS
i BTk, AHESE T R A S AP, Ca-P, Or-P - HEA JLER AH SC PE A o2 0, % E +
P AP JE E A OB 3 R AL B BN T AP 7E RSB LB, A AR T
A RO T AR, L JE LG i A AL SIS O R O W], A A R A R AR PR E B AT
APl Or-P (9 5Tk (B 5, 2% 3) 5 Tl LTI 0 7546 HLIE BT & 0 B0 7+ (B8 4, A HLBE AR R RE h



%7 BEK, 5. e L2 AR RSB EZREHAG YA 9

I R (L RUE LT — R R R A AU SRR R FeP ) 5 AL P BN UM O OC
F, ULHI A T Bt IE T FeP ARUMEN 22, Ex-P AF Jy - 8 s0BE (4 41 038 43, 5 3 R0 20 AN A7 7E AR
KA, WA ATRERE T Ex-P Bt 70 BOW AR B 76 A 5] 7 AT Ab 1R RIS [R]R 25 P 2R A v 722 i 88 AN oK

AT LIRA VLIRS AP, Ca-P FIA HLBEAR SR G022 8 LR 4. UL WA LT3R Tl oy £ 1
T B AR A R . B CaP Ah, o A B R LU B A L R LA AE R 3 A ) B R I 1Y
YT e R Hh ml AR 2508, Bl S i W B ) ) P A PR A Wl R UL, o R IE ) A W B SR R R
BRI . BT A UL T A ML X - 3 A A R A P L AT WL I A R v A L B A L
A R R o S K B A | B v i SR A A B A E R .

4 & it

AR 538 3 A S A 3 56 R A ()R 2 P R AR 5 4 IR AE R S I 255 A BT R T . KA HILIEHLIRC 45 it A
I AR R 0 SR b O T R AT BT R I A A R A A . K W IR R R R AR T
FRLAR 1 PR AR A BB . AL, A B R AR T & A B, TE MG it A AL ROR B B L A ALK .
SR A BEESHEFESMATRAEARME P (>2,0.25~2 mm) . KA HLIGHLES A i A T4 5%

AR B B AR Ex-P, AP, Ca-P Fl Or-P Jii i 73 80, 42 iF AP, Ca-P [l KRR, 25 T
i%ﬁﬁﬂ%%%%%,E*%M%mmﬁﬁm%m%.%m%m%ﬁﬂﬁﬁ%ﬂﬁm%ﬂéﬁ%ﬁ%
M F T HLAE T i 25 AT T XoF 4 Tl R Al 4 T AR WA . BT . JC AL it A AL BE A R T A
JIE AR RE. A AT Ak B 7E B A LR R AT BILRE B Ay AR R, o R R AL R R
AR A B,
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Effects of Fertilization on Soil Aggregates and
Phosphorus Fractions of Sloping Upland of Purple Soil

ZHAI Long-bo'?, ZHANG Xi-feng',
CHEN Jing"®, TANG Jia-liang'

1. Institute of Mountain Hazards and Environment, CAS. Chengdu 610041, China ;

2. College of Resources and Environment , University of Chinese Academy of Sciences, Beijing 100049 , China ;

3. School of Geosciences and Environmental Engineering s Southwest Jiaotong University s Chengdu 611756 . China

Abstract: Purple soil is a major soil type in the agricultural areas in the upper reaches of the Yangtze river.
It is distributed mainly in mountainous and hilly regions, with a rather shallow tillage layer (30—80 cm)
and relatively low nutrient contents. Plant nutrient use efficiency is low on it. But there are few studies on
the phosphorus cycling at aggregate level for agricultural soils. In order to have a better understanding of
the effects of long-term fertilization on soil phosphorus stock and fractions, this study utilized the long-
term fertilization experiment with an intensive wheat-maize cropping system to investigate the soil aggre-
gate distribution, phosphorus factions and possible transformation pathways in comparison with carbon
and nitrogen at aggregate levels through four fertilization treatments: no fertilizer (CK), mineral fertiliz-
ers (NPK), pig manure with mineral fertilizers (OMNPK) and crop straw residue with mineral fertilizers
(RSDNPK). Soil samples from 0—20 cm soil layer were separated into four soil aggregations: large mac-
roaggregates (=2 mm), small macroaggregates (0.25—2 mm), microaggregates (< 0. 25 mm) and slit-
clay microaggregates (<{0.053 mm), using the wet sieving method. The results showed that organic fer-
tilizers combined with inorganic fertilization promoted the formation of larger aggregates, with the mean
weight diameter (MWD) order of OMNPK>RSDNPK>NPK>CK. Long-term fertilizer application in-
creased, in different degrees, the contents of TN, TP, available P and other P fractions (Ex-P, Al-P, Ca-
P and Or-P) in soil aggregates, especially in the larger ones (>>2 mm and 0. 25—2 mm) and promoted the
shift of AI-P and Ca-P to the larger aggregates, thus improving the retention of available P in the soil.
Compared with RSDNPK, the treatment OMNPK had better performance in enhancing SOC and TN,
while the opposite was true for TP and available P. The addition of organic matter elevated the contents of
soil organic carbon (SOC) and soil organic phosphorus, promoted the transformation of soil phosphorus
and improved phosphorus availability.

Key words: long-term fertilization experiment; purple soil; soil aggregate; phosphorus form
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