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Table 1 Basic properties of the soils used

HREER HETZHRE HREFXHE AYLE 28
R $3) pH pH AR
Clay content CEC AEC OM Total P Olsen-P
Soeil type (H,0) (1 mol L™' KCI)
(<2 pm,%) (emol kg™') (cmol kg™ ') (mgg™) (pgg™") (ngg™")
B + Upland 36.4 5.2 4.0 12. 4 12.3 15.2 417 3.5
7Kg+ Paddy 35.6 5.0 4.1 9.9 11.2 26.3 481 7.2

1.2 THEARGKSE
FABMEMREE" (RERBERKES
BOABES MNEANBARK, REBRESRYN B
WHREURL T 14 50.00 g, 7E 25°C K F B ¥ 10 min
JEMRWGE L 2 mm 0. 2 mm B9, 53 F13K4E >2 mm
M2~0.2 mm FIRE, BHBEERESTEH 0.2 ~
0.02 mm.0.02 ~0. 002 mm F <0.002 mm FH B&,
WERRENSHEARK(BMRERZELD 20 ¢),
FESOCTHTRIER,
1.3 SHFAE
+tHEARGKEABRELRSBEEENE
(105CTHTZEHEE),
THEARKRER S BRARE R WE,
+THAEIESBNERAERREEE", 11
HEFHRBHERAZRESRE HEFX
B W 5 R A Mehlich 3" ; +- 4% pH XA 1:2.5
+ kLB, FH B ( Mettler-toledo320 ) #ll €
THEARKEEELGEMELETRERAE
— TP B R A - B B e - B BR 4 (DCB) 7E 80°C /K 1
hRE-RERRES AR NE, REMEARE
2B & B R A NaOH R ss "> M2, HSEE&k
FTALBEST B K Chang-Jackson #:'°'%1 EL{k#4E
BBE A 1.0 mol L' NH,Cl 32 B 1 R 4 K ¥ 44
B H 51 0.5 mol L™'NH,F 325 Al-P,0. 1 mol -
L~ 'NaOH #5 Fe-P,0.3 mol L™ '# 8B f1iE — T
FiB LB 0-P,0.5 mol L'lHZSO4 £ H Ca-P, +
30 PH B8 1k B & B O B E R Olsen 3£,
13 F B 4 A5 ML 8% 4> % % Bl Bowman-Cole ', H
Bk#R/ER SR 0.5 mol L™'NaHCO, $#EUE A L
BE, 451/ 1 mol L™ H,S0, # B+ 7EthA VL8,
0.5mol L"'NaOH RN Ea EH AN, BE¥ 0.5
mol L™ 'NaOH 2B pH AN 1.0~ 1.5, A H I
BRPEIPRESEEIEE, U LSHASA RS

BAEBRBHEAMNEHNBIRZE, FREBREK
PR A RRA Muphy ™ F R B G, K6
(UV8500- I B 43 e EEiH) B E o

BRI R 3 KEZ M FHME, LU T LA
k&R, R Excel 2003 #1 SPSS 13. 0 $ 17 ¥ #2
AF 5G4 T

2 ZRE5aWH

2.1 +HARUMBERAETENS

KB L FMAKBEIEARES MRED >2 mm
B3R G 23.4% 1 28. 7% ,2 ~0. 2 mm B 4% 53 B
& 48.5% 1 36.8% ,0.2 ~0.02 mm MK 5
9.0% # 15.0% ,0.02 ~ 0.002 mm ¥ & 5 3 &
17.9% 1 16. 8% , T <0.002 mm ¥ 2% 69 EL BB /),
SRR 1.3% M 2.6% (B 1a), AL, By L3+
B2 ~0.2 mm BB HARKT & ART, B
+HAREEE 11.7% (p <0.01);HE £ >2 mm
IR B K A B AR 0.2 ~0.02 mm K& /N
BARK L B8k R %, T 0. 02 mm LI R B /)
AREMLLFAREESESY,

EXFHRRAE( <0.002 mm) WHAREH, B
+>2 mm#2~0.2 mm AREMFESBEEARM
(45K 30.2% M 32.2% ) , HEH T ERRE
B(36.4% ;& 1)K4~6 1EFH(p <0.01;
1b);MABLFX 2 MHEARKH B S ERE
AME (S 5HR33.0% M 33.6%), 5LBEERE
H(35.6% ;% 1)#EiE. BLMAREL0.2~0.02
mm L% B RARGFR S BEHMRIE, 550 8.0% A
8.7% ,0.02 ~0.002 mm W A A REKNBBESEWL
WK T LBAR SR, 53R 23.8%/M17.9%

B+ >2mm.2~0.2 mm F0.02 ~0. 002 mm
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Fig. 1 Didribution of aggregates (a) and clay content of aggregates >0.002 mm (b) in the upland and paddy soils
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Fig.2 Disaibution of free iron oxide (a) and free aluminum oxide (b) in aggregates of the upland and paddy soils
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Fig. 3 Distribution of total P (a) and Olsen-P (b) in aggregates of the upland and paddy soils
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Fig.4 Distribution of adsorbed i norganic-P in af;8regates of the upland and paddy ils ( | , 1, O, O and V represent >2 mm,
2[0.2 mm, 0.2 .02 mm, 0.02_0.002 nm and <0.002 nmafgegde, respectively)
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Fig. 5 Distribution of organic-P in aggregates of the upland and paddy soils (| , O, O, O and V represent>2 mm,
2 [0.2 mm, 0.2[0.02 nm, 0.02 [0.002 mmand <0.002 mm &yregete, reqedivdy)
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WM PR EEE VB S, WIS AV R R
E A LB R BB, 43 5128 10% ~ 15% F115% ~
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BENAENBESEYBEN M (EE R 50 ~70
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THEARGKESWFEZHHE FLFE L EL
R A DL R st R R B A B B R M AE O X
%, CHERRARY, SHERBEEHMBER L EKEE
PERHAEA(>0.25 mm) & &, TR KRS
MG H AN SR, AT RPHRAABLS
BAHE,2~02mm ARKHERTHE,MO0.2 ~
0.02 mm F RS EWH M, EAKELP >2 mm HIER
BHESBEETRE L. XURBESKBELABEEY M
MAAVE(EE) UATEAILESEREA X,

HTAORESHEELEE, IBHEAEFRI
FIEEVER, LB E AU H e 8 S W MR R
-4 2 PR M, T B3R BT 5 8k B T B M v M R R
Hh, ST B R A MR . SRR+ FUKAS
+ 0.2 ~0.02 mm F1 0.02 ~0.002 mm F B &E kB

EERRE, TSR IR AARKEE RS HD
BA X, DRAS" ProrR g S i fek
ZE T THAEIBOR (IR0, 3 B H L&
FRETHEFHSBRZEAARBEFEMRK, KA
£ KRG 1t T 32 2 B A0 A AL RE B A B9 3L R B
m WA S BB R, AR REY,

MK RS 1R B b Ao 4 P 3R A P R (L B

BRERSFNESBRAARBENEMRLR (p<
0.01), MEFHELEERESFATIELERE
EFEMEXXR(p <0.01)(E6), HiXAkFELER
T HEE, AR gt P IR A B U B AL Bk A B U B R
(B 2a) B HEAESEEAHEER (B 2b),
XEHEEHMEEE T AT LR FEEALGKETE
A, T 3 e 7 SR A 88 R A K
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Fig. 6 Relations between free iron-aluminum oxide and clay

in aggregates

Makarov %2 oy 6 B + S F B 4k (1 ~ 0. 25,
0.25 ~0.05.0.05 ~0.005.0.005 ~0. 001 ] <0.001
mm ) B & B BERAR B0/ T B 00, B 25 4 &
R ELBTBRAFR P HENRE., AFR P, 4
AR L <0.002 mm A RKM SRS BER, i &
TUS>2mm ARAMLBESEERES, ML E
>0.2 mmfl <0.002 mm HEREHNLBEESBERK
/1N, 33T BB 5 33 ok 4% B R R AR B R & B AN B R
S BEREEX, HRABLAMBELHRA0.2~
0.02 mm.0.02 ~0. 002 mm F <0. 002 mm 3 B 2%
P B8 2k 0 4 B & 2 o D % 4R 488 0 B /)N TG 488
FRTHENAARANAHSESHRESER
MBENEMELR (p <0.01) , X AR +
BARKPREEEREER,

BEAE AN HLIE o9 b FE T 42 7 LB R IA K
Y, Gupta £ R T HNAREKSEELH
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Olsen-P S B E & TR L, HWHEIHLL <0.002
mm ARG ST EER, X% HA R KGR |
GHESBEHERTHMRES, HEAARENHE
938 3 % 4 7E i T 88 S 3 Olsen-P 7E %00 4% Fl B i
hEE, BRAMR+H <0.002 mm B BEH Ols-
en-P & BEE B FH 728 F RAEF TG 8 AR
ANCIL 2% ), B9 I 0 G B 38 A 7 41 4+ 3 A AR B
Ak 0 1R R IR AT RE BN,
EHRECHRERU AR RECEEE L P
W Bt A& FoHLBE LL A A5 B% (O-P) # Fe-P F ¥, Ca-P
AP SEEMK. AHRBRAKBLAMBEL LR
FZAREPRHSTBEDRLL Fe-P 1 0-P H F,
Ca-P fl Al-P §0& BADXT 8K (B 4) , 58 %"
B 53 A0 41 498 wp % B S O PLBE 19 4 A B A [ Y R
fE, ABEMRE L >2 mm 52 ~0.2 mm H &
i) Fe-P Al-P fl Ca-P & B ZREABL K (E4),
X A BB i T A E i R A0 B R 45 1 % X B A ok
HE RS Fe-P Al-P fil Ca-P R ME LM
MmFHRETEERE/N, HHLEF >2mm 5
2~0.2mm BAREKO-PHEEFEAMME, XA AE
5 O0-PRMEREILA X, HiAKkFE+L2~0.2 mm A
Bk Fe-P AI-P fl Ca-P S BHWE FEL,MBE+
>2 mm AREN AP EEHBER T KEL, X
RSB EEE I RNELEF 2 ~0.2 mm ARE
i) Fe-P Al-P #l Ca-P S B¥ AT, M Fe-P,Al-P
M Ca-P R YT ABEE , W LA RBEAE
AT, X5 ERABLEH2~0.2 mm HRE
) Olsen-P BB TR L EHYEH.
EAMRER, L EEEEIB . PRESS
VBB A VB S B EIE I MER T M, +
HUNARESEREZESRRENELBE , KB B
BB S ES T/ AREKNT BaEHR
AL BERKARGHEEMPEEAILBR SRS
BE, AT, KRS P A R I B A A 1
MPREtAEIBESES TR L P KR 0.02 ~
0. 002 ki % A R Ak 4b, KR8 + &5 b 4% B R Ak B A AL
BEEYNETRELXNNNRMAREK(ES), P
41 >0.2 mm Fl <0.02 mm FA B 35 18 VLB
M EEENBESERS, >2 mm A1 2 ~0.2 mm
HREMFREEAVBNSRELEAVEEE
ST HAR ARG, i1 E >2 om 2 ~0.2
mm KA REHEHHER GBS RET, % <0.02 mm
MARGBEES T HEMAEYHAER, FRHTHE
R AYBERFEL; B £ 2 ~0.2 mm B R

ERE(E40%ER) BB KA REAE L EA

MUBERO AL Lt A EE MR,
4 4 &

ABELHAKBELEU2 ~0.2 mm AREEE
B, XN EAREN R MEEEAETE
Bin, HKkBELERN ARG P HFEEETE
HERFRELPHENMORNETRE, KEL&H
KA R Olsen-P B & T2 A5 B HA R
A, P 45 R g PR 3R A A R B A T AL B 3 LA
Fe-P fi1 O-P & &, Ca-P 1 Al-P & & A XF 5 A ; Fe-
PAI-PfICa-PHE>0.02 mm B REPEERE ., W
O-P ML <0.002 mm HI BRI & ; & A4 H VLB th
FESHATF >0.2 mm AREP, AP REH
TEBHEESSHESAREBBEEAEREVXE B+
BHAER(Olsen-P) FRBMHERTERESHAR
hEEELSETRER AANBSREMA X,
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DISTRIBUTION OF PHOSPHORUS IN WATER-STABLE
AGGREGATES IN UPLAND AND PADDY RED EARTHS

Guo Wanwei'” Xiao Heai'" Wu Jinshui' Ding Longjun'?’ Liu Shoulong'
(1 Key Laboratory of Subtropical Agriculture Ecology, Institute of Subtropical Agriculture, Chinese Academy of Sciences, Changsha 410125, China)
(2 Graduate University of Chinese Academy of Sciences, Beijing 100039, China)

Abstract For better understanding the mechanism regulating availability of phosphorus (P) in red earth, a study
was carried out to investigate P fractions ( Olsen-P; absorbed inorganic-P fractionated in Fe-P, Al-P, Ca-P, and O-P, and
organic-P fractionated in labile, moderately labile, moderately stable and highly stable organic-P) in aggregates ( >2
mm, 2 ~0.2 mm, 0.2 ~0.02 mm, 0.02 ~0.002 mm, <0.002 mm) of upland and paddy red earths. Results indicate
that in the upland soil about 72% of the aggregates were > 0.2 mm, while in the paddy soil 67. 5% were. In the two
soils, inorganic P in aggregates > 0.2 mm was dominated by Fe-P, but in aggregates <0. 02 mm by O-P, while organic P
in aggregates >0.2 mm and <0. 002 mm in the paddy soil was much higher than that in the upland soil. In conclusion,
the distribution of P in the soils of red earth was closely associated to particle size fractions of their aggregates, and the
lower availability of P in the upland soil (P 3.9 mg g~', Olsen-P) as compared to the paddy soil (P 7.9 mg g~', Olsen-
P) was presumably attributed to higher free-Fe and lower organic-P in its aggregates.
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