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Table 1 Design and treatments for the long-term stationary experiment

HERS o F KoL HULER A& IR
Treatment No. Groundwater level Applying rate of organic manure Rice—based cropping system
M-4 HRAIIE mExl
M-§ & wRANE G Ll
M-6 HERAIRE AR
K N
M-7 = ERAEHLE (R )
M-8 HERAE R
M-9 fiL & EA L BRmxE
M-16 (80cm) K fERLl
M-17 1k, HE BRgE
M-18 (e At BEmx
M-1 HRAVR LRSI
M-2 & HERAEIE mamae
M-3 HRA AL BREmE
K ;
M-10 BB A LA B
M-11 HEAE mEgi
M-12 i A EALUE BEmx
M-13 (20cm) it e mELM
M-14 t K mrg
M-15 i e FEREmmx
12 MARKFE

(1) F 1994 EF EBHHTR LR E AR & LB M HHEZ 138 (0~ 20cm), XF, I 13E 20 H 160
B 4r 47 14, (8750 .

(2) BeiE IR HTR %, o PIFF & Lh B3t 60 H T 8F 8 43, 53 BIAN A BRI 53 524 5,10, 15, 20, 25,
30.35,40ugP / mL 5 0.01mol / L CaCL¥&# SOmL, #£ 25C tHIR & 4+ T -4 24 /Do, a1 5 5 6 /it
% 1K, 8K /e, 24/t JE B O 38, WE WP BORE T RRABER . BRPEL SRR AR
ABBHYREE, FEHN S4BT, —7 Langmuir #%, Freundlich B1%! #1 Temkin # 8 & l4&
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Fig.1 Phosphate adsorption isotherms of the tested soils
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2.1 ik TR AR IR AR B th R R H X LR R B A LS 1R

B 1B K WE A5 & 40 T 3 2o B B 1 VR IR B i 4R, #5%— T Langmuir 7T B2 .
H la, 1d, le SRR B KL THRAEBAEIE, &2&F HUICHLAE & = FFE4E 6 4
T8 138 o B 61 B R B B 4R 1b, Le, 1 SR SRR KA A TR ¥ BAALE, R EF AL
FIALRE i = Fh FE 1R ) AL 28 3t B AR IR IR B B 22, B B 1 AT, R A [ 2 3 1338 3 B
MR35 BE AR, B B R R A AR SRR — B BN R R Bk BE K, A 13
£ R B 5 0 S T 586 0, AR B B v BRI B, i SR AR BE, VRV I B L P 2 BB BEE LR
B ER A, AW BTE REERNEEEE: E-ERER, HRTH/RFHE, XA
HREBARE. &M RE R T E SR8 L2k,

¥ (1R 1 88 B 1 4 1R IR B %E )43 B — I Langmuir # %!, Freundlich 45 2 1 Temkin
AR S, R mFE2. SRERU, HRA T HBAENERRHMERFEREHA—T
Langmuir #: %, Freundlich A% A Temkin # R A, FAHRX R B - 972 091 LI L, ¥15F]
T 1.0% 8% 5 2 KF, Heb—It Langmuir S5 LA BE B i, AR X R EITE 0.99 A
b HRE Temkin %, HAH X RZEHE 097 L, B 1 HELREH —IC Langmuir & & 41
SR, MR RS ERMEYEN. XEEETENFRER B

£ TELBRIMBHERRMARTNLIBRBATAREHER
Table 2 Fitting of phosphate isothermal adsorption data of the differently treated soils with

the three adsorption equations

LBRS — JCLangmuirft B¢ Freundlich# B¢ TemkinfE B
Treatmeat C/0=1/Qm+* K+C/Qm InQ=Ink+(1/n)In C O=Ki+ K InC
No. Kml/ug) OmugP/gt) ¥ n k Y K K )
M-1 1.662 825.5 0.999 2.70 4270 0.910 150.0 496.0 0.980
M-2 1.589 755.4 0.998 2.95 3753 0.929 129.5 4374 0.987
M-3 1.242 732.1 0.985 3.39 355.0 0.964 105.7 412.8 0.974
M-10 1.754 936.1 0.992 2.66 498.7 0.957 157.4 570.5 0.984
M-11 1.197 752.1 0.994 3.17 357.5 0.980 114.0 418.0 0.986
M-12 1.228 804.2 0.993 299 3825 0.989 125.5 448.9 0.985
M-13 2212 825.8 0.995 3.21 465.4 0.933 122.0 5341 0.982
M-14 1.132 725.5 0.998 3.02 335.5 0.976 114.4 395.5 0.972
M-15 0.965 744.5 0.994 3.17 337.6 0.969 113.1 394.8 0.974
M4 1.374 808.2 0.995 295 396.2 0.970 130.8 462.6 0.995
M-S 1.503 750.5 0.999 3.05 373.8 0.968 121.6 438.0 0.997
M-6 1.500 745.8 0.998 318 372.6 0.961 115.7 4333 0.992
M-7 1.520 849.1 0.996 2.65 422.5 0.930 152.0 492.5 0.986
M-8 1.168 704.2 0.996 3.24 334.6 0.977 107.5 389.9 0.991
M-9 1.040 738.0 0.996 299 332.0 0.979 118.7 389.4 0.994
M-16 1.203 859.0 0.992 2.78 404.8 0973 138.7 475.9 0.972
M-17 0.931 633.0 0.993 3.39 288.5 0.982 94.9 333.1 0.993
M-18 1.037 603.4 0.996 3.70 290.6 0.983 85.1 333.5 0.994

1) B THMEBREREE T 1.0%M 8 2 EKF.
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22 ZABMERBPARRMSEZENEEXR

RIZZITEMEEDHANINBBESHZBEMEXONER. GRELH B
Langmuir A 1% K 5 Freunlich 8 i) n Z FHAH X MR T E, HRAZEANRH S5
ZEEMEJRT EHXKXR, L P — € Langmuir B % Om 5 Freundlich B & Fh Y 5,
Freundlich R ) k 5 n LK Temkin R HH) K K, 5 n ZHE 24X, HRSEZH
HREIEME.

TEA ST AN =PRI ER S, LL—JC Langmuir R R S 505 RS, AES
Lk OmMEKRAREZEREHE, RRIUEBRFEEN N SEKNESEGEE XN
W — i T A 5 8, OB R /N T DA S B - 8 X B K R RR 58 B C AR R P P Ik
E (mgP/ L), WNARKERE., RBH Om B 5 B V5 E B ST BRI E & AH 25/
(£ 10% A F), B Om HEERR — R E B N R KRB R, H 24 9 6 1 L ER
BEXGCE-REAZENRMESH. ME. BB OmM KEARELERNBHNEKRETER
(MBC) MKt B e fiE, EATE8 0T LA Sk R AR 3R B A9 B3 45007, W aE i T B
A, B Olsen 1l Watanabe(1957)!"%5 — k¥ — JT Langmuir W B & 54 f F BF 5% + 38 3t B 9 W%
RERG. BRI T 2.

R3 Z/BHERBPARBRHSHZ AMAEXEY

Table 3 Correlation coefficients between adsorption parameters in three adsorption equations

E28 Om K k n K K2
Parameter
Oom 1 0.628"" 0.936"" —0.858"" 0.950"" 0.931°"
K 1 0.845"" 0.401 0.832°" 0.576""
k 1 —-0.714"" 0.998"" 0.855""
n 1 -0.741"" -0.965""
K 1 0.8727"

K> 1

Freundlich 8 B¢ 2 B 57 T + 58 33 B 60 R 4545 R B 98 ) IR TR RN 205K o0 48 o it
SEER—£%K, ERNIIR R, ZER 5 — W B RE IR B2 5% 0w 2 5 5 T R
BLEVARY) A, BT AR B EY, #HAR. AP L RE—RHEAER S, LK
FRAH, BF T F AR B E N — N AT B RBE R B8 0 WE S RIFEEA XN
ZH. AVIRGEREL . k5 —IC Langmuir BRI HH Om, EM T EFEMX, RP L HLR
— IR A & 280 W LLRAE HE B RIS A&, R 2 B R/ T 8 K7 78 5 0 2 i
KRR BEE.

Temkin REF B FHFSHKMK BEXAKRAH, HAFRE L K. KB 5
Langmuir BB P8 Om 2R B FEHX, L K, KEERFEESH, T HRRIEL
BB RS A B, HHEXER/DT Om, 5512 KRWEZE/DN 5~7 45, Bit, KR AL
Om F1&.

2.3 TEMES, HHLARFM T K GIxS L BN 51 AR I

AR ERFH, FBEM AYVEMB T KM L EABEHRSERFRANE

m., AE 1 MRAGRAUES: (DARBEFLHE L EXSBEYRISEIHEAR.
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KN &G T, BRLAHEENBERRBER Om(M-1,M-10 M-13) B § X T AL %
(M=2,M-11, M-14) FIfE R LM (M-3, M-12, M-15) L W om . K5 _HEZER 7
MEEEMREEKE (F4): MEBLEEHBLHLEO OnERB/DN REEFE
K. EARKALEHET, MABELHELEN OmE (M4, M-7,M-16) LI B K TRML
% (M-5, M-8, M—17) FIAE R & (M—6, M-9, M-18) T Om. K5 _EZ 2R H&
MEZEKTE MERBAGZAIBRBAMEEN OnZBIEA L ERER. XELARFEHK
B AT RS RS A )RR B B B K AR KR L B iR RS, Q)RR AL
B PR FHE BRI RIBER (R 4). ERKNEHT, A BANELHES (LIELLR
ZHEEOmWEREEEKF. BHEANCLESHBANELEZ HULE R
ARG SALELE Y B omMERHREEEKT, EERKGEEET, ¥E2HNE
GEEAELEZ B OmMEREKEE K. MEEBAIELBEESRANELEZ
MURESBENIE SRAEZ B OmMERHAREE. Q)W T KALLEZ H
%5, LR EMMBEHKEIEERB&KET, BAKM LEHN Om EHK TAKM 5
MomfE. (RBRERRN, ERBAVIERGT, M T RKALEZE Om K E 7%
1% MR T EXKF EHAFEEVELRGT, " AZENERAEE  EHALERN
T, 2HEZHMMWEREX 1% WIREEKT., ERBELHEREGT, Wil T KALLHEZR
TG OnHERARE  ERBLABANBBLEAG T, ZEZEMNERTHE 1%
B AR KT 5% B & KE.

X 5 A € B 3 (1991) B9 BT 2T 26 BT, e R A ATLAE T LA 20 338 5 B 0 IR Y, T 25 B
TS T LA R L B R R XA AR RS R R, X2 B A HLAE XY
B R M R A W E S, — I, A LR ARSI R LRk
b A B A, R E ISR, B HE 1 5 — |, AHLEES
R AR E IR RL A RRMAGAEES, T LB SEAY R IR,
MNTEGHBREFRESSRH, EXEAIRELEAER T SOKHEWOYIMN, BT 1%
AIREEBAE, RREAKR, B BB REERAWER, FELELEm RSP

*4 FRAEIMOmMBER B WL (SSREK)

Table 4 Multiple comparison of Qm values among the tested soils

A HURE i B 4b B 2~ fh) ENGEEL PSP
H R 7K A5 Comparison among three applying Comparison among three rice—based
Groundwater rates of organic manure cropping systems
level ab Onifll ERTEN 4b7 Omit EREEH
Treatment Qwm value Statistical difference Treatment Qm value Statistical difference
[ BmEAHAE 8308 A AW 862.5 Aa
7K wEAEE 7710 AB FEREA M 760.3 Bab
iz 1t e 765.3 B s 744.4 Bb
i BEAIARE 7682 A miLu 838.8 Aa
K HEREAEIE 7638 AB FEFBA M 695.9 Bb
1L it HE 698.5 B R 695.8 Bb

A BERILS%E T EKT; a,bE R K 1%MAR T AT,
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FACBRMESE LN, MEMRE TSR NBNAR L, &t £TENE K
BMEHEENZAHEFARERCUELT X — AP, 55 Sah M Mikkelsen(1986)" ™'
FIRGER %, EEFLRPUEERA, AR B FSOKHGHE ™, ERAERE

ARETRR, SHIUEL T AHRER.
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Fig. 2 Relationship between the Qm value and

amorphous iron oxides content (Feo)
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T E A, 1B R 8
— R 90%, B E K 99% Lh b, i
W, WA AR T ER
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Fig.3 Relationship between Feo and decrease in P

adsorption after removing amorphous iron oxides
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F5 SHRLIRABOBRFERFXHFLEIRER

Table 5 Some soil factors in relation to phosphate retention by the tested soils

igRsy W EALE T2 B & AR
Treatment Free iron oxides in soil ~ Amorphous iron oxides in soil Olsen—available P
No. (g Fe20s/kgt) (g Fe203/kgt) (mg P/kgt)
M-1 332 5.38 14.4
M-2 325 4.62 14.8
M-3 353 4.57 18.2
M—-4 378 495 8.7
M-35 394 348 12.9
M-6 359 3.53 16.8
M-7 31.7 5.41 10.7
M-8 38.2 4.04 13.1
M9 37.8 4.54 17.2
M-10 36.9 6.30 9.6
M-11 38.0 4.71 111
M-12 37.7 5.00 13.1
M-13 36.3 6.64 14.2
M-14 38.6 3.94 15.8
M-15 277 4.55 17.2
M-16 499 5.36 15.8
M-17 398 3.76 17.2
M-18 37.9 4.16 19.5

25 THBRBSEETRANHNLRE
Kt e REH: (1) —IT Langmuir 8
R Om {5 Olsen ¥ W & ) 38 M8 &
BZHERTERHEX (B4, WHET HH
*F B B R AE T, R AR T B A B
(2) — 7t Langmuir # 2 1 §) K {6 5 Olsen—P
FEZEEEMHX(r=-0435n—-1=17),
3X U B KSR A A8 K FD R RS A A R

$=59.10-0.058%
r=-0.660"
(]

Olsen — & 3B (mgP/kg 1)

Olsen — available P

8 % B B TR AR B K, T B3 K ) B 200 %‘;‘l‘)w;gmf?ggp‘/zoi) 1200
MR FFSR BE. BUMLE L, LB R IES Maximum adsorption capacity

B DUE R B B KD B AE 1T, B4 Om5 OlsenfRBHH X E
BHE RN ENHT RN R XRILTE  Fgs The relatonship between O value and
et —2 5, Olsen-available P content

3 e

. EHRELBREEEA, S48 T EBNERBRH ML RIEY —2, &
BTREFEMAR LB th£R, #HEA — 7T Langmuir B2, Freundlich £ %4 Al Temkin L% {1
G, HBIA B 1% W&k B EKT, P —JC Langmuir A £ F Freundlich A1 Temkin #
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EFFECTS OF RICE-BASED CROPPING SYSTEM, ORGANIC
MANURE AND GROUNDWATER LEVEL ON PHOSPHATE
SORPTION BY PADDY SOILS DERIVED
FROM RED EARTH
Zhang Yang-zhu
(Department of Nawral Resources, Hunan Agricultural University, Changsha 310128)

Jiang You-li
(Bureau of Land Management of Qivang County, Hunan Province)

Huang Yun—xiang Hu Rui-zhi Xiao Yong-lan

(Department of Natural Resources, Hunan Agricultural Universin’)
Summary

The stationary experiment was conducted for 12 years at Hunan Agricultural
University to investigate the effects of rice—based cropping system, organic manure and
groundwater level on phosphate sorption by paddy soils developed on red earth, in the
treatments of 3 types of rice-based cropping systems, 3 application rates of organic
manure and 2 levels of groundwater table. Results showed that the phosphate adsorption
isotherms for soils in all the treatments are quite similar in shape, belonging to curve
in the shape of “L” with high affinity. The adsorption data all fit in well with the
three adsorption equations at a very significant level of 1.0%, but the One—surface
Langmuir equation is better than Freundlich and Temkin equations in this respect. In
comparing the three rice-based cropping systems, the soil treated with “early rice-late
rice—flooded fallow in winter” has a much larger phosphate sorption capacity than soils
treated with “early rice-late rice—green manure crop in winter” or “early rice-late
rice-rapeseed in winter’. Both applying organic manure and raising the groundwater
level significantly increase the phosphate sorption capacity of the soils. After removing
free Fe oxides and amorphous Fe oxides from the soil, the phosphate sorption capacity
of the soil decreases markedly. The content of amorphous Fe oxides in soil is positively
correlated with the decrease in the phosphate sorption capacity of the soil after
amorphous Fe oxides are removed and with the Qm value in One—surface Langmuir
equation, at a significance level of 5.0% and 1.0%, respectively. The effect of rice—based
cropping system, organic manure and groundwater level on phosphate sorption by the
tested soils is brought about mainly by influencing the activity of free iron oxides in
soils. The Qm value in One—surface Langmuir equation is negatively correlated with the
content of Olsen—available P, at a significance level of 1.0%.

Key words Groundwater level, Organic manure, Paddy soils derived from red

earth, Phosphate sorption by soil, Rice—based cropping system



