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HAYEEMEm, SRED. ANENGBAHTRET tRPERE CINETE, X+
YR TRASANENNRERREZRE CAORESHNES AEADESE ¥
. HXTHRNA, TRZHRE CA MRS ERILE Cd 5ELRPARS Cd. KBRTHRIE
Cd B ERBREHFEMRE,

xR AUEM.E SR, ER

PESHE  S14]

Hil, RESESMX KB LIRZ CdMISREMRTE, LHBREHRX2 CdisENL
WMPHECAdE2148mgkg ' BAIA 130mgkg W Wi/ MBRXESEX M AW R
BRix228mgkg ', FHH6.68mgkg ', LIMFit BRI CdEMEIHYEK, ETRE
SAMEREESELRYEREEAKKYBE, Bltx Cd 55 HIRKBRE S EEAIIMIT
ZEN. EANRETEENEESR . £ ERAERRAR FLE%E. RERY
FERAF —ENERER, BERE - RBHEY, ARSCAEM A A HLIEK ka8
135 34 T3 I A O Cd, AT BRI L 4 Cd BB A B VLB B R Cd 15 % H 4R
PrEL K.

1 MHEIE

1.1 848
HRERATHEENT, REBEE 0~20cm, L HESRTBHAE, oL m&H. T#a LB
132gkg ™, &M 15gkg L EHB Tmgkg ™, HEHML 7T mgke ' 011 mgkg ™', pH(1:2.5 17K )
5.03, WREB 120mg kg ™' WAL 114 mg kg .
AOLIE e L 3¢, MEMER (MTERET 20 BiF). REAERNLE L
PRy 9K A8 (8 R 9516).
1.2 MR
ARBRM CAWBERE, KX S0mg kg s AL R T L. CK(FH), 2 1% 3% 2%;

* HE AR XS HSA (#EM539830220)
W7k B 39 2000-03-24; W B 4 S % B 3 2000-12-08
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Table 1 Some properties of the organic manure used in the expenments

HALES £C £N 2P 2K C/N C/P cd
Organic manure Total C Total N ‘Total p Total K
kg™ (kg™ (ke gke™ (mg kg ™)
% 330 12.8 12,6 7.6 26 26 nd
B OB 382 6.0 37 17.5 64 103 nd
* 23 424 5.8 4.5 18.0 73 94 nd

FRE 1%; FBE 2%; AT 1%; EH 2%. BB LESHHRBRANERMAI00g L, KSRHIBEA
100 ml $2#RF.1999 £ | A 8 HFF BB Cd”* 750, #KHEE 25( £ 1) THEF, 48 T 58 15, 30, 60, 90,
120 RHL#E,
1.3 KFAE

iR 56 A BAR A HLARREIA 3 kg £, B 5, 4 2R B NORER), P,0, (i BEM45) , KO (™
)& O01lgkg L, EOMRAEEAERHE, KA EEEFARY 70%. TRTEHF—ITARF, HLR

(RF 2) 8 Ca* " Bl ik — RS T 1999 %2 LRRBLE

F4AI6HBH, —AEEE EEIRK. & Table 2 Pot treatments
HAHE® T KR, T2BBEM 0.05 gN P Cd(l0mgkg ) Cd (100mg kg )
kg 'GR¥E),9 A 20 B, M. FRM HHLAEO AL

5 B8 b 5 R R A R A, R 4 AR HHLAEO #3%2% #32%
ok FPRL T RS SREE. BE1% B %
1.4 SHEE ME2% BE2%

TP CdME SRR A Tessler BPR MM S HEBY BRM VB EQEES AN E, ¥ LS
AR B (FHR Exch), M &8 A LS (R WBO). RALEL A (FF OxMn). B& & A LA (R
SBO). LB RUEE A S (WA AmorFe). # 78 EALBK L A 5 (RH CoxFe). P48 5 (RAR Min).
SFRSARB, GEHEREERTREBRLLT, A B0 5.

BB CdAERA L mol L' HCIR RS, LA A CdH 0.05 mol L™' CaClL R, MY
15, %% 90 min; FFRB K Cd AR TR OB ME, HA SRR (5],

2 HRETE

2.1 FHRESHRTINBEAS Cd KN

MRIATUFNH, G5B, ERAANERESRES CdTRED, BIFE 3%~
20%, HPARMEHFEIEHHAFHBRRERTE. BENBRELT, BEE 15% L4
EHABEKRZ, BIESE % LA, BIEKARB R T BA8E CdWEREARE,
BHEAERH 1% ME 2% 6, TRAEES CdHMEIFHE 10.4% % E 19.5%; M FREHAE

1) BRE. ERALAEWLBI. 1987
2) A, wELLAFNLIIBX. 1991



214 + ¥ H 38 #

X3 HYEREINPERECIEROER

Table 3 Effect of organic manure on soil available Cd (mg kg™")

4 H % 3% 86 M Incubation time FH{E KEWE (%)
Treatment 15d 30d 60d 90d 120d Average Decreased
percentage
CK 31£1.52 26+3.00 40232 31£1.08 26198 30.8a
ME1% 24£3.40 22+3.05 42178 3342381 22+3.01 29.4 4.5
BE2% 20+2.58 25£2.47 42+1.13 341238 22+2.17 29.8a 33
1% 27+2.01 22+1.03 41+3.03 32+3.19 21+4.56 28.6 7.2
#H2% 25£1.80 26+2.10 40+2.48 33£2.52 20+2.60 29.4a 46
®%1% 241200 26+2.41 35£1.19 30£2.30 212,70 276 10.4
®B%2% 23£1.60 24+2.50 29+1.00 29+1.48 20£1.30 24.8b 19.5

E:a, b, cARRLSDys ZRE XK

P Bt ot 3R B Cd A HIBR AR E. MAFYIER Cd 155 138 3 ) FE
FEERANTE: ——RAVEREA LG, 8K LRERTES CE K CE A
BULT, HHRAREREN (KR 6). Bk 60 Kt EAHIERYRE T LRAVHRS
B EMAXGT  RREEEFIEAEENWEMN. —RAEVEMER T LR HLAR
VR B R) BT B EER. LR ERETHRIEHRARE L3 1% pH
EXXE. pHEMFR, TREE RN H TR EARSE FVERENESROER
BENAIR RENYE ST RS S EER; K pH ERK, TRP AT BN HH
ERBTHHAIEFHE. NR4TFNY, SR, ERORER TR AR LW pH
{5 BT+ TS BEAL S ZE 3 S 0 (15~ 60 K) 148 pH 1B £ H xf FRURG, (B3 0B 3 45 9 3¢
HE, 60 XJ5 pHE SR T RE. X AR 54 HUAE MY B K 7E L3 i il BE A X1,
BIEC/ N, AEEER, 1 THNH WBHSSB LW pHES B MBE C/ NR &
70, Ko AR ER, BAVRENRE, FTLURFGEH pHETH, X pHETHRRELS
et — R,

R4 FHHEELiNpHAK M

Table 4 Effect of organic manure on soil pH

2 M ¥ 3 8t M Incubation time

Treatment 15d 30d 60d 90d 120d
CK 5.06+0.08 5.08+0.15 5.13+£0.12 5.10+0.07 5.11+0.09
1% 542+0.11 5.30+0.13 5.31+0.07 5.14£0.05 5.30x0.10
2% 5.50+0.07 5.41+0.09 5.39+0.12 5.16+0.17 5.35+0.13
BMEI1% 5.20+0.13 5.24+0.08 5.21%0.17 4.88+0.16 4.83+0.09
W2y 5.23+0.09 5.30%0.11 5.17+0.14 4.77%0.12 4.7310.11

2.2 HHEENTHRLINCI EEKSHOER
CAHEE S AXBE MERFNES. REAYEES. REGFHIE TEHA
HESEE AL EMEE S RERESS. AR SCRMELERK FHE)TLUEFS,
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Table 5 Effect of organic manure on soil Cd

Exch WBO OxMn SBO
& = Ef ¢ SERHK i SEEK AR SERE SR SEREE B A

Content Distribution Content Distnbution Content Distribution Content  Distnbution

Treatment cofficient cofficient cofficient cofficient Total
(mgkg') (%) (mgkg) (%) (mgkg) (%) (mgkg) (%)  (mgkg)

CK 41.4 82.0 2.00 3.9 6.52 129 0.55 1.09 50.47
1% 37 708 4.32 8.3 9.80 18.7 1.1s 2.20 52.27
®&2% 322 65.9 4.90 10.1 10.7 219 1.65 2.33 49.45
EHI1% 38 75.4 4.04 8.0 7.4 14.7 0.96 1.90 50.16
HH2% 36 71.8 4.50 9.0 8.6 17.2 1.04 2.07 50.14
BE1% 38 74.5 4,06 8.0 8.0 15.7 0.93 1.82 50.99
RE2% 37 70.2 4.68 8.9 9.96 18.9 1.06 201 52.70

(1) FHEAYUIERE HIRZHES Cd S BT, 533 BAH b, A YLUIE R 4038 32 #
BCIHERBEIZEECA LB A BB 7%~ 17%. HP AR A HLIELLE xf
RS CINEREFAL, BELHE ETHE CdFY T 6.8 mgkg ', M FBEMRH
KAEYIEHBEMET D THE3IOmgkg 'M4dmgkg™'. N ERYE, LMY
RACATHET 15% £H, MAEFREVIEEIEE 10% £4. BT, EE B+
A H A Cd MHIBC R TRFFIEVAEK: M HREEE A YUER A B MM HEREE
.

Q) HAANEHG, TRANEES CANSEEMERUMRESANSIE, K
BER BN 8.3%~10.1%, S3THRM I, A ALBBIEE 5% 4 MESESHILE
Cd A PER BN 1.82%~2.33%, WIB{U N 1% £4. X& i T 134 H05 N A + 3% pH
HEE BB,

) HAAINENG REMYESS A ERUEH N MEARANICLAEEZR
RE. SBEMEE BERLENEEAYEEE AR RBUMIBIE 8% A, MR L
AHLIEEEBEMN EF 4% EH. XEFHIEK A L35 5 1% pHERNE WX RE
P, HXANEH. REMVEES USRS M pHEZAA —EHWIEMEX X R, HX
RE N 0.784~0.898" (n = 5,1, = 0.811,r,,, =0.917). XEAFHIKEA LG, &
g md + 3 pH E T B LR B ALY 3T Cd AR F 38, AT FEE T L3 Cd 15

Ro FHIEEX L WANKHEM (G F60X)

Table 6 Effect of orgamic manure on soil organic matter (Incubated for 60 days)

i = " O OB % = O OR

Treatment Organic C(gkg™) Treatment Organic C(gkg )
CK 13.2 # H2% 18.0

| Eiln 15.3 %1% 15.1

| 2% 17.6 B OR% 17.6

# Hi% 15.1
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MF 6 TR, HRMBEFREVIERKERA TR TRAIK SR, FRMER
HUEM S L RENKMEMERAAE. ELARBEAHT REGANS AN TREL
WANBKSBESEEMR MXREKTE0826° ~0916" " (n =5, = 0811, 1y, =
0917). HIELHEAERNMERYHRE LR pHEAF TR, LS RLHEN LRAIES
A Cd e RS R A LR R B K,

X7 EAFNREESRINPTRSCIIRESHENRCISANTCIHXR

Table 7 Relauonships between the available Cd and the exchangeable Cd or WBO in polluted soil with
organic manure applied

o %X A K & = EPEY2:] EPEES 4
Interrelated factors Treatment Regression equation r
B ACIHAE BAC 1% y=—11.6+1.06x 0.920""

®32% y=3.54+0.67x 0.910"
BE)1% y=—77.3+2.65x 0.934""
ey y=—214+141x 0815
BESHENEREC H¥%1% y=—14.4+9.63x 0.922""

*3E0% y=8.65+3.07x 0.903"
BEI1% y=—38.4+16.8x 0.872°
RE2% y=—4.81+7.52x 0910

HAXGHRE, LRXHBES CAAMEFANESCI S LWARS Cd 2 H 2 T FHR
BEEMX(RT). ERAB{EHPHEAAVEREENTENEAECISR, H
Dm&ESENERNE., BaTREFAEKRE, R ENEESSHNERERT—R
HEENERL, R ERRBRAGT, AILEREA SRS CA ARERER, T
A HUIE X B me - 390 fth MR B 7= A B (R B FE R

B2, IR RN A LA TBE Cd MRk, B REA YLAE A 2 1 i i 14
RERWMBR,

2.3 FHYBEX Cd TR M EKBEKEWKOEIR

231 AUENABEYEROER  SxTRMLL, REAVEKN 18 Cdi5RKFH
10 mg kg '8, P EEMAKFEAEY BE ™ 15% 4, FRMEDEE ™ 25% 6, WK
Xr=B AU B 70% 24, XILHE CABRKFERH 10mgkg ' 1| E, KBEEAN
AEBZB CAMEE. REAHIBK 1] Cd 558K FH 100 mg kg ™ 'BY, KR4 BEAAE
YIERW 0% EA A TEERRABEYTRTRE 50% £4h, ERIFRKTET X
BMHABRALPERREKTEZHE, EARMNIISRKP KB TR EDRTREE
KT # E#R4, o7 KRB H T #8430 Cd 3 F 80 5 R i b 884 U,

MRSUENH, MAAIERSREG T KBELEEFRNEY =R, KBS ERR
FTHEELE, XTRERINAIERBA TRENRTEEEKBERK. (DEET L
R ESROEE: QNEYERKBRUERYR. BRER LRI ESRIEEMNEAIL
B EHN2NPIRR, B C/ N.C/ P&, FEA 13055 4 %%, RETR PRE B #3837 7
HABREK MEELNPIBMEK BC/NC/PR.EABUHENPEB “LYE
7. ERBTRAFLFEILK RS F A A BB M KRS B KB E K2
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Table 8 Effect orgamic of manure on biomass of rice in some stages (g/pot)
O 5+ BE¥ Tillenng stage FFREW Ear stage Y k#) Reaping stage

Treatment H b # A ML bRk e TR e 84 T 8L BoOX

Upground  Underground  Upground  Underground  Upground  Underground Brown nce
0~0% 0.82+0.30 075+0.25 26.0x5.31 10.8+£2.94 26.4%4.14 17.3+£1.74 14.4+097
10~ 0% 0.72+0.18 0.64+0.11 18.4+201c 8.82+1.50c 18.1%£3.60c 12.7+1.89%¢ 10.1£0.51¢c
10~ BEI% 0.69+0.20 0.71+0.24  21.9+2.49bc 10.0£2.67bc 20.5=1.89bc 13.1£1.32bc 10.8+1.08bc
10~ FBE2% 0.66+0.23 0.72+£0.25 254%x1.29ab 11.6+1.68ab 25.1£093ab 159+2.37ab 13.0+1.14ab
10~ 362% 0.85+0.16 0.82+022  279*1.20a 174*1.02a 27.5+093a 17.2+243a 13.9+0.99a
100~ 0% 049+0.12 0.43+0.17 10.7£2.04c  564+1.32c 12.8+2.67c 792+222c 4.14+1.23c
100~ #&1% 0.53+0.18 051022 128+1.08bc 6.54x144bc 17.1£1.02bc 8.76x0.51bc  591+0.81bc
100~ ##2%  0.55+0.22 0.51£0.13  174+1.08ab 6.75+0.3%ab 17.2+1.89ab 9.09+0.69ab 8.22+1.20ab
100~ ¥#2%  0.69+0.23 0.59+0.10 194+234a 7.59x087a 199*234a 10.6x2.10a 8.70+0.84a

H:a b, ANKRLSDys ER B EH

HERAUE, BELAR™ AR MAEKBEF NSRBI T KBHED =B
g,
232 AHUEMXKBREMES CARENKIHME ARIATEL, FALREHEMAAN
e, KM ESHMTHONE CdBBETR/KFREMBER. HICd 100mgkg™ 'S
10 mg kg ~'"FH G, RMEBHE M T 1045, KB TH-MHTSEMEMT 2.5 5. L HLS &
Cd BB A8, XUt WK IS e LR b Rl Cd KERSr AR RTEAR AR, o1 b £ AR X 1R

w,

R BHEEXKBRECAAIK IR
Table 9 Effect organic of manure on Cd content absorbed by nce (mgkg™)
& B SBEM Tilenng stage FFHH Ear stage WK Reaping stage
Treatment He EER S B L b4 o T AR S Lo T oK
Upground  Underground  Upground  Underground  Upground  Underground Brown rnice

0—0% nd nd nd nd nd nd nd
10—0% 35 375 36 278 23 249 2.00
10— 1% 34 312 25 250 20 218 1.90
10— % 2% 31 300 195 237 19 217 1.85
10—35362% 28 243 198 188 13 205 0.75
100—0% 40 1056 45.0 1350 46 1350 2.12
100—BE 1% 38 712 24.5 810 23.5 1216 2.00
100—FE#2% 36 675 237 686 22 99§ 1.88
100—%K %62% 34 600 14 650 12 685 1.00

5K B HUIE KB Kb ER AR L, A ALIE R HE O B R OK B S A F M E 530 T &
AW CIR, HPEENBRFTHRE, IERRHTHEERKEHARE CdIEE
KTREE AEXARUENFIEHRES, BRAENKBREY - B HEAELE K, B
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BT, BXNFRA, FRM LR ZHS Cd MESHIE Cd 45 51T 84

ECIBETEEHE, HXREDHHN0.875.0.838 (n=35, roos = 0.811, r

=0.917), X

0.01

VLB KRR Cd EER B TRHAMMESHAIE Cd.
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EFFECTS OF ORGANIC MANURE ON THE AMELIORATION OF
CD-POLLUTED SOIL

Zhang Ya-li Shen Qi-rong Jiang Yang
(College of Resources and Environmental Sciences and MOA Key Lab of Plant Growth Regulation, Nawjing
Agricultural University, Nanjing 210095)

Summary

Incubation and pot experiments were carried out to study the effect of organic

manure on the amelioration of Cd-polluted soil. The results showed that application of
organic manure could significantly reduce the content of chemically available Cd in

soil. Pig manure was more effective than straw. Application of organic manure could
accelerate the transformation of exchangeable Cd into WBO and OxMn., There were

positive correlations between the coutents of exchangeable Cd and WBO and those of
chemically available Cd and Cd taken up by rice.

Key words Organic manure, Cd, Polluted-soil Amelioration



