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IR FE MR R §R 55 5+ 1A B R SR

AR, MKIEAN,

FRE, X A

(PEBHAOL R 22 S PRI 22 e, VR 110161)

m =

i E AR TR R A 4G A A, RGEEST T3 R EOK SRR, A RA NIRRT (Cd)

FEY RS R ALY . WA R WK, AR 65% ARXE S /KR40 T AR LR A R 5 Y e iy 2 4k
& Cd FHEMEC, SRS LANGGE Cd SR, BEhK&Rrsgm, HomiEregm, ‘K> minkEK
>65%HI0 FK R . 3 MUK AT, WIS BE Cd FETERR I, HOCO M AL, BRI S . WK
T SN Cd ISR IRAG, HIRFKEA 65% XS KR AT TS A K B IR 2R A R o BRI R LR A

PR S AR By Mis] 36 > FOR > CK > B 3%
KEER: K BVEL W SR
FESES: X53

B (Cd) e MaAREFRMEME D CE, BT Cd fE
KRR S, LR e, TR
HARS B, 38 Cd 54 1) ok iz 3 4l
RSB TAEE IEM . F NN 3R Cd 5 41
TG L, HRZ AR Sk die, &
Bz —seE AL EEREY Y, HETREAE 1.3 J5 hm?
BHHZ 3] Cd 754y, WA 11 MR 25 AMHLX
O, %} Ccd v54HEEamm g B R ikiER 2, 1
H R FH AT WL ST [ i 358 1) e S A A
ML, SRR ZWF 08 IR 5 A7 AE — 8 4L
U9, Syt A SCH K HIRFEKER 65%
FEOS KR 3 PR A RGWFFUH IR« SR 5]
3 3P RN Cd ¥4 4 I SR AN, BIFTTEs R

2 Cd i g SR G BRI — 2 1 IR R S B A
o

1 #MR57F%E

1.1 ke

PR AR, SR A H S SRR BT (TR
M, HEAMERNE 1. H3E4S cd 54 1154
mg/kg, A Cd HJEy5 4L 14,

PERAHURL, BURE SRR G ISR 3, R
FEFANMLIE FAE 70°C ~80°C LT, B, it 1 mm
i #5 o JLHEAME LR 2.
1.2 REAE

BRI R BRI 10 glkg . B ISR

F1 iR TIROERMER

Table 1 Basic properties of studied soils

g pH AL <0.001mm Zhki 4N 4P 4= Cd
(g/kg) (g/kg) (g/kg) (g/kg) (mg/kg)
s 5.45 11.3 1.84 0.41 11.54
*Z2 HXBPNERER
Table 2  Basic properties of studied organic materials
HHEL 4 C (glkg) 4N (g/kg) 4P (glkg) 4 K (g/kg) 4= Cd (mg/kg)

B 301 47 0.9 1.6 0.24
bicE 212 10.3 12.8 8.7 0.30
LIREES 157 4.9 13 5.0 0.097

OFEETH: LA KRR AFEEEINH (2005025) ).
* JERMEH (yiyanli@126.com)

FEFE S SRR (1975—), o, ICTRIEN, BIHER, EZNF IR R I7 I e AR LAF. E-mail: cfy111@sohu.com



4 6 Y] FRONBRESE 7K 70 AT HUVIDRER] § 75 G 338 10 50 R 2800 935
I, FERIFEMK CEEERI 1 em /K2, HIAFRK 2.1 KOMENDRTIE Cd BERUF R

i KR 270 g/kg) 65% X &K (F7K & 180
a/kg) 3 FIASEIK I SATT, AT A LKA
SR, SRR TR 90 Ko Z JF U 3R T, T EE,
o, TENEE (10 em x 10 cm) K. 3t 12
ANMEER, 3AAT . PERAED sk . AKIHA 14N H
1.3 MEMBRAZE

T Cd A R IR - $h R SR T %, R
FE Cd 4 f R FHAMIR - S s RV R, I Rl s el
JEIE -

3 CAE &0 4R TessieriB 4 Bk . K+
HECAAS AT HA (1 mol/L MgClLyEiR),
IR Eh 4544 (pH5, 1 mol/L NaOAc ¥4, &k
MG E A (0.4 mol/lL MR NmiRie), A
L4544 (0.02 mol/L HNO3;-30%H,0,-3.2 mol/L
NH,OAC TRAEIETD) . FRIEFEH P IICD FHK
PR W o3 D606 BEVE I €
2 BRESH

Al

TEHE K . I RE KA 65% AN A7k 3 Aok
AN EERFE Cd VR HIE 3 ANH, AGH
BHEFPEAR T T b rfac 4k Cd M, AP
MEEEARR (R 3. HpfE 3 BIAFAKS&MET, L
erh g Cd s /NI R HEK <H K & <
65% AHX /K & o il N g5l S AR EE - IEAE 3 FlUK 4%
fETR e s Cd & EbEiREE O, AERKSAE T it
NERACHE I a2 e Cd S BB IE K Ta5 3. it
NGRS HSE I T FIERIR R 455 Cd &,
[Fi] CK 2 7] 2 5 318 ) T A 2 35 /KT o FL 7 o e s 58
A BEHE IR JE BN o ANTRI K 43 Kb 3 A 458 7 T 1) 22 e AR
LB KT o AN I 23 3G n T e
BEAMD S ESHANLG A Cd &aE, b
IKEAT PR SA S &4 Cd ME R E S THA
IKAFZAES T TR KR AT 65% HHXT & KB4 T
)22 AN o

*3 BHRIJHFEMS CIBIEE (mg/kg)

Table 3 Contents of Cd in different forms in potted soils

K534k B AR AR AR Cd

RIgEh&i 75 Cd

PEA NS 5 Cd fblEi & Cd

&
K CK 210D 0.53 FG 0.50 F 0.53 FG

FUR 139E 0.77 AB 0.81A 0.63 DE

e 1.65E 0.84 A 0.69 B 0.66 CDE
LRCES 1.30E 0.66 CDE 0.68 BC 0.76 B

EEIETER S CcK 334A 0.52 FG 0.48F 0.45 GH
B 2.58 BC 0.74 BC 0.66 BCD 0.90A

i 2.47 BC 0.64 DE 0.59 DE 0.57 EF

LRCES 2.09 D 0.59 EF 0.68 BC 0.69 BCD
65% FHS 7 /K i CK 353A 0.48 G 0.46 F 0.39H
B 2.73B 0.64 DE 0.60 CDE 0.88A

i 2.60 BC 0.73 BCD 0.54 EF 0.66 BCE

LRGBS 2.31CD 0.58 EF 0.53 EF 0.73BC

T Bdngt Tukey W2 ELWWE M, AFKE T EEOR p<0.01 KPR, R,

BT B ) pH {EY 5.45, 22 AR [RK 346 AF
FiF#n pH A SIS, K E e, L
5 pH i, FHTIE KA 65% AT & /K& 4 1F F
ZESRAN e A 3 RN AT, IR INHR AL P 45 pH
EART CK, ¥ SEFIML 5| S A0 BE 3% pH (1Y T
CK, HAFRAHFZEFALE (R 4),

Bt SRS IR > S R N, R o e A A
BRI G0, G0 AR Py S o 7K > FH T 5 7K >

65% X K EL . NI 3 AT HLRL G L3 e
SAACERI S R, HREEANE (R 4.
2.2 KREFBHHRXT Cd FRIIFHMTEHEK
A
ANFIK I F A RIS < SR 5] 6 45 Ab B
XIS H P AT A A AR R I sk (1 5 (ELBE
SRR T, AR A KR T 2%
St A IAC BB T — 2o B RRER, RN B K2R
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MR KIAEZE. b, AR, Cdigdt:
el i A K BRI R (R 5D M IR
e LA A A KIS O0ar e, R B i,
] FCAd AR BEAT P 2R R P98 L BEPREE AN RERR T3
Py, Herh s I AL B S O . B AERR
e HE, RERRTEIE RN, 73500 9.24 cm. 1.72 cm.,

0.329. 0.0260 g. TM#KEAT 5 HARK I AAHLL, il
S CAdE R, 7F 10.03 ~ 24.86 mg/kgZ ). M 3
RN, AR AT T I nfAg A Cd 1 A
FHAbAK S F, MHARTEASC 7 A . T
S KA TR, LHERRCd (RIS RS, D> T
SR A K dE R

R4 KRSMEHPR LIREF EROFNT

Table 4 Effects of water and organic materials on chemical properties in Cd polluted soils

BRIV GEE K EHNHES S 65% AR E Kk
pH T A (glkg) pH T A (glkg) pH Jese TEE Ak (alkg)
CK 6.15A 2.67TA 5.85 A 250A 5.78 A 2.47A
HOR 6.00 A 430B 5.74A 2.96A 5.72A 2.82A
LS 6.17A 449C 5.82A 3.23B 5.84 A 3.05A
LRGBS 6.23A 375A 6.04 A 3.05A 6.01A 3.07B
5 BAHRER
Table 5 Results of potted rapes
IRy b FE AR P (cm) H5E (cm) LnEh KRS T (g) THTE () Cd it (mg/kg)
v CK 853 B 156 B ES 0.27B 0.0185 D 24.86 D
R 8.86 AB 171A ot 0.31A 0.0219C 10.03 F
Vi 6.86 D 1.29 DE ES 0.24C 0.0179 D 11.49F
LRGBS 9.24A 172A E5S 0.32A 0.0260 A 10.89 F
EENETES i CK 6.87D 126 E &, MR 0.14 G 0.0121F 28.24B
R 7.14CD 1.34 CDE o, (i 0.16 EF 0.0125F 26.27D
s 5.98E 0.92H s 0.11H 0.0093 G 26.45 CD
URGES 7.60 C 1.36 CD E5S 021D 0.0160 E 2158 E
65% AHXS &K CK 549 E 1.03G 7, Wi 0.15 FG 0.0070 H 31.81A
R 6.83D 1.40C ot 0.17E 0.0230 BC 28.09 BC
s 6.00 E 115F ) 0.16 EF 0.0115F 2853B
LRGBS 7.43C 143C £ 021D 0.0239 B 26.24D

75 A FEK RN 65% AFN & KR4, K4y
AbEE Cd V5 4 RIS T AR B EERER,
R, ARG, b, 78RR R IS BRI
SRR A 55K T 65% AR E/KET, H
FRRREETE , SpAR T3 Cd & 55 A s = T ig s . as
ARV WU R X il S A K 1 5 i (R 7K 4 1 AH AL
LGN, WA FEK . 65% AHXT 5 /K4
RS (S i M P e oS 77810 T E I (SN S EIES 78
A 65% AHXS KBS AT T A b B 2 A 2 R AN B

TEAN A R 7K 93 4 A R VR I 3 3 72 1) L e I R
A AR HE SR A ARG, A RS R AR K AR AR K T 0T
TEAERRISAT T, IR 00 0 B AR TR0

S B RRE R ANE AT AT RE I BLRE B L
%, GURANRE T84 S S IR 38 im0 3 rh CaiE
(RSO o TR 2 1 B < Cu & UM sy, BT
REMG N T R FAE . DILE R AT 260 R
SRR IR R, BRI RS XS 1) A B A RO
k¥

ZANT I, LA R A Cd & B A LA &
CAF R MMIIKR R, BREAPIEGACIT AL
BFEMIAKNAN, 5 A B EIE B 82 K- LA
F GE 6)o WS TE S AT AS AR Cd AR
BEFMRKR; W Cd kR ] s
CA& R IEMIGR R, [FHAMERC T BT AR
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THEZAPEGARKR, 1 HEREATHLE & & Cd
L ARIE B WA, Bk R T B KF LR,
VIR A AL AR Cd [ R, SRR Cd
. B SERICd B, S T E D,

WS R AR BRI, TR AN K o A HLEL
AbBEREW T IR AN TR ASCAR 7 IS, R
A A CA & AR, I 20T A Al A B - 4
R A B2

#6 TIEPRREME Cd SiHsmEFHRT Cd FERMAXRKR

Table 6 Correlation coefficients between Cd in different forms and rape weights, Cd contents of rapes

A 38 #a s Cd BIBHAGACD BEEMmLgaEscd  BHHLAEC MWESETE iskh cd g
A 38 #a A Cd 1
R g &4 Cd -0.600" 1
AR g A4 Cd -0.784™ 0.750" 1
HhlLA4 Cd -0.383 0.529 0.506 1
ST -0.687" 0.289 0.527 0.483 1
W Cd 0.906™ -0.620" -0.823™ -0.212 -0.601" 1

i * ROR p<0.05 KF FAHRME R (r>0.553), **&7% p<0.01 KF R (r>0.684),

MENFL R G AR e 3 R ML RIS I T
TP EH R SR, AV D S &R EA
[R5 03, Wamn b KM E LR R WK
7 R EAE TR, FEMOKIE IR AR, REEE A N,
P. K FIHEHLR & AN R m, [F LRt A K548
Fr BRI — 3, T rh s o & s I B A R T
MR AR KT HAFRZ, EA KA b LR
TNAE FEAE R R N Py K S, B
450 56.35. 9.61 Ml 37.81 mg/kg, fHiHSEHI LA
VS e ] 4% A 3 A KB U o VAN I R AL BRAE 3 K 4y

AR, TIEEA N Py K S REBBRIG, BHVLR
TR . TSNS FE A AL R AL NL P K
A LTI 5 o AN & By (SR A KR %48
PR¥ IR . SR AT A, SR AR T E ]
AN, P K I HUR & &2 R IEMH LR, (H
AR RO RIE B B EACE, WIS ERRE
ARWE S e Cd MR R | 9% 40 45 & AV T IR 45
B EARK &M, TP Cd S RARR R,
L gt 32 A4 K R W KT B R ek 2B K (i Bk 1
s

KT BHRITFEHERERYN. P. KIENREE

Table 7 Available N, P, K contents and OM contents of potted soils

G e BB BN B P K HHLUT
s e s e s Wi i e
(mg/kg) (%) (mgrkg) (%) (magrkg) (%) (g/kg) (%)
vIN CK 38.15 DE - 3.19 DE - 2268 E - 11.02F -
LR 4921 B 29.0 3.49 CDE 9.4 24.04 DE 6.0 21.76 AB 97.5
i 56.35 A 477 9.61A 201.3 37.81A 66.7 14.43 CDE 30.9
URGES 44,65 C 17.0 3.64C 14.1 25.98 BCD 14.6 13.61 DE 235
R CcK 25551 - 3.19DE - 2267E - 10.20 F -
LR 27.32HI 6.9 3.28 CDE 2.8 25.58 BCD 12.8 20.77 B 103.6
LB 39.93D 56.3 852B 167.1 36.81A 62.4 1451 CD 42.3
URGES 29.44 GH 15.2 3.31 CDE 3.8 24.61 CDE 8.6 13.35E 30.9
65% AN & /K B CK 30.85 FG - 3.11E - 25.97 BCD - 853G -
LR 3153 FG 2.2 3.26 CDE 4.8 26.48 BC 2.0 21.96 A 157.4
e 36.43E 18.1 9.26 A 197.7 37.21A 43.3 14,98 C 75.6
LRGBS 3224 F 45 3.56 CD 14.5 27.09B 4.3 13.65 DE 60.0
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TIEPAFEER Cd (& & skt Cd &
TIEFHA NS Py K A HUR IS &S s ) T9) &
M E B RECRY, ST ) vk KN -
A[ASHRAS Cd (142.7424) >ATHL4544 Cd (32.5840)
SRR ER 4554 Cd (23.3485) >R A M4 oh
Cd (20.1644) >34k P (-1.6966) >4k K (-1.1180)
>HHLT (-0.9866) >z ¥ Cd (-0.6579) >k
N (0.2501). w0, nfAZ4e7s Cd & & A K 15
W oK. Horpymseth Cd i BEAE 464 Cd.
IR L4 64 Cdy ANLLE &4 Cd K ALl
AT AR ¥ Cd VRT3 1 18 24 R 0K (129.3909
-111.9194. -85.7143. -54.7323. -49.2623), {HH G [
WY E N B EAA RN, Y e R
T A e 2 () TR A R S A B = A s

3 ik

(1) AFEZKZAE N A LR AR 5 5t
TP A Cd HEIEC, HEREA S
Plaiaads Cd SEn. BEts# K& ErHn,
SRR IERE N, R /K > IR RR K& >65% A 5K
Ho

(2) 3 FlKIIZAMET, AFRAPYIER CdIBAH
WIRSE MR EEAN ] SErp Nl XA B Cd i 1k F
R, FOONRESS, SORME 2.

(3) 3 MK ZAE N, LI AT, =i iA N Cd
R, SR B A F el - FRIFF KA 65%
IR KR AT RSB K B R A AR

(4) 3 BRI AT, IS AP RS AR BT

TS AL W KOy = W] 6 > FRk > CK >
He; NSRS FEAL BEAEAS ] (KO 25 AE R, BIREAT R
BEAIRCd FRTEE, sk D=y Cd Wi, A RO HEAE
WIAEKKE .
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Effects Of Water and Organic Materials on Amelioration of Cd-Polluted Soil

ZHANG Da-geng, Yl Yan-li,

LI Liang-liang, LI Jie

(Land and Environment College, Shenyang Agriculture University, Shenyang 110161, China)

Abstract:

Incubation and pot experiments were conducted to study the effects of organic materials (grass charcoal, pig manure and earthworm

manure) on the amelioration of Cd-polluted soil. The experiment was performed under three water conditions, i.e. submerged, field capacity and 65%

relative water content. The results showed that the content of soil exchangeable Cd decreased significantly and FeMnb-Cd, Ob-Cd contents increased

after adding organic materials under different water conditions. The effect increased with the increase of soil moisture, i.e. submerged > field capacity

>65% relative water content. The effects of organic materials on the availability of Cd were different, with an order of earthworm manure>pig

manure>>grass charcoal. The growth state of rape in soil at submerged state was better than other water conditions. Some differences of growth

indexes of rape were not significant between field capacity and 65% relative water content. The effects of organic materials on the growth of rape

were also different, with an order of earthworm manure > grass charcoal >CKZ>>pig manure.

Key words: Water, Organic materials, Cd, Amelioration
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