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Effects of Crop Straw Return on Soil Cadmium Availability in Different Cadmium Contaminated Soil

JIA Le, ZHU Jun—yan, SU De-chun

(College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China)

Abstract; Pot experiments and soil incubation experiments were conducted under greenhouse conditions to investigate the effects of crop
straw return on Cd uptake by chinese cabbage and dynamics of Cd availability in Cd—contaminated soil and artificial Cd—contaminated soil.
The results showed that soil pH increased significantly in the Cd—contaminated soil and artificial Cd—contaminated soil with maize and kid—
ney bean straw return. Crop straw returning significantly increased the concentrations of NH,OAc and DTPA extractable Cd in the Cd—con—
taminated soil, concentration of NH,OAc extractable Cd increased by 17%~33% after 2 weeks of straw—returning. Whereas in the artificial
Cd-contaminated soil, there was no significant difference in the concentrations of NH,OAc and DTPA extractable Cd between soils with and
without crop straw return. The Cd concentration of chinese cabbage was decreased by 18%~27% with 2% crop straw return in the Cd—con—
taminated soil. However, the crop straw-returning did not lower the Cd concentration of chinese cabbage in artificial Cd—contaminated soil.
Maize straw returning also decreased the shoot dry weight of chinese cabbage significantly on the two Cd—contaminated soils.
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M= R = SRR Z %R, B R I5 Yk H 13
A EHTREEEFE LS. IRERH, ELRES
Yo HH -3 b 5t R AL FIRS AT HEAE R ARSI 133
HESIR IR IR Zn Pb Cu &, RN flifk L3 h
&R, B REENE SRR, HiBARE
B, H USRS FT IS S P TR s P VA A AL
(DOM ) T 34 /il 3 Cu.Cd HI¥E H , AT A E /N2 X
Cu.Cd B, XFpEE RN 2257 5 HFSFFRI5™1L
RN BAEYIRR . PREEHR, UIEYRFIE
i ALK H 3R E PR TIE A Pk , A2 3
T RER, e AR RE TR A LR 7R
FHER TR 1.5~6 A FEF RIS BT
Cd B3| i, Xt B AR &
& & A BN 5 ZEVE YN B 48 TR, AR S A
F RIS A A W AR, BT AE AR IR Y B
LRI F R AR & EES B EAEDR
G , TP ARSI SR R EY)
W SERRRE B A V5 Yk H 3 EASAT IR
Fti B AT AT PR 3

1 #BE57FE

1.1 ik 13%

B ROKRE L SR AT L5 XI5 ek
H , FHERAROAKRE L, H LM RN 2.10 mg-kg,
41 pH5.55, AHLFE & & 289 g-kg's HHEXTFIFiT
2 mm %A,

BRI AR Y 148 R AWITLE DOKTEH , 1%
ROpE SR L, HESMEEN 072 mg kg!, T

pHS.41, PR &R 350 g-kg?s TIEX T3t 2 mm
T, A CdSO, BLHil VR , TS 78 I 4R &
BH 3.0mg-kg'o REME, FEI/HRES, It 2 mm
TR BB A 1, A AR B S
BT B RS YAk F

2 3 N.0.3 g-kg? +,P,05:0.20 g kg™
+ ,Ky0:0.3 g 'kg_1 j:ﬁfEATEEHE , flﬁ/\ﬂﬂ*"l’ﬁ%”ﬂg
(NH,),50,, KH,PO, i1 KC1,, 53 1K bR HERHEC il s
WA B T, Pl T S e RS TR R IR
AL RIERHRETE 13 2 mm +5%, 1 BRI RIESE
1.2 SR IEFIEM RS FT

R T A RIFSEFEFT 2257, 00 ik HAS AT
BT CNARMBOR T 5T 5 13 R ERFIER
HIERFT, T R AR B N SR,
MR R R SRR PR &R
3.28 mg-kg!,C/N 2 17.6; EXKFEFFHESEN 4.11
mg-kg™,C/N H 33.1,

FRAB P EY IR A3, BRI/
F 55,
1.3 RBEHE
1.3.1 +3EIE5ER

TR AR E T T Bk 1 500 g, 4R
15 Y KRG £ AR TS Y P Fp 48 1 4 )T
5 FpAbFE R INASFE AN BEALFE i 1938 GRS FT 2%
KGR 1% FKFEFFA 2% FRFEFFALER (£ 1),
RS LRSS, B 3 ANER . R
W]k 10 J&, 1545 7E 18~30 C2 8], 48 H 5K, 4
FHESKESARAE B 82 AR 1 IRE, R
FEBPHE T AR S G HEATHURE, TR L RAREERE SR,

®1 BFEHRELE BHETHERTARFDESE

Table 1 Treatments of crop straw return experiment and Cd concentration in straw

+i & HAEFFAIZE FEFF R Cd & ft/mg kg FEFFE H /% SR Cd 5 38 R Cd L ili%
YK REL AEH (KHR) — 0 0
¥*5 3.28 1 15
2 3.0
E 4.11 1 1.9
2 3.8
BN G Rk H (Xg) — 0 0
*= 3.28 1 0.9
2 1.8
E 4.11 1 1.1
2
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BB 3BT, 2 mm £
1.3.2 APz

SR LTS IR AR R, 2RI
A%+ 400 g, BRIV R B3R, B3R E 1 A/,
FFERER 4 ¥k, B KA 42 d, 45 B BB 5K RS+
S K BN H A K B Y 60%~80% . FISEWIRG ,
B Rk ph g T, A 2B FOKIEUE 3 8, K4y,
PREFE, T 90 CHRF 0.5h,7E 55 T, FRTH,
W ARSI TR

HRMORE W AN, T, HEHPIRE,
BERESE 2 mm 54
14 MEMHEMAE

BRI 1 3R R B SRR R Y 2k
T3 A I E pHOK 1 2.5:1),DTPA $25 Cd
(0.005 mol - L, pH7.3, ¥ - kb 5:1,4k¥% 2 h) FIEAIREL
$REL Cd(1 mol- L7, pHS5.2, ¥+ Fe 5:1, 3% 2 h) 32 4%
W Cd FJEF RSO TSI E

5T 3R T Cd & & A E A HNOs-
H0, B IH A T AR, RO e . FIEISK
FRUEY) B (GBWO8510 ) i#E4 T Al S 454

2 HRESH

2.1 BFEEMNAERTETE pH fEHSRRMm

B 1 2R PR AR 4 3 F iR AN
FIRAUR RS RS FTIS 138 pH M3h3E 1k XK
BT 2 Rl s Y R R BR M 13, W iR pH 4351k
5.55 F15.41, MK la 87559k RE ik HARFZEF

6.60
6.40 -
6.20
6.00
5.80F
B 5.60
5401
5201
5.00

+ 3% pH Soil pH

a

W2 B4 6 8 H10A
1 FE0TE] Incubation time/f& week

—tH

ARIBCE FEFT IS 14 pH i ST LB H , 5
SRRAI G, FTA RS FFAE AL EE 438 pH B B,
3% 4 G AFFSFTE H AR pH #2585 T 0.3~0.9, 38
H R [RIAS AT 4 +458 pH AR (L R R , Bl 3% 75 B [ 4
KiE B GRS FFROALBE + 38 pH JE T FER 5 LT, 8
FH T K AT 14 Ak 3 o 355 37 B [ 4 S K -4 pH —H
Tt FEFFIE HERN, pH _EFHE g R, TN
BE Y5 Yt - SRS AT A H AL BE 43 pH B B TR AT
N R AL B (& 1b), B 54875 Yek #8 L A5 FT
i HRRIF) A2, BSR4, BTG Ab 33 A 138 pH
PIFEB A REAR, X P BB F AR V5 4 A
SERERER , TRERERXT T IR RIS ALY . FEFTIE H 4R
= T 3 pH 2 R TR 20 B A HILIRR B B 1 ik
YE A AL VE I e Bir gk, K 2544 T # #F 8 B
J& , BERSFFI 40 Af , TR Z VW) pH BB 4R
=, 3 pH B I E AR A WA B
BERNEZ — Rt pH _FFHEE8 N+ 55T
W E RE T, 1D RS W P AR R BT, DT R
AR,

& 2 RN Y H IR H G LR R
BB A LEE R, WER 2 TR, X F
WisYoKRE L, RE T BT R R H 43
R 1.5%~3.8%(F% 1) HFEFFAHHEERE T 1%
#) pH(E 1a) ,[EFEFFIE H G B30 T + 5 B R
BIREASHRE AR HERE, LI PR R
REGSHE BN L RS FHE HEMF MR
T, 38 H 3R GRS FF A E KRS AT XS - B R B SR BUSAR

6.50 -
6.30+
6.10+
5.90+
5.70+
5.50+
530+
5.10+
490+
470F p

4.50 L 1 1 1 )
2R B4 K6 H8HA HBI0A
5 FERFE] Incubation time/ff] week

+#E pH Soil pH

<-FG 1% W FTG 2% O FX 1% & EXK2%

afRIGYUKTE L b BRI Y 1

a.Cd contaminated soil b.artificial Cd contaminated soil
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Figure 1 Dynamics of soil pH of Cd-contaminated soil with crop straw return



55 29 &5 10 1]

DI S 1995

TRNEMEFALE  WFSFHE H 5 AR A 1358
Bt BR R SR AL T LA e, FE FT 48 HJS ARG 6
JE SFEFF AN H A0 He -+ B IR A R A 4R 1
B3, 6 JA R 1 INE kRN . AT IR S B
T 4R TE GRS - SRR R A RN FER
K 7] BB ARG AT PR S R K A HLBR A AT ¥
AHERTE, F ik HFEFPRA LGP RER
1.5%~3.8% , {8 + S S PR B IR UGS MR TESE 57 J5 I 38
2 A& H AL B HE O I8 H A X BRAL BESEIN T 17% ~
33%, ATk HFSF ARG E KR E , & HH]
SRR, R IGE S e . VEMIRS A 20a H
WA LA IR T IE A HLBR , 78 R rh ofg, RA 1R
/NI REE AR E AR Y, AR IR R B
FF, B AR T SRS FE B S Yol o gt st +
B A A U R

MF 2 BAT LAE 3 F AR K A R R
AIRSHIR TS e 3, B P IK IS IR R e 14
Tt R AR BN & B AR & , BRI A RS FE 25
A —E R, (B8 HARR RS AN R 2 RS FF A X
TIEP RGBSR A B AL E R —b R
FFE H 5 AN R B B] - 8 S BR A 4R BUS R A AR Lt oA
B

FERREF IR B & R R E 2N ISR, I
K, EG WY RN, DTPA BN K+ rp Ak
AW, WA EHE"W, W kR A Y]
WP 53— AN FEERIY, 3R 3 BASRIARTS e+ RS FF
¥ H 5 14 DTPA $EEGSHRRERT ] AR b5 5. M3
3FLLE N, BT HE B ERR TRITIKEL

FEIDTPA JREGSHE, FEHE 2 AR ZERR
HEE, SAEHBX AL, F5FE AP+ %
DTPA B IN T 6%~28%, {H 3G SR RIFER
XIS . 3% 3 3B 0T LAF ), 7R IR T
1, & HEHRREILT & H E KRR L3 DTPA
FRBGSRA N Lk S EREAT AL B 8

XTI K B AR AU R TS e 3,
[FIAE T A UK P B RR 5 13 DTPA $RHUS
W AR 1 AR PSR R B ARG A o 4%
i DTPA ISR & BRMARE . WK 3 BT LFE
H, XA B R ERR ARRTS Y %,
IR HEARAE TP AP AR (BAIE SRR B B
ZUAE AR A PFRERIUKE R LT R
R 2 120 d BOE KM,
22 @SR TEERFEANBREK BEERLT
BERRMIRN

& 4 ARG L Bk A R RS ECE
FAT RN A S K AR R R . AR UE
H, ABTERTS Yok AE L B BRI TS e 1 4
b HEERAT X AR R BA BE M, 2k H
FRFEFTHBERR T AR R X 2R
AR SFEFT C/N LA 2%, FOKFEFT C/N s, 7l
e ol P E ZRAR 8 E SR EA]
FEF T REDRE, FR T ORAE AT AR I A AT 457 0 G
SEAEN T SRR, 38 FH EORFEFT AL BE A B 37
8 3 AR SESER . NAREARSRE,
TERRTS YRR £ b, 1% R AT I8 H B X FERR AR
BEA W, 2955110 H &2 B E KT B3RE AR

2 AEFSHRIREFTHE DRERRERIGSREN B A (ng k)
Table 2 Dynamics of NH,0Ac extractable Cd in soil with straw return(mg-kg™)

. b2 S E Vg
R R AR 5 2 p . o

wwIsYKRE L ot et 0 0.562 ¢ 0.845 b 0.578 ¢ 0.875 ab 0.830 b
¥ 1 0.658 b 0.898 ab 0.610 be 0.895 ab 0.842 b
2 0.688 ab 0932 a 0.640 b 0.920 a 0.868 ab
EX 1 0.685 ab 0.942 a 0.647 b 0.823 b 0.858 ab

2 0.748 a 0.960 a 0.737 a 0.803 b 0917 a

[EEVL e e ot et 0 2.00 a 216 a 2.10 a 210 a 238a
¥ 1 2.05a 219a 2.09 a 2.08 a 229a

2 210a 219a 2.08 a 2.08 a 227 a

EX 1 212 a 219a 2.06 a 211a 229a

2 221a 228 a 2.04a 210a 229a

I F—F A — TR T R T R FR 2 R T S%BEH, LUTF R
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R 3 FERTHRIBAEFIEHGLE DTPA REUGS R B ZEA (ng-kg™)
Table 3 Dynamics of DTPA extractable Cd in soil with straw return(mg-kg™)

e BRI RFFRIR HRIT/R

2 4 6 8 10
iTRUKRE L popiid 0 0.862 b 0.830 b 0.803 a 1.07 a 1.02a
E35] 1 0.920 b 0.838 b 0.785 a 1.08 a 1.03 a
2 0.950 ab 0.897 ab 0.808 a 113 a 1.07 a
EP/N 1 1.01a 0.920 ab 0.875 a 1.05a 1.09 a
2 L1la 0.955 a 0.928 a 1.08 a 114 a
L papiiy 0 2.86a 281 a 273 a 3.03 a 3.09a
¥5 1 282a 2.84 a 272 a 3.09 a 298 a
2 280 a 2.87 a 270 a 3.05a 291 a
ES 1 3.00 a 290 a 270 a 3.06 a 3.06 a
2 298 a 299 a 278 a 3.09a 3.09 a

TR, B 2%FRFEF AL H 2%3F EREFF B3Rk
e B IR T 18%F1 27%, TERIERIs Y+
B R H 2% FKRFEFF A AR R R A BN R
T H AR, FAREFR A H AL EE A SRR AR A
B 5 H RS IR s B2 AR RS R H S
BT M5 YOKRE - P EEREIRIES (R 2)M
DTPA 1RBUSHR & 8 (32 3), 15 B 3048 A W e 5 3%
A, =D, XA E PR IR SR A R
3G IR AERSFRA U RRTER , 3B B B SRR 0
RE RSP S,

H 3R AR R A Y AL B SRR 4R
GRAMNGEEN. NERATUFR, Bi5YwkRE
+ FRER S RA T H 2% E KFEFT RO A B AR
B FRAR, T PRI 2 e FAE W B AR v B, 7R
PRS- 3E b RH 2%F KFEFF R AL (3R Y
BT EH T AR AR mEN N, 4320

BRI AR, AR 4 Wikh -3 RN
FRNE S B RE T UE B, BT Y E
FIMARKBHERREE DA SRS, AR 2
el e e e = E U R A D S

%5 BRARSBIS Y LIRS HF R A 3R
+3 pH A A MAEL. WNESTTUEHR, 5K
P SRR R RAIG 45 R AT R B S 2 FheR
EY L3 pH (EH B E . 7EREIKEL L,
i RS A T RREF A AR R RS
T IR ERR S A DTPA RBUSHR S &, S AR I
S RACFRAH L, iFH 2% F KFEFTA I AR A R B
FKF. FERERIR TS Y T b RS FRA N 4 R
FREL AN DTPA 1R BUSHE & BRIt A R . RS
R HERE ARG S MARMED (X 2.8 3)+
P IRBCS R E BT AE H MR B 4 s e
Bt BR £ A DTPA $RBUS4R & BFh B 385 LA FIMEY

F4 ARFEETERIEERFTEENBRERKTEXIESENRT

Table 4 Dry weight and Cd uptake of Chinese cabbage in Cd contaminated soil with straw return

+3% FEFFFNE FEFT IR % T &g pot™ WA E R/mg kg 3 EEPSR R /mg - pot™!
Wi gokFE L ol 0 571a 102 a 0.06 a
¥*5 1 4.53 be 10.0 a 0.05 a
2 5.19 ab 74 b 0.04 a
FHK 1 387 ¢ 103 a 0.04 a
2 2.614d 84b 0.02 b
L B G C nt wof 0 425a 69.4 b 030 a
¥E 1 428 a 64.6 b 0.28 b
2 428 a 653 b 0.28 b
FHK 1 3.17b 78.1b 0.24 b
2 331b 979 a 0324
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Table 5 Soil pH and extractable Cd in soil with straw return after grown Chinese cabbage

+ FEFFFIS FEFT R E/% +3 pH NH,0Ac—Cd/mg-kg™ DTPA-Cd/mg-kg™
Tk papiid 0 6.2d 0.68 be 0.86 ¢
*2 1 6.6b 0.72 ab 091 ¢
2 704 0.63 ¢ 0.90 ¢
E S 1 6.3 cd 0.69 be 1.00b
2 6.4 be 0.76 a 1.07 a
[EEVL e e it R 0 56b 152a 210 a
*2 1 57b 162 a 216 a
2 6.1a 158 a 218 a
EXS 1 6.0 a 1.66 a 2.26 a
2 6.1a 155a 215a

FEAR TR 173, XFRH 2 FhEEUSSREVEY ISR 1Y
FHEARIE  ARIE P FEFFE HE 30 T L R
B DTPA $REGEMR & & B B ENE S B AL
R BN R H — 7 1 2 B TR S H R
SR T ARAER, B —Jr Rl T HBE
o TR, ZE R IE R AR, BERR B I DTPA 23S
R BRI R H S BRTHE, T A B SRR
JIN 1R R IR B PR A o
3 iFig
FEAL 14 000 hm® FERTB YR H 3, HK
T4 A B T e 3 3 AR ML e i PRI FH 3
SREMARME, ErEFE NRMERRER L= 55
oF A TR A R M A e R U, —
EOL T EMRBFT P ESE & &S TUERED R
KNP ESBENSER, ELBHRRH ERBFEEAR
IHRR T B3EA T, R W A R
HEBWAR T 1, B0, FEFFAE T E s+
EHEESRNARTAMED AR SR E
IR, NIRRT RN R R E %R, BEERT
Yo H A3 F R B HATREFTE IR . AR
FH B TCHERAEERS T 10 pH,HL
B ESERE A DTPA RBUS R & Bt B &3 , 7%
ik HJE 2 B SRR R BCS R B3 T
17%~33%, Tk HFEFH A LENE R S HIEEE
1) 3.8% LT, IR DASEWT , + 38 A 2SR A hn
FE R TR B A VLR FUK IS A
Bl T IE PR A TE AR AT, HMSRMBFSE R
BT HHEMTS, (A B R i R A S A L
AR EiAk R B AR, X 8 51F HAEFA7E

TP TRA R, IEFE SR S i 3
HRRKRN, R E SR AR BEYRTIY
Faf H A HLBR & TE A LBk, 78 T3 R,
BN 1.5~6 I H , REFE ARG RE T 3EHR I 1 Ho 5
/NE R, TR ROl R B, A AR
)5 B & B9 Cd R B L3 . F5ATE SR
T RPN YA RN Z B . AP AR
TG HER T HEPAREREE, MK
F3EAR AR & B BRI ZRL, XATRERHM T
B34 R, AU RIBE A K. Foh, FEFTIE
HEZm T ARMAERBRE-NEEER, XEF
LHE—HRAWI

4 ZEig

(D54 3 FFEFHA 1 B 35485 7 13 pH
H. Ris gk R+ FR H ERAE R B E ]G T
3 APEERR B IR USSR A DTPA RS SE, b
J& 2 RN EERR S A DTPA 4R BUAS R & 838 hn i B 4y
BKE] 17%F 6%LA L, FERT 8] SE-K: + 358 dh o] 4R B
BRI IS A B . N A KIS MR A B R s
T4 I8 H FORFISE GREFT T 13 B R e 1R BGS
AN DTPA $REGSM & B MR R,

(2)RT5 YK AE - EREFFIE H & 198X 53240
RPN S, FEFFE HE 2% 8 F R T [
WEE, BH 2% FE KBS ER/TARENES
B PIERT 18%F 27%., i H EXFEF=0W T H
FAEK, BERKT ARMAEY R, SRR 1
FRHREHNARERKAEEREZMAHE,
WH 2% FE RFEFFREET AR EE M T A3

moa,
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