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25 = BEI0 L i A W0 7k 3of 7K B 3R A0 1 AR U AR R 9 52 i

W, T, WU, KR, BOm

(ferpfalb K2z, EZRAGY LRk S e B E Eacm=, Bk ®R3 430070)

W OE: HESEE YRR E T SR SRR R A L AR EE N —, AR IR
9] FEHE - ERIRA 0 4 R i A A A . AR R LR R A LR R R R T B R 2 T
HEJE H S YAER b, SR, 2R e H Lt AR 3 ekt +HE T 4 R R A TS YR i RTE R . ARV T Cu
XE4)E Cd, Co/5Yp) R38R xd %, i KRS A I, WFFE it A 22500, 30000 kg/hm® AYE =38 (MVI,
MV2) 55 gkeg A5 (B), DIREATESAYREE (MVIB, MV2B) AL 1Mk, +5E6 4GS Cd.
Cu i KOKREX) Cdy Cu WG IZ e, S5 3HH . ARACT CK,  BRMEAE 4 L e A= Wy e 5 55 22 it iy b 74
(B. MVIB, MV2B) 48U B3, 25037 1 15.1%. 19.5%. 20.9%., 473 H A= ) 5 Ao 15457t FH 4 4 48 pH
WERE T 0.15 ~ 0.25; T Cd. Cu BIRAFEIE A IS HERR A B IL B 45 & B FERiE AL R IS TR R A ML
SERTNAIAS o i FHEE = 9] DL S A Cd L Cu FH/KREAR SR 1 250 (5538 28, B B s 28, It
PRI RARMERIE A, BOMAR RPN Cd M, e/ Cd. Cu [n/KFEHL 1 #BiZ 4, B AbFEL MV2 Zb By
T 92% B +HEA VLT, /93RS TR T 12.90% . 64.89% Y Cd. Cu % Ht; MV2B Ab B L MV2 403839 hn 1
10.28% M IEAHLT, 4r SRR TRk 48.39% . 53.55% [ Cd. Cu &rfE, MV2B AFIAHZ: TIHABAL R, 45

PR R Cd. Cu &R RUR
KEIR: B2 Bk I HEEIEYL; KR

BEE 2P R L, HIENESETGYLH 3R
FEE L 2014 AR B9 (AR TS YLtk vl A
AR EoR, FRER B 25 YL A R R
}19.4%, E4EE R EEEYY, Hbcd, Cufy
AR WK F] 7.0% . 2.1%., WF5E iR, T Cd
5 ek I 3E R AR E ik 2000 J7 hm®, 2 /5 s
AL 17612, M H T 20 142 90 4R 1R W, Cd i
Yoo TH AL E 3G 0 20 245 D Cu M 751
BEFILE, (HY 800 cu Y& T — e BRI
o i U™ AR IEEE L TRk, BEE cu B
IR, A ORI H. & Cufk 25408 (1 it
I, REcu BFREY =R WONAERHER D, il
— 2 - Cu T R A L BN
KR, k2R B AR KRS E5R
AEEORIE, 1 Cd Al Cu (TR ME I pE e g, ol

WA 2024-07-25; RAHBH: 2024-10-20

BEEWH: ARG IHARMER (CARS-22),

EE® N HIEE (1997-), BULEFRA:, EENH LIEESE
VGYEE 5. E-mail: yangyuanyuan765@163.com,

BIWAEE: 0, E-mail: daisyh@mail.hzau.edu.cn.

S B B AR T A 32T Y R
SRR R E AR S L R AR 4
JE R BN AR, (132 Cd, Cu % 4715 YL
TR AE AR HE T I A A1 00 28 o o A A it R 1
DO RS kb S R RS HGE, ThE A
20 ZAHUIX B FE K T 4 i BB bR, AR AE ™ R Y
RN, THEEREHX 2 Fi, B
HERIRE K T 43 5 U 24 430 V) T B e
[,

TEAKRE A P oh, & ZR g O T LA 2 K R 1
W, e Ry, WAEIR R, ek
B 7 T — 2K i A 7 B AR 20% ~ 40% B9 R
A IS e e R Y R LS 4 T
HEAE 2 — 10, S e S s e 47 A
B2l EMEA LR (DOM ), DOM A L5 + 1
Hh S T 4B B TAREAE T, TRIR DOM- 48
mgga 7, N A A R A
A A5 BF5E % B0, DOM 1] LAk -+ 390 e e bt Jf:
5 4 R B T A SO A T, S
R B R A A G

TR R Bk 5 7 T 4 Ja A 8 1) K e ot
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(14325 B RS 3 S R P 0 AR L R A
BE, J& Fe BAR TR 1 S A AL ) 4
LR Fe™, Fe™ Bt 2 70 MR 2 3 100 JE WL 1 6 41
ULREY L i 2 I AT AR AR 2 kI e
B, R Y Fe/Mn HL) B3R LT, DIAE
B FE RS, AR 2 A BT JE AL BH B8 745 1R 5 A Wi
BHRE T, REMEHRERH 48 UE A BKFEAR N,
T AT LB 1k /K R 7E A K & B 1 IR W o 2 19 4
J& R A, ST A i 4 R T Y
RS 8 A m My fEa e, %8s
el FH R UIAR G . Y 58 25 it FH 15 51 45000
kg/hm® [, 2724 KA DOM, M7 3 fin 4 e o
AR CA & i, KRR T Cd 1 7 3
it B, i L s R T R A Ak
[R50 1 TG A B I 2538 . AR R B, B
fifJ5, o0 T W I B S Y Cd Y i 3 Y
IR ARG B, WA BT AT DL 4
Cd S8 [EAK 45.4%, H Cd F5 B4 Y5/
(R 0,

AT, ©A KA 25 + P8 355 1Y
ROk 3 1 — KA IR R h 4R TS G [n)
BUCTH RGO . RIE . AR T
AR R ISR IR, R FE R e
VAN B He e AR 207, AT LA R0 B g v i
HEE, WilEA 5% s S Ak AR K FE X 1
BehESERSCR . T Rm, LRSS
e, K REREFE A W)k BB A AR ARG XT Cd 1Y
el O, WAEBIR LI, 5 oke AR 5% A
e 55 2.5 A1 10 g/kg A= 4 % it FH e 5 AE R AR K
FERE K cd g Y BT RN, Cd 5
FHERBIME R, KRR, &R
HARECKT R Cd &, Culs P RNE S

e, fRHKREAER, Pt KRR R, B
RT3 FoKRIm - &, BRI 1 BREK 1Y Cu &
B, HXPLIHE FREK Cu S REA B YL A
N IR 25 BE KRG R FF 5000 RN TR A 98 in 1) 1 158
A B TR R SRS B, IR R
FEAR A 2 Cu & i, 480 Cu AR 1k, Hr
WK AR S8 m e B by 3 ¢ 1 X Cu AR
SERCR AR T, T, 5 A B A it A
WU AR S DB R O, W5 H 4
B A BTG e M RCR A B R LS
M.

EAER, BEESEEHMSNERL, A2
KT =00 W L B Ak R e 2 - 1 o 4w v
s, HRZRETESLE Cd, R4 ZHME
SBICRE AT RMMR; HEs5 1A 22500
kg/hm® ) B0 —Jifi F £, TGI8 7R 6 e 5 25
Mol 48 < 9B 5 o 4 Jm T5 e 1 OB . Rk, AR SR
Cu " XE4JE (Cd, Cu) {5 HTITL,
BB AL (22500 kg/hm®) . = (30000 kg/hm®) 2
A = eI H e AR ) e Rb B, 38 S KR A
M A AR, RIS H 5195 = Sl A= 4
X IR A R A A ROK R A KB, TS
ge TR S OB R UK B 2 2k P Rt — )
2%,

1 #REFE

1.1 ke

B R B A b Kig T (30° 573”7 N,
114° 55'26" E) Cu " XE LR T15 4 11, ZH X
& BT T 2 R, AR RR 17.5°C, &
AERE K 1495.2 mm, AR IEFRALME L Cd. Cu
TR 1R,

x1 il TENBEAEREE. SR

. AP Bl N AP H K 4 Cd % Cu A%k cd A% Cu
P (g/kg) (mgr/kg ) (mg/kg ) (mg/kg ) (mg/kg ) (mg/kg ) (mg/kg ) (mg/kg )
6.61 24.37 77.00 57.27 217.20 1.95 527.30 0.461 96.97

FRAE € BRI I s b A P b - 185 2 XU
BiskrmE (IR17)) (GB 15618—2018 ), kit 443
) Cd. Cu 4tk (3 1) gt #E 1 1 RURS: 0 6 1
(Cd 0.30 mg/kg, Cu 100 mgrkg ), Xt 4 1E 4 2k
oo AT Y T 2 4 R - A A IR BT T REATAE X
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FERWT, BCFEN43.05%, 4N M35 gkg,
4P M 3.2 mgkg, 4 KK 15.6 mgkg, ANIRE:FTH
FEFF AR (pH 9.23, C & 54.12% ) WK T
SRR G RHCA R AR, H/NE | EREREFE
500°C PR TReiil.
1.2 REt

FROAXI FhRKAE, KE 6 AR, 3RE
o RHBEEN L 2 PR W, % & 22500 kg/hm?
(10.00 g/kg ) . 30000 kg/hm” ( 13.33 g/kg) 2 4~if H
i, 10N MV A MV2, AEYRitiingh 5 eke, iC
M B, FAEBT W 2,

2 AamRmLtAE

IS PIE S
CK AN 48 = DR ) i
B 5 o/kg WK
MV 10.00 g/kg (22500 kg/hm® ) =3
MV2 13.33 g/kg (30000 kg/hm’ ) =7
MV1B 10.00 g/kg (22500 kg/hm®) 2R RHE +5 g/kg WA
MV2B 13.33 g/kg (30000 kg/hm® ) 2 R5HE +5 g/kg /W5

Pk 3k 357 57 1005 () K FE AR T, 10% 1) LR
KR 30 min, THEERIE, BT KPR 4k
SEFH B TOKIZ L 8 h, HA)Hb i e FT 18 (1) 40 A
AR MR, B EIE A BB R
MO A, WO K A, FRAE KB =S
N B AR 26 em. B 30 em AU AT Y. A 2
AT1S5 kg AT+, NTEBEBE, B3, &
T3 FRo i NINEE 25 B ) Ah B T R 2 R A I A )
Mo B3Ry, KR 25 B oK vk T, eI
1~ 2 em/NEE BRI it i 2 4 gk i Ab
HK A=Wy ik 0.15 mm i 5 5 LR A5, K
FERLE R AR T 15 d i A B =AY B, IFE
KALFE (KT 3 em ) A Ab B /K A5 it AE 12 A1
F, 3% MIRE (N46%) . Bk — 2 80 (P,0;
52%. K,0 34% ) . @ALH (K0 60% ), ENE 60%
YEFEAL, 40% VBB NEFERE K B M A, B IE 180 A
IR R R e AT A . /KRG T 2023 4E 5 A 9%
A, 9 AP Ak, F KRS A SR 4 KRS
R
1.3 FESCRER T

FEAKFE G, K 45 A BE KTk A AL

JRL,  FRICRE A b B KRS FERL I BT, 0 kL
FEHL,

14 Cd A1 Cu Wy R FHERIR . A PR AN =y R
TfRHE Y, A A AR TR R S (1CP-
OES) %, +3E Cd Al Cu ) 24 =1 LR
(DTPA ) AR 5 R DTPA 1242 (GB 23739—
2009 ), ICP-OES #ll%E, +3% Cd F1 Cu MIE AR A
Tessier TLAARBUEN G 15,

IKFEAE AR, 4y AR A B3,
HH A KK b b e i i R 2 R, SR A 25
B KPEE, E105C AT 1h, 80CH T2
G L L 1155 S N L Y S | S I 5 A i
PR SR T R — i e (PRFREE 40 1) W,
K H 1CP-OES Ml %2 4% #47 1) & )| & . KRS
W E, WA F e DCB 4R T, Bk
PR R R H Rk, W KAET, ik
A 100 mL B BERRH, A 0.03 mol/L #7452 iR — 4
F10.125 mol/L % i S 4N AR A ¥ 30 mL, F5in
A1 g BRER (e ), YWEIREGRE, 1
T TSR 1 h, SRR A 100 mL %¥
R, JEHEE FK PR3 G E £ 100 mL,
W92 $2 W 5 vE )5 1ICP-OES I 5 Horb i1 & 4 )R
WeEE
1.4 Bk

FIFH B 45 R BCRAE KRG M L% + 1 i 4w Y
wAERe T, HItE AKXk BCr=c/c;, X, BCF
HEER, C KR BN ESE S E (my/
kg ) ; C FHEFHESESE (mgk ).

FIHEE REGERAEE 48 MoK T — -7z
WEG— AT B RE ), HaTE AR
TF=C,/C,, X1, TF h%5is 250, ¢, N/KREE—
WP E A R S (mgkg) 5 C, KRG —HF i E
SlESE (mgke ),

{8 i Office 2011 1 SPSS 25.0 #EA7i B0 %k 48 14
TR 5531, (] Origin 2021 %3
2 GBRESH
2.1 JKAEREAE ™ e ORPRL ™

AN [ A 3EX 7K R A 7= e RO ™ 2 P95 M 40
F3R. MILT CK, FEAF™ & A A R R Y
B, M T s AR A IO B, X ATRE
SRt R R AR m A A G, Ry il
JE AT K R AR AR T Z A LR 4.
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Hr, MV2B AL BEFS FF PR R Bl R, h 27323 of 4.
LRI (MVL, MV2) F5A PR e
FEAE R, RN T 21%., 33%. EWIRE
Jit P — 2048 TAPRL i, B. MVIB. MV2B Zb3#
BB, 4RI IN T 151%. 19.5%. 20.9%.
R, AR A T A R mA PR 5, Hos
A FE B 19 55 25 BBt A 0 XA A 7 (A3 P 3R e
e

%3 FREMBHKEHFF-ERTE (v &)

= it FPR
CK 213.66 + 12.08b 47.25 +2.49h
B 237.74 £ 27.43ab 54.40 + 2.66a
MV1 256.41 +21.45a 48.26 + 1.38b
MV2 261.19 £23.94a 48.81 +5.68b
MV1B 251.50 + 15.54a 56.48 £ 1.08a
MV2B 273.23 £ 16.05a 57.14 £ 0.68a

T RS IRNG FhE s AN R 4k B E] 22 53 B35 (P<0.05). T 1AL,

2.2 JKFEEROER . B e R B R
KRB IR . 250t Rk RS Cd
AN 4 iR, BACFEARES Cd & & ArfE(%, (o
ORI W, HERn RS b 1) Cd B 4 B
i3 B A% 0.12 F1 0.01 me/ke, T KE K P iy Cd &
BAAREET, MVI LB 20 iy od & &
b 3 B 0.17 me/kg, M AF 5T B Cd 7 e
501 0.02 mgrkg, XK B Cd & KA B E
Ml MV2 &b 3 3 BEAIGZE 0T TR g Cd & &, FRAIK
T 0.24 mg/kg, MIZKFEAEAS . FE7CABEK A2 7A
B ANFEAEIZ ], 52 Y it Ak Pk i Ak 21
oA mp AR TP Y Cd i W AL, mid = 5
2 YE LA W e 1) R IR B R IR [ i, MV2B
A B 43 5] AR 0.25 F10.02 mg/kg, B Ab B HE 5 i
FH £ 19 MV2 &b B A K Cd & i 48 1 12.90%
MV2B tt MV2 ik 3 [ AR T oK 1 48.39% 1 Cd

A~ EL
i Ho

(T

F4 KESBURESE ( mg/kg )
g R 2t fiire A
CK 0.280 + 0.074ab 0.330 £ 0.057a 0.037 + 0.007b 0.035 + 0.004ah
B 0.254 + 0.072ab 0.209 + 0.035b 0.025 +0.003¢ 0.035 + 0.006ah
MV1 0.206 + 0.044bc 0.159 +0.114b 0.059 + 0.005a 0.041 = 0.007a
MV2 0.366 + 0.081a 0.092 + 0.020¢ 0.035 +0.001b 0.031 £ 0.007b
MVI1B 0.174 + 0.024bc 0.126 + 0.030¢ 0.054 £ 0.004a 0.017 £ 0.001¢
MV2B 0.093 + 0.064¢ 0.085 + 0.009¢ 0.057 +0.001a 0.016 = 0.003¢

i 6 5 AT, 2R 2 RN AR W AR 1 it FE A AI T
IKAFZEM | FEFEFIRE K TP Cu % f . B AR BRAT K
FEAR BB A Cu & f W G N T 26.46 mg/kg, FE 5%
H Cu &5 R T 3.36 mg/kg, 1M 25 I FDRE K
YRR B 25 R, MV, MV2 Ab B AR 36 Y
Cu 2043 3] i 38 7 12.00, 7.35 mg/kg, 2%
M FREFCRTRE K Y Cu & 34 1 5 R, ik H
R Ui T 2R Cu B B A RIS K
TR A, B FEMKT 5.52 mg/kg; MV1 AL BEXT
ZENF . RS ALREK T Co S RO B3, 4
B K T 443, 4.10 A1 1.42 mg/kg, MV2B 4L 3
XFF A FROR P Cu & B RCR R B, o
WA T 77.7% 1 66.1%, A [F &b B 2 [6], B Ab
PH L MV2 b B4R & T RS K T 64.89% 11 Cu 7 &5
— 194 —

MV2B AbEE L MV2 AbBEREAR T A K H 53.55% 19 Cu
i,

A F B0 LIS K R M 4 B i
EERE T, MiFEiE REU W E 4R AR R R 1 E
BHEERE 1. A AL PR 35 Cd /& 48 R 800R
BB AL I8 BN 6 iR, BRI
S V) HA M B A it R AR T AR KA Cd s 2 R
B, FHET 190% ~ 60.6%, HEERBMEL S
Wit FH A N R B, o MV2B A B EARAICR
WE. 5 CK AL, AFEAHEEZE RER - 25
M-I RAR, FRAK T 3.8% ~ 79.1%, MV2 kb B FEAR
ORI B . s RBCEENM - RS A A T
CK. H%i2 REAE 7 — BOKRAUAE B AL 3T} 5 48.0%,
HAMFITRI 7.7% ~ 70.8%., BT, MV2B 4b

S
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x5 KEESHUESE (mg/ke )

pare] i %t fi7e LER/S
CK 10.18 +3.80d 14.70 £ 0.20a 6.52 +0.85a 3.86 £ 0.85a
B 36.64 +3.10a 13.47 £ 0.20a 3.16 £0.10b 4.65 +0.50a
MV1 22.18 £ 0.70c 10.27 + 0.30b 2.42 +0.10be 2.44 +0.49h
MV2 17.53 +4.80b 9.18 £ 0.37¢c 2.03 £0.13¢ 2.82 +0.30b
MV1B 8.08 +0.59d 8.57 £ 1.92¢ 1.91 £ 0.40¢ 2.48 +£0.77b
MV2B 20.94 +3.90c 3.28 £0.88d 1.77 £ 0.39¢ 1.31 £0.03¢

PR UG Cd 7E/K AR N Y & S FIRRIB RE ST B3,

T R Ty — 23 KBRELRENESRSE
pr— FH AL 1 AT, 58 SN A= W e it FH AT DA N s
A EERM KA MR R R IEEXS Cd 19 [ %E 1, B ALY DCB-
o AR RERR g g CK BEHIN T 0.04 mgkg, MVI bR
CK 0.2107a 1.2760a 0.1163d 0.9557h DCB-Cd 2 5 BBk SR AR B 2% . MV 1B Ab 38
B 0.1407h 0.8756ab 0.1188d 1.4146a DCB-Cd & & & & T 0.07 mg/kg. #HF CK,

MVI  0.1706b 1.1463a 0.2673¢d 0.6966h ANFAE AT DCB-Cu & fe A AN FR BE A REAG, it
E R Z 8] 25 RIS 2, B AFRAT DCB-
Cu & B F K T 1.43 mg/kg, MV2 4L HAl DCB-
Cu & B E W/ T 3.30 me/keg, %525 Sfic i A= 1y 7%
MV2B 0.0830¢ 1.2271a 0.6858a 0.2787¢ ﬂ‘,{i E],(J DCB-Fe. DCB-Mn /F‘a\iﬁ CK ﬁjﬁ%i J][I ,
B B R T 3 MUt Y, MV2B Ab B AE DCB-
Fe. DCB-Mn & &35 i 390 0.67 ¢/kg. 21.5 mg/
kgo X RWIEE 20 5 AWk YIRS it FH AT ARG ok
FERR R AY Fe, Mn S8, WA B AR %4
AT 1
24 HHERMFRE . WIS

F R K AE B B g pH L B F R
A OHL G0 R8T /n. 5 CKAH Eb, FBRMVI AL
B pH R 0.04 5, HAAMY R ETHE, H

MV2 0.0834¢ 0.2670b 0.3947bc 0.8819b

MV1B 0.1036¢ 0.7367ab 0.4573b 0.3171c

IKFE Cu A& SE R BRI E R B0NER 7 s, &
U BTG FH AR T KRS Cu S SEREL, B4
KT 153% ~ 772%, HJH T %2 9k 3# RIS
JEA T A s . A A ERRG S RBUR -
ZKMEAE, T T 357% ~ 90.4%., MV2B RbFR{iifs
18 ZBCEN - R LT T 302%, HAALBEI Rk,
MV2 b B8 2 R [ T 50.1%, A ] 4k B[] 7K A8 Cu
NFEFE A RE K B 56 RS2 T, BACEE - FHAY R i

R7T AEEIKFETEE RIS REBIRM Ab PR A 22 5590 R B2 M LT CK, MVIB 4b ¥

O — feAH #8 AHMIREAEN L pH, BEE, AUEOHM
R U R U DT P S b3 pH M (uSem)  AHUE (gke)
CK 0.0476a 1.6382a 0.4433a 0.6115d CK 7.06 +0.07h 247.83+25.71a 24.61 £ 0.55¢
B 0.0403h 0.3691¢ 0.2346h 1.4765a B 7.32£0.09a 151.83 £30.41c 27.30+0.71a
MV1 0.0287¢ 0.4630c 0.2570b 1.0158bc MV1 7.02+0.10b 205.35+21.51b 2437 +0.32¢
MV2 0.0266¢ 0.3385¢ 0.2213b 1.3997ab MV2 7.21+0.10a 192.95 + 22.54h 24.30 + 0.60c
MV1B 0.0246¢ 1.0536b 0.2235h 1.2835ab MV1B 7.31+0.14a 235.78 + 14.88a 25.97 = 0.83h
MV2B 0.0121d 0.1572¢ 0.5771a 0.7631cd MV2B 7.21+0.07a 219.82 +24.31ab 27.57  1.64a
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DCB-Cd (mg/kg)

40,
35|

3.0 i ab ab a

20 =
1.5
1.0
0.5 .

0.0 L i,
CK B MVI MV2 MVIB MV2B

AbEd

DCB-Fe ( g/kg)

o0

&

on

g

=

9

m

Q

a

CK B MVl MV2 MVIB MV2B
pasa
100 a . .
@ g0l
)
E osol
=
= 40
3
A 20
0

CK B MV1 MV2 MVIB MV2B
AbRE

B ARESBREKERRGBEINEE
I AR NG FRFORA RSN 2R B2 (P<0.05), T,

RN 0.25, FAR IR KRG G &b H Y 1 45
pH BEA FHir, (HfRs pH At 7.5,

T CK,  ZAk i 58 KR8 it 3 5
BIT R, BACHR RIEH R T RRE D, B
pSem, FUMEHE S R AL IE (MVL, MV2) Z[H] 2%
SRR, R 4248, 5488 uSem, MVIB, MV2B
BB A2 TR RIIREAIG 12,05, 2801 pSlem,

AT CK, Bk e KR As, st 174
VIR (B, MVIB, MV2B) +HEAHLE &R
WEEREI, RN 109%. 5.5%. 12.0%, MV2B
AEFRY AL S N . MVL, MV2 4k
A ML S 5 R 1.0% . 1.3%, BEA
Z5. AR, BALFEH MV2 4bHE . MV2B
A FE H MV2 Ab 3 MV2B 40 B H B A 3543 50 5
9.2%. 103%. 1.0% B LIEAHLET, "0, ik
554 it EU S it FH A 0 e 5 55 2 BT LR
W2 AL

KRR G L AR ARG SR E 2 B
o 5 CK AR, AW S 25 o ()i P S 2 8 m
T e DTPA-Cd B & &, (HARPEZ (0] JC 35 22
5o BACHE DTPA-Cd % 38/ 5.3%, JifinsE =9
J& DTPA-Cd & 83 /NT 7.9% ~ 13.2%, DTPA-Cu
B & A T CK 38 T 9.7% ~ 26.3%, MV2 4k

— 196 —

XS Cu BTG LRI 5 i 3

FE 3 A%, BRI P A4S Cd %
HAHET CK B MV2B ZbBE R AN BT, 5 o
Iy 13 ~ 350 AMR, KRG EA Cd TR T
0.4 ~ 1L3IMNE M, XU AT LI+
Cd MV TE IR IR Eh 45 A 25 1 s e s F 51k . AN TR 4k
FRZ ], BALHE L MV2 4b PR A 22 40 45 Cd FEAIK 1.5
ANEIT R, BRIES Cd 5 1.4 A 4040 MV2B 4b
FREE MV2 Zb PRS2 4025 Cd FRAR 1.4 AN E 5005, 5%
BA CA 4R 0.7 A 7 A UL R AE Y
]l AR S Cd [ ARIE SR E . W T E 4
J& Cu, LA Cu FRIFEA BEAL, FEHSA
WA BB NG A, AUPEsAEsE 5
Wl T 8.09 ~ 26.53 me/kg, 5L T 07 ~ 7.2
MEG R, AG AT RERIEIN T 9.83 ~ 26.54
mgkg, dPHEEINT 1.2 ~ 6340 H 4. Ho,
MV2B A EE T ) A HLE 58 Cu BB H
53.5%, LHABAPEE 2.9 ~ 6.5 N4, Uil
I 1 455 2 Ot A 1 o RE AR E R b A B
) Cu [0 A HLLE A5
2.5 B A SRR IR R 2 AT

+HECd, Co YA S + 5 PRk M R
) Pearson A M IR 4 TR Cd 7EK G HR R

S
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\;0.3, § §
R
0.0 LR \\\

Eo \w§§
ED]OO §\
=) .

B2 #FAETENE. RENSSE

C A&ids
100

H 20.2 21.5 20.2 20.1 21.2

80

291 [T ose| | 83, ] [847 | [ 87

IS
S

-

30.7

|

30.5

CdIEd . (%)
3

=

29.2

|

29.0

[
(=]

32.7 29.1

(=

L 1 L 1 L 1 L 1
MVl  MV2 MVIB MV2B
bR

n 1
CK B

AE G ahgads [ RES

100

11.0 114 104 11.3 10.9 10.0

80 7A.'gh:‘°‘.'l. h"A RPN I NN I SN A,
;\: 4120 473 [ 484 [he | 1AT0 53
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on Cd availability in contaminated acid soil and Cd translocation

Effects of Chinese milk vetch returning combined with biochar on cadmium and copper uptake and accumulation in rice

YANG Yuan-yuan, WANG Hao-long, GENG Ming-jian, ZHU Qiang, HUANG Li" ( State Key Laboratory of Soil Health
Diagnosis and Green Remediation for Environmental Protection, Huazhong Agricultural University, Wuhan Hubei 430070 )

Abstract: Soil heavy metal pollution has become one of the main problems threatening the soil ecological environment and rice
food safety in southern China. Planting and turning Chinese milk vetch in winter can fertilize the soil and reduce the bioavailability
of heavy metals in the soil. Biochar is widely used in the remediation of heavy metal soil pollution due to its well-developed pore
structure and abundant surface functional groups. However, the effect of Chinese milk vetch returning to field and biochar
application on soil heavy metal compound pollution is still unclear. This article focused on the soil contaminated with heavy metals
cadmium ( Cd ) and copper ( Cu) in the Cu mining area of Daye city. Through pot experiments of rice, the effects of applying
22500 and 30000 kg/hm” of Chinese milk vetch (MV1, MV2) alone and 5 g/kg of biochar (B), as well as the combination of
Chinese milk veich and biochar ( MV1B, MV2B ), on soil properties, soil available Cd and Cu contents, and the absorption and
transport of Cd and Cu by rice were studied. The results showed that compared with CK, the treatments of biochar alone and Chinese
milk vetch and biochar ( B, MVIB, MV2B ) increased the yield by 15.1%, 19.5% and 20.9%, respectively. The combined
application of Chinese milk vetch and biochar significantly increased the soil pH by 0.15-0.26, and the occurrence forms of Cd and
Cu in the soil changed from the oxide-bound state and residue state with low activity to the organic binding state and exchange state
with high activity. The application of Chinese milk vetch could significantly reduce the transport coefficient of Cd and Cu from rice
roots to stems and leaves, reduce the enrichment coefficient of shoots, promote the formation of root surface iron film, increase
the content of Cd in root surface iron film, and reduce the transport of Cd and Cu to rice shoots. Compared with MV2 treatment, B
treatment increased soil organic matter by 9.2%, and increased the contents of Cd and Cu in brown rice by 12.90% and 64.89%,
respectively. Compared with MV2 treatment, the MV2B treatment increased the soil organic matter by 10.28%, and decreased
the contents of Cd and Cu in brown rice by 48.39% and 53.55%, respectively. Compared with other treatments, the application of
high returning amount of Chinese milk vetch combined with biochar ( MV2B ) had a higher yield increase and a lower effect on the
contents of Cd and Cu in brown rice.

Key words: Chinese milk vetch; biochar; soil; heavy metal pollution; rice
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