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Screening of kidney bean varieties with low heavy metal-accumulation ability based on multi—objective heavy
metal elements

QIN Ran', GONG Sitong', LOU Fei', MA Zhixia’, HE Shouyang', HE Tengbing', FU Tianling'"

(1. Guizhou University (Key Laboratory of Karst Environment and Geological Disaster Prevention and Control, Ministry of Education, New
Rural Development Research Institute), Guiyang 550025, China; 2. Weining Mountain Characteristic Agricultural Science Research
Institute, Bijie 553100, China)

Abstract: A plot experiment was performed in a polluted area to screen kidney bean varieties based on multi—objective heavy metal
elements, and to ensure the production potential of kidney beans. In this paper, ten kidney bean varieties planted in northwest Guizhou
were tested, and the pollution characteristics and enrichment factors of Cd, Hg, As, Pb, Cr, Cu, Zn, Ni were analyzed. The results showed

that the kidney bean had a high enrichment capacity for Zn and Cu (enrichment factor was about 0.2), low enrichment capacity to Cd
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(enrichment factor was 0.02~0.05), and the lowest enrichment capacity for Pb, As, Cr, Ni, and Hg (enrichment factor was<0.01),

presenting the characteristics of Zn>Cu>Cd>Ni>Hg>Cr>As>Pbh. According to the cluster analysis of heavy metal content in kidney bean,
kidney bean varieties could be divided into three categories by cluster analysis: high value category, middle value category and low value
category, as could the bioaccumulation coefficients (BCFs). Among these, Black red kidney bean, Weiyun No. 1, Big red kidney bean, and
Red kidney bean could be used as low Cd-accumulation varieties; Red kidney bean, Cinnabar bean, and Round flower bean could be
recommended as low Hg—accumulation varieties; Local kidney bean, Black kidney bean, Round flower bean, Weiyun No. 1, and Cinnabar
bean could be recommended as low As—accumulation varieties; Black kidney bean, Milk flower bean, Local kidney bean and Cinnabar
bean could be recommended as low Pb—accumulation varieties; Weiyun No. 1 and Round flower bean could be recommended as low Cr—
accumulation varieties; Cinnabar bean could be recommended as a low Cu—accumulation variety; Black kidney bean, Local kidney bean,
Dahong kidney bean, Weiyun No.1, Red kidney bean and Cinnabar bean could be recommended as low accumulation varieties of Zn; and
Dahong kidney bean, Weiyun No.1, Black red kidney bean, and Red kidney bean could be recommended as low Ni—accumulation varieties.

These results show that all the ten kidney bean varieties can be recommended for the remediation of Cd—contaminated areas in northwest

Guizhou, but the risk of Cu and Zn exceeding the standard levels should be monitored closely.

Keywords: kidney bean; heavy metal; enrichment factor; low—accumulation variety; northwest Guizhou
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Table 1 Main heavy metals contents in the tested soil (mg-kg™)
i H Ttem Cd Hg As Pb Cr Cu Zn Ni
+ 358 ¥ 2 Content in soil 1.62 0.23 14.87 56.53 90.27 39.85 131.44 36.03
G 13895 5 {H Background value of soil in Guizhou 0.248 0.3 15 352 90 32 99.5 40
39875 Y2 UK 7 PEE Screening value of soil pollution risk 0.4 1.8 40 100 150 50 200 70

RS R E UE S R EE R AR
TR EE HE T BAEE AT, N
TR R O B R BE R AL . 2 T
FEAGEEWR2, & HERILE 3, 10 AP g m
PRIEEL PR T | R T B S 2 T R A A
T2 5 bR R I 25.8~133.8 em , BARE 2k KT iR
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Table 2 Botanical and biological characteristics of kidney bean varieties

Y45 Botanical characteristics

H W2 REME Biological characteristics

Vfiﬁy e R B I B i Bk B
Growth habit ~ Mature pod color ~ Grain color Flower color  Grain type Drought tolerance  Lodging resistance Disease-resistant
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Table 3 Economic characters of kidney bean varieties
Z 5V Economic character
ff g MR MBS BRHRRUTRE SR . R
Variety . ) Number of Pods per  Grain weight . .= . Seed number Plant height/
Yield/(t-hm®) L perplant  plant her plant/e Grain weight/g per pod Pod length/cm o
WAL 0.47 2.0 5.0 7.32 49.2 4.0 9.6 29.0
FE=E 0.70 1.4 4.8 6.20 48.0 3.8 9.8 25.8
ESE=) 0.85 1.6 6.8 12.12 51.0 4.2 125 79.8
BT 1.00 32 6.6 5.60 48.0 3.4 9.5 74.6
BT 1.09 2.6 7.6 12.28 55.2 2.8 12.6 106.0
KRerzEs 1.20 2.6 7.4 8.40 49.4 3.0 12.1 61.2
Bz 1.21 1.4 5.4 9.30 34.4 2.6 11.8 27.2
B4 7 1.33 34 11.6 28.92 68.6 4.0 11.7 133.8
RIS 1.55 4.0 10.2 20.40 61.0 4.6 13.8 48.4
Y 1.75 42 11.8 18.28 55.4 32 13.3 85.4

(mg-kg")/ P EELJE & & (mg-kg') o K SPSS
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—2017),%31°50.1,0.1,0.5.0.2.,0.5 mg-kg ", Cu %4>
FRAE 2 % A R AR 41 20 S A T A S i b
HEAE™Y, R 10 mg-ke™, Ni A1 SR DL 52 [ PR PR
Nif# A S HH (RID)0.02 mg-kg HEF , M ST
P60 kg il (BRI AR Ni B3 AR IR T 88352,
A4 NGB FRIG FLE K 0.75 mg-kg 1R Ni EH bR
AN B AR 6 BT SCER 3 Zn BRAE AR IE  BOR
HOEFA

2 HRESW

21 ZERRIEESETELERENESHT

W 4R, 10 B 22 5 AR 2R 58 pH AR i
5.76~6.55, H A B #2255 £ 18 8 Fh Ll 47
FEHE4JF LR Cd Hg As .Pb.Cr.Cu.Zn Nif{F1 5
B2 9o 153, 021, 14.37. 54.56. 90.42, 38.45.
120.39.33.97 mg-kg™; 6] — S AN X 6] 8 45 @ & B A7
FE— 2 1 ()5 S (045 SRl /N X R Y S 4 s
WA BEEES . WR(HERSE R A
A 39875 G XU A s b il (01 7) ) (GB 15618—2018) JXL

W6 75 B (R AN A TR AR L A Cd & (B S i T 9 Cd
{14y JRUS: i %6 17 (0.3 mg - k™), ELBH il 1 53 M 4 £ 35
CAICE Tl HAhA FEL B AR E R 115
T Y XU 0 R AL, 452 30T Bt = T DM Y S, 4
R SGRRPE R RS Cdis Y 35,

F RS AT, I AT E H 42 )8 Cd \As . Pb.Cr.,
Cu. Zn (A &2 5 2 P38 20 0l 5 A 5 19 63.2%
0.97% .11.7%.0.04% .4.39% .2.69% , Cd . Pb 4t T I &2
BRI YA o Geital TR, R iE] i - e 4
JBAEMSTERAE BEEES
22 EERMHNESELESERERSN

PP 1] DL, 25 SRR B 42 )8 1 PR Cr Hg Ni
Fh,Cd As . Pb . Cu.Zn 7EAN 7] 25 5 5 A 22 8] 1 L2 30 ik
FE2 5 (P<0.05),Cd Hg As \Pb .Cr.Cu.Zn NifEA
[Fi] 2 5 i o v 5 0 22 49 i) 36 0.069,0.001,0.011
0.034.0.173.3.537.9.312.0.383 mg-kg"'. SR
G4 E GERRE BT Ts G BR ) (GB 2762—2017)
P EE 4 PR (RN B AR 2 8 i R AR A
SUMETE AR AR, 28 PR R 05 YR BR300
A A Cu 2 TP TS e B4t , Cd L As \Pb . Cr 4 B
U ARA 4 SRR 5 Sl N R 2R TS YR AL
BT LR AT AR BTN A e B S
VIASINE VT N = Y LIS e W e i 2 SR
-, BTER R B B Cu>Ni>Cd>Cr>Pb>As>Hg Y #L A, H
P Cu iy FETTHRE (R 6).

H RS R k- B3 —F J7 Euclidean
BT M ST L K 24 o AR 10 25 L ] LR A
HEJE SR RO EEZR) 2R

WWW.QEs.0r9.CN




VBRI R Rt Y F40EF 128

m@g 2708

fH2E) B =R (BREZO (K1), BaO=s W= —
5 R ZEE ML ZE T 44 SRR Cd & 2 BB 5K,
JR A = RIS, AT Ry Cd I R
AT BET AT JRE SR T S
Pl As 25 W R ARG, JR A — 28 (VIR 2R , AT VE K
As MR BBEREM AN . RIERE 21250 = —5
MASEE WEE RIS BRSBTS SRl P
JEEE =R (BB Rl R B2 e S AR 2S
RIS T 44 S A Ph 2 i BB A, AT P
AR AFERE S Rh . 25— 5 R R AE & A i o 17
Cr s AR, J8 55 — 2 CBARMEZS) L v fE R Cr 1Y
I B S A AR P Cu & W BRI, A 45 = 2

AR RAZET 5 LLE TR E 61>
A A Y Zn S ARG, 8 28 =28 CRAIRMESE ), AT Ak
J In AR RBUER AP, Bl —% ST R
O RELZE G N i B ARG, R A 2 GBIl
25) AT Ry Ni 4IRS

WAL, 20 b S S AR B AR S8 T Cd 55— 28
(B2 bl AL S G MRS H 8 T As . Pb iy
BE—R AL WL SR T Cr Zn IS5 — 28 L B, DR 4L
=G B Mz — S8 T Cu 5 — 3 m A, %
KEGmh AR ESNESR SR, WS ST
AHIV ¥ G 5 F bR
23 AEmMM=EEEES SR

(BARAEZE) , FTAEH Cu MR R FRHERE

5 e

=

O TW N DL

10 425 5 Fh Xt 8 Ff

R4 AEAMMEERETEpHERESEETESE(mg-kg")

Table 4 pH and total amount of heavy metals in rhizosphere soil of different varieties of kidney bean (mg-kg™)

i

SN

A m A IR

Al Variety pH Cd Hg As Ph Cr Cu Zn Ni
WY 6.42:021a  1.65:023a  0.21:0.02a 13.89+0.41a 54.1822.54a  84.47¢730a 38.30s3.16a 125.53:9.79a  33.49+1.56a
ES IE=) 6.39:0.29a 147¢043a  0.24:0.02a  14.84x1.05a 59.177.85a  92.47+4.28a 39.38+4.67a 124.18+14.44a  33.67+5.58a
WE—5 6330252  1.52¢0.12a  0.2120.03a  15.28+2.61a 55.72+3.86a  94.9+12.19a 39.97+3.6la 120.85:5.94a  35.07+2.82a
[P A=A 6.110.39a  1.5420.16a  0.2120.03a  14.29+2.19a  62.17+7.31a  84.81+5.74a  39.06x3.98a 134.97+19.85a  33.89+2.8%a
i 6.330.30a  1.60£0.10a  0.24£0.02a  17.49+2.46a 50.52+3.52a  87.42¢9.62a 35.89+3.57a 11520:7.45a  34.05:2.47a
KeaT%ER 6.55:0.26a  1.50£0.35a  0.21:0.02a 10.40£1.19a 52411252  88.97+25la 37.47+136a 116.83+12.68a 34.97+124a
Vi) 57620232 1.39£027a  0.20:0.02a 10.73%2.25a 54.3626.55a  88.63x7.04a 38.25:232a 111.42+3.83a  33.70%3.19a
YT 599:0.29a 1.53:026a 0.18:0.01a 15.92#0.73a  53.25+2.41a  87.35¢7.35a  39.14%1.50a  119.1426.93a  32.84+1.03a
BT 6.49:0.34a  1.60£0.07a 0.19:0.01a  16.38%3.17a  55.7626.79a  94.67¢9.92a  39.61£6.27a 121.28+14.68a 35.06z4.11a
KibE 6.42:029a 1.5120.03a  0.27+0.06a 14.51:5.46a 48.16:6.29a 100.53+6.59a 37.50+6.76a 116.55£10.96a  32.96+1.60a
SN L — 0.248 0.3 15 352 90 32 99.5 40
R3S Y RS — 0.3 1.8 100 150 50 200 70

T R EE  P I (EhR i, [l — PR [l /NG 5 B3R 2259 3% (P<0.05) o Tl

Note: The data in the table is represented as mean + SD, and different small letters in the same column indicate significant differences (P < 0.05). The

same below.

RS FRARMHEERBRIEESETERAUSESE (ng-kg)

Table 5 Available contents of heavy metal elements in rhizosphere soil of different varieties of kidney bean (mg-kg™)

sl Variety Cd As Pb Cr Cu Zn
M ET 1.159+0.321a 0.168+0.057a 7.081+0.271a 0.046+0.012a 1.492+0.392a 3.027+0.454a
EN A 0.850+0.188a 0.185+0.063a 6.706+0.408a 0.033+0.025a 1.400+0.198a 2.386+0.490a
B 0.943+0.284a 0.105+0.015a 5.800+0.677a 0.055+0.023a 1.484+0.205a 3.360+0.910a
[EpiA=A 1.047+0.162a 0.120+0.062a 6.806+0.476a 0.019+0.003a 1.540+0.244a 2.669+0.313a
LUYiA=A 1.093+0.070a 0.092+0.038a 7.280+0.517a 0.054+0.025a 1.424+0.184a 2.904+0.261a
KO =E 0.944+0.351a 0.142+0.019a 6.537+0.853a 0.066+0.050a 1.396+0.328a 3.645+1.160a
FIEZE 0.728+0.125a 0.143+0.033a 5.829+1.794a 0.056+0.000a 1.473+0.194a 2.611+0.340a
FAE35) 0.918+0.116a 0.121+0.099a 6.665+0.969a 0.041+0.012a 1.585+0.056a 3.173+0.674a
BEE 0.999+0.189a 0.178+0.019a 6.418+1.050a 0.059+0.024a 1.982+0.402a 3.131+0.829a
PRI 0.999+0.189a 0.189+0.010a 5.974+1.318a 0.061+0.017a 1.874+0.174a 3.235+0.480a
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Table 6 The evaluation table of heavy metals pollution degree in kidney bean varieties

bt P P 15 YL AL
. Z . .
Variety Cd Hg As Pb Cr Cu Ni FH4(E Average I KAE Maximum Class of pollution
2 A= 0.98 0.01 0.02 0.07 0.37 1.00 0.73 0.57 1.00 1.01 s Y
Y RIG) 0.73 0.01 0.01 0.01 0.49 0.69  0.92 0.49 0.92 0.81 gy 2%
LEYiAS) 0.64  0.01 002 004 071 092  0.82 0.59 0.92 1.13 2 s Y
KerzEE 0.33 0.02 0.03 0.17 0.58 0.87 0.50 0.46 0.87 0.86 R
My 0.55 0.01 0.02 0.04  0.63 092  0.92 0.54 0.92 0.93 R
AHZE T 0.77 0.01 0.01 0.04 053 0.85 0.99 0.55 0.99 0.91 gy 2k
EEEC 0.57 0.02 0.03 0.19 0.64 0.83 0.70 0.53 0.83 0.96 R
2 040 002 001 0.05 044 097 0.50 0.44 0.97 0.84 Rk
morEy 0.43 0.02 0.02 0.10 0.56 1.04 0.48 0.51 1.04 1.04 s e
3 0.29 0.01 0.02 0.07 0.59 079 048 0.42 0.79 0.83 ek 2k
i Cd i Hb He
Variety Cd content/(mg-kg™") 0 s 10 15 20 25 Variety Hg content/(mg-kg™) 0 5 10 15 20 95
e ) 0.055abed =rF 1 b & AHZET 0.001a 0 3 7 v
HAEZEE 0.057abed 1 HAE35) 0.001a I
WL 0.064abc ¥ ot 0.001a X
Kb 0.073abe H L LYIAs) 0.001a H
A2 E 0.077ab = PRI 0.001a
B 0.040bed - 2P A= 0.001a -
MorZEg 0.043abed H s 0.002a H
A 0.033cd k4 MorEe 0.002a H
A=) 0.029d i MAE=H5 0.002a
[ZpiA=A 0.098a A 0.002a !
o s S Ph i
HH As I Variety Pb content/(mg-kg™)
Variety As content/(mg-kg™) 0 5 10 15 20 25
. 0 5 10 15 20 25 HEASA 0.013be — T T T T
BT 0.011abc 7 T 7
o L 0.013be H
AT 0.011abc
_ B 0.011bc :
LUYIA=) 0.011abe 3
- LUYias 0.007bc b=
Kb 0.006¢ :
LN B 0.007¢ H
B 0.006¢ H
_ BEg 0.008be n
A 0.008bc 1
_ KibE 0.003¢ i
By 0.008bc H
. BLAXT 0.019h I
AHZET 0.007be -
KOZEG 0.034a
KL= 0.014ab
) Mz 0.037a 1
MAE=E 0.016a o

Bl = EcEaBRENTE

Figure 1 The cluster analysis of heavy metals contents in kidney bean varieties
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i Cr it
Variety Cr content/(mg-kg™)
0 5 10 15 20 25
KeaES 0.290a e P e e o]
AR 0.297a H
BT 0.282a -
BT 0.313a H
A= 0.321a .
Kb 0.247a
AT 0.264a -
WL 0.357a
[ 6 & 0.184a
A 0.218a _d
it In ik
Variety Zn content/(mg-kg™)
0 5 10 15 20 25
Bz 22.794abc T
FAESA 22.526bc
KReaES 23.264abc
Kb 21.343c¢
BT 24.864abc
AL 24.067abc
B LT 27.044ab
HEZE 25.895abc
BaOET 28.305a
Wite 30.655a

bl Cufy it
Variety Cu content/(mg-kg™)
0 5 10 15 20 25

YIEE 9.202abc =TT s T T
BEY 9.160abc -

A 25 8.506bcd H

FfE=T 8.349hed H

AT 8.679hc H

e 7.873cd |

A 9.999ab

s 9.721abc ]

L) 10.416a ||

R 6.879d

M Ni & ik

Variety Ni content/(mg-kg™) S 10 15 20 o5
Kb 0.690a T e e
By 0.691a
ESE5) 0.740a -

P AN 0.545a 1

e 0.521a -

WETL 0618a
pNARI) 0.374a :
iz 0.377a
BOED 0.363a H

AE3= 0.357a !

P E i 5 i — S AN RN PR R Bl E] 22 5 2.3 (P<0.05)

Different lowercase letters indicate significant differences among varieties (P<0.05)
ZE i EEREERESINE

Continued figure 1 The cluster analysis of heavy metals contents in kidney bean varieties
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Table 7 Total enrichment coefficients of Cd, As,Pb,Cr,Cu,Zn,Hg, Ni of different varieties of kidney bean
i Fl Variety Cd Hg As Cr Cu Zn Ni
B4 = 0.051+0.002a  0.006+0.001a  0.001+0.000a  0.000+£0.000a  0.002+0.000a  0.259+0.044a 0.202+0.021bec  0.014+0.002a
Kb 5 0.048+0.002a  0.003+0.001a  0.002+0.000a  0.000+£0.000a  0.002+0.000a  0.164+0.017a 0.184+0.020bc  0.020+0.000a
e 0.046+0.007a  0.005+0.001a  0.001+0.000a  0.000+£0.000a  0.005+0.001a  0.257+0.020a 0.265+0.031a 0.028+0.006a
AT 0.023+0.007a  0.009+0.001a  0.001+0.000a  0.001+0.000a  0.003+0.000a  0.232+0.014a 0.177+0.011¢ 0.012+0.002a
BT 0.034+0.006a  0.006+0.001a  0.000+0.000a  0.000+0.000a  0.004+0.000a  0.268+0.001a 0.206+0.018bc  0.020+0.002a
EN ) 0.048+0.006a  0.006+0.002a  0.001+0.000a  0.000+0.000a  0.003+0.000a  0.218+0.021a 0.195+0.020be¢  0.022+0.005a
FAE = 0.040+0.015a  0.010+0.001a  0.005+0.006a  0.001+£0.000a  0.002+0.002a  0.223+0.007a 0.228+0.001ab  0.016+0.003a
W= 0.027+0.006a  0.007+0.001a  0.000+0.000a  0.000+0.000a  0.002+0.000a  0.248+0.039a 0.207+0.009b¢  0.011+0.001a
RS 0.020+0.002a  0.006+£0.002a  0.001+0.001a  0.000+£0.000a  0.003+0.000a  0.272+0.009a 0.230+0.017ab ~ 0.011+0.001a
4T 0.021+0.002a  0.005+£0.001a  0.001+0.000a  0.000+£0.000a  0.003+0.001a  0.184+0.006a 0.190+0.036bc ~ 0.020+0.006a
R8 AEFFHET X HIECd . As Pb.Cr.Cu Zn BHSEERH
Table 8 Enrichment coefficients of available fractions of Cd, As,Pb,Cr, Cu,Zn of different varieties of kidney bean
fm it Variety Cd As Pb Cr Cu Zn

B 46 0.093+0.006a 0.062+0.040a 0.024+0.038a 10.170+1.940a 6.589+1.160a 9.567+0.013a

P NG 0.066+0.009a 0.038+0.006a 0.001+0.000a 6.420+2.115a 3.513+0.123a 6.590+0.878a

Ly A 0.058+0.001a 0.104+0.014a 0.002+0.001a 8.306+1.129a 5.380+1.556a 8.881+1.094a

Kea=E 0.038+0.016a 0.098+0.006a 0.002+0.001a 7.762+1.755a 4.906+0.711a 5.936+1.184a

BT 0.055+0.006a 0.040+0.002a 0.002+0.002a 6.509+1.609a 5.774+1.669a 7.776+1.894a

LN 0.074+0.010a 0.067+0.012a 0.000+0.000a 4.826+1.588a 4.962+0.613a 10.084+0.750a

FAE =5 0.064+0.019a 0.438+0.491a 0.034+0.043a 3.629+2.998a 5.817+0.623a 10.420+1.461a

Bz 0.045+0.017a 0.061+0.012a 0.001+0.000a 3.838+0.434a 4.741+0.319a 6.860+0.594a

=) 0.030+0.005a 0.082+0.012a 0.003+0.000a 3.192+0.482a 7.232+0.830a 8.326+1.052a

FAEC 0.049+0.032a 0.084+0.067a 0.003+0.002a 8.268+1.821a 4.477+0.115a 6.858+1.317a
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W4 8 o AN U T A B RV RG] i
2 B 52 b A HENE ) AN E 4 JE T YR B AR 2 A R
Wi, AT RIS e B, - it AT HLIE AN RE B =
HEE Ty, 0 RE S A Y O MR TOUE , BRI 2
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s o ) 28 A% R R 5 e P 4 IS R AR A Y
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T e G 5 K B, AN TR KRG b B ARG K X Cd L As Pb
Cr BFUFAE 135 1 i D R 22 5 5 AR A SE R A 9 26
B, AR AP R 32Xt Cd  Hg P . Cr As B A 22 5 A 2 .
AWEFE R I, T4 JE 0 R AE 25 AR B AR S B Zn>
Cu>Cd>Ni>Hg>Cr>As>Pb i & £ FF1E , 25 5% Zn  Cu
B AERR ) SR, W] BN 1 ZEUIE RN AT O A A
LB YKL Zn |, Cu™ ™, H 2 22 E X Cd . Pb, As . Cr,
NiHg AR, 3% 55 1 A ORI TE 45 SR AR AL, gk
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g R AN M E LSS R, ARk
B, 3 0 B Ak 3 R ) 4 S AE S A
TE 25 1T 52 i B 4 1) 26 0 v

AT GRS X AFAE 138 Cd V5 Y2 a8, 7 I 55 iR
PR ARG Y5 b A G P EE R &
R MR, X Cd 1 E 4R REUH 0.02~0.05. FfHkL
A E AR S R AR, T RE R N E AR AR R
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HR IS X 438 Zn  Cu e 2 S AR+ 30
{HZE FRPRINT Zn  CaTC R & SRR T 4m , Al e Xt +
BABES In Co M EERBUIR KT 1, 2= 0
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ST AT X A3 AR RME 2 BRI ESE .
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Cd.As.Pb.Cr .Hg Ni & 4E6E J1 8055, WF 8 b 25 5
Byl VR R VG G Cd ¥ Y X AR S A, {H Cu . Zn 8
i U 5 5 | AR Sl OG0, Herh e G RRLT 2S5 e
AR ZE— S P Zn  Cu B S, N R R
FEAH N 75 e+ 38 E A .

SE k-

[11QU M K, CHEN J, HUANG B, et al. Exploring the spatially varying re-
lationships between cadmium accumulations and the main influential
factors in the rice—wheat rotation system in a large—scale area[]]. Sci-
ence of the Total Environment, 2020, 736:139565.

[2] PR LR, [ LRI . 4 43S YR B A AR, bt
IR OR3P U, 2014, Ministry of Environmental Protec-
tion, Ministry of Land and Resources. Bulletin of national soil pollution

survey[R]. Beijing: Ministry of Environmental Protection, Ministry of

1% WHART]

Land and Resources, 2014.

[3] B, BEIE DS, EURTT, 5 . B TS YA FHA R KR ity P SR L3R 22 S
FE) A B R 22440, 2019, 38(8) : 1818-1826.  XUE T, LIAO
XY, WANG L Q, et al. Study on cadmium accumulation difference of
different rice varieties in cadmium polluted farmland[J]. Journal of Ag-
ricultural Environmental Science, 2019, 38(8) : 1818-1826.

(4100 . 4 J SR AR AR SR /N2 it R 7 25 M AR BRAMCERBE W52 (D],
B« LA K 2%, 2020, LIU N. Selection of wheat varieties with low ac-
cumulation of Hg/ Cd and study on rhizosphere microenvironment[D].
Jinan: Shandong University, 2020.

[5]E %, R, XS, A5 ANIRIAE AR S ol e FH 4 T 58 Kk I8 i F
FE ). v I RV 4 2 42, 2019, 41(4) : 568 -576.  WANG F,
WANG J G, LIU D W, et al. Study on cadmium accumulation and trans-
location in paddy fields by different peanut varieties|[J]. Acta Oilseed
Crops Sinica, 2019, 41(4) : 568-576.

[6] 3407, A B, 84 A, 45 . 35 AR DU Bt - AN B e b o 42 s Y
FPUFIE)]. FREERL, 2018, 39(6) :2936-2943. LI L F, ZHU C
X, ZENG X B, et al. Accumulation characteristics of heavy metals in
greenhouse soils and vegetables in Siping, Jilin Province[]]. Environ-
mental Science, 2018, 39(6) :2936-2943.

[7] EfTFE, R 53, AR, 45 BT 3 A4 A vk 1 50N 25 2 b BUE A
[J]. Bt SRR, 2020, 36(3) :48-53.  WANG H Z, ZHU Y, ZHU Y,
et al. Quality evaluation of kidney bean in Guizhou Province based on
principal component analysis[J]. Food and Machinery, 2020, 36 (3) :
48-53.

[8] &A1, 5722, THAAL, 55 . KPR TYZE 5 S Al 2 A oMtk 4 FE R o
SITAERZE AT R A IR, 2019(6) - 143-149. YU L, GE
P Z, WANG Z L, et al. Principal component analysis and cluster analy-
sis of main agronomic characters of seed type kidney bean[]]. Agricul-
tural Science and Technology Communication, 2019(6) : 143-149.

[9] DING Q, WANG Y, ZHUANG D F. Comparison of the common spatial
interpolation methods used to analyze potentially toxic elements sur-
rounding mining regions[J]. Journal of Environmental Management,
2018, 212:23-31.

[10] GABRIEL C M, EVANISE S P, INGRID F S A, et al. Amending po-
tential of organic and industrial by—products applied to heavy metal—-
rich mining soils[J]. Ecotoxicology and Environmental Safety, 2018,
162:581-590.

[LL] BRREHa, i SCHE . i 08 P15 7 IR B B2 K el A A 0 R ] ¢
P Ak AL WE ST, 2018, 39(6) : 1044-1051.  CHEN C Y,
TANG W B. Progress and problems in screening and breeding rice va-
rieties with low cadmium accumulation[J]. Agricultural Modernization
Research, 2018, 39(6) :1044-1051.

[12] 25, JTWeBE L4 s LA T & B i i Jm 5 e i
[J]. BAEIME 2 e 4 (A 2R BHE R, 2008, 28(4) :48-51. YAN
S D, WAN X Q, YANG H J. Analysis on heavy metal pollution of veg-
etables in Huangshi[J]. Journal of Hubei Normal University (Natural
Science Edition ), 2008, 28(4) :48-51.

[13] FONTENELE N M, OTOCH M L, GOMES-ROCHETTE N F, et al.
Effect of lead on physiological and antioxidant responses in two Vigna

unguiculata cultivars differing in Pb—accumulation[J]. Chemosphere,



1% T Z AR SRR R ET

i ol 2713

2017, 176:397-404.

[14] [0, W40, 54655, 8 AR EL AR B SR PR AR 1 LU AT 7Y
[J]. Y7 R AP B2, 2020, 49(4) : 114-119. XIANG J, PAN S K,
WU C X, et al. Comparative study on cadmium accumulation charac-
teristics of different cowpea materials[J]. Henan Agricultural Sciences,
2020, 49(4) : 114~119.

[15] 3k, TRL, Fe A, 55 . 25 50 e T RS R 0 6 1 S it o s e 0T 5
[J]. ¥ 2 B2 412, 2016, 52(1) :62-72. LI L, YU S, JIANG Y C,
et al. Identification of salt tolerance and variety selection of kidney
bean[J]. Acta Phytophysiology, 2016, 52(1) :62-72.

[16] BREF, 5K, Tfl:f: S5 LT PV I XA [R] R B A AR
i B b R 3 [J]. FF-, 2020, 39(12) : 146-150, 159.  CHEN Q,
ZHANG C M, GUO Y Y, et al. Evaluation and selection of different
cowpea varieties in Guangxi coastal area[]]. Seed, 2020, 39(12) : 146—
150, 159.

[17] S0 . 5 P S b DXAS [ 7 e = 5 7 e XUB A6 Jy Ja 43 (D], 5%
FH : 52 M K2, 2019, TIAN M Y. Risk pattern of cadmium pollution
in different paddy soils in Guizhou Karst area[D]. Guiyang: Guizhou
University, 2019.

(18] BFF, FE[E S8, AMIIE, 55 . S i it DX 2 S i LB  J]
SRR, 2005, 33(3):38-39. MAO C, CHENG G Y, ZHU S
G, et al. Comparison of kidney bean varieties in high altitude areas of
Guizhou[J]. Guizhou Agricultural Sciences, 2005, 33(3) :38-39.

(19] o, WITE, AR, &5 . AW B TS B 1 AT G L2 - Sl
WPER )] R R, 2020, 51(4):979-985. WANG Y, HU
Y, MA Y H, et al. Effects of biochar on available cadmium and soil
enzyme activities in cadmium contaminated soil[J]. Soil Bulletin,
2020, 51(4):979-985.

[20] 248, Je R, AR EZVE, 45 . ARAL BN M-3R BE e s is e e Ak
7oy KR FE [J] AR FRBERE 2 24, 2020, 39 (10) : 2239 -2248.
LI X, LONG Z H, ZHU Y Y, et al. Study on safe production division
of cadmium and lead pollution in protected leafy vegetables in north-
east China[J]. Journal of Agro—Environment Science, 2020, 39(10) :
2239-2248.

[21] ZERKFS, PR, T2, 45 IR ZERUKRE 0 o 4R S e is R 1 i 22
SEAHTI. Al IR Bl 2431, 2016, 35(6) : 1028-1033.  CAI Q
L, LIN D S, WANG G, et al. Difference analysis of cadmium accumu-
lation and transport capacity in different types of rice[J]. Journal of
Agro—Environment Science, 2016, 35(6):1028-1033.

[22] 28, B, A FILL, 5F . BESRIR B RIRR T Lo 4 s R BUX
[ IEA )], A b IR B Bl 2222417, 2018, 37(10) : 2159-2165. LI J,
ZHU L, TONG L H, et al. Risk assessment on accumulation of heavy
metals in soil under long—term cultivation in vegetable greenhouse[J].
Journal of Agro—Environment Science, 2018, 37(10):2159-2165.

[23] iR AR, WRtmtes, B, 45 0 DX B SR T 4 R T e PN PN
SERFIERF ST AR IR BT Rl 4], 2020, 39(8) : 1713-1722. TU
C Y, CHEN T T, LIAO C J, et al. Pollution assessment and enrich-
ment characteristics of heavy metals in agricultural vegetables in min-
ing areal]]. Journal of Agro—Environment Science, 2020, 39(8) : 1713-
1722.

[24] FAO, WHO. Joint FAO/WHO food standards programme codex com-

mittee on contaminants in f()()d%[R] Rome:FAO, WHO, 2011.

[25] 5} A% . Cd P ARA S5l P i 26 15 45 52 BORBEFE (D). HUN - #7
TLK2%:,2016. FU Y H. Study on screening and remediation tech-
nology of low Cd and Pb accumulation vegetables[D]. Hangzhou : Zhe-
jiang University, 2016.

[26] HU L F, MCBRIDE M B, CHENG H, et al. Root=induced changes to
cadmium speciation in the rhizosphere of two rice (Oryza sativa L. )
genotypes|J]. Environmental Research, 2011, 111(3):356-361.

[27] HE B Y, LING L, ZHANG L Y, et al. Cultivar—specific differences in
heavy metal (Cd, Cr, Cu, Ph, and Zn) concentrations in water spinach
(Ipomoea aquatic ‘Forsk’ ) grown on metal-contaminated soil[J].
Plant and Soil, 2015, 386(1/2) :251-262.

[28] X1 K B . TR A EREE B FRAMN R AP IB W Rr L B Ho% R R FE A PR AL
JV[D]. HE K : PR R, 2018.

tics of masson pine under aluminum acid environment and its rhizo-

LIU Y M. Root exudates characteris-

sphere effect on reducing aluminum toxicity[D]. Chongqing: South-
west University, 2018.

[20] gt I 250 . M AE ) R T 25 28 1 AR A 4 5 L 0 4 R IR
BUR T P 5 2R BT 0 b R ()], A= A5 2% 2%, 2021, 40(3) : 864~
875. XIE H H, YE Z H. Research progress on the relationship be-
tween root morphological structure and oxygen secretion of wetland
plants and salt and heavy metal absorption, accumulation and toler-
ancel[J]. Journal of Ecology, 2021, 40(3) : 864-875.

[30] 47 ZE3, X T, X5, 45 . W S0 s e o S XK e 1) i 2
S8 FRAE S HLELT). HUER S PR, 2021, 49(1) : 18-24.  YANG H
W, LIU X M, LIU F, et al. Characteristics and mechanism of cadmium
accumulation and transport in rice in Karst high cadmium geological
background area[]]. Earth and Environment, 2021, 49(1) : 18-24.

BUMAEHEZE, AT 2, R, 55 Cd/Cr & A Wbl N AN [) i B g S
Cd i Cr B3R 55518 10 22 R F I )], AR 444, 2018, 32(5) : 993
1002. RENY J, REN X J, MA ] ], et al. Study on the difference of
Cd and Cr accumulation and transport in different vegetables under
Cd/ Cr complex stress[]]. Acta Nucifera Sinica, 2018, 32(5) : 993—
1002.

[32] S, RTEI, Jmesk, 45 . G B m DX R0 1 - R g P 4
B B RS AL ()], Ak FR BT 2 2 4R, 2014, 33(5) £ 920-927.
DOU C M, XU D C, ZHOU X T, et al. Transfer characteristics of
heavy metals in soil vegetable system around Tongling mining arealJ].
Journal of Agro—Environment Science, 2014, 33(5) :920-927.

[33] 5K, 25, BB . 5 FHIERE XV 4 o 4 AR 3R At 5 g S ORI 3L
FEHERE[D]. P OB T4, 2020, 22(2) :123-131. ZHANG L,
LI'Y, ZHANG Y. Effect of common fertilizers on heavy metal accumu-
lation in crops and its mechanism[J]. China Agricultural Science and
Technology Guide, 2020, 22(2) :123-131.

[34] SRR, ZRBAR, EOPE, SN R AR TG Y R 28 S B
e FE RS BF 7 [J]. 22 2845 927 4R, 2017, 37 (11) : 1489 - 1496.
QIANG C K, QIN Y H, CAN D, et al. Difference of heavy metal accu-
mulation in wheat varieties and its potential health risk assessment|[]].
Acta Tritici Sinica, 2017, 37(11) ;: 1489-1496.

[35] BRI IR, 00, SR, 45 . 20 BRAL G BERRI SRR 20 DX L 34

2L, A E SR S AR 4R, 2018, 24(4) 1 1068-1076. YAO

WWW.Qes.019.CN




m@g 2714

VBRI R Rt Y F40EF 128

SY, GUO G G, ZHOU X P, et al. Effects of nitrogen and phosphorus
fertilizers on copper uptake and accumulation in castor soil[J]. Jour-
nal of Plant Nutrition and Fertilizer, 2018, 24(4) : 1068-1076.

[36] M 45, BLELSA, 20, 45 . JE T2 HbRoo & i 4 Jm ik RBUKFS
st O 3 L W B 3 AR ], A0l e 15 5 BRI 24, 2020, 37
(6):988-1000. FENG A X, HE H Z, LI N, et al. Screening of rice
varieties with low accumulation of heavy metals based on multi-objec-
tive elements and their absorption and transportation characteristics
[J]. Journal of Agricultural Resources and Environment, 2020, 37(6) :
988-1000.

[37] AR ZR A, Fh3md, SO, S5 N IR R 3 T 4 i L i A i AR
FRAEDRSE)). A2 BB 4R, 2017, 26(4) : 714-720.  ZOU S M,
DU R Y, WEN D, et al. Pollution assessment and enrichment charac-
teristics of heavy metals in different vegetables|]]. Acta Ecologica Sini-
ca, 2017,26(4):714-720.

[38] LIANG C, XIAO H, HU Z, et al. Uptake, transportation, and accumu-
lation of Ce fullerene and heavy metal ions (Cd, Cu, and Pb)in rice
plants grown in an agricultural soil[J]. Environmental Pollution, 2018,
235:330-338.

[39] BEHaT5, 2550, ok AR, 45 . BURMENIXT /N B e 1 T 1e) L
SR W [ F 7 ()], AR 238 41, 2015, 31(36) £ 24-30.
XUE Y F, LI Z X, ZHANG H, et al. Research progress on effects of ni-
trogen supply on absorption, transport and accumulation of zinc in
wheat[J]. Chinese Agronomic Bulletin, 2015, 31(36) : 24-30.

[40] AR, BRI SRy, 45 . BRIA R DX SR 4 SR BE 3 T 4 J 15 AR
Bl K RS BE [T, E BREE R 24, 2019, 39(5) :2086-2094. YU
7, CHEN F, ZHANG ] F, et al. Pollution status and risk assessment of
heavy metals in vegetable soil and vegetables in zinc smelting arealJ].
China Environmental Science, 2019, 39(5) :2086-2094.

[41] (38, R0, JBUOG I, 25 . e oM T 0 s 1 b A FH 3R 3% v Cu Zn |
Pb .Cd . Cr Ni {54340 K w8 SEARPEDFTE )], BSR4 24 (
SRR, 2014, 13(4) :386-390. GAO Q, LISY,GU Y L, et al.
Pollution assessment and enrichment characteristics of Cu, Zn, Pb,
Cd, Cr and Ni in vegetables from Heme wetland in Hangzhou[J]. Jour-
nal of Hangzhou Normal University (Natural Science Edition), 2014,
13(4) :386-390.

[42] TR EZ . TKRZE, TR, S5 . OFPRLAT 7 7 4 A1 4R X SN R T 8 K%
5 R B AR TR0 7 ()], K A2, 2019, 38 (6) : 839 -846.
ZHANG Y W, ZHANG ], XU R, et al. Screening of soybean varieties
with low accumulation of toxic heavy metals in grain and analysis of

their effects on environment([J]. Soybean Science, 2019, 38(6) : 839-

1% WHART]

846.

[43] WX F5 07, E20E, sk, 5 IR 2 e X 3/ NE R G T 4R
A 6 3R [l B LT AE T (9], BEAR M T, 2020, 34(5) : 936-944.
ZHAO X F, WANG Y X, ZHANG Y S, et al. Interaction between
heavy metals and other elements in soil wheat system in Angqiu area of
Shandong Province[J]. Modern Geology, 2020, 34(5) :936-944.

[44] FFIRELER, 227000, JRAS . A FPREE T LIEEM R b R 48 U R
IR SIS A A FREE, 2007, 16(3):812-817. JING X H, LI
L Q, PAN G X. Characteristics of heavy metal migration and distribu-
tion in soil crop system under different environments[J]. Ecological
Environment, 2007, 16(3) :812-817.

[45] AL, 2253, E5AN, 46 KR53 4 )R & i S Ak
X /N 22 W SO < JeR Y R R[], Ak BR BT R} 2424 4K, 2007, 26
(4) :1406-1410. WANG Z W, LI Z M, WANG J G, et al. Effects of
soil heavy metal content and physicochemical properties on heavy
metal uptake by wheat in Tianjin sewage irrigation arealJ]. Journal of
Agro—Environment Science, 2007, 26(4) : 1406—-1410.

[46] RICHAU K H, KOZHEVNIKOVA A D, SEREGIN IV, et al. Chela-
tion by histidine inhibits the vacuolar sequestration of nickel in roots
of the hyperaccumulator Thlaspi caerulescens|[J]. New Phytologist,
2009, 183(1):106-116.

[47] WRIERE, J& T35, Dy SEUAT, 46 31 im0 15 Y ef DX P A R s i o
{1 F TR ). A2 4], 2020, 10(1) :32-36. CHEN J W, TU N
M, YI Z X, et al. Key problems to be solved in the development of ra-
tooning rice in cadmium polluted rice areas in Hunan[J]. Acta Agro-
nomica Sinica, 2020, 10(1) :32-36.

(48] VR KUK . 5 4/ 22 T 0 - 395 QLB B ). AR A5 223, 2017, 33(9)
10-13.  SHEN F B. Wheat containing cadmium strikes the alarm of
soil pollution again[J]. Ecological Economy, 2017, 33(9):10-13.

[49] #53, FOPR S, (L1, 45 . BRYL — A I IR b 1K 3 3 7 45 % ¥ e R
BT FE—— LU i UASE 17 ()], A2 S FRBEA4R, 2005, 14
(4):559-561. HUANG Y, GUO Q R, REN H, et al. Status of heavy
metal pollution in vegetables in typical areas of Pearl River Delta: A
case study of Zhongshan City and Dongguan City[J]. Acta Ecologica
Sinica, 2005, 14(4) :559-561.

[50] 4 2%, 1RV, Sk, 55 . R KR 2R 3~k LR e
10 il 2 45 J W S0 B R AR 22 A M BIE S ()], 2R S FRBE 23R,
2020, 29(6) :1251-1259. LIF R, XU A P, WU Z C, et al. Study on
the absorption characteristics and planting safety of 10 heavy metals
in the system of rhizome vegetables farmland soil in Dawan District[]].

Acta Ecologica Sinica, 2020, 29(6) : 1251-1259.



