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Screening of Low Enriched Soybean Varieties with Toxic Heavy Metals and the

Interaction with the Environment
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Abstract: The heavy metal accumulation in crops varies with genotypes. In order to define the difference of heavy metal accu-
mulation ability among different soybeans and analyze the mutual effects with environment, 120 soybean germplasms were
planted in Jinan and Binzhou in two years, respectively. Pb, Cr, As, Cd and Hg content in soybean seeds were analyzed by
inductively coupled plasms mass spectrometry (ICP-MS). Results showed that the heavy metals content in soybean seeds were
significantly different due to the elements, which were considered as Cr >Pb > As > Cd > Hg. Moreover, the heavy metal ac-
cumulation in seeds of different soybean cultivars varied significantly, and the accumulation capacity of varieties with high or
low accumulation of different elements was stable under different environments. Genotype, environment and the interaction be-
tween genotype and environment showed significant effects on the accumulation of Pb, Cr, As, Cd and Hg in soybean seeds.

Significant negative correlation was found between Pb content in soybean seeds and soybean yield.

Keywords: Soybean; Seed; Heavy metal; Genotype ; Environment variation

I 24 2 20 6 0 DR 2 J , 05 sl v+
4 T YL 1) Tk MR B R R 4 v
L 20 i A i S5 B P g ER S I A R R
] 4 R T e 0 T A B M R A 16 A2 A,
Hirp Cd JT 2R Y A TR [ B S T 4 S e 1
FEILED, 2011 4F (FEERBITRLEAPIHE T
T BRI ) AR 45 e 1E A A B IR BRI R
AFEHT(Pb) SR (Hg) 4@ (Cd) % (Cr) FI25 4 g fif
(As)TENI S ME 4R . KM LEPELES
e TR T 15 Ye W 10 KA UTRE T3 K AR TE AR
Wy e FH R [ R FE e 45T . A R e
FLALPI G 1 AR T LR R
FR R A A KT SRR YIRS R T
e, AT 490 114 77 2 RO JO i ™ o o
4 R W A B — R B R RE S i
EEYIEE R N A B, B KRR A

W5 H #7:2019-05-05

KM ML A PR LA A

F b SR AT & AR 1 A R R B AR R
G TR DG , 0 1 A3k 75 11K 5 4 AR R A
A R EE AR TG Y SR A R e
(R 28 5 AT 300 T o V% B 4 T 17 I e
B EA WEM AR 2ZS . B/ESR 3 -
WETTE AR AVEYAE Cd 75 e 3 P s & B, R
[FEVED AT BB AL Cd 1Y 6 42 R AR R EI/MRIR /s
> PR > KFE > B> AESE > TULLAl > BRK >
UL, RSk AR SR AR 393 4 v [ B HE U AT
HR IR R /INZE L3 = X B 8 A48 (1) /INZ2 R
SN R, NFEZ BN E 4R Cd 15 YR B e, IX
ST ] 22 SRR O W W A AR A
11 AR 2 4 R B 4 AR RO ke IR ) rp o
it IR E SR R A e R, o g
A EEXT Cd & AR R, (I ALY X Hg &

EEWA 1R PR BA B BHE AT T (CXGC2018D02) 5 BLAA MY 7 b A A 5 & 1T ( CARS-04-CES16 ) 5 1L AR 45 Ak K

N FHEEARBHTE 5 1L A8 ARl AP T (2019LZGC004 )
FE—EER A RERE(1987-) 5 Wit B AR O, FENHF KRG EF M, E-mail; 13854198480@ 163. com,
BIEE R (1967-) , 5 11 05 b, FEMNFH K ERE T IS . E-mail ; soybeanxu@ 126. com,,



840

K E B 6 1]

AERE B, FRETE S A% I b Y P 2 T
S IRBRR IO B, FRAE A A R K AR R T
SBREENTE LR ERRARKER, B
JRDATE 42 J8 Fh 26T 5, Horp Cd |\ As i £ 5 R B9 4%
3 B SR T RN T e 8 H 07 5 ok A
3 T S TR A R LA R o A S G D TR
SRR R TTAT A 7 M40 08 1 Y 3
VIR [ Az 25 5% 1 AR B A% 0 43 J AR R i, o
7K 1874 Cd &5 Zn FUE A5 Fh, 34 08-1 & Cd
FICr BfRALR R, IR % IR 7 35 2 L3 L
AT PR 48 B A T AR I 2 At
R TR v R A b R R e R
PR, A6 v el 2B 7 o S B L, H
i, 0k 5 4 )8 A BT S WIS T — A A i
JB. Bz AR B, & IUAE Cd Ab B 4%
PR SRR IEDERRL Cd ¥k B A7 7E 35 1 25 57, Horp A
B 35k M32 bk BRI, (R S Ok SRR
Cd L&Y Cd it 2 i 45 B 2 Sr i s AL AL 26 o
Arao ZEP P H R G AN LU Cd SRS KT
R Y Cd A IEMISE, B K Ak b
WISHISE T K 54 Cd L Ph (il B L) R 5
B RN 2E S, I AR EE Y Cd AR AR Z 5 FR A Ph
AR Bl BN KUY 78 Cd 35 e 1 4 A
62 R FHFN AT /NI, R BRI AR R A5
b Cd BRAE R (4 R AL R SR 1. 2% o ffir
HEAED R O X T 4 B R RE R Cd >

Hg > Pb,

VEWIAS B 4 Jis 8 WACRT R 3R 110 6 PR Y 2 5 Oy o
SR ARAR R AP R B SR AL T AT RE A R AT R
HRTC 2 sr T RERL/NA (10 H 38 KRS RS2
PRI Cd Stk s iR I TR Cd Rk
INFZ SRR R S A H Y 4
JRARA R b B e B A A ol . APPSR AETE R
ARV PN TR 5 326 R 2 A AR o 4 s B 2R 1Y) b Jo A
A RN, AR5 R L EE 4 J o e ) A DA B R B R0
SRR 4 O i K Y PR AR B R, A
WFFERIAIE IR B A 2R (0 A ) HAT B S

1 w5 H®

1.1 ##

PR T 120 /i, BT 15 B 10 5 5%
B 34 25 18 AN R AR BF R T AR
RLARFZ MM (F 1), hE 13 BT 12 45 102 A~
Fi (R )t E ARGV E YR 0 5 i T g 48 Al
BleEBe LA R R 22 BE 2B RO B = BE R
Mg R 2#BE T 68 Ak B2E B U1 H BT
AL B 5 T 45 B 4L

TR0 i FH & SRR A R ph D AR g Al R 26
BB AR A 5 2 1R R P 9 4 (T Ak 23500 A PR
OS] RERIK R = 4Bl

F1 HLXEMR

Table 1 Soybean germplasms in experiment
Pl R Pl R Flt it R Pl R Pl B3 Pl A
Germplasm Source Germplasm Source Germplasm Source  Germplasm  Source  Germplasm  Source  Germplasm  Source
7106 i 4 5 Jes i 195 [k W15 g RETS S ZR ®RE19 W
Fujian Zhonghuang 4 Beijing Han 195 Hebei Jindou 15 Shanxi ~ Wandou 7 Anhui  Yudou 19 Henan
2517 IR X+ 45 IR &S5 = ik HE21 ey BE9Y R# BRE2 WH
Shandong Wenfeng 4 Shandong Handou 5 Hebei Jindou 21 Shanxi ~ Wandou 9 Anhui  Yudou22  Henan
1605 R K65 AR e 15 o KE3L il B 99l WA BE24 T
Shandong Wenfeng 6 Shandong Peidou 1 Jiangsu  Jindou 31 Shanxi Lu99-1  Shandong Yudou24  Henan
FlE R XS &R P31 g s Wl gTLy R BE25 0 WH
Fengshouhuang  Shandong Wenfeng 7 Shandong Fendou 31 Shanxi Jinyi 10 Shanxi Luning 1~ Shandong Yudou 25  Henan
{00683 Jex 6 = Jem 1562 174 Hift 50 g 85105 WK BRE26 W
Zhongzuo 00-683  Beijing Zaoshu 6 Beijing Fendou 62 Shanxi Jinyi 50 Shanxi Ludou 10 Shandong Yudou26  Henan
itk 97-1121 Jes FHE 105 AR N VNEI=A R RE105 R At Wk BE27 L}
Zhongzuo 97-1121  Beijing Qihuang 10 Shandong  Qinyangshuibaidou  Henan Xudou 10 Jiangsu  Ludou 11 Shandong Yudou27  Henan
iff: 983 Jem FHE 13 17K 133 TR HE 12 LA BE12 Wk %E28
Zhongzuo 983 Beijing Qihuang 13 Shandong Zheng 133 Henan Xudou 12 Jiangsu Ludou 12 Shandong Yudou 28  Henan
i 661 dw FFEIS(@) WK #9007 R fREDBS I3y BEIS K BE29 WH
Zhongpin 661 Beijing  Qihuang 1(Ya)  Shandong Zheng 9007 Henan ~ Xudou 135  Jiangsu Ludou I Shandong Yudou?29  Henan
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Germplasm  Source Germplasm Source Germplasm Source Germplasm Source Germplasm Source  Germplasm  Source
Hih 662 x FEISH) WEK 592116 T hE2% L5 BEH2Y WA BE65
Zhongpin 662  Beijing  Qihuang 1(You) Shandong  Zheng 92116 Henan Xudou 2 Jiangsu Ludou 2 Shandong ~ Yudou 6 Henan
Hiih 955383 dJEm FFE1S(X) K #9525 T[T #hE9I= L5 BE3S Wk BE7TS  WH
Zhongpin 95-5383 Beijing  Qihuang 1(Zi) Shandong  Zheng 9525 Henan Xudou 9 Jiangsu Ludou 3 Shandong  Yudou7  Henan
HE 10 Jem FH 21 % *597196 T[T rfE 15 7R BH4S Wk BE95
Zhonghuang 10 Beijing Qihuang 21 Shandong  Zheng 97196 Henan  Gaozuoxuan 1 Shandong Ludou 4 Shandong ~ Yudou 9  Henan
FE 13 Jem FH 31 IF 599048 T[T W3 5 7R BRU25 Whk  BEELS L
Zhonghuang 13 Beijing Qihuang 31 Shandong ~ Zheng 99048 Henan Yanhuang 3 Shandong Luheidou 2 Shandong  Jiwuxing 1~ Hebei
HE 1S Jem 7 33 % FM 135 TR i 84-5 % 520 %k W52 L
Zhonghuang 15 Beijing Qihuang 33 Shandong  Zhengzhou 135 Henan He 84-5 Shandong Huadou 20 Shandong  Jiguan 52 Hebei
HH 16 Jest S 34 7R Bk 23 P HEL 12 Wk EiERAE W& #EEL Wi
Zhonghuang 16  Beijing Qihuang 34 Shandong Juxuan 23 Shandong Hedou 12 Shandong ~ Binhaidabathua ~ Shandong  Jidou 11~ Hebel
HE 18 Jem 35 O] P53 Jem T Fr. 85255 O] BE10%5 T[T FE12
Zhonghuang 18  Beljing Xudou 3 Henan Kefeng 53 Beijing  Shangqiu 85255  Henan Yudou 10 Henan Jidou 12 Hebei
19 Jem HE 105 i P65 Jem e Lz 15 LR %En ETi 452 VA Tk (4
Zhonghuang 19 Beijing Gongdou 10 Sichuan Kefeng 6 Beijing Wandou 15 Anhui Yudou 11 Henan Jidou 17 Hebei
i 22 Jem HE13 Lo R 3 5 Jes e 5z 16 TR BRE12 W WETs W
Zhonghuang 22 Beijing Gongdou 13 Sichuan Kexin 3 Beijing Wandou 16 Anhui Yudou 12 Henan Jidou7  Hebei
i 27 Jem WE3T Lo R4 5 Jes e & 19 TR %E15 R #E9Y Wk
Zhonghuang 27  Beijing Gongdou 3 Sichuan Kexin 4 Beijing Wandou 19 Anhui Yudou 15 Henan Jidou9  Hebei
i 28 Jest HE4T Lol 7730 Jem s 21 LR %16 R R3S b
Zhonghuang 28 Beijing Gongdou 4 Sichuan Youbian 30 Beijing Wandou 21 Anhui Yudou 16 Henan  Jihuang 13 Hebei
HiHE 39 Jem WES 5 Lol HE13 i} 2 5 TR %518 R BE0S
Zhonghuang 39 Beijing Gongdou 5 Sichuan Jindou 13 Shanxi Wandou 2 Anhui Yudou 18 Henan ~ Puhai 10 Henan
1.2 meigit Hf - SR A T R IR SR, T 2 ~ 3 KT,

T 2011 F1 2012 4EAEEMN AT R 2 ANl
P76 A v AR, 10 A oA, R AREHL
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Table 2 The content of heavy metals in 20 cm topsoil

(mg-kg™")
Hb4 Location  Pb Cr As Cd Hg
¥ Jinan  36.32 52.71 6.6l 0.08 0.14
M Binzhou 22.38 73.66  7.95 0.11 0.16

B8 i

Standard value

80 150 ~250 25 ~40 0.30 ~0.60 0.30 ~1.00

2.2 XEMHNESESRENMREERKBEN
T

T R FIEE M K AP RLAE i Pb Cr As Cd 1 Hg
RS 2 AR A R R K KPR E 4 R A i
FEERRZE S, HixXFh 22 R R/NR TR 7, £
A Cr>Pb>As>Cd>Hg(%£3), #E—EXFKE
FERixT 5 Fe 4 @ 1Y s e 1 i AT i, KRILK
FERLZEDT R AN N X 5 Fh R 4 )@ W 4R B 1 AR
E,FTM M Cd>Cr>Hg >Pb>As(F4), #iE
iR . KGRI Pb Cr As il Hg & i 1yt f% )
$70.46 ~ 0.51, JLPF AN BB, (0 32 R85 52 A 3¢
K KEFPRLH Cd & 5 st A% T8, R K TAF
wirp Cd 2B R /N 3) .

R3 AXEMRHHNEESESENE

Table 3 Determination of heavy metal content in seeds of soybean germplasms

HEaE M S AR AL FIME FrifE 2 HRAE R/ME BRRE e S
Heavy metal Year Location  No. of variety Mean/(ng-g~') SD/(ng-g™') Max./(ng-g™') Min./(ng-g™") cv H?
Pb 2011 EM 120 172.95 40.21 471.18 44.02 0.09 0.50
2012 M 120 138.44 22.95 337.44 103.57 0.10
2011 %E§ 120 169.33 96. 44 822.95 97.66 0.13
2012 ¥ 120 197.68 87.98 868. 80 114.52 0.12
Cr 2011 M 119 5992.47 218.69 6703. 60 5439.60 0.17 0.50
2012 EM 120 6358. 89 335.96 8248. 60 5557.80 0.12
2011 W 120 4096. 32 500. 84 5214. 80 3270.40 0.26
2012 ¥ 120 4594.26 1336. 83 7533.00 3417.00 0.32
As 2011 EM 119 105.96 37.19 241.36 37.02 0.18 0.51
2012 M 120 40. 09 19.76 102. 03 6.75 0.21
2011 ¥FE 120 46.62 18.64 139. 64 20.25 0.16
2012 WEE 120 69.48 24.85 185. 44 32.28 0.16
Cd 2011 EM 119 36.23 39.19 388. 14 14.46 0.10 0.88
2012 M 119 36. 80 61.05 456.08 0.55 0.13
2011 ¥EE 120 28.01 11.50 63.02 4.61 0.20
2012 ¥Eg 119 35.38 8.15 105. 82 21.16 0.10
Hg 2011 M 120 2.13 0.40 3.50 1.32 0.18 0.46
2012 M 120 5.07 2.31 11.99 2.10 0.23
2012 ¥Eg 120 4.18 2.05 8.92 0.80 0.25
R4 KREMHELEEEERY SRA AR E 45 51 FPRL Ph BT S A S A
Table 4 Enrichment coefficient of heavy Pb & &2 kb Pb FLE S S A7 A nd 2. 26 4%, H
metals in soybean seeds SO 4 SRR Ph S B FEEE 15 (42) 19 2. 73
HAX Location b Cr As Cd Mg kPR Cr BT S ALt AP Y Cr & =29 ¥R Cr
PR Jinan 0.0047 0.0777 0.0071  0.3501 - FREJS 5 (7 5L Rl 1.24 1%, Horh 7605 ¥FRifY Cr &7
WM Binzhou  0.0077 0.0814 0.0133  0.3294 0.0130 B39 1 1. 30 £ FPRL AS BUERT S A7 AR
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As SEZFPRL P IR )G 5 ALY 5. 57 £, 1 £S5 HHELESERMRNENIMRTMER
T 10 SRR As S ECNHIREREAMAR 8. 63 Table 5 Soybean germplasms with high or low
B : KRk Cd B ERGT S 7 S Rh g Cd &g 2y ek Cd accumulation of heavy metal in seeds
RS 5 7 b Ay 3.58 £, Horh 5% 8 31 #Ekind Cd F4m PR High accumulation AL Low accumulation
TR NBTE B S 36 4% F kL Hg BURRTS A7 Heavy i REICH Flse REICH
T He & 520 kA hE Hg LR )G 5 7 Ry 4. 48 metals  Germplasm  Mean/ (ng-g™') Germplasm Mean (ng-g”")
, Hh 558 15 () FRRiny He fr a2y i 39 Ph T2 237.21  FHE1B(%)  124.07
[ 7. 44 A5 IR, L b R/ SN 0 A LA J A O
IR M T/ T B AR (2 5) A, . ‘
AL B 7R G T R B i K A A
SRk E TAERA TR, WIEIE SR 15 G BI9B  5990.45 W39 4669.45
(58) R 59 S5 FPRIAK Ph L2 b H 8t 39, FE1S(H)  6006.25 WHTHE  4863.54
F T SR RAPRAR Cr LR S PP i 5 19 (B 9 10 BE1E5 6023.40 B9 4872.10
SRR As B SRR R (AL I R 21 4R L1075 6026.50 971121 4881.45
FOHREAIE As BB R 1L i 662 SRR (T 7005 606390 RGTE 491140
Cd BB Rl T 30 R 12 SEMKPRIAE He g N TR TR BRI e
2.3 ASHRESESENEH MR LR L
o B 10 2 139.40 1 195 21.29
KGR G 8 & A 7 2 Irai R 3R cd W3S 118.12 1 28.72
W1.5 FhelE 4 8 & e S R R AA A B 25 22 5% W] T 16 121.75 il 662 34.65
IF,S B 5 Ja R ] AR )R] X ] 2% S A I s 124.21 F5.29 37.75
S, EL R A0 ] R 5 b ] A O o O
ES(GERO). WIRTHMESK GRS S T T
WEZMREZW, I, E5EREF R ESE - 5 %12 5 88
TRRCEMERFEE, ARG E SR &, N W 10 B 11.88 #7510 & 2.93
XA 4 R Vs Y IR AT B PR R e 4 TR ALE 16. 86 %5 19 2.99
Ferl5() 17.57 FFHET 34 3.05

®6 KREMRNHHNESESENAESN
Table 6 ANOVA of heavy metal content in soybean seeds

A B Pb Cr As Cd Hg
Suceof R T T , Bl T
variation Edf M Edf M Edf M Edf MS Edf M

W Variety 119 3.25x10* 1489.36* * 119 2.43x10° 78.28** 119 7.80x10® 601.54** 119 8.80x10° 339.36** 119 1.03x10*> 37.48**

4Eff} Year 1 3.46x10° 15846.44" % 1 2.00x10° 64651.98"* 1  6.96x10° 536.55** 1 1.34x10° 5153.55** 1 3.12x10° 1129.98* *

# Locaton 1 3.48x10* 1593.88** 1 1.10x10% 3532.75** 1  1.57x10* 1206.72** 1 2.73x10° 10523.76* * 1 40 14.49 "~
CLEERY 4 * 6 3 3 . 2
) 119 2.91x10% 1335.94** 119 1.77x10° 57.05** 119 7.71x10° 594.21** 119 1.44x10° 55.38** 119 1.40x10° 50.65" "
Variety x Year
A A

119 3.47x10* 1590.46* * 119 3.13x10° 100.86* * 119 7.27x10° 560.44* * 119 9.30x10*> 35.86** 119 1.91x10> 69.28**

Variety x Location

3 Enor - 1912 21.8 1913 3.10x 10* 1881 13.0 1911 25.9 1412 2.76
B Total 2391 2392 2359 2390 1772

O FORANELAIE P <0.01 K25

** indicate there is extremely significant difference (P <0.01) between treatments.
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Table 7 The correlation between soybean

yield and heavy metal content in soybean seeds

Pb Cr As cd Hg P Yield
Pb 1
Cr 0.384703 " * 1
As 0.072148 ~0.05126 1
cd 0.201635 * 0.395459* * 0.007945 1
Hg 0.138073 ~0.01456 ~0.05629 -0.05381 1
Pt Yield -0.18011* ~0.08872 ~0.11744 ~0.02117 ~0.11976 1

" FORAEBRIATE P <0.05 AR B RFHOC; © 7 Fon A B 7E P

* indicate there is significant correlation ( P <0.05) between treatments; * *

3 4t i

W T Al B e 2 J8 , T AR A 4 T 3% 3
SRIGY 0 B/NREER Y AR Cd 5 YRR T 1 Bk
FFE/INKAR B AL 1. 2% (9 5 R AT 4 AR Cd R
BhRE, JHW ST 0 =T R X KRS K LK
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LORFORE PR G R 2 A B RE L N L R D, LA
16.67% A BRI, RV 7E TS e 1 3
b T R 4R A T RE M 2 4
b, ABESEERM, 6 T AN i R Z AR TS
e (R 5, FB A0 R ORER TE 42 R S A A
R, BIAE I A 3 56 v R SRR Ph 3 e KA K
0.33 ~0.87 mg-kg ™", ¥l i K Tk T 4 R
PRUE(E 0.2 mg-kg ™' FEREFRATAEIRTT Y £ |- %
JE A A 7 [V B A 0 B 4 T A 14 KU

VERIXT T 4 Ja8 114 W WA AR 28 ELA B 5 110 5 Al
JF] 2 5 2020 e 1 A A B R AR R S Al ot T
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Ja R4 07 2 075 e 3545 Cd \ Pb BBk 1 K B g
Fho ASBIFSE BESR TG 120 AN K 5 Fft J5ORE KL 18] 7716
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fi 35 DR R4 I ., G SRS T 3 2o s o ik
BRSO TR 4 E S T e, B, 5 10
SHFRL As B OR IR R As FRAY
8.6 ;778 31 kphi Cd iR T 11 Frkr Cd &
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P TP R AR T 4% (0 A 7 1 — A 2 3% A A

RED

<0.01 7K I BEHI K,

indicate there is extremely significant correlation (P <0.01) between

AR, AHIFGE R I A BEE R Y PRI R B PR A 5 30
R HAEX R GAFRL Pb (Cr As (Cd Hg & 83 A
B LR, DTS A 38 2% P A B R AT R B0 o 4 )
AR AT B ] BB 2t B — sE AV H , e A R 4 Jm AR
F K H X PR 58 AR A 3R AR iy S TR AR
PR E 2 H b5 o
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i, T 52 05 B 4 SR 5 e i 1387 L SR T AR o0
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