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TLEAE AT A R VS e M R AR P IR . A5 AR W] LR T R 2R 2 5 Cd Zn W 3E ], 7E 18.3%~37.8% Z [ ;Cd |
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Tolerance and bioaccumulation characteristics of Cd and Zn by potherb mustard

GUO Di'?, GUAN Wei-dou’, ZHANG Yang’, LIU Xiang—yu®, LI Yi—-man’, ZHANG Zeng—iang™

(1.School of Ecology and Environment, Northwestern Polytechnical University, Xi”an 710129, China; 2.College of Resources and Environ-
ment, Northwest A&F University, Yangling 712100, China; 3.Xi’an Solid Waste Management Center, Xi’an 710038, China)

Abstract: Herein, the heavy metal accumulation, tolerance, and physiological response of potherb mustard are investigated under cadmium
(Cd) and zinc (Zn) stress. This study aims to investigate the relationship between potherb mustard (Brassica juncea, Coss.), cultivation
patterns (soil and sand cultures), and heavy metal, and provides a theoretical basis for site remediation by potherb mustard. The results
showed that the germination of potherb mustard seeds was inhibited by the stress posed by Cd and Zn, ranging from 18.3% to 37.8%. The
biomass of potherb mustard under soil and sand culture was between 0.78 and 10.60 g and 1.83 and 3.16 g, respectively. With an increase
in the concentration of Cd and Zn, the contents of chlorophyll and soluble protein in the leaves of potherb mustard decreased. Potherb
mustard adjusted the enzyme defense system to alleviate the oxidative stress caused by Cd and Zn. With an increase in the concentration of
Cd and Zn in the growing substrate, the highest concentrations of Cd and Zn in the potherb mustard shoots were recorded as 80 and 3 318
mg - kg™ (soil culture) and 129 and 5 195 mg - kg™ (sand culture), respectively. According to the calculation of phytoextraction indices,
potherb mustard showed strong tolerance to the Cd and Zn stress, accumulation, and translocation abilities (Cd>Zn). Potherb mustard is
suggested to remediate Cd/Zn contaminated soils at medium and low levels.

Keywords : heavy metal; cultivation patterns; accumulation; physiological characteristics; potherb mustard
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TERZ W & w15 3 TIEBE R BT 4 B
1 T PR AR S S L 20 4D 80 AR AR LK
A0 HE BRAE 2 AL BT Hh AR A I R A O B
FBN G IE Y | BE R3O W 4 TR AR ) BV AR
Yo TR AR IREOR 32 SRS W AR N B4
JRIE Y IRV TIE R, BT LAY A KRB X EREE Y
2L RS 45 R Y R WA S5 R AR 48 B R RO
MIOCHERIRP, SRT, HAR A ARG A I e 4
TP EAT A R Bt , RZ R TR TR
O TICHE A/ e S AR ot P 328 5 T

& AEY AR Wy 4 AR A s R ) E
PE T AR 4 AR (0 R/ INRITAE ) A B 80
T3 Hh AB AR Y T T 4 TR 0 A 2 e ) A 52 Mt g
% . 25 5 W R ) A R AR OO, DT 552 i G 2 i ) R
N HERBEBIEKIEY — 2RI AL TSR
PRERHL . B W AR A T 4w 15 Gt 3 SR IBUAS [+
1) 5 W LS B A L 1, AR AR o R T SR T ) T
S 22— 8 5 A R BT A A X 1 S R
X B i £ 45 i SR A AU L 22 W AL R SRR B Ak
it FN ok E ALY B AED R B S AR W ) 4 T 57
PEFNARBERE ) IS R A Y IR IO A OCHE . il T8/
AR R Y 2 S R G 1L R e R iR
PR TR 0 A S S B ) A T S A R A TS
PB I 2 Ve Al ATy, EURR o Ho At /e ' AR A ) i
HVEE R, AR, E N B L IR RS
AR B TG TS ik R i, B
SOV TP P KT O R R AT B0 1) 8 4 B 3 O A K
Zn/Cu it 321 , BA SR BB S R0 111 1K 5747 b 1Y
W SO SET R RIS A SR R W TR R (SR A
Ty S 3R ELSE ATV TR VAT , 1 T 4R e
Brmm Ry XABK . Bk SR m] e A 15 12
SET5 3 3R U Cd.

TRV Z RS T AR R U 7
B o TGRS S C 2 s B Ax e &9
ZHRE . %%Eﬁ(l?mssicajuncea, Coss), X 4 EH 2T,
BETHFAER =8R, ERNE WNHERZ—.

AR AL T 2012—2015 45 %F B v JRUEL B B ik T
(33°56'45.5"N,106°31'53.5"E) J& i1 65 FHa ¥ (/3@
28 B} .56 &) A AR S AR S e ) RN A7
PEAT T 5307 25 BLEE AR Z A rh B s i o, X
Cd Tl Zn 47 881 1Y & B2 RN 32 BE 1, TE1B8 K Cd \Zn ¥5
Yy 5807 1 AT IR KW RV 0 SR, e 4%
PRI FEIE LT T 5 BB E A E A 0 B %
THXF Cd Zn Tif 52 VEFI & B 5% 12 5E 1 1 R 9T I8
KEHGE ., Kb, AR E IR T3t 2 B ek
TEA RS T A (AR RS ) T X FHE 48 Cd . Zn
1) & B i im Rk ) S 25 HLBIE AR ORI AR B 10, DL
5 BB RO Cd \ Zn 75 YL 37 3 AL S A 38
W, Ry e G R Y E E BRI S

1 #MB5EFE

1.1 iREH

TR BT G g R B B A R SR ERR T
BRFIE A L, T R R A BRI BRI R ) B KU 10
km 2247 B4 L BUREVR B R 0~20 emo SRAERY 1325
B KRR AT BRI P 5% 8%, KT )5 1L 2 mm JE IR
Ml - BEEA AR BN ER 1 PR .

R A LR R T E R A A, &
ZER>85%

W BRI B FH Hoagland 5 38 W IC 5 4022 2 B
Bt i) 48 SR B A B YA 10 mL IS BRER T
WA 1 mL TR G ARG REE 1 L, BN LS vk i
f) Hoagland % 3£ ¥ . Cd.Zn B & E 4 BEW T Cd,
Zn IS5 43 5K CACL  ZnCL (43 4l , KR35 R Ak,
AR BR AR o 43 W FREL CACL  ZnCL % T 75 1H
K, il B 100 mg- L' 1 1 000 mg- L™ Y Cd/Zn it %
W AT 4 CORAR b, BB TR BE R TR R
12 AEEFARTEERECI Zn R EESFHRE
1.2.1 1R

- BE I A P AU AR ARRE B  2 U IR PR B 2 B
WA A S AN A, TN b PR R 3K,
it 154 RABIE SR (55 12 em A2 20 em) ,

&1 TEMAEREBHMER

Table 1 Physical and chemical properties of the soil

A AHL P Foctiin 2% Total N/ A2 Total P/ 4287 Total K/ 42 Cd Total Cd/ 42 Zn Total Zn/
Soil types Organic matter/(g-kg™) CEC/(cmol-kg™) (g-kg™) (g-kg™) (g-kg™) (mg-kg™) (mg-kg™")
1594+ Polluted soil 8.39 5.02 50.6 0.40 0.61 4.39 58.7 5372
T4 1 Clean soil  8.26 6.14 54.4 0.47 0.63 4.67 ND 113

T “ND” R ARG

Note: “ND” represent not detected.
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% 2 Hoagland E &AL

Table 2 The recipe of nutrient solution for potherb mustard

g TRWE RRME
It . Nutrient Molar Quality concentration/
ems substance concentration (g-L)
A KNO; 5 mmol - L™! 50.6
Ca(NO;)2+4H.0 5 mmol-L™ 118
B MgS0,-7H,0 2 mmol - L' 49.3
KH,PO,4 1 mmol - L 13.6
C HiBO; 0.045 mmol - L™ 2.78
MnCL+4H.0  0.01 mmol L™ 1.98
CuS04+5H,0 0.3 pmol L' 0.075
Na:MoO4+7H.0 0.3 pmol - L 0.097
BREE FeSO,-7TH,0 0.2 pmol - L7 5.56
Iron salt solution EDTA-Na, 0.2 pmol - 7.49

BB X A R - e L A% 2 mm JE IR T 5 2 4,
%53 ke, A HIMAN 0.3 g+ kg P 0.2 g-kg ' FIK 0.3
g kg ORISR0 IR FR (BEIR — S BFn &AL, o Bt
AR . BEEEIE RN 5% NaClO 19 7 10 55 BLEE
Tl 20 %0, FRh A LIS AN O S bk, BER S
FEFRAIN E K CRAG H Cd Zn) |, 245 38 1 ) +F
IKEER 70% . 2255 d AR B G E P 1 25 -
HRZR 450 RK ok P 25 8 ok g A
£ 105 CF A7 30 min, 2R J5 7E 70 CF UL =46 T &,
PR T o i, WFER At 20 B, S5 BHRAES A4h,
RAEFAR L 100 g 2247, BIRAT, 43513 100 H #1120
H i, T e BRAL v B B 4 e e
AEFRBET L 3,
1.2.2 WhEHAE

iR AR B S A, AN A 3k, 2

TR AUK PR LR E 4R ) . ERh—FEE R
BEFh - 20 KL, 28 5% NaClO W2 ZE 10 K I2 T 5 1% Fh
TP B AR, FF 78 1 7 55 60~100 H A 3EwE/DE, LU
WDKK o WP EEARCE TN T AUE S, ORI
25 °C, V68 16 hs I L3R 18 °C, 2A1E 8 h, A KPR
FE A B AN FE 1/2 Hoagland 8 57 W % -4 18 Cd/
In AV, WSS LB i A i AR RAB O, R
WEME BN O 3R, 455 d AR KK
LA ) 1 25 I RIAR R 0 3 R vpe s R 2
BT KU UL g A2 A ZENEERE T 3 d PN 2 LB
AP AR AR, FLARFE R A S B 105 CTF R T 30
min, #R 5 7E 70 °CF L Z 48 5, R T4 0 s, oF
FE 20 Hf , B RAE . L7675 T A 5E > 945
A SE S BLEERD R W 1 A R, A a6 Ak HR %
4.
1.3 Cd ZnBME T E BB FEA LI

B 121 °CF K H 30 min, HAE 9 em AU B IR MLAE N
= 2 LR, 76 435 95 L P e PR K 5 LR R/
() JC TR B 4K o e A T A 1, 78 AH N A4 LR HP A
10 mL P ZE 4R /K O BRZH) B8 5 4 J T, 1RV B
K5, HR/N—FE BEERNF 30 ki, 48 5%
NaClO ¥ B Ja FHZE K vk T34, 3F 2 6 h, 2R
S Y950 BT UE R B SR AR LR Hp , 36 LSS 7E 28 °C
W FEAE U TR AR LARR T Ik U I 2R A K R
MR AIREEE , — J8 22 NS T = 1 1 155 D0 (LA 25
SRV TR T e 1S i )1

*4 BIEARIRIT

Table 4 Experimental design of sand culture

JSiiEe= TR Heavy metal con(:entrati()ns/(mg' L")
15 %o WHIEAR PR 20 H A Sy L Bt (f7 S b 22 Treatments Cd Zn
CK 0 0
S TASTLS, S1 1 20
&3 HEREIRT
. . . . S2 2 50
Table 3 Experimental design of soil culture experiment
S3 5 100
, SR EEE MEEEE)E
R LA HARE - AOS T s4 10 200
g Mixing ratio Tuta(l heavy rfl)elal/ Avalla(ble heav\y)
mg-kg metal/(mg-kg” S s T A AL
Treatments —— £ e %5 MFHERRIGIT
wit TR Cd Zn Cd Zn . ) o
Polluted soil Clean soil Table 5 Experimental design of seed germination
CK — 1 0.021 113 ND 24.2 fhppgns R WE Heavy metal concentrations/(mg- L)
T1 1 19 2.95 376 0.67 98.1 Treatments Cd Zn
T2 1 5.89 639 1.69 186 CK 0 0
T3 1 11.8 1165 258 315 Gl 2 100
T4 1 1 294 2743 5095 683 G2 5 250
e G3 10 500
T “—"FRIRARUN; “ND"FRIR ARAG
G4 20 1 000

Note: “—" represents not added; “ND” represents not detected.
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Gtk R 4 d T BRI 1 & 255 jI
R
v B4 AR R THL
A= T
Gtk ZERIEE 7 d T L BERP 1 & 2R R
e BTARZFERTH
B R T
1.4 FEFRHIME
1L.4.1 FHY Cd Zn B 5
FRE0.500 g 78 4 k1= | BE W A9 A ) FF 4 T 100
mL4EFE L, LA 10 mL HNOs-HC10.(3: 1) 1R /2 , &
TN T A e AR A . ZETH R R R R
0 HNOS R AR 1L T FRA RO 2B B,
WA RAEZR T ERESOmL, £ 385, A
YA 4366 BT (Z-5000, H 37, H A ) I 22 %5 8
Cd . Zn [l 0,
1.4.2 PN S AE Y g0 75 i
B 0.500 g 25 BLEE I 7 5T AL 0.2 em 22457 A9 /1N
He  FEBFER FP AN 0.1 mol - L™ pH 7.0 485 R 2% wh ik

(Na;HPO,— KH.PO,) HE 47 VK ¥ iF B (i A /b i A 3
W) FEEWRSRG W HERE 10 mLE.08 T, 7
4 °C'F 10 000 r+min™ B5.0> 15 min, 2R Ji & P I8 48 F
A7t v, 45 2 0 o 8 B0 A R B . W E T
(Malondialdehyde, MDA) i} , Bt 1 mL KL% T 10 mL
HIER &, inA 5 mL 0.5% At E L Z R Tk, 7%
Ao P A B A B 10 min(H RS 1 BN
STFAARTEES) | Bl 37 BV AR KT A H)
FEW . BIZEWAE 3 000 remin™ R &0 15 min, B
FIE WA BT 532,600,450 nm R SE WG 1A
AN (), b VIV, 23 31 A I 2 i O R
TR AR ORI 1) 22 25 AR, L1 34 mL

MDA (mmol - g'FW ) =[6.452 X (Aspy—Aen ) —0.559 X
xL (3)

FW x V,

F 9 7 vh 2 B % 4k i (Polyphenol oxidase,
PPO) . i % 1k W Fiff (Peroxidase, POD) . i3 4 fk & [
(Catalase, CAT) 123 2 % it HR 4 Guo 5558 J 32 1)
FHE A3 66 B 3T (UVmini—1240, B, HA) #47
WSO 5 o T 9 AR A 18 8 Zheng S 7
2 BOR R UK 0.2 mL, iTA 0.9 mL Z&1E 7K F1 5 mL
Z 5L W G250 AR, AR A E 2 min 5 7E
595 nm N EL (A

x100% (1)

x100% (2)

Auso]

1.43 L3P Cd Zn 5 5
FREL 0.500 ¢ 100 H i (0.149 mm) i + 3% F
100 mLAEFE I, i A 10 mL HCI-HNOs—HCIO0. TR 2
(VIVIV,5:5:1) JHCE A . KH R HETEE Tk
M b 190 i , i A b 58 HNOS VW LABIT 1IEBE T
Fr M R KA B IR R A R s k. 28
TR AE 2% 2 50 mL, 8 PRI AR U8 . VA KA T
W G RE TN E P W Cd Zn Y 5 3, RIS 42
Cd.Zn™,
1.5 EYRIERITE
FEL ) 5 42 @ T Mk R EX (Tolerance index, TI) FlAH
Y HEEFE B, B A=W 4 2 8 (Biological concentration
factor, BCF) %43z % %4 (Translocation factor, TF) Fl1 4>
J& 2 B (Metal extraction factor, MEA ) 8.8 BV
VIVSE
PR

T R A 4)
HIH b 3505 T 4 R

B = e o 4 (3)

o MU A T e o

YR RS e B

MEA=ZE M5 & J W BEx BT A Y i+ R 4
W <A R AR ) i (7)

B A B85 LA 3 IR G W ME RN o TR A B
FH Excel 2010 4R 47 WAL 2 . SR IBM SPSS 19.0
A HE 5% MR T ST BRI R 7 200 W, 8¢
TR HT A AL BRIE] ) B B PE 22 5% . T Bs B 38 H Or-
igin 2016 2l .

2 GRS

2.1 EREEMNERKRERGHERE

AR RN AT AR H S T A KA T
i 28 5O P T % 5 4 s Tt A FR bR 2 — ¢
W 1R DRSS B R AL B A A I T - 8
T BRAR B, AN R SR (8 PR ) AN
WePE Cd  Zn Kb FEXTE LB Yy g AR TR . 8%
T BB A IR R AR 2 2 SR K R R AR
B, B IR E Cd  Zn X 15 25 HLBE A 4 £ 44
INEARUEER . 25 E B TUALBER (75 e /T35
T=1:19) &Yk B e, 22 AR R 5518 9.67.
0.94 g-pot™ s M PE R E 73514 1.04 F1 1.06. 45 5% 1/
T <19 w35 BB R B Lt 0.80, X
Cd . Zn it A 87 0y 524 . Z )5 BiE Cd . Zn ¥
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Figure 1 Biomass and tolerance index of potherb mustard under
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soil and sand cultivation patterns

FEAWIHE I, AR R I IRREAG . Mi5 /g > 109
Jei . 35 HLEEAE R KRR, 76 T4 4b PEAT K 21 I
18, 250 AR 4518 0.67.0.11 g« pot™, it ¥ 2 5043
5124 0.072 F10.124, %45 F 5 d@ 6 SN SR
FE Cd/Zn A T5 4 T ARG HL s 25 3 AL, ik
A, bl 4 4 J VR B B R, T2 T3 T4 Ab B 25 B B
TR BN WT AR, i R Bk 8 225 AR /)
SER (E2) . #HEMIATRE R Cd Zn VR L T 5 B
BRI 52 BRI, A 04 A K & AR Tl i Cd
SN ZR X 5% 43 B IR A, 5 SSORE P A PN A e
DigEZ AL, Zo W S AN HIE Y 0 A K 6 A PR AE
FH AN,

b5 2 BLREYE ST AR FRA H B T AR e L 3 i
TEL(FE 2) M 2R AW i 8 B e K1E 0.549 g-pot™s iX
BB A F SR SR Cd R A B AT 2 R A
Bl ThiBE S1 Ak PHET BLEEAL R A P i B/ 0 3G n
Hh BEE Cd Zn W BE 3G IN W03 35 B i i R
WrIs /N a3, FLTE S4 A B IR 2 B /ME, b | AR &R
A4y ) R 1.51,0.327 g - pot™, i1 2 505 3
0.568 F10.641., &l 2 Al & i, Wb 35 T Bl A5 2 o
Cd . Zn ¥ B A 3E I, 25 BLEFEMR = I TR/, iy 22

CK S1 S2 S3 S4

2 AEBFAXTEERNERRKR

Figure 2 Growth of potherb mustard under different

cultivation patterns

R ES2~S4 N T B2 A B A E SR
BEHE LG ;0 E B AR E S1.S2 . S3 Ab 3 A5
B, S4 Ak FEAH Hx BEAR 9 A= K BH 2 A2 2] Cd L Zn B
TH AR o R ZR SR A e R R A K PR v 3
WAL, HIE S AL — R B b s e 1 A 4% e 26
BEIE N RE T o AR 45 R B IR B ST Cd ria
ABHAR FR A K B AE T A AR, A IV B Cd ]
PIFE—E AR AR UEMIAR AR . BRI, FRATTHE I A
YT ST JIE T30 PRI T A AR 1 P A R S e A 1 %o
T —Fh B
22 EREMAAHEEMTANEANSE

T A BRARANE sh b ZE T SRR P T R A A
FHR— B . B A ) 2 2 ] LA
SR F R A VE A 5R 55 , T8 7~ A9 1) A 23
TEPER A 3 AAL B Cd Zn WREE 3G, 85
ORGSR 28 B i B SR T B e, ax 5 0]
SEPVHIZAE ORI ST 45 R — B, R Cd 2 PR L Bk
ek R SRS REOCAEEMN . XATReEm T
Cd il T 5 - R F ARG O DG B A, = 8ot
SRR R T SRR TEE S Zn S 5T Sk
R YIE  AB 2 Zn WR B R 3 — 2 i B S 2 XHAE )
PR E AR DA A VR, B0 A A A
K, H RS B4R a R b I FE T3 A
J IR R [, A T4 AbFR A R B fik, 4k K a
22 b o B X BRFEAIR T 42.3% F142.1%. W&
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IR R, A2 2 Cd Zn BB B B T O S
R R i 2 AR A e A A B , I S PR T
B Cd Zn W E AR SR R A i, 1 2 1) Cd™ HL
FRERFNEE B 7 5 M SRR B 1 R I B L 45 6, BT T it
SDEMAER . 5EEPAR, W8T SRR E
a SR b S AE ST A0 BRI B R 30 ACHE R [ , 20 51145
X HR AR T 24.9% F130.1%. 78 HAb AL F | 55§ gk
M2 2K a LR b o B R HFEL FRER . XF
FhEE 3R T Cd . Zn Wil X 25 BB 48 K a P4 R
b 2 a] &, AR5 RS G B A PR 5 L e
LR a MR b SR HEESE AT,
F RS HE AR R a A E b O TR
X AT BESE A H D B T A A RV R, IS
PR J5T RN - S A W A LA 2 ph el BRI Cd L Zn B
PERIAE M,
AP 2R 1 AT 45 s R 1 AN 9B 15 T R

FI 220 S A AE B o7 1) S B AR AR, el &1 3 T
B BEA Cd Zn W BE A R, L85 Fb a5 vh 25 BLER
AIETEA ST B EAW PR, 5T
FRAE T1. T2, T3 1 T4 4b B R Al 175 2 1 49 391 4 % et
VAR T 3.94% . 17.4% .39.2% F156.3%. SR, A WF5E
FEOH R B R ] R 1 B Cd Zn Kb VR
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mustard under soil and sand cultivation patterns
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Figure 4 Enzymatic activities and malonaldehyde content of potherb mustard
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Figure 5 Cd and Zn contents in leaf and root of potherb mustard under soil and sand cultivation patterns
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Figure 6 BCF,TF and MEA values of Cd and Zn under soil and sand cultivation patterns
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