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Screening and tolerance comparison of high and low cadmium accumulating cabbage cultivars in a typical
black soil

CHEN Chen, ZHU Yuan—chen, LA Yue-peng, ZHANG Si—jia, DING Gong-yao, YAN Lei"

(School of Resources and Environment, Northeast Agricultural University, Harbin 150030, China)

Abstract: To investigate cadmium (Cd) sensitivity and Cd accumulation characteristics of different cabbage ( Brassica pekinensis 1..) culti-
vars in a typical black soil environment, Cd—tolerant cultivars characteristics of high and low Cd accumulation were selected. In this study,
pot experiments were conducted on 20 common cabbage cultivars from Northeast China to study the dose—effect and Cd accumulation char-
acteristics of different cabbage cultivars under Cd stress. In addition, the effects of Cd concentration and oxidative damage on cultivars
with high and low Cd accumulation were assessed. The results showed that the dose—effect differences among the tested cultivars were sig-
nificant. JF and BCCRQJ were the two cultivars with the strongest Cd tolerance, with tolerance thresholds of 1.204 mg-kg™" and 1.036 mg-
kg™, respectively. At high Cd concentrations (0.6 mg-kg™"), the Cd content in the leaves of JF was the lowest, with root—to—leaf transloca-
tion factor (TF) and bioconcentration factor (BCF) of less than 1. Meanwhile, BCCRQJ had the highest extraction rate. The Cd content in
the soil was positively correlated with root and leaf accumulation of Cd, and hydrogen peroxide (H0,), superoxide anion(0."), malondialde-
hyde (MDA ), and free proline (FPRO) levels in JF and BCCRQJ, and it was negatively correlated with the extraction rate (P<0.05) of the
two cultivars. Moreover, the degree of oxidative damage in BCCRQJ was higher than that in JF at high Cd concentrations. In conclusion, JF
is a low—accumulation cultivar with extremely high Cd tolerance, while BCCRQJ is a high—accumulation cultivar with slightly lower Cd tol-
erance than that of JF.
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ARk, Tt AN G B J L Tolk 4k
B 32 A0 R, Sl Al + 3840 (Cd) 5 Ye n) 8t H
V2R O R P A E s
YR A N 4 R, 3R e Cd B S AL AR R A
7.0% , A< H Cd V5 4L T AR A 2% 10° hm?, 2 950 E
G [ 35 Y w5 e, i 55 B AT T Y
B v AT st &) R 5] 2020 4, B 1 T Y B
SR HETIEE 0% LL I, F it Cd 5 Y X A ] -4
{22 4 R L 38 AR JE BEY, Cd 78 4ROb IR EE v H AT )
A R R R St R AE . TR
We ) feo 3 1A R G0, 4k a1 i 4e 4 Ty N3
@, ATl WEGES K Cd &R
FIAR P A “1.46X10° t, HEE B ARG K a3

AWFFE R, K ) B R A AR = AR 2R
s PP 36 O (S 4 B Cd V5 e g FH b A 31 48 4 550 )
FH 1075 E X /N F2 b P 1261 2% = Cd R SR /KRR i ol i
EMAE B CUE SN AT . KR R AEY
s ) 7 26 1A R T A T e 23t o o LA
75 FREEIE IV g ) AR E A AU B R ARAEY, Sk
DR R, A ERET RN, Bl
HURTRIFRZS AN TR] St R i3 28 5% S 0] 5 4 i e 474
IR AS A TP E RN 2R, Ak (28 i 3 R g =R
85 B S L 4 A B W S AR RAELE A L b R AR ] —
YEYIAS TR 25 B 0] A 25 2 55, i3 190 SRS i S
) & 11 2¢ (Brassica pekinensis L) dh Bl e B ik ed 93
Z g, I, Cd Az 75, B SRR
S it B N T TR B TS Y i R A HE T SR
M S R B AT AL pH L SR BEAE BRI Cd ZE 3R EE
TR RE ST (R B R AN AR B T
S W TR AR — R A, Cd e H P R
Z 20, BT Sz g MR R A Cd 5 Qe IR
s AR Cd R RS RS9 . A i Y
3 A% X 6 A 401 ML TR BB - X3 A AR B A A 20 A
AR H DX TR 1S S R Cd TR 52 7 K AR BARAE AT
e . DAIRRREE Cdi5 Jefc R Hh 42 R H B+
IR AR PR AR S

1 #R5FE

1.1 R 3a 44

PR R R R MR - F 2018 4F 5 H HUA 4%
AtAR MY 2 [ FH S 5 56 i a0 3 %5 X (44°04 ' N, 125°
42" E)0~20 em B2 , 1 2 mm G B 22 kA7 25 20 o, 4
45 T RS TR B T A e
AT Cd B e, A e BT IR 1.
1.2 Rt

ARG F 2018 4F 5—8 A FE AR LA b K2 1] BH 5K
B FE R 2 X 10 5 RN AT o R ORIE 2% Ak 3L ) 77
30 S AH ) EL 2 AR A R T T e K - 4t
AR W IR &5 A AL 1A S IS E (N2 100 mg -
kg' . P:120 mg-kg' K:350 mg-kg™) , ffi 5 &b B 35 43
AKAF—3, K e TR O R IBHE (20 emx 15
emx5 em) , BRI+ 1.5 kg T CAALHEL .0,
0.05.0.1.0.15.0.3.0.6.1.2 mg- kg™, [ -4 o 1 jiti &
I8 CA¥A R (CACL - 2.5H,0) , Ff H AT J5 HEFF IR AT LU
B AL DERR , 25 40 A, AW S AR D, IR
FifE R 2,

P T S R T 10% H,0, 14 7 15 min, J5
FLE K Mg, ks kR T 6 Bl 4G R A AR
2047, FEAE AR 28 3 B L0 ae, (Rl i =54 6 Bk, i)
W 98 B K A O AR AE H [R] 457 7K 3 19 659%0~70% , S Bt
FBR U A (R 1 AR R0 T R B A
KPEAT) o BRI EE 3R, FiE 30 d)5
A b Al | A Ak PR A — B0 3 R T Cd 7 - 5K
N A AT, 40 d R YRR A AR UES T Cd B B K 4E Ak
P05 S AR I L WK B A R KK SE SR I 1 3R
bR Uk T4, T EDTA-2Na 12 90 15 bk AR £ 30
min, DA 2B R R AT RS Cd, I 4 25 8 F K b ik
Je R K R4 T, o 113 40 S AR AT £ R 43 ()
43 BT -80 °C UKFHARAE
1.3 FEFRNE

WSR3 b T B8 B e LR T o, A it D
SERR T T IERE AL E e Cd S R E S IR R

F1 gl T EEAER

Table 1 Physical and chemical properties of the tested soil

AP U B HHR £ g S Cdait ARESCdi s
Soil organic Available phosphorus/  Available potassium/  Available nitrogen/  Total nitrogen/ ~ Moisture pH  Total Cd/  Available Cd/
matter/g kg™ mg- kg mg- kg™ mg kg g kg content/% mg- kg mg-kg'

28 63 139.8 54.39 1.03 36.3 7.4 0.204 0.093
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Table 2 The code, cultivar and origin of the tested cabbages

415 Code FaFP 4 Cultivar 45 Abbreviation JE Hi Origin 4i'5 Code 4 Cultivar  4i%5 Abbreviation  J5L ™Ml Origin

1 CRiFFE3 % CRDW3 ITFR 11 s FGKC IDIN
2 MR GLDB BRI 12 AT DCI18] e
3 Hig XF R 13 1tJE CR-4 35 BCCRQJ AR
4 586 X [RHLF=245 5861.SKF2 7R 14 L 65 HX65 0|4
5 61 ZB61 b 15 K65 DHF65 7R
6 TR JYKC deae 16 A4 909 DN909 I
7 TUBFRSE 45 JYKC4 deat 17 HEIEAT 80F1 FGC8OF1 7R
8 e il JQFSS il 18 ISP JF ]
9 L SK KHE 19 B R XFQB ur
10 SHEE JBC Kt 20 BRI QT finkaa

Tk B BRI 7785 TS BB ) (GB/T REFBs = 21755 o 100%

17141—1997)", #1 ) KR B = HEFF i DL BL & 76 I 4 o

500 &, PUAM 43 % 100 g ] 18 2 mm TR 0545 BCFs = %

ST T B G 40 i 0.15 mm 5 T, 0P S v

FHTF K5 5 e T 55 BRI 4 0.2 @ SR P TFs =

TV 0 A B, 0 P B 5T A4 6 BE 3 (Per- (Wi X by + W X b2 )

see General, TAS—GF 990 super, H [E ) ] % Cd 7% & ERs = Wea X m, * 100%

Wea, /ﬁ\:':'jf& chﬁ?ﬁﬂ‘%— :

_Wi-w
f_ Wl

cV

m( 1-f
R E KB, % WO TR R R g
W, Mt TG 3T, g Wea M 3 Cd 5 i, mg-kg ™'
¢ AR BE U 2 23 PG B IR OB R SR S FE A T
Mk B4 Cd & i, pe- L7 VORI 2 AR R,
mL;m HFRBOAFE R, g0

FEPIAE G Cd & 1 DU 2 2 BRCCR B 22 2 R Kb
A TR B I 2 ) (GB 5009.15—2014)"1, 41 1) 4% 56
S3HE SRR TR TV R L B 0.50 g 280 I i i Ak
BT AR S 19% HNOs E 45 2 25 mL 28 5 h IF
25 9, 2 12 000 - min™ 2.0 10 min J5 B 20
pL FIE W T S0 WSO TR TN E | (]
i LA 22 bR HE ) 5 (GSB 04— 1721—2004 1880384,
GBW 08502)#F4 743 Bt 4a il , A7 A0 i Cd [
FRT 95%. #%& FHNARKIHE ISR & 5 ()
KR Cd 5 2 W AR BRAR XS AE P i RFBs 0] £ 56 43
(M) & 5 R EBCFs iT 8 REUTFs L2 tkiE b ERs:

_(eme) xV
m X 1000

x 100%

Wea =

P WY b Cd &4, mg kg™ 5 e MR AL
WCd &, ng-mL " 500 WA AW Cd & i ,ng-mL75 V
FTEARBOE 75 BAAR  mLsm A FRBOXFE T i, g5 00
PR A g5 box I BRALAE W), g3 Wi W AT £
A5 Cd & 5t mg - kg5 Wi IR Cd & 5L, mg -
kg5 b Ky AR AR TR, g5 b, AR AR S TUHE , g5 m.
SARPR R R g0

EEAUm D E=RI L BEEUR: R DAL Wid ) pidibul
AALE (H0,) AR 5 (02) (N [ (MDA) (3 4
Jfi 2412 (FPRO) & 1K PPAS , KT B 0.5 g T S 33 37t
FRIHE A il ZEVR R AR T A A0 Al . Ak
S B R R R BK -] D 4 ol e BE i 4R B
B I E SR TR R -] WL A3 oo B VR, N
TS I SR TR AR I L Z R (TBA) —7] L4360
JE AT, Qi M TR % 0 5 SR P TR P e -] L
I3,
1.4 HiELER ST
LA ISR Cd ) 5200 531

AW 5E e B, B 5 1T A 23 A R (Log—logistic
distribution ) T 47 b 400 & 8 4 Ja X R 19 9] £ - 3%
IV 5G 2R, R OMCHE RN 1 QAR ) B > 580 280 (EDso) 55571
i ZA, HOE T B — R 0 A= ) US43 413 (Spe-
cies sensitivity distributions, SSD) , BCAS B 5 K FH H: %
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AN TR) B 1 SR 4 120 590 -2 th e 2R A T LA, IE T
PG G5 LA T AN, LLPPAS 3 11 52 i Fh 1) Cd i 52
J1o Log—logistic BERIUNF .
a

I+exp[—Fk(x—x)]
Ky B Cd ALK I SEMXT ) &, %50k h
WE S 50 HAAA Cd A B Uk BEAE mg* kg_I 32
ECso 1) A SR XU
1.4.2 BfEAL PR

K Excel 2016 #E47 848 4L 3, Origin 2018 #ff
WEAT 4 &, 1 SPSS 23.0 G843 A Sk e S s ik A 1
PA[R 2K )5 2243 HT (One—way ANOVA) F1 P<0.05 /KFF
A 1.SD £ 5  Tamhane 56 o

2 GRS

2.1 AE G EZCIBHE 8-

AN [ it o2 R Cd 0] S A [ 177 77 A A P30 1
5 B SRS fe B 79 e 00 A 2 AR ) e
FA8 A . Q1R CA ¥R EE R (0.05 mg-kg™) , B f il
4.6.11.12.16 .17 .20 /MY 13 Fl 13 AE K R BLH —
€ B M ) 8 (Hormesis) %W, ¢ %F B A= 9 5 484 8

:)/:

140 ¢ 1 3
(A) L%n@méﬁﬂé’% Stz

o4
2 LA i 2% ?gﬂﬁfu%m{éﬁ
— SHyL ALk

120

100

XA ) Relative fresh blomass/%

80
60
40
20
0 . . . . . ,
0 0.2 0.4 0.6 0.8 1.0 1.2
41 Cd & 4t Cd content in soil/mg kg™
1401 )y o1l >3
— 1A HIZR — 139Gk
120 12 ¥ 14
R2IWAE IR — 14352k
100 + 15

1
— IS ik
80T

60
40+
20F

XA ¥ Relative fresh blomass/%

0 0.2 0.4 0.6 0.8 1.0 1.2
14 Cd & Cd content in soil/mg-kg™!

0.57%~4.51%, iX 5 Sidhu ™' 5% o & BUILHE E Cd
e 1 55 (Coronopus didymus 1..) A= 9 55 34 i 049 175 50
ARARL , X B/ A D ZEAR Cd Joh 38 IS B — ol (A7 <
FEHILA 5 B BE T, 25 Rl G AR 4 5 T B
I, BEBS Cd P X 1 30 A K A s 5 i - 8
Cd ¥ B 15 3 5 K (1.2 mg- kg™ ) I, Cd A= 9y 37 4
P B o 38 2 790 Rl 4%, ml SRR s i e
Cd 1 ECso S 3 95% & A5 X [a] , W% 3. Cd A F 20
Bl 132 ECso 922 AL E Bl M 0.469~1.204 mg - ke, H. 72
Bl M 0.983 , 4t F Wang S4B B+ 32 W0 40 i FL 2R
RAEM LS R . Ho A 18(JF) ECs (B =, A
1.204 mg- kg™ AP 20(QT) ECso H MK, 4 0.469 mg -
kg, “HEAMZE2.57 15

Ak AR BE B o e e T HERR 2 5T
R, U0 pH ROV S5 B9 T4, IRt o] 38 3 Log—logistic
BERLG 11 3 ah A AR i, i LR [R] L D Cd i 32 g
J1PH, ORI f R SR A g R T L 2 B
il e B 5 S mT A, PR AR R R R R Cd i 2
g 71 1 B K ¥k M ¢ JF L BCCRQJ., XF., HX65.
XFQB ., DHF65 , 586L.SKF2 ., JYKC, SK ., JYKC4 ., ZB61 .
FGKC ., DN909, CRDW3 . JQFSS ., JBC, GLDB, DC18] .

1401 ) E

6 v 3
6 LA — SR AIZ

120+ 7 * 9
TG HIZE — onyplathg
100+ o 10 \
— 10 LA ML

80+
60
401
20}

FAXT A B & Relative fresh blomass/%

0 0.2 0.4 0.6 0.8 1.0 1.2
43 Cd % & Cd content in soil/mg-kg™!

1401 (D) O 16 > 18
— }gﬂ’ﬂ%ﬂ%ﬂiﬁéﬁ — I8 Ay A il £k

* 19

17 (L5 i 26 ;19%&%&!&&%
20

— 20 LA 2R

1201
100
80f
601
401
201

FEXT A M & Relative fresh blomass/%

0 0.2 0.4 0.6 0.8 1.0 1.2
14 Cd & Cd content in soil/mg-kg™!

Bl 1 AR & E3E Cd e -T2 R0 2k

Figure 1 Dose—effect curves of different cabbage cultivars under Cd stress
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F3 AR CIFMEBEBERE (ECo,mg-kg ) RE 95% BIFX
Table 3 Toxicity thresholds of Cd to cabbage cultivars(ECsy, mg-kg™) and their 95% confidence intervals

ETRe Cd 2003 e R v 95% A5 X [1]

Hi's C Pl 25 1 o {1 9 95% {5 X 1]

Code ECs 95% confidence interval Code ECs 95% confidence interval
1 0.719+0.075 0.480~0.957 11 0.754+0.072 0.525~0.982
2 0.676+0.077 0.430~0.921 12 0.634+0.157 0.133~1.135
3 0.995+0.034 0.885~1.104 13 1.036+0.010 1.005~1.067
4 0.807+0.022 0.739~0.876 14 0.965+0.020 0.901~1.030
5 0.770+0.021 0.703~0.837 15 0.821+0.030 0.725~0.918
6 0.797+0.057 0.616~0.978 16 0.723+0.030 0.629~0.817
7 0.771+0.009 0.740~0.802 17 0.531+0.128 0.123~0.939
8 0.713+0.015 0.667~0.760 18 1.204+0.342 0.114~2.294
9 0.781+0.031 0.681~0.880 19 0.853+0.022 0.783~0.923
10 0.705+0.030 0.611~0.799 20 0.469+0.137 0.033~0.904

FGC8OF1.QT, iyl Cd i P4 22 5 BH I, = H500mp i vk
JE ST X B e 5, 4K 22 R Log—logistic 152 X% 3L
HEAT PR EEURAE 347 (SSD) , 40 A £ & 2, 36 -2
BN R B A5 25 A0, #=0.982 1, KR4 di Al
PRSI o (B R T s 422 30 T L, i e e A ot ol JF AN
I 22 SRR QT A 44 TMIAEL , X [7] Ding %™ 17E 32 -+
RS T SSD LATEAY £ 38 Cd BIE ) 45 SR 51,
o /F U8 I LT R AR A R BE T HA B S Cd T T o
2.2 AEIBE R CdRRBIFMEN T

+- e Cd 15 YRR B AN [R] 2 R S R A R 2
ST AT & () i Cd B B B
LA EESH, AFRFEE Cdi5 Y+ ki
i PR BB A an P 3, 6 T TR — AR Cd V5%, 20
Pl E1 8 Al CA R B R A B IE A A, i Bl ) 22
S e Cd BRI B AR B P /N B R 43 1R 0.1
0.05.0.15.0.3.0.6.1.2 mg- kg™, Hrh Cd #hnvk &y

F
< 100r BCCRQK JO
.

s 801

s

g

E 60

=

= 401

£

=

ot 20k , X
}ii DCIBJ O ZEPFRHE Actual value
R .
2 or Q — FE Predictive value
& T

0.4 0..5 0..6 0..7 018 O..9 1‘.0 1..1 1..2 1‘.3
LR B ECso/mg kg
2 AE) B3 mAE TR EIN G R E e Rt i 2k
Figure 2 Cumulative frequencies of species sensitivity

distributions(SSD) of the different cabbage cultivars based on ECs

0.6 mg-kg Fll 1.2 mg- kg™ 19 138 Hp A5 2 2 B0 3t
at R R I B T (R 2 T R AR UE B TS e
BR 1) (GB 2762—2017) H1 32354 7= iy Cd A6 3 FR
0.2 mg - kg™ "2 T AR ik B R i Cd B R B /DN,
LR R REAE R B P A T e K B, HL 0.6 mg - kg I
1.2 mg - kg™ () - 33 Cd TR i v B o0 - 983 45 o i Ak
JH b A 358 75 G XURS: 8 4% A 1fE (1417 ) ) (GB 15618—
2018) H 1 A T Hb 1 38 Cd Y5 Y XU 7 6 1 (0.6
mg-kg™,pH>7.5) B 1A% 24 , AT A4 3 52 B i 1k 1
YEo BHIL, WHES YA A0 LA R+ B E PR B, i ik
W22 AT SR SR A AR IR B 2 DL 1 3 cd 3
W 0.6 mg-kg ™ Fll 1.2 mg- kg™ VA i 156 1 2, I 22 fit
AR CAF B, LI E R R CA R 3
TiE IS

F1 32 R 8] 4558067 Cd FR R BE Sy A 1E 22 5%, i
ANTAIEB A Cd R R 25 S s T S FP R () B R AR AIE
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;E 0.10F -

iﬁ 147 -

L l2f 0.05 .
=< 10f of == = =
2.2 [ . . . )
=z 08 . 0.5 0.0 005 0
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3= ——

S 02F [ | — —

S L ; .

[ 0F
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5 -02 : . :

= 12 0.6 03

13 Cd & & Cd content in soil/mg kg™

3 AERECIBRLIRPARSMOARETLE
Figure 3 Accumlation range of cabbage cultivars in soil of

different Cd level
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FAE ) — 3RO, I S 45 3 43 CA B R =t an 5]
4,4 +HEHNE Cd 58N 1.2 mg-kg B (1 4A) , 1 Cd
T i i 5 Rk DHF6S (i 15) , B 52 & ik 1.348
mg-kg FW; 55K R JF(HhFP 18) , FL R 512 0.106 mg-
kg FW, 2 3 A M — — B 7E 1.2 mg - kg™ 7 6 e
JEF CAFR ERET 0.2 mg-kg' FW FHE 2 544 bR
WEBRAE A LA Rl . AR Cd B R d5e = b Ff A BCCRQJ
(Al 13) , B2 5K 3.128 mg- kg FW 5 5 A% 5 Fl
JECEh R 18) , FLE 4 0.614 mg-kg FW, K>
KRB Cd R LR R B R K P X 5 sk R
OGS AL o T2 AN R Cd 5 N 0.6 mg -

161
141
121 ¢
1.0
0.8F ¢
0.6
041
021

d
=

A. % Cd High Cd(1.2 mg-kg™)

d

ke B (E14B) , 1 Cd B 2 i EIIRAR U R S Al 1.5
15.7.3.10.2.9.14.6.4.13.12.8.19.16.17.20.11,
18, Horp 30% 48 Y T EI K B i % 2 pn HEBR(E . 2 Cd
P AR R SR D 10.5.1.15.7.9.13.8.3,
2.14.20.19.6.4.12.18.16.11.17, W THiEkED
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Figure 4 Cd accumulation in different parts of tested cabbage cultivars
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A S AR - R Z P AR B A B T BGE
MR A A A g T e R RO B -5 Cd
iR ERR GERE R R RNE 4, 1.2 mg- ke T
TEHCRE R, b R R AR PR Cd R 22 R i (P<
0.05) , CRDW3 (i 1) HAT fe i 9 i Cd & £ fig

R A QT (FhFl 20) A9 10.8 £i5, FGCSOF 1 (& Fh
17) R [B] Cd 3B B8 f 3 , Ry 05 55 A JF (5 b 18) A1
QT (5hAh20) 8 5.01% , BCCRQJ (5 Fh 13) BARk Ak fig
R, S B AR A XFOB (A Al 19) 9 11.7 455 0.6
mg - kg LR BE N 1 AP AR PR 3 Cd Bt 22 5
W43 B 5. (P<0.05) , {H 5 PP R SRERAE A [R] F e vk
JE (1.2 mg-kg ") ,BCCRQJ(fh Fl 13) M Cd & 4 6E J1 1%
1=, e I AR R IF (R 18) 19 5.7 £ , JYKC (5 F 6)
HR U [E] CAdiEAS BB T i, eI S Rl JF G 18) 1)
4.24% , BCCRQJ( i 13) £ 0.6 mg- kg™ i e v & T
HA B CAd bR ol 14.28% , 5 AR 1 QT (54 Fh 20)
HZM2E5.6f5 . IR Raa vl & H
W iR R AR E R REON /N T 1, H R EE N

W G a1 m] £ RS A3 R R i e AR R AR i 7% R
BORE A R BB AT, AT 2 ER T A (Ce-
losia argentea Linn.) 5§ Cd M FR RAH Y R R R T
FAHRFR o AN AN 3 AR S ) A T e 1)
13, b, kgL RE 7 B | S A B
U S8 B K Cd B BRI 3E 1 ik
23 B R CIRERPARER B

AR A SEBR A 7 1 e K Cd AR 2R i i 2L A it
Z Sk, BURRHE R e L e AR B
SEYRAAERKZRY, BT 95% Ml i Fh e 1.2
mg- kg i E N AERA R I TR E A B m
Wit , 2545 & A BOm vk B2 (32 3) , BCCRQJI (il
Fl13) Cd i 32 ALK T IR, B b R e, SRR
ZHik 3,128 mg-kg' FW, Al Ky i Cd L& S Fhid
HF<0.6 mg-ke ' Cd 5 Y HLIX , Tfij JF (SR 18) I Cd FH
FRAL, Cd & EBEFH/NTF1,0.6 mg- ke ik
ZAF R JF AL Cd 0.031 mg-kg™' FW, A {IE £ ] 2
&, ATVE AL Cd B B A AP F°<0.6 mg - kg 'Cd 15 44

F4 HAEAEEMRELCISE BERY TR RBREUER
Table 4 Cd content in rhizosphere , bioconcentration factors ( BCFs) , translocation factors(TFs) , and extraction rates(ERs) of

tested cabbage cultivars

A MRFRE Cd & Cd content in thizosphere/mg kg™ wAE R B BCFs LR R ELTFs bR ERs
Cultivars 1.2 mg-kg™ 0.6 mg-kg™ 12mg-kg’  0.6mg-kg’ 12mgkg’ 0.6mgkg’ 12mg-kg’ 0.6mg kg’
1 0.323+0.005hi 0.0870.006b 3.28 3.57 0.75 0.95 2.62% 6.15%
2 0.290+0.017hi 0.049:£0.002de 2.47 3.94 0.67 0.80 2.82% 11.22%
3 0.250+0.019ij 0.063+0.003¢ 2.32 3.91 0.69 1.02 3.06% 11.35%
4 0.322+0.017hi 0.0510.001de 2.11 2.77 0.80 1.04 2.12% 13.97%
5 0.188+0.013j 0.085+0.001b 2.92 3.42 0.75 0.81 3.62% 9.54%
6 0.497+0.033g 0.053+0.008cd 1.27 2.97 0.84 1.06 1.44% 11.11%
7 0.329+0.019hi 0.090+0.005b 2.62 3.05 0.81 0.96 2.41% 8.20%
8 0.887+0.030bc 0.045+0.005def 0.66 2.48 0.36 0.45 1.00% 7.59%
9 0.898+0.018b 0.046+0.002def 1.01 3.63 0.55 0.60 0.79% 9.84%
10 0.792+0.066def 0.124+0.015a 0.88 1.74 0.51 0.55 0.82% 4.06%
11 0.940+0.056b 0.036+0.003fgh 0.58 1.33 0.72 0.62 0.64% 4.51%
12 0.745+0.052ef 0.047+0.001def 0.76 2.43 0.72 0.88 0.71% 4.63%
13 0.353+0.014h 0.029+0.004hi 1.44 4.16 0.16 0.47 3.75% 14.28%
14 0.487+0.039g 0.040+0.005efg 2.39 3.97 0.60 0.68 1.31% 7.31%
15 0.871+0.027hed 0.118+0.014a 1.55 2.36 0.81 0.90 0.45% 3.93%
16 0.741+0.090ef 0.034+0.002ghi 0.76 2.76 0.86 0.97 0.85% 8.02%
17 0.807+0.118cde 0.024+0.003i 0.73 3.00 0.88 1.02 0.79% 9.24%
18 0.199+0.048; 0.043+0.011defg 0.56 0.73 0.18 0.25 2.11% 2.60%
19 2.017+0.099a 0.041+0.001efg 0.54 2.64 0.47 0.70 0.32% 4.90%
20 0.702+0.036f 0.063+0.002¢ 0.30 0.81 0.18 0.32 0.69% 2.57%

T R PR B bR 22 , =3 5 (R SN R] /NG P RE 35 A [RI Ak BRI A7 A6 5.2 22 53 (P<0.05) . R 1]

Note: mean+SD, n=3; Different lowercase letters in the same column indicate that there is significant difference between different treatments (<0.05).

The same below.
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X o XF b =3 Bl 3 AN Cd % AR I AL R e

RIL(ES) WA AR Cd A 8 35 8 25 0 5 (P<
0.05) , H:rp BCCRQJ (AP 13) it AR R H4E 1.2 mg-
ke NI, B JF B 4.8 65 R 5.1 45, TR — %
bR Z (R S) , RHEAME CA VR FE R I S BRI
PP AR (R B ZE S R (1.2 mg-kg™') , BC-
CROQJ HH b 24 5 T FH a5 S5 v s Cd B R S iy
Bk #, R E T (0.15 mg- kg ) BCCRQJ ik 24
T T, 3 AT BE R TV B Cd I3 T BCCRQJ /Y
WS AR N TR, R 3, BLAR BCCRQJ A5 448 i B bk
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Cd Wi 2 S8 AR Rl A A A &1
FEE A (ROS) |, 3t AR A A0 17 77 A R P i i
M R, HE AL 345 19 R B 7 Cd R B S e
Cd 175 5 AN [R) R 11 352 7 2 1 480 Ak N 38 s 1 5 3 TR
RO AR AN CAVR TR, PR 13 Sl e g 2o 41
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S PR 7 AR N PR AR A B AT, Cd e 2
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Table 5 Accumulation of two cabbage cultivars under different exogenous Cd concentrations

Qb3 - Cd F 2 & Cd accumulation in leaves/pg kg™ i Cd B E H Cd accumulation in roots/pg kg™ BEL 2 ERs/%
Treatments/mg-kg™ BCCRQJ JF BCCRQJ JF BCCRQJ  JF
0 2.055+0.312¢ 0.933+0.196d 2.674+0.331d 2.506+0.345¢ 18.32 4.96
0.15 30.512+1.209d 5.868+0.085d 43.167+0.828¢c 17.106+0.530¢ 18.64 3.92
0.3 61.332+4.494¢ 19.868+3.024¢ 106.314+4.917b 67.121£10.792bc 17.78 3.17
0.6 120.123£17.860b 31.437+7.168b 257.866+42.318h 125.112+34.561h 14.28 2.60
1.2 507.874+18.097a 105.755+2.320a 3128.271+327.995a 613.890+107.277a 3.75 2.11
Ar 25¢
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Figure 5 Oxidative damage factors of two cabbage cultivars under different exogenous Cd concentrations
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FIMEAZV-A , SO0 LR A R SR 4177 4 A 0 473 240 L e 25
Fay , S R RAE A ) A AP A R B B A bR, AN
B 5A 5B, AMIE Cd 5% 5t 5 P 1320 HL0, 7
e O3 F 2 ¥ 52 @ 2 1F AH 56 (P<0.05) , {H BCCRQJ
H O, 384K 8 5 F JF, 1 O3 R NMKF JF . 24 L3 rp
CA¥RFERE] 1.2 mg-kg ' B, BCCRQJ 1 H,0, 7 %
(0 mg-kg " )R T 94.2%, 1 JF B K T 38.7%; BC-
CRQJ [ O % B BRI K T 200.2%, M JF G KT
217.8%. MHHYIE Z CdWhE , O 1 sh A A 23K 5t
BEATHE , K O AR R s 40 M5 1, M HaO
T B O35 bR SN B s R ALY, Y
fIRHE S Cd(0.15 mg-kg™) WpaE JF B, H HLO, 35 8 A5 BT
FEAIG, X AT REZ T JF B Brbe e b ie 3 m iirsk, X
] Singh SE%} T Cd 8 2 At 4 B ST 45 RS

TR R T SR A R B ) T S A
SN R R R /BN SERTITR €L I o /N N4 18
A AE R CAiE AR AR A A R Y
AR AR, 40 & 5C AT 5D T 132 5 Fl MDA
FPRO % i ¥ B 1 58 Cd &% & 7 & i i 2 3 & (P<
0.05), [AXF BEAH FE , 1.2 mg- kg™ + 3% Cd ¥ J¥ T, BC-
CRQJ A9 MDA &K T 124.1%, FPRO i K T
284.9% , JF I/ 34K T 114.49% F1186.4% . Mzoughi
LK MDA P Sk s WA ) Cd 35 5 S AL 61 10 R
HIFEAR , KB T Cd a8 33 202 MDA K2 ; [A]
£ Ozfidan—Konakei 2%\ & FPRO 5 &= 34 i1 o] #LA4E
it & A AR A, WL R Cd A B 7 d/NFZ Yy i FPRO
TREETE . AN, MHMNE Cd B E i (1.2 mg-
kg!),BCCRQJ H H.0,.0; MDA .} FPRO % # /K -3
= T JF, BR 0291, BCCRQJ 45 H8 PR 1S I . /5 T JF , P
el ST T sy Cd FH SR AE 4 A 27 B i 5 vt R B
Bifi Cd &5 i THE Il &R MDA S B BT, 4
B AR A BT IR . X RS TR R TS G KPR i Cd
TR SR A el /F 25 UK Cd B 2 8 i Rl sz ) ™
GifiE=REa/iSTER

3 #ie

(1)20F 132 Cd 38 B BB 20 A HA
S Hodh JF BA ek Cd e it 52 BIE A 1.204
mg kg, BCCRQJ YK Z , N 1.036 mg- kg™, QT Cd ffif P
7, {0 0.469 mg-kg ',

(2) AN[A) 18 CA Mk BE T 20 Fl (1 32 7T & FH R 40 R
SizSHuE  Hd HEAE Cd F RN 1.2 mg-
kg B A ] 25 S K, 0.6 mg - kg ISR Z L I I R

T JF AT RS CA R B R L L R T E R &L
SARERRME 0.2 mg-kg ' (MR s BB HER
BN 1, UL AT S AR ARl X e 4 A 7 IR
CAFHZ A, 1 BCCRQJ 4k R 5% 5, N 18.64%, Ui
WA &b CA W E T, s CA R B i fh, B —
EMYME T .

(3)JF FMBCCRQJ M M CdREE S Cd &
I IR A O, R S 22 I8 2 U G (P<0.05) .
FLBE Cd Jore F2EE i, — 35 A ™, ok A Ak
A A N R i R i Y B - e A
J5 Cd & 1t b TR 2 2 59 0 (P<0.05) , {H BCCRQT B
AU BH B 1 A 1 AR 0L 45 4 A 1 I X v OF, 1
i Cd B8R SR B R 327 B g 1 AR A8 4 IXUIS: , T AR AR
2 Cd A JF BB BE 47 M HEHT Cd 175 T 1 Ak iaE
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