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Rk, (U Cd Y 641 fa43 4 BT T % 2R A 40
X Cd BB EER. T, 2R EE
B Cd BHEME/NT M 2 3% R i3
g R TR 3% Cd 159K, /N
SRR (Cd BT Y B 5 s 0 W0 40 o A 1
M2 2ZR, DI R AR &N S 320
KMAEHFHLH, I Cd 53 LI Y5 5 R0
BHRYE

1 #H57FE

1.1 esa

MR /N5 38 (Brasica chinensis L.) §hFh R
“LMEE AR &, B ok TR TR A HE R T
AR RE . ALz A R B/ MR ARAR T

RIZ T, HEEAEAMRILER 1, 48653 5 mm
.4 A, ML 5 ke, B 1 kg T AR N
0.30 g ((NH,).S0,),P,O; (KH,PO,) 0. 20 g,
K; O(K;S0.)0. 30 g, Fi A ¥k — WA, 5+
EREHA,
1.2 RKEAHE

WIIE 3 1~ Cd ¥R E, 435 OB (1. 0,
5.0mg *» kg !, BAMBEESE 6 A, Cd L CACL &
WIERHA RS LERE 14 4. KT
Mol — S/ NE T, Rl KRR , 3R T4
AbER LR, IR E 4 om B, B4 8
S MK S HEWEN., KBS BEP, BT
BERE TR AR 50 d.

*1 ik T ERERE LR
Table 1 Physical and chemical properties of testing soil
2EASE AR EHEE RS E AR CAER
pH Total nitrogen content Total phosphorus content Total atassium content Organic matter content Availabel Cd content
/(g kg™1) /(g kg™ /(g kg™ /(g kg™ /(mg * kg~
6. 80 0. 93 0. 80 17.58 14. 54 0.01
1.3 GIEAE HERRT O0~4 OB, BB HHRS

L.3.1 AEYEfHEk Cd & ErilE

4 Cd 5 YeAb3E 50 d J5 , BEMLIE LA A 3
INEF 20 #RL B, HERIEHEARE, A%k
KPR T e T 2 28 1K Ut 3 IR 43 it B
BRI 8,105 C AR 30 min JFF 85 CTHE
ZEE,WE/NERM LI G T T RE.
THREMEEHE 3 100 B, 25, &AL B AR
510 F TR HNO,-HCIO, #H7R-& Ak,
JRFR et E T E R Cd & &,
1.3.2 WAIHed o Cd & 2mE

3 Cd 5L 4b#E 50 d J5 . BEDLBE B Ab 3
NTEIRYIT 10 BRCREAIBTHCH , A ORAK phUE T
G R8Tk b e 3 WK WK 4> 43 At bR
TR, A0 HEA T 4 B 2E S Cd SR,
20 o $RE B2 HR ) 10 56 080 R R T ik S ) ik
TR B B B A 7 I A T8 &) R (A R IR
e 250 mmol « L7, Triss HCl Z % (pH 7. 5)
50 mmol « L' DTT 1 mmol « L™, i Bl
tbl:2gemL ' ARBEBWBE L 4geml,

WA HIFE 300 r e min P FEL 30 s JEEMER A
LS ARKLEBRBERE
20 000 r « min~ " F B0 45 min, K2 R 40
At BN = s e Sk ) DK b 0598
WESFHRSTFEINYFERITNEF . 2K
B G R 2 T R CH0 B2 R 40 B 88D 40 310 2%
HNO,-HCIO, R4k IR FIR U 4 e -l
AR Cd &8 RS FR S Cd &8l
JEF R T BB .
1.4 BN

Bl R SPSS 11. 5 34T ¢ KRS A
BRI Z5HT

2 HBRESH

2.1 B CdFRN 2PN EXEMEKRY
A

B3R 2 AT, Bl Cd S gedldl 77 LB
RIA A<, R ks FLE T Bk i Cd ¥ B 4%
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1A

I B AR, Ab 3B 2z 8] 2 5 B 3 (P <T0.05), #
1.0 mg » kg™ Cd i HHEAEF NIFE RS
LT B 5 X B A 4> BRI T 6. 60% A
30. 86 %, 5.0 mg » kg™! Cd jfi HEALFF“ -
VTR ROAR AR T BB 500 BEAE L4 IR T

K32 CdimYena/N 4€ 1.0 mg » kg™ Cd M &t
T, DU A SRR SR KRS T RE S A A
JRREAR 22 7 R B, A 5.0 mg » kg ! Cd it
FRF R B R, AR K BT R E S5t
B LB EZER.

23. 9900 M1 51. 8500, AHLEMF , “VU A &4

*2 AE CdiRER 2 MNEFRMFERBZM
Table 2 Effects of different soil Cd levels on growth of two varieties of Brasica chinensis L.
g = Fh Cd /K Cd levels/(mg * kg™1)
Item Variety 0 1.0 5.0
R “RagE” 13.1740. 30aA 12. 3040. 12bB 10. 0140. 27bC
Shoot height/cm “pH B 14. 18+0. 25aA 13. 980. 26aA 12. 56+0. 20aB
RBE “rwE” 7.09740. 17aA 7.4470. 22aA 6. 200, 19bB
Root length/cm “puHE” 7.67£0. 26aA 7.50£0. 23aA 7.28+0. 20aA
BT ERE “RagE” 0. 81+0. 08aA 0.56+0. 04bB 0. 3910. 02bC
Total dry weight/g “poHE” 0. 90+0. 05aA 0. 88+0. 03aA 0. 8110, 04aA

T F—FIAR/NG R E 2 M RFZ 2R B3 (P<O0. 05), A— T AR KBS FERER — SRR Cd¥REZmZER BF(P<0.05), TR,
Note; Different lowercase letters in the same column mean significant difference at 0. 05 level between two varieties, Different capital letters in the same

row mean significant difference at 0. 05 level among different Cd level, The same as below.

ARCIHBEEHEER T LIBE”(P<T0.05),
AN, I 1.2 WA, B Cd W EERG N, “ 1
HOMDIA &3 Cd S £ REE e %
5% MRS R Bt s i TR . (B7E 2 MMt
CAMRETF,“VU A &7 EEREFEE R R
ERT LT, BEEERBMER R
Fl. ZHME.E 24 CdBYRKFET, WA
£ 3 Cd R B iz Ge ) ¥

2.2 & Cd TR 2 NMNERST Cd RIER
RN R0

2% 3 mI%N, BE Cd it A &3, < g7 An
“PUA E7HL EER LT IR & S Cd LR E A B
B, MBS, A &% Cd BRI B
BREERT“LEE”.1.0mg - kg™ CdEHE
L EERFLE Cd A& B ekt BRI 29 £%
M 13 4%, 7£5.0 mg « kg™' Cd i & T, Hith b

i P o~ T RiEE”,
AR Cd SR 5X AL ST 64 550
30 %, 76 2 A CAd IS 3T, “Vd A &7 3 AR
%3 AECARET 2NMNEXRRTIARIDBM CIEE
Table 3 Cd content in edible part of the two varieties of Brasica chinensis L. seedlings
under different levels of soil Cd mg * kg™ !
g = Fh Cd /K Cd levels/(mg * kg™1)
Item Variety 0 1.0 5.0
s B “rEE” 0. 06=£0. 00aC 1. 44£0.01bB 3.29740. 06bA
Aboveground part “mAHE” 0. 10+0. 01aC 2.9540. 07aB 6. 4710, 06aA
TR “HEE” 0.16=0. 01bC 2.51%£0.07aB 5.51=0. 09bA
Underground part ‘A= 0. 3020. 00aC 2.84+0. 03aB 5.8410. 05aA
RCIER “LigE” 0. 2240. 02bC 3.95£0. 02bB 9.80+0. 11bA
Total Cd content “mAE” 0. 40£0. 03aC 5. 79=0. 06aB 12. 3140. 10aA

s Cd A7 T2 P, ot b
TR MR IG AL, X T BT S £ 2 4
S Cd KT, H e Cd A 48 i 2% 1 48

2.3 & Cd SRR 2 /B3R am L4 R
Cd FEMHEIER
K45 KW E SN CAWET .2 VIEXH
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Fig. 1 Effects of different Cd levels on
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Fig. 2 Effects of different Cd levels on

transportaion coefficients of two varieties of

Bruasica chinensis L.
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Table 4 Subcellular distributions of Cd in shoot of the two varieties of Brasica chinensis L. seedlings

under different levels of soil Cd (fresh weight)

ug* kg™

Fefr Part
ZREES Organelles

Hij i Cytoplasm

Cd K¥ SR
Cd levels/(mg » kg=1) Variety HPEEE Cell wall

“ g 15. 362-0. 60a(68. 09%9)

0 “uH = 16. 964-0. 59a(64. 46%9)

“ g 49. 671, 52a(44. 53%)

L0 “‘mHE” 132. 03£2. 02a(56. 03%)
“LwgE” 131. 3944, 41a(49. 08%)

>0 “puHE” 317. 3946, 41a(62. 68%)

4. 4340. 20b(19. 64%)
3. 944-0. 10b(14. 98%%)
31. 484-0. 98b(28. 22%)
30. 26 1. 08c(12. 84%%)
70. 673, 01b(26. 40%)
69. 7744, 04c(13.78%)

2.7740.12b(12. 28%)
5. 414-0. 22h(20. 56 %)
30. 3974-0. 67b(27. 25%)
78. 3641. 57b(31. 09%)
65. 67+2. 98b(24. 53%)
119. 2146. 44b(23. 54%6)

W AESHREERR Cd AR, A—TARTFEARRRASZMZREEP<0.05), TR,

Note:Date in the bracket mean Cd distribution rates, Different letters in the same row represent significant differences at 0. 05 level among different sub-

cellular fraction. The same as helow.

x5 FRCIRET 2 MM EXRMRADEZILHEEAE S Cd o ( LEREIT)
Table 5 Subcellular distributions of Cd in root of the two varieties of Brasica chinensis L. seedlings

under different levels of soil Cd (fresh weight)

pg * kg™

FHAor Part
MHEE Organelles

IR Cytoplasm

CdKF FhR
Cd levels/(mg » kg~ 1) Variety YAEE Cell wall

“ REE” 16. 16+0. 75a(69. 18%)

0 “HAE” 16. 6440, 72a(71. 88%)

“LwgE” 149, 6742, 09a(59. 74%)

Lo “HAE” 189. 85+2. 12a(65. 46 %)

“ g 218. 3542, 41a(63. 35%)

50 “pu H = 264, 934, 16a(67. 27%)

3. 4340, 25b(14. 68%6)

3. 1740, 39b(13. 69%6)
53.48=+1. 91b(21. 35%)
40. 6741, 02¢(13. 74%)
70, 672 1. 01b(20. 50%)
50, 98 1. 032c(12. 94%%)

3. 7740, 92b(16. 14%6)
3. 34740, 25b(14. 43%)
47,391, 47b(18. 91%)
65. 52+ 1. 15b(22. 13%)
55, 6741, 98¢(16. 15%)
77. 9341, 19b(19. 79%)

2, b b AR AR 4 M BT FL A A 2SR Cd B 43
FLBIAEE , 78 1. 0 mg « kg ' Cd/KFT, Hitth B3F
YA A M AR S Cd 1 B4 B0k 27. 25000
28.22%,7E 5.0 mg » kg ' Cd /KFETF, Hih B
YA A M AR Cd B B4 Bk 24. 5300 1
26.40% , FHHERT = B Cd 5T, “MWA

7RI Cd 7E Hb b 35 FAR 5 448 i B2 o ) 53 B
FR B E ST LT, (B A4S P R4
RRFERTEEE”. 7 1.0 mg « kg™' Cd /KF
T H b 4 B R 4 s e Cd A B 43 )
2 31,09 % F1 12, 84% ,7E 5. 0 mg « kg™ Cd /K F-
T H b 4 B R 4 s e Cd A B 43 )
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1A

7 23. 5400 13. 78 % . HEXTE » AU &7
SRR Cd 3 2 Bl 4R i B 42 0, T A A R 2% )
B, e —E R LT LA X MR 0
X Ut IR AR K DU A &7 Cd B A
PLAE ST

3 iS4t

+48 Cd ¥5 YL 1kl AR P 28+, (B R W] 4 9 %
+ 3 Cd W 2R WO, SR GE , TR
Y1 Cd BRI EEGRT, B EFE
PR Z RN ES . C AR ZE T T HRE
ML b, XN B3R B A OC B 57 A X 3
AU R g R &9, 1.0.5.0 mg « kgT'
BCAHY/NER LIEE WA KA E
FLAH BN “IY A &7 A KXT Cd 75 YL ik B 3
TN 52 PR, AR K 2 18 Cd {5 e iR
/Ne FET, “PUA E7xF 5 Cd W ERE S Fis%
BRI, HEEL RPN R KT 1,
HAKX) Cd {55z ma /N, B nf LLVER £
B Cd s e E S hFh.,

ELIFERESBIEAMEYBE T/ED, WNE
ERAEY = HX 54 8 W E R AR T i 3% 5
B— AT, X TFELERWE, W EA —E W
PEHLEN , Fo A, 780 40 B /K7 L, 48 40 38 2o K B
WA R 4R 456 B 4 BT BE Bl E ik v X 4R Ak, FR
A RN ), B ZMESBIEA
IFfEFMMLAS , AT ZE— & P2 B ] DA A 4l
WEEFEDY . H K Cd ZEAE YK P T 40 Al K
TR EWER, AERNETHEF RN
Cd 43 FH A 4t B 7T 95 350 43 B 4 Jo 26 43
b B 55. T%~T75. 9%, B WA M4 4 P&
/IR, WH 5 —FieE, SEa s —/NiE4sr Cd
FETE T A BE FO A M 25, R Cd 7R 40 i it
AR FEH R T B CIT R
e, SRR, £FE AP g
R Cd FER BREMMEET, LG R 22
S ] 68 B A LB S AR ], SRRl Yy Cd %k
B XA E T Cd YRR IRTIE, & sE 4528
RWLFEB Cd 154 T, /NE R BigE 7RI
Cd FZE FZH TR, W Lizsfg b, m“r A &”
RN Cd ) iz %, HERRERT
L; WA BIKSFRE 2 A/ NE SR AR Cd

FERZBFYufMeEErf, B T RS . 2
T EBENE . BE 0 Cd A4S, 1.0,
5.0 mg+ kg ' T4 Cd 54~ Hith L AMER
o Cd A ECEL R B B T 28. 22% 1 26. 40 %, T
“POH 7K 12. 84 Y00 13. 78 % AH LA T =, “IT
A&l i) Cd 3 £ 4% 40 e B P2 Witk A 40 i
IR XA — R T nT Ly %) 40 25 A
i EEIFE AN M K7 -0 A &7 %F Cd 1B 1
FHEPLRE 8, XA — @R Lwl X A
S K% Cd e i/ M iR

GAME, % 1.0.5.0mg « kg ' HIE Cd i3
YR NEFDIH &5 Cd = S RE S Al L
Hizfe IR, (HRE, KR Cd B2 AR T
YUfEE T, HE AR R ATiE— e R
ST Cd 54X /NE R4 M ds it 3, i BLE
AR Cd mYsgmiBsh, Fik, “PA &7+
BECdisimEmEE h BER —e MR AR,

S Hk
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Effects of Simulated-Cd-pollution on Growth,Cadmium Accumulation and
Its Subcellular Distribution in Brasica chinensis L.

HAN Chao™? ,SHEN Haiyu' ,ZHANG Hao'
(1. Department of Biological Science, Handan College, Handan, Hebei 056005; 2, Key Laboratory of Resource Plant in
Handan, Handan, Hebei 056005)

Abstract: In order to explore the tolerance and detoxification mechanism of two varieties of Brasica
chinensis L. (*Siyueman’ and ‘Shanghaiqing”) and their potential application in phytoremediation of
Cd contaminated in soil, taking two varieties of Brasica chinensis L. (*Siyueman’ and ‘Shanghaiqing”)
as materials, soil pot experiment was used to manipulate soil Cd pollution and to investigate the effects
of soil Cd pollution on growth,Cd accumulation and its subcellular distribution in Brasica chinensis L.
The results showed that Cd pollution had little influence on the growth of variety ‘Siyueman’ but
significantly inhibited the growth of variety ¢Shanghaiqing” (P<C0. 05). Under the two Cd levels, the
Cd accumulations either in shoot or in the whole plant of variety ‘Siyueman’ were significantly higher
than those in variety ‘Shanghaiqing’ (P<C0. 05). Furthermore, the enrichment coefficient and transfer
coefficient in variety ‘Siyueman’ were greater than 1 and significantly higher than those in variety
¢ Shanghaiqing’. In addition, the absorbed Cd in the two varieties was mainly accumulated in ectoderm.
However,more Cd was distributed in ectoderm and fewer Cd was distributed in organelle in variety
‘Siyueman’ compared with variety ‘Shanghaiqing’. Under the two Cd pollution levels,the distribution
fraction rates of Cd in organelle of variety ‘Siyueman’ were 12. 84%,13. 78% and 28. 22%,26. 40%,
respectively. On the whole, the variety ° Siyueman’ had a certain application potential in the
phytoremediation of soil Cd pollution on account of its stronger abilities in absorbing and upward
transporting Cd and lower Cd distribution fraction rate in organelle than those in variety
¢ Shanghaiqing’.

Keywords: Brasica chinensis L. ;cadmium;accumulation; subcellular; distribution



