L FRBERIEH 2011,30(12):2428-2433

Journal of Agro-Environment Science

BN R S A R A LA M R BRI 3o
BAERT Cd BB RN

oL R A, B

(LHEREEET AR ERER, W ZES 066004; 2. 040 K2, Wb -2 071000)

i ESELARERIT T BTSN L Cd T Y AT R A B A AR R R . 25 2RERHA, ENEETTSEXT Cd AR T HR
BT, 7E Cd BOINEA 0~200 mg-kg™! UEBL T , ERBESTSRERAEIIURI & 5 AR K, HAE W B B T S R e i “ My 4k 2L AR AL p R,
Cd EEEmHARAK, KRR Cd HENEIFSIEREAET . HARIAN Cd YRR Cd WA &, i E#
7.824~102.672 mg kg™, #i FHBAI A 0.374~191.910 mg-kg'o i FABE 4L RPE B WA S, i THEERBEZHHA R VG
P HBRYCN 20.920~0.535, 2R WFEKES . BEE 138 Cd B u BER3E N, ENBEITSR 3 FhEEE M1 2 50 R Rt Yo e 2" A
fea S I H R BB RGTE M = 0 B R L A 1438 Cd YREEARTR], 224 120 mg kg™, 7E Cd ¥k BEZK P T BV M 0 32 B0, 7E R =
W PE AL TRE A REE TR B AR T X B AR X S R R R A A RS R RSB 18, FEE Cd B i , R A o i o
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Effects of Cd Contamination on Number of Microbes, Physiological and Biochemical Characteristics of

Brassica juncea
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Abstract: Series of pot experiments were performed to determine the effects of cadmium in soil on chlorophyll content, CAT, POD and SOD
activities in Brassica juncea. The results indicated that tolerance of Brassica juncea for Cd was stronger. It was able to burgeon and grow all
right in the soil added Cd from 0 to 200 mg*kg™.The biomass of Brassica juncea taken on principle of parabola changes with Cd concentration
in the soil. Nevertheless, Cd influenced the growth stages of Brassica juncea to postpone its procreating growth. Cd concentration of Brassica
Jjuncea gone to increase with the content of Cd in the soil. The contents of Cd was 7.824~102.672 mg kg™ in the aboveground parts and
0.374~191.910 mg kg™ in the underground parts. The bioaccumulation factor of the ground part was falling and underground part was rising
during the Cd is rising. Meanwhile, the translocation factor was 20.920~0.535. It taken on gradually falling trend. The POD, CAT and SOD
activities increased at lower Cd concentrations, but decreased at higher Cd concentrations. Added Cd in the soil was 120 mg*kg™, the POD,
CAT and SOD activities was highest. The number of microorganisms was Bacteria>actinomycetes>mould. The number of microbes was in—
creasing during the Cd added in the soil. When the added Cd was more than 160 mg*kg™, the number of microbes was going down.
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il 22 G L KA B H Ik (GSH) FIHTIA I AR 45 41 AL AL 571
HRAARMER G, Cd SRR N S, 32
ST Cd W AR 07 MR T 40 P g S A3
Ve IR IR DX 380 , Cd 38 7T AR B BRI SE i I 1
LB MR R B S B ERRES S, AT
S HE BB , S BRI TE AR . T LAFRIBT
AW, Cd X [ S AR AR S S ) B A%
PR A BRI AH AR A S L 3 1 i 2 B Ak
Bilt DT I R I AW i L LR L SB35 32 4 ol
Ve X RM Cd xRS FFRAE A ok e
BRI A B E R Y, Rl G aE
PR MR T RIAHLR, IR . LR FTHRTR 3
RIRSF . K0 TAVBRAE LIRS ol 2 5 W 1A
PR Yy i , SRR PR S PRACMEAR , SRR AE )
HRARGEEIER , (2 FAE Y XI5 e, R, £ RE
fet + P E SR AWM, ABTHEEEEYNE

AR T A RWERPRE T, EEITH
Xt Cd BRI 14 B A A B0 77 ThI AR AL, I T EREE T2
X E R RN RS T SRR SR E
T HARTTR R BHE AL, 08 T Cd i
T AR X B A MBS — B T A ) -
YR A B E LT G R Im R R AR i & IR
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1 #MR5F*

11 e

HEAEY) . IR ENEITSEN Brassica juncea
) Wild Garden Pangent Mix @:# . FFk B TR EH
XM 4% R “Wild Garden Seed” 43 o

BT RAWALRL R =TI XA 0~
40 cm FYEIAE L, BRALPE BAFIE LR 1.

PRV B A LR APk £, IR E YIS T
TARMATEF AL RIFTECH 0~20 cm JEJE , 2HE
EIRTEIR, EEIREOR, T2 WA, NERKEH
WK W58 i AARShY) , HEA RS 3 , SR e A B
BRK, RERE = HERARE IR, IR

FEARHT TR R, B KI5 Y N R ) R E
o BRI TR EEBE R R 1. REBPAERS
Cd.Pb.Zn EE5H14 1.70.16.80.61.50 mg-kg o

12 REAHARSHE

FARRB A IR RF R X H R =
1o BrASRLINESRM E4EHAZ 10 om, JKETER 9
cm, 15 14 cmo R HE JRRANT 5T 3 mm i, B4
1 1000 g( AT +31) , ik H AR IR &5 0
500 go F4JR Cd A Cd(HAC),*2H,0 BB ARTE 2
A+, FEEEA 0.2 g IREF 0.4 g ZASENEIE
(BRASMEnEH), 5 HE—IHRAH SR,
AFEB K SR & H IR B 1 60%, fR%F 10d
JEHER, AR 1 R, SR 10 B,

HERBIE S5 A 0.40.80.120.160.200
mg-kg' 3t 6 b, BMEEEL 6 K, ALIEHES K
1 26,

76 d WK IGBURESIHT o DU RE AR AR BR i , 1A
Ve HRENIRE o TR E b B E PR E,
A E S &, SOD . POD  CAT B o4 KA bk i
W Cd.Pb.Zn & & ; ME&HkHIEHAE Cd.Pb.
In EEBFEBRERE 0~2 cm HIEPYE AR BEHE
B,

1.3 MEFZ*E

MARE a MR b Y DR R SR,
I3 HIFER K 470.649.665 nm Ab B EEBIIAE .

TP R B A T 4 . FREUETEEAEAIAE T 0.2
g THAHHER, IIA 0.02 mol - L™ BEER R HEW 5
mL, VK& TSR, TREE.OHLA 10 000 1
min™ I E 0> 20 min, 01 H_EIHRRFER L, R
TEH 5 mL B8 — SRR 1 K, BIEMIR B
BN BT B A o

AEHEARSERAZE DRI 6-250 it
% 5S0D iR F &5 PUME (NBT) 5 ; CAT W& R A 43
FEF6 B ; POD TR A AL AR B, FARIA N Cd.
Pb.Zn & B R AR -F AR A A, FEFRsr
YebEE:; HEPRAERE Cd.Pb.Zn S ER A DTPA
B, FEF RO e B TP R B

R 1 Bl AR R

Table 1 Characteristics of physical and chemical properties of tested soil

— ERR A R /mg kg BEHLF/ BN P MK - <0.01 mm
cd Pb Zn g-kg? mg kg mg kg mg kg P YIERPEREAL %
et 0.83 30.54 75.88 10.89 271 14.02 98.04 74 38.78
U 6.86 63.67 234.42 24.99 46.76 29.69 107.42 79 28.97
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BEBER B KHIAEAL T 2, He/N AL 1, BEE Cd AL B ERY
b s v, B \ ;
) BRI B, G T/ P& /MBI TE 255K N Y L A1

2.1 Cd BMBXTENEFFRE KRN

M2 AT, 7E Cd BINEH 0~200 mg kg™ #Y
AL PR, BN BT SRERREB A K 2R AR K, BR R
BERL BT ER A RS K EAIERS, TRHE
ZEENS, ULBHENEITSENT Cd iHa R T 1SR A
ZHRAE , F2EZARIAE e, EELBEMERN 50
mg kg™ B, VSR 2] T B W E SR EEMILE
EEER AT, Cd BEFEEW T EPEITEMN
AR, 7E Cd WREN 0.40 mg kg™ B, EREEITE
IR HEAA T B, ST TFAEEEHT , T A o4k B2 A PR
WREFFIE. WEE Cd VR K b B AEYERI T
S E AR, TERMERN 0~120 mg kg™
B, AR, Cd BIMEHN 120 mg kg™ G
Y ERINT 57.67%. TERMEN 120~200 mg*
kgt B, AW R . HHULET L, Cd AR T B
IHEMAEFARK, M EFRERIFEAE N E T, H
R, —EWREER Cd AL B4R T AR IR AR
B, CdAFXSRERE R BA B, R ER

Hahn,
2.2 ENEFTIEXT Cd BIRU RFRFAE

MEMTRIEL, T3 cd BINES cd BUEH
BHXARBOE 0957, SHERM R KRR
ik 0.944, 5 T EW MR AE X REGE 0.996; T3S
BERE CdFESMHMM EI A& EMXREBGE
0.961, 5 i T IR = AHOC REGA 0.958, DL B3k
FR B WA KT . XULB Cd BEREHE M0 O
W, g g S B — R E LARE L IED
Cd WA E.

MFE 3 FTLES,7E Cd BINEH 0~200 mg kg™
FIARFAES, £ CdARSETERN 0429~
62.483 mg-kg, BEFE Cd WRINE RGN, HAMESE
BN IR BN, AR R M L E sk
/N ULBR TS N A B 4B S AR el - 48 v — Sy I ]
R T B AN BB YR SR B To8s . BRI, A
BRI R T IE P ESE ST MR
WE SR S B REVR N2 A3 T 3G in , (53 i 2 7F F%
e, i A BT 160 mg- kg™ B, FEARR N &

R 2 EEFHRN Cd FREKK R

Table 2 The growing responses of the tested plants entails to the Cd pollution

A ERG S Cd W IR /mg kg™ YR g(FW) HRE/g(FW) MR /em S
1 0 25.30+1.38a 2.08+0.46a 13~19 BRI, KRR
2 40 32.08+2.16bc 4.34+0.28e 15~20 BHIE, REHF
3 80 35.40+1.98c¢ 3.22+0.13d 7~27 KFEH:, RAEFFTE
4 120 39.89+0.94d 2.55+0.15b 6~21 KRR, MR
5 160 34.38+1.47¢ 2.7120.43¢ 7~23 ARG
6 200 30.69+2.02b 2.85+0.37¢ 8~22 THREEE/N, B 5B HE

B Z (A B E 22 A Dancan 038, F—F1BEHR)E BT REA RIZFORABEAIA B3 257 (P<0.05), TRAHRIZFOR A BRI T B & 2 57, 17

B &AL B E, TR

Note: The difference treats were tested by One—way AVOVA. Number which on the same line followed by different letters were significantly different at P<

0.05. The same as follows.

3 ENEFFRRT Cd BURH R ARFFE

Table 3 The character of sorption and accumulation of Brassica juncea with Cd

T4t cd &2/

T cd BRES MMk R cd FE/ MR T cd S8/ ML

H R

WS mg-kg™ mg-kg™ mg kg™ mg kg™ BERK BERH HBRM
1 3.84 0.43+0.07a 7.82+0.72a 0.37+0.28a 2.04 0.05 20.92
2 43.84 18.31+2.06b 44.70+2.10b 46.37+1.76b 1.02 1.04 0.96
3 83.84 43.05+3.38¢ 71.23+3.25¢ 85.00+2.34¢ 0.85 1.19 0.84
4 123.84 46.46+3.27¢ 83.43+2.73d 116.69+3.68d 0.67 1.40 0.72
5 163.84 52.55+3.96d 115.59+3.04f 171.76+3.95¢ 0.71 1.49 0.67
6 203.84 62.48+4.52¢ 102.67+2.96¢ 191.91+3.07f 0.50 1.87 0.54
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B TR, i E3RE 2 7.824~102.672 mg kg™,
R BN 0.374~191.910 mg kg™, B i M AL BE
Sy BRI B A T |- b T R AY 13.12 5
513.13 £, #b BB E LR ECH 2.038~0.504 , EZ Wk
RS 1 T E R ECH 0.048~1.869, & F
RS B . B RN 20.920~0.535, F
AR, SXULBHREE Cd WREE 35N , FE R b T 5 m)
W ERMESBNEE—E N, BN cd Tk
KE b FHERS, Mok E it REERE . ik
IO, BT SRE AR MR E cd 5 H M B
SR, XA BRI B RIS RE ST

HUTHEPRERS Cd SENELR X, Mk
FEREEARTR Y, TS EANRER Y, W
PRGSO 2R «

Y,=1.635 3X+10.055(R?=0.923 6)

Y,=3.021 1X-10.405(R*=0.918 2)
2.3 Cd BMB TEN B3I £ IEFRA ST

MR REYE A E Y R, S BRI
POEHOEAVERIKE, M R B SRS BER S
HeAVE BRI AR, FH YK S5 , MY E K E
W NRATH, HRRSEIFRARABABL
MU (AR R, Cd W E o AR B 4 R
ab.a/b BIHE PR EFEHEEEN, A Cd &
IER 0 MY RAEIBET 66.67% 41.36% .
17.86%34.06%

AR FURAEY) P B R S P RS R
— 4y, AR PR o A, I S
YN RIABE PTG 56, Al E A & &k
HENARRZERE, B THURMARE AN 5 i 4
fESERRE ., KR rEHEA SRR 3.916~
5.191 mg*g™s 7E Cd WIMEH 0~40 mg kg™ B, FJ ¥
PEEE BRI 7E Cd BIME R 40~120 mg-kg™ B, AT
HEARL; 7€ Cd IINEH 160~200 mg-kg™ B, 7]

BRI,

SOD R—FEERIEEA N, EHREEY
B B & SRR T A AR R A T TH R A
RO, IEH YA SRR SR R A S AR R A
MRAE RS RPSrEE AW (05 F1-0H)M,S0D
el BB E LB T AR E (0 ), IR Bk
¥ H,0,0 FI SOD TE—E R F X BAEYIRAR 05 -
M H,0, IR . A XESEME THEYEKN SoD i&
PERAEAL , B AT SCRRIRGE S PO FHE I . — & SOD
MRS A B E KA, —REEE SR
WRBEI3E N, SOD 1E M Se T R Bl Re 2 T R0, A
RE5EEME,

POD 2—F & Fe MEREAR, BRHEWIENE
TR E AR R, e B SRR, 22
FEY P R B A, ZEAE W (Y W IR AR Fnbi i AR
HHEEZMEH . POD T A 4ERF 4R & 2 A P i
X LB A Y R ER 2 —09, SOD.CAT.POD
FFEA, HERR B BN EY RSB EEGLEN
HREM: . ZEABESEH, POD &M EFH RN R ES R
Joir3E T P BE ST SRR N 7 AR 3 SR A 3 N s S 1
R, S E SR A IR HE— SR, A F Y RS
POD 1E MHEALBE 5 W S BOLEH M TR, FR
RAFEYIARN H0, T EE, FEmXTHE YR R R
ARG BIBTENEGE

CAT 2 —F % Fe M IMLEE ARG, RERH L TE A
HEEMER, BRHEYIZHEHhE. ARRE
B, CAT Y& A T FE AT AT 3L H,0, 19 B0, AT B
WP e o AR BFFE ' SOD.POD . CAT T H:%R
T —BME, 7E Cd BIEN 0~80 mg kg™
B, SOD.POD .CAT S IE MG I ; 7E Cd TiNEH 80~
200 mg-kg™ B ,SOD.POD.CAT BEMEREAL. AT Cd
IR 80 mg kg YT, TETIE Cd SEHEX
MR, EIEITREARATRU LA PR,

R4 CdIBRTEEFRABS EEENLISIRHIEN
Table 4 The changes character of physiological and biochemical index of Brassica juncea with Cd

b MEEs R D MR E8IE MNE/ APy SOD ENEM/  SOD POD/ CAT/

mg g’ FW mg'g? FW a/b mg g™ FW mg*g™ U-g' FW W& A470 nmemin?+g?' FW  Urg' FW
1 0.62+0.16b  0.22+0.04b 2.8 1.19+0.21b  3.92+0.21a 46.03+2.18b 11.75 1045+32.9d 564+17.5d
2 0.64+0.14b  0.21+0.07ab 3.1 1.1120.17¢ ~ 6.43+0.19f 57.41+3.20e 8.93 1055+25.1e 597+23.0e
3 0.53+0.09a  0.19+0.04a 2.8 0.91+0.13b  4.97+0.17b  70.64+3.76f 14.21 1150+37.8f 620+£16.9f
4 0.88+0.17¢  0.29+0.09d 3.0 1.53+0.09¢ 5.80+0.14d 54.50+2.95d 9.40 995+29.6¢ 525£17.2¢
5 0.63+0.06b  0.26+0.06¢ 25 0.99+0.08a  6.17+0.23¢ 50.27+3.07c 8.14 910+25.1b 518+19.4b
6 1.03+0.23d  0.31+0.11d 33 1.59+0.13d  5.19:£0.26c 43.39+3.56a 8.36 895+30.2a 476x23.4a




2432 B S5 BT IR A BRAE AR B O IX S PR X Cd 3 BRI

20114 12 A

EYAC 22 R L HEEGE .
24 CdBMETEHERETEFREDBETA ST
SRR B, Cd Wb (58 BN BE T S Fr AR 4 Y 1 48
WE PR E R B A, R 5 W%, L3
A PR N A SR B >B W , R RiE Y
% 2 MRS BEE Cd TSI E A8 I, S M1 A%
BRI, 2 od Bk — W E , M BE T
BT, PRI Cd ROAL B, UE M B R & X

18
R5 CABRTHEFERE LERENHE

BBH (g L)
Table 5 The chances character of numbers of microbe of
Brassica juncea with Cd

P YT /x107 THERTE /x10°
0.3520.06a 1.25+0.07a
0.560.03b 2.4520.13b
0.8520.11c¢ 3.6020.12¢
1.20£0.09d 3.850.07d
1.35£0.04e 5.650.05f
1.300.07f 4.1520.12¢

S FARE , B 0.35%x107~1.35%107 > g F
+, ERMEHIAE Cd HmINEHR 160 mg-kg™ FILLHE,
KA FRIA) 2253 B2, Cd VN B B B A0 B SR
BB 3.71 F5 . W TR, HEEHN 1.25x10°%~5.65x
1034t T4, BRMEHIE Cd BIMER 160 mg-
kg AL, £AabFEEZEREE, Cd BSINE R R
LREEEAN IR 332 15, WTFERE, HEER
1.10x10°~4.82x10° I~+g T4, BAMEHILE Cd &
TNEH 200 mg kg BIALEE, FALHRIZR B, Cd
TN B B R B BB X BRI 4.38 £

R A KT DU W B R 3, ed R B 38
T — R R T T P B R T P B B L (R
TR EE Y Cd T3 SR s A RIS U S o
3 g

XFHERNESRITE RPN N T
PR < REPE AT 1 o Sl AN T DA ) s e — A
Y BRI, S BEE AR . B 0 R
ARBIHETWESE, K aERHESEE 75
JiE A & R B 7 5 RS W 45 A TR E
. N aESRHREMEER R,

Cd M8 TR N R A —RFVEED, 5lE
H BN BREE A, BRGNS T
REAZ BB 0 FVREIR , 35 180 0K, 400 okl 400 J R /A R

EW/x10°
1.10+0.10a
2.50+0.15b
4.10+0.14¢
4.52+0.09d
4.15+0.06¢
4.82+0.08¢

A L AW N =

B K, R L, KB EY, d REEERR
FIESEITE,0.1 mg- L AbBRYR B BN AT 52 40 f At
W EEL G YN S, Cd BFHEENE
BEHLHIE T EX AN EA R AR EELENEY
KorF L REREE(-SH) HE R EER 1, M HEIRERT)
REFA S HAMEE L B8 B3R A, H5 T8, £
SEREAE KRNI, BaHBURmEEHRGE
Mo ARABFHLAEYRESR4 K B B EEXHE
WEEEER, BAYEE SR RS
BB, R EE . EYAHEA K SOD.POD.CAT
1 APX FP AL T] ATE— R B L HEA & A 3R
71 B A B AL A . SOD ¥ 0; - B4k A H,0,, POD
CAT.APX W1 3% H,0, FIERR. Cd e v UG shiit
SRS, BRI &K H0, 1 05+, AT BH 1L fb
P ES R R A R -OH WL, H2, E
SOD & A4 B L CAT.POD . APX K75%, Bl SOD/
CAT.SOD/APX.SOD/POD B3N, HF-4 T SOD
SFETEH R H0, AN RERE KT HbIE bR, LR K H0, ¥
5 R4 SOD 43f# ) 05 - 78 Cd ST 31 Fenton
SN A R - OH, Hegh 52 fin ) A A i 4 A0,

4 L5t

EREEIT3RN Cd BRI T RGF AT ME, 7€ cd B
&R 0~200 mg kg WITELLT , BEIEIF K 2F A1,
HAYERIT STHRBEAAE, Cd T2 T 1
WA A K, KB cd FEVETERERFEALT
W, MRRIAN cd WRERE T F cd WRE T R T
7, b B AT K 7.824~102.672 mg kg™, Hb T AT A
0.374~191.910 mg-kg o Hi ¥R E 5 R EUE B AL
S, TR EERBEZRH TR KBS, FEH
o HEBRBUN 20.920~0.535 , 2B WIS

ABFR R, R Cd ¥ E (0~120 mg kg T,
SOD.POD 1 CAT ¥&H: EF+, #68] SOD.POD #1 CAT
SRR TIERRIEEEMIER ,SOD TE R Cd YR
T REEIERREHEENER . R cd¥E (120~200
mg-kg?) T, 3 FPEREERA R ERE N TR, S H
EHERZE T ARBREMMS, TTREE R cd T T H
ST EEM R T H A (R G5 A sl A TE ML B R
B T ENRERES  BEEEA SIS RS
TR B FR ST A5 R 2L

FE—ETEEN, Cd EHafEsE TP K #E
PEHE T HIEECE YRR RSN, H—E i TR
R, SX PO S AH RS , SR U HR Y
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