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Effects of Cadmium on Physiological and Biochemical Characteristics and Bio — Accumulation of
Pakchoi in Different Fertilizing

XUE Rui - ling, HUANG Yi — mei, MAT Shi — quan

(College of Resources and Environment, Northwest A&F University, Yangling 712100, China)

Abstract ; Pot experiments were conducted to study the effects of cadmium on physiological, biochemical characteristics and bio
— accumulation of pakchoi under chemical or organic fertilizing. The experimental results showed that when cadmium was add-
ed to the soil with levels between 0 mg + kg ™" soil and 25 mg « kg™ soil, biomass of pakchoi increased at Cd amounts < 5
mg - kg ™" soil, but decreased when Cd was=10 mg - kg ™" soil. Chlorophyll content of pakchoi increased at Cd amounts <10
mg - kg ™" soil, but decreased when Cd was=25 mg - kg ™" soil. Ve content of pakchoi decreased as the amount of cadmium
increased. MDA content and cadmium concentration in pakchoi were positively correlated with the amount of cadmium applied
to soil and cadmium concentration was higher in roots than in aerial part of pakchoi. The result also indicated that the toxic
effect of Cd on pakchoi and the biological availability of soil Cd both reduced in the presence of organic fertilizer compare to
chemical fertilizer due to the uptake efficiency of Cd by pakchoi was lower under organic fertilizer than chemical fertilizer condi-
tions. More research is needed to study the mechanisms of the reduction of toxicity effect and Cd accumulation in pakchoi with
the application of organic fertilizer.

Keywords: cadmium; pakchoi; mineral fertilizer; organic fertilizer; physiological and biochemical -characteristics;

bio — accumulation

KEAH 1.3 7 hn’ HranZ B w55, W& 11

W I 39:2000 08 - 13 BT 25 X AL T AT 40% ~T70% K

E ST H : VIALRMA R B FEL T (06ZR04T )

R A BERRE (1986—) 2 B P BLA, Eemi L, kB sy O 1 e ATBRITRIT MR BE I SR LA B A K
FEH A . E - mail : xueruiling1985@ 163. com Eﬁﬁ—% H‘J{Ei&/ﬁfﬁﬁ , %mg H@ﬁ%%j’mﬁiujﬁ% E]/\Jél‘:“

BHESE BB E — mail; ymhuangl 971@ 163. com


http://www.fineprint.cn
http://www.fineprint.cn

5 29 BT

K F B OB % ¥ ) 21

KEED, YiEsk Ayt R A — ERE, ek
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BRI T, MEDEE R R E R, ThE
FeTE IR, S BEHE M T R AT S A A T
VR AT YRR S AR DY . RIS AR
3R BRURIORE SRR, AR S 10 75 Y 5 W S S
%> BIER S MERTA > A F— SR SRR
IR A48 RARE T AR R, 36 75 95 (1998 ) [ Ze 2 s
(2004) 3 E I R RS L MER MR TR
IR B5 S IR HR I B 4R B ot > 25 > R H
FISEIE ARG BT ST AR B SR I e AR S N
i 115

ZHIER TN ESBEA T EREE LY
WAR A A K R 3 T 4R I Rk ST . K
LI AP P 5 64 R B R AU,
F il — BB TR, B 2 Z s i b
V132 B P SR 5 W 338 AR B A W v i 4 )R AT
Ho T pH XM EFEL R WITHA BE W, T
WAL B LB S T 2oxd T4 pH 722k
ot  TEARTS Y B R e A DU AT g
A RS AR S B B AR, K RSB ASI & U E
WL, AL S AN R R AR ARR
5 B A DL VR A i B, T 2 A HE AR W 0
EIy =013 G

AT UL, 6075 Y 3o 5 S (KT W LA B e MR X 5 75 e 1)
VERIE AR — S5 AL, KBS ER AN
E R/ ESEE RS RT &, 8 i AR B o
BESEANESRI 3 X /N 1 3 1) 2 B0 LE AR5 B 2 ) B
EURICRT B S , 35350 A BIL A R JIE 3o 550 5 Y 1 5
TR 4R 5 Y I A WU R B TR 1Y e
AR

1 #RE57FE

L1 st

Pt 18 S 4 B8 b X I ML B S R B - ——1
+, HEEVLR A R AR S B a5 A
11.03 g - kg™'.0.663 g + kg™' . 11. 07 mg - kg™ '
181.86 mg - kg™ ,CEC 34 8.61 cmol - kg™ ,pH 8.3,
BAHR 0.92 mg - kg™' o A HLIE Sy 38 38 4R K 1 3
B, 2EAMEBER & 008 2.01% f1.02% , 1k
HBHEFH KH2PO4 1 CO(NHz)z ,Cd ﬁﬁjﬂ?ﬂjﬂff CdClz :
H,0, #E3 A/ N,
1.2 REHE

BRI TE VY JE AR R M Y B B iR = P A T

Z IR E + I B bR GB15618—1995 (W — 4%
PR H IR I R EH E MBI &; L N -
2.0% ,P - 1.0% JghrifEwf e tbAE X A HLABHE N &, 45
FHENF L5 ke, 13 M3 AEER) , HIEH
RFE 1,

x1 TEEEFGTELERNERE
Table 1

The amount of Cd put in the treatment under

different fertilizer apply

fIE4} ( Fertilizer)
HHLAE(Org) (12.5 g + kg ™! soil) CK
{LAE(Che) (0.43 gCO (NH,), -
kg ! s0il,0. 14 g KH,PO, - kg~' soil)

Cd/mg - kg1

0051 5 10 25

0051 5 10 25

11 : Org &y Organic Fertilizer f&] R, Che & Chemical Fertilizer 55 ,

HEJE Cd L CdCL, - H,0 ¥ fLAELL KH, PO,
A1 CO(NH,), W4 M A 148, A HLIE L A 25
AL, ST MAER BB MRS G, 3
ANZBRLE KA K& B REK & 70% ,F
2 d I ERE/NESER (30 b/&) A 1 AEE
(20 /%) . MK MRS H DIFRE LK, 7
FrHEE R H B R KB 70% , 3R EF WA
SRS TR/ANASRA K R AR KRS (B B
FR/AN G R ES) TSR IE SR
1.3 WEMERFE

g € 25 B I RE SR 2 IR B — 42404000k
R Ve S RBME R 2,6 - A MEERE
B MDA & B E R E TBA Hetayk:t™ ;4 Cd
(I 58 SR KA R T ik
1.4 HRGEFE

B R FH Excel £1 DPS $E A0 BRAR A0

2 HBREHSH

2.1 Cd BpExt/haESREMER RN

CK /NEZEH 3 FE R (12.55 £0.750) g - 20
plants ™" ;# T- 2 H#7 (0. 519 £ 0. 020) g - 20 plants ™',
5 CK #HH,,0(Org) 3 EFFT-HWA T 1. 04% , 1R ES
TEMT 1.73% , 1 0( Che) Hy#h - FBFIARFE T E
yBIBEIN T 13.78% F13.47% , n] WL AEAR 3 T /N
FHAEK, BALRERERSR TAILIE,

A DU FIAL LR , /N SEH 8 AR 3 4 Bl
Cd ZbBRMRBE M TR et R (<5 mg - kg™') R/
(=10 mg - kg™') o M2 PRSI FH , Bk Cd &b
HIYREE R 25 mg - kg B, fLAB AL A /N AR /N
TAIRE A AL b BE A, Cd AL BRYRFEFE O ~ 10 mg -
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kg "B, ARARAD I/ 3 L IR FIARER A R 3N

Xb/N B SR B M I R B, Cd Ab BEY R R T 10

mg « kg "B, Cd XF /)N ESEHE BB AR AR K R 30 ]
THUUEAE, HICEMREAR, AR AR RERI AN BR TAPUICAERE, 7] WA P
RS SR AR 15 Jexd /N L SRAE R A I RIVE T

x2 BIEXMEHE T/NEEEYERR NG

Table 2 Effects of cadmium on the biomass of pakchoi in different fertilizing

i FFT#/ g - 20plants ~*

WTE/ g 20plants !

Cd/mg - kg1

AL fLAE AL/ % AHLAE (i AL/ %

0 12.42 £0.55abc 14.28 £0.58a 14.97 0.528 £0.021a 0.537 £0.019b 1.70

0.5 12.76 £0.25ab(2.74) 14.35 +0.4a(0.49) 12.38 0.543 £0.021a(2.84) 0.551 £0.028ab(2.61) 1.47

1 13.30 +0.53ab(7.09) 14.35 +0.52a(0.49) 7.97 0.538 £0.027a(1.89) 0.549 £0.011ab(2.23) 2.04

5 13.45 +0.93a(8.29) 15.03 +0.66a(5.25) 11.75 0.539 +0.018a(2.08) 0.589 +0.028a(9.68) 9.28

10 12.25 £0.56bc( -1.37) 14.10 £0.41a( -1.26) 15.10 0.504 £0.029a( —4.55) 0.507 £0.04b( -5.59) 0.60
25 11.26 £0.89¢c( -9.34) 12.18 +0.59b( —14.71) 8.17 0.447 £0.026b( -15.34) 0.426 £0.039¢( -20.67) -4.70

AP NEEEHFERTAR CARTPEEZEER, ARFRREFBE (P < 0.05),

B (% ) = (LIEAETE - AYULAETE) /A YL T E x 100

O) PEERIAM Cd L FAEX T HEALR BRI E 20 (% ) = CINERALTE - MEACALTEN R /HiATAL BT B8 x 100

2.2 CdiHEX/NERMZERR BN
TP A SRR S R AR Y AR R A ARG
HEARE, SOLEEHE VIR, BBt CN RFEML
AR Z R, WA A R R B REEEZMA.
CK /NAZEM Fit4g s a(Chla) M4 K b
(Chlb) \ G4 2 (Chl) FIZE#HE bR (Car) F &5
5% 0.676.0.356.1.032 F10.101 mg - ¢ 'FW, e

O HHLAE Organic Fertilizer
1.6 AL.HE Chemical Fertilizer

12

08

ChlV/mg-g'FW
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=

=

S|

ISR ILIE 1, B2 P A R I, it HLAE 24k AE

XA GRS BRI ITLEZS .

Chla/mg-g 'FW

Chlb/mg-g'FW
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Figure 1  Effects of cadmium on the contents of chlorophyll

and carotenoids of pakchoi in different fertilizing
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8 D ESEIIRE Cd A3 E S el e %,
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JIE A B4 S0 B2 T 14 38% i1 9. 46% , Cd Ab Bl gk BF
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210 mg - kg A, AL IEARER G SR K A BARXT T
HHUEAEE T 15.70% , 0] WA HLIE M T Bk
R R R A RAIEER. HaR b §8, &
AHUEEAT, & fE B AR Cd A BEYREE R 10 mg -
kg B, AL RS, Wt BRTE 5 mg - kg s KEH
N2 A B AR (E AL P A AR 25 T ER S BUAE 1 mg -
kg ', Cd AbFRYE H 0.5.1.5.10,25 mg - kg™
B, AL IEAL BRI SRR b & BARXT TA P AL B 9 78
A4y KR 0.00% , —7.12% ,18.29% , -17.83% ,
0.75% , KB NES B K 2 2%, - 3. 8%,
-25.05% ,12.57% ,1.88% , JoH S AR AL B4
2.3 Cd BHEIT/INESEMHE Ve 1 MDA & EHIE

Ve BEEEM—TEHEZDEER, a5 RKS
MNMERRABEYIRR . Ak, TEAEY =2 5%
HHEGFEHIS AR, Ve FEREWART H R
B EP A REBAR R B Z—, 2B T AR
Kk, HYSEEER TSR T EZHLE, EERE
FERE i S AL VR T, T3 18 (MDA) 2 B BE i & AL AR
HI BT r= 1, H A Al DS R Y 32 i 4 1
RS

CK /NH3E W f 5t Ve FI MDA & & 4+ 5 h
0.722 2 mg - kg "' f127.85 mg - 100g ™", ji A HLAEFN
AERESS iR Ve & &40 3 0 T 0.8% F1 0. 8%,
MDA &&4518m T 1.2% F116. 1% ., 0] WLjE R A]
BRE/NARER Ve &8 & MDA ) 28 &, AR
ACREXT Ve B2 /e A —#E, Wikt AL AE X it - MDA
RRMIEHERE 2, AL Cd 4L BEH Ve A MDA
A 2 B

HiAa HLAE R, /N 320 B Ve Fr et fl
Cd Ab PR FE (W T+ M KA, B Cd b B BE B KRR
HH; MDA S &HRH Cd AbBvR B s misg o, B
Cd ¥R Bl =y MDA & 38 findifit, Cd b3k
0.5.1.5.10.25 mg - kg ™' A, fLIEADBE (Y Ve S HEAR
XA AL AL B0 4 BIEAR T 4. 97%, 5. 85%
2.93% ,10.84% ,5.16% ,MALAE AL BEA) MDA & 54
X F A HLACAEER R 4333 T T 14.07% ,10. 80%
9.78% ,10.27% ,8.12% , 6] VL5 4L AEAH kb , A5 ALAE AT
S Cd A x) Ve BRI BIBEIRER .
2.4 CdEMEXEHHER

CK #b | FIARES A4 Cd 243 50H 1.57 mg - kg ™!
2. 11 mg - kg ™' HEIERT /N SEHE B3 Cd ZRET
BERW, BN TR Cd BRE, i &R A e
fEHE T /NERPAEK, PN Cd BEAS TR
HRHS, M3 in TR A8 Cd & &, /NESEH_ B

o 23
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i
E 250 F 1
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=
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Figure 2 Effects of Cd on the V¢ and MDA

content of pakchoi
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y = 1.540 6x + 6.384 4

R’ =0.9232

y = 2.3822x + 5.893 5

R =0.9885

HEACAEET , 235K -

y = 1.896 3x + 7.990 1

R’ = 0.898 4

y =3.077x + 8.775 8

R =0.9775

A UL, A LR IEET , /N E ST Cd B R &R
B Cd AR F A R 2 T (3K 3) ,ARE8 Cd
FEHRE > M B, LR M EIRAARE Cd &3
NFAVLEX B, Cd J5 , Cd A3k F AR (A, itk
REES/NE SR Cd & &34 H i HLAR A =5 Ak AE Ak
BHEERBETAIE) , BARMSRER KEE/N,
BEHA HUIL BT LRI T8 Cd AR A 3Pk .

3 g
RIG IR EH, FEIEAET B PN Cd 1k E
/INF5mg « kg 'BF, XH/NE SEHL_E RS AR (4R KA
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Table 3  Effects of cadmium on Cd content of pakchoi in different fertilizing
— o 196 Cd &8/ mg -+ kg™ HRE Cd &8/ mg - kg™

AL feAe AL/ % AU A ABALH/ %

0 1.59 +0. 1e 1.55 £0.19d -2.47 2.95 +0.43ef 2.93 £0.48e -0.78

0.5 4.69 £0.68de(938)  5.3420.62cd(1068) 13.92  7.00£0.33de(1401)  7.80 £0.78¢(1561)  11.43

1 7.77 £0.26d(777) 9.08 +0.29¢(808) 16.92 9.12 +0.76d(912) 18.09 £1.09d(1 809)  98.31

5 20.02 £1.71c(400) 27.29 £1.76(546) 36.32 22.00 £0.54c(440) 28.43 £1.06c(569) 29.26

10 26.15£1.78b(262)  31.76 £1.92b(318)  21.44  27.81=1.18b(278)  37.72+1.98b(377)  35.64

25 43.13 £1.06a(168) 51.62£7.12a(206)  22.83  65.34 =4.94a(261) 85.38 £6.43a(342)  30.67

e O WEIEA/DNERREEE R

B (% ) = (LIEAETE - AYULAETE) /A YL T E x 100

—EHEBEVE T, T 24 Cd ¥ &8 10 ~25 mg - kg™
I, /N SRR 125 0N, b B AR B T R AR
SRANAETS RIS R Cd K F 20 mg - kg™, /NS
BT 5 MR, ARG P /N SR A 1
WA AN oA th B LA 40 3 ek, X T RE A5+ 4 o
Cd Fr & b R B A £ .

EWRFEH Cd XTI B KRR E P RIS RAA
—E B P, 15— e S 7 TR PR,
X HIEE Y T SR — B, Cd 3IE M Sk
BRSBTS Cd EamtaE SRS R
F3,Cd ek M G E w0 a7 | sods M gk 5
e, Cd SRR AR, R BB Cd BEA M
WL ERIERE 2, ST E R B - SH 45
AHHAL Fe' Zn®T Mg’ %5 IR T M SRR 45 M
THRERG M. Cd pHaBHE T/NESEM A Ve S HIRAE,
MDA &84m0 Cd BBAR /N I 3RIA R Ve 14y
fit, R T AL VE R, 31 MDA BB, S )
WS o

Cd 7/ e A B E 5 HiET Cd init
EIFARX /N ZEN Cd Ml 2 BE Cd Ab Bk J& i
B TR, Cd 78/ L3RR N i EFUE AR TR > i b
TR R Cd R BAEIR A R A4 15
F EFRE 0 ANESERT Cd BRI RE Cd Ab B
WRET = ZEE TR RES/NE 3R W R A B g
FEAA %o

SACNEA LG, A HLIETE— B R b W LB Cd
SN SR G Vo IRSE MR 2 ) B A
AT, X T AR FEEIEAAET ,/NESERT Cd BB
o MEA PR, /N SRR Cd £ 834 Lo e Ak HE i
1%, TRERA DU H A VLR BB AL —E K
YRR, MTTRAR T+ h RS R A A . I

Sb, A HLABRHRZ M £ S H A A PRoBR (40 pH A HL R
85 BT A B IR I % g Cd A A
AR, A PUIEF B EFRTR S R A A BRI s
WP, KEE R, £ TR A
HMIR Cd )5, B A HLIE L A HE A HLIE I 1488 v 22 46
A CdWEBIREIE T 11% . (AEE PR BARBINA
PLAEJE , SMIR Cd 3 A £ 38 b 32 22 LUAE My m] W fE A AR
RIS AL M PR DL B O R, BT 42
TSR N T4 E R o BRI, 36 TF A LA X
Cd 5aMbhi8 I SR DL B A — 2B 0150

4 HFig

(1) EREREMAET, 2 EPHEHMO ~25 mg -
kg~ HISMIR Cd B, /NESEAE SR RN Cd MR AT 4b
(<5 mg- kg )WNFAE, BHRELHE(=10 mg -
kg ™) BT FRMRARE S MR S B RIHRKE (<
10 mg - kg ') AbEHTFE, BWRAE( =25 mg - kg ') &b
FRRRARA S Ve S BE Cd bR E I KZHT T
R ;MDA & K& Cd A£/NARENK ERES Cd 4
PRV IEA DG, BARTR Cd ) BEFE S TH LFR.

(2) 51LREAHEL , B YL — & R LT LI %
Cd X /NESKAEY SR Ve B M IRENE
EVER, R3S Cd WA AN,

B E Tk
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