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WE ., RIEHIRHTIE T ESR Cd (10 mg-kg ™) 15T, I HBHiGE A 7] Fe W (0, 50, 100, 200 F1400 wmol L") X} [
AR A A R | PUAAREEIEPE LA R Cd B SIS i . 25 SRR Wil Fe /5, FATE . Cd S AR ETE 2
ANERFZNIZFRR T BEKT. Fe BEFWMT 2 NFa MRS MR, 25 0 RAEMR S TE. B Fe YREEHSM 2 4~ 5
AR ot A B AL il ( SOD) 16 LA K2 ¥y 109 AR i 48 Ab S0 ( CAT) 3 Ph 58 T BE AR J5 52 T #a 3, 2 A iR AR i Ak 1l
(POD) Tt LA B 4641 AR CAT FEHENIZE TR ARG FRE. TR Cd L Fy > Fuq > Fy > Fyo > Fuue > Fy. BRI Fe 30
THEMBEFEILE Cd i, HRE L Fe(400 wmol - L") N T 4641 J5LH Fo o F LARTEY 109 JESLH Fy | Foo . Fy A
Cd SARBUE. T Cd LR R LI > 28 > B9 S AR, MG Fe MMM 25 RARSORAY Cd S ENBRIET 7.1% ~
25.3% . 30.8% ~50.4% . 13.0% ~45. 1% F2.8% ~11.7% . HH& 2 AFA A, TCIBHE Fe 575, B85 Cd & M ARk Cd A
TR 4641 < ks 109.
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Effect of Exogenous Iron on Accumulation and Chemical Forms of Cadmium,

and Physiological Characterization in Different Varieties of Tomato

LIU Jun', ZHOU Kun', XU Wei-hong', CHEN Hui', ZHANG Ming-zhong' , JIANG Ling', YANG Yun', WANG
Chong-li' , XIONG Zhi-ting’

(1. College of Resources and Environments, Southwest University, Chongqing 400715, China; 2. College of Resource and
Environmental Science, Wuhan University, Wuhan 430079, China)

Abstract: Pot experiments were carried out to investigate the influence of different iron (Fe) levels (0, 50, 100, 200 and 400
pwmol-L ") on the plant growth, activities of antioxidant enzymes, accumulation and chemical forms of cadmium (Cd) in tomato when
exposed to Cd (10 mg-kg™"). The results showed that dry weights of fruit, roots, stem, leaf, and plant, and concentration and
accumulation of Cd significantly differed between the two varieties of tomato tested. Dry weights of fruit, roots, stem, leaf, and plant
increased in the presence of Fe. Activities of superoxide dismutase (SOD) of root in both varieties, and activities of catalase (CAT) of
root in Yufen109 deceased at first, and then increased with increasing levels of Fe, but activities of peroxidase (POD) of root in both
varieties and activities of CAT of root in 4641 increased at first, and then reduced with increasing levels of Fe. Chemical forms of Cd in
fruit of tomato were in the order of Fy > Fyy > Fp > Fyq > Fyye > Fyy. All chemical forms of Cd obviously decreased after the
application of adequate Fe compared to the control, while Fy; and F of 4641, and the total extractable Cd, F, Fy and Fy of
Yufen109 increased at 400 pmol-L ™' Fe treatment. Cadmium accumulations of tomato were in the order of leaf > stew > fruit > roots.
Cadmium concentration in leaf, stem, roots and fruit of both varieties decreased by 7. 1% -25.3% , 30. 8% -50.4% , 13.0% -45. 1%
and 2. 8% -11. 7% in the presence of Fe when exposed to Cd, and the Cd concentration of fruit and Cd accumulations in plant were in
the order of 4641 < Yufen109 in the presence or absence of Fe.

Key words : antagonism of iron and cadmium; physiological characterization; Cd accumulation; Cd fractions; tomato varieties
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PGeit, At R AR AR IR B PRI Cd 3530000 ¢ BSEIMEY AT &AL b ) Cd 35 Yk LR I s, i
ik H82% ~94% 1y Cd HEAR| 4. REY )

; s s Wi HEA: 2013-01-13; 1£3T HER: 2013-03-10
Eﬂﬂiik%ﬁ%ﬁmﬁlﬂ fﬁ:iﬁ I:P E@ Cd /E\E‘Ejﬁﬁ 680 E€UAH: Imgszz\[kft\”(%ﬁ1$ﬂzﬁ§&4?Im(Nycytx—35—gwl6) ,%%‘:{

WK R - 253 od vE ) . i Ty SR X il
(4 RIS LA B Cd 15 e I AR e 1 (20477052) s AR B LU
Tk T e, L H R E D). 2 24, 1% BISEHRE TEBRA: KR (1987 ~ ), 5 WA, FBRFFE 07 0 A E

N e N . — vneT6 %%Elzzftlﬁzzz‘%,E—mail;liulnve_jun@ 126. com
ZIKEF' Cd /H\%ﬁji m%i%%ﬁﬁﬁgﬁflﬁr’ﬁz ] . # ﬁiﬂﬁ%/ﬁzﬁj\,E—mail;xuweifhong@ 163. com



10 4 RN AN IR AN [ 26 i ot o A BEAREE | AR SR B A2 I S YR R 4127

R T Z BITREE AT CET Y Hoh dah
BRARRSZ AR — B2 D3 | RS IR
SFIF ST PSR . FATE 1997 4F Chlopecka i l0] wpe
A, 7E PRI 50 g-ke ™ MRS E T KA
RAZFT Cd AR & AR, Shao 51 ik i, +
A RN S KRR AR | ZEFER SR Cd & & 1 35
b BRI AGE .

Cd E R FEE SRR, WA TEG KT E
5 JF Y ke NSRS R R
GJm Cd WIBE ) AT R 22 55 18 3% | T ELAE & b
[E]te 2 30 W %’@%Eﬁm -4l i ( Lycopersicon
esculintum Mill. ) 24t FAR B o w1 R 2
— TR E A AL A R R, FRE N T Al 2009 4
IKE 865 J1t, i et 20% LA 1. BF5E R B Xt
Cd TP A I B SR A7 FE S R R 22 0 (B &
AR Cd AR R B HIE S B WA IE. Tl
TR WA EOC R UL K Fe XN [R] 3
Hitin A Cd WSO ) AT B2 (SR 52 B R 52
AHFFEPEICT T PR X 2 A 3R Al B (4641 F
kY 109) R ARSI Cd 15 Y4 ny T3 45,
TRV T Fe P[] i M A il (0 SR AL BTG P L OG5 4
Pk, Cd MR R KA B 520, LU Sy S b -+ 3¢
Cd V5B BER A SR AL BA KA.

1 #¥57EE

1.1 e

3k VE ¥ A 3F i ( Lycopersicon  esculintum
Mill. ), & Fh 4641 Ay 109, B 5 DAL B2 e 65
AL, b R A E T LR IX T
PEER e, 3 pH M 6.9, £HESE N K 1.21
g kg™ HHEEHLT N 33.3 g-kg ', FIEGIE N R
110. 8 mg-kg™' . HHLP A 10. 6 mg-kg ™" . LK A
104.6 mg-kg ™', 1AL Fe Jy 57.08 mg-kg™', -
3 CEC 4 20.7 cmol-kg ™. 13 Cd ARAM .
1.2 W5k

I T 2012-03-10 ~2012-07-09 7E TG FE A2 %
B B R M N R AT, RIS 5 4 Fe W AI
0.50. 100, 200 #1400 pwmol-L~" (FeSO,-7H,0).
Cd ¥ JE 2} 10 mg-kg ™' (CdCL, 2. 5H,0). 340 Hf
FIRT 1 5 kg, 203 Cd Ab 524 A SR ( H AR
X 7 =25 ecm x 17 em) A7 2 ~3 JE 5, BERB AT
FHANTE 1 AR, ZEFFAEIATE 45 HE AT i TS it Fe 197
FEW, LAIE 22 B oK O X RE AL BE. FEBR S d Wit 1
U, BRI 100 mL - " JEmE 7 Yk, 3K R

FEHEREK 217 60% . ALK N K 180 mg-kg ™', LA
NH,H,PO, F1 IR R JE X A, P, K 43 % 100
mg-kg "' F1150 mg-kg ™", L NH, H,PO, FlKCI filA.
IR E 3 WEHE, FEHLHES]. S — K45 R 1R
07,2012 47 H 9 HATRIOR. AHPRTE 85°C T &
fiti 15 min, 7F 60°C FHET 2 HH.
1.3 g5k

P SCHRL 16 ] B 0 e - IEEAR FRAL PR .
i it 4 Ak U (CAT) 36 P 2R I SCRk [ 17 ] 89 7 i
M7 ; i # ALY B (POD) | i 4 Ak Wy It Ak il
(SOD) MR HISCHR [ 18 ] BT LI E . TR S
% Cd B YR HESZ BuE I 2™ . itk cd
TR HNO,-HCI0, 35 TH 2, I 1 I 4 o 6
1 ( Perkin Elmer SIMMA 6000, Norwalk , USA)illjE.

iR SPSS 16. 0 SRt #4705 220 Hr
ZH K.

2 HRE5H

2.1 4y

M1 ATLUE Bl R i, 25 M e
FAE 2 A EFPIE], Fe W2 IR] () 22 Ak 8] T K
V.o EELE Cd 154 (10 mg-kg™ ) T, B 50
pmol « L™ A 4641 AR T FE A & 400 wmol - L~ if ¥y
¥ 109 T E AN, Wit Fe 553N T 2 A3 i
Ry R MR 2R M KR T E, B 4 B R
5.0% ~ 48.7% . 13.3% ~ 71.1% . 16.0% ~
63.1% . 9.8% ~54.6% I 18.5% ~40.3%. {Hpf
Fe WRBEXEIN, TR 2, MR, 25 i BT E R
PR S8 A0, 78 100 wmol - L ™" 5 200 wmol - L ™" A £
IKHRc i ARE REAR. LA 2 S S RIS Fe B, SRS
FHELL 4641 > ¥ H; 109, {HBTiE Fe 200 wmol - 17" 5§
400 pmol - L ™" A SRS TH LA K 109 >4641.
2.2 PrEfbmEsIE v

HEE Cd W8 &% SAEY ™ A KR A H
3,1 CAT ., SOD J POD 541 AL B RE A AU bR
Yk [ IR AR Y TE Cd TS T2 A
SRR CAT TR PERE Fe ¥ B 1075 AL 22 0 A7)
(ka3 (8 1). 4641 MY CAT Bl Fe ¥k CAT Th %G
K40, 76 200 wmol - L' Fe AR KAA , ARG T IE;
M 109 B Fe WeEEIE N, CAT 3G PESE TR, 76 50
wmol - L ™' Fe B ik B 5 I, SR J5 B i ol Ft. Bifi Fe ¥
BEREN, POD JHPENIBE Fe ¥ BEREIN, Je3 i, 7€ 100
wmol - L ™" 200 pmol-L ™" Fe A}k E) & KMH, K )5
TRECE 2) 1 2 A AR SOD 1658 %, 7 100
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F1 F[E Fe REXNEMEMENZN

Table 1  Effects of different Fe levels on biomass of tomato
MRk E/ g5k !
mH SR i S it AT
4641 WY 109 4641 KN 109 4641 HIKE109 4641 HIAF 109 4641 Tk 109
0 28.00 25.91 2.73 2.41 20.26 35.03 13.14 15.67 64.17 78.98
Fe e 50 34.69 27.18 2.42 2.85 26.23 39.30 15.59 24.22 78.91 93.57
y ¢ | f_l 100 34.92 30.53 4.67 2.93 30.00 42.45 16.02 20.40 85.59 96.33
mol -
" 200 37.40 38.50 4.26 3.50 33.11 45.69 15.30 18.26 90. 06 105.96
400 33.74 37.42 3.78 2.73 31.26 40.58 14.43 15.34 83.21 96.07
i 0.509 0.153 0.362 0.483 1.826
LSDy os  Fe ¥&JE 0.167 0.224 0.271 0.318 1.509
fnfh x Fe #e 0.432 0.076 0.895 0.420 1.102
2.0 160
1.8 b —&— 4641
16 —E— koo 140 —h— 4641
T — - 09
£ 47 120 F
@ 12F £
2 10F 2 00
W 08 3
;_ 0.6 + ey 80
&} =
04 - 2 6o
02
0 I— L L 40 b
0 50 100 200 400
Fe/pumol-L™! 20 | | L I
0 50 100 200 400
1 [E Fe ikEXEM CAT iFHEHI RN Fe/umol-L™!
Fig. 1 Influence of different Fe levels on activity . . ,
) o B3 [ Fe REXIZEH SOD iFE A0
of CAT in the two varieties of tomato
Fig. 3 Influence of different Fe levels on activity

POD{FHE/U-(g-min) ™"

0 50 100 200 400
Fe/umol-L™!
B2 A[E Fe R EXER POD iE A S0T

Fig. 2

Influence of different Fe levels on activity

of POD in the two varieties of tomato

2.3 REcdiEshkEsE

MR 2 Al B AR S Cd AEAEE & Cd
PEEUS AR 2 NS ARIE] | Fe HEEA] 022 Sk 5 3%
K 2 AT R S A TE A Cd B3 & & L
BRI CA(Fy) > RIS Cd(F ) > CEEHZH
B CA(Fy) > @A (Fy o) > BERRIEEGS Cd
(Fyse) > IKPEHS Cd(Fy). Hrp ,2 AT A R

of SOD in the two varieties of tomato

SOF, o a4 A 0.876 mg-kg™' Al 1.289
mg-kg ™', 1.082 mg-kg ™', iy Cd $EHUE R
() 5T 2 4 B 4% R 54.4% F59.3% , F- 1k
57.2% ; Fouo FYI40.311 mg-kg ™', i Cd $EHUA &
FI RN 16. 5% . —H Y RTEEMIREZ Cd,
HE S22 1.393 me-kg ™', 15 Cd 28 &
(RSN 73. 7% (£ 2) . IGTESE G Fy F1F,
XA M 0.159 mg-kg ™' H10. 066 mg-kg ™",
i Cd $2 R & 1Y B & 40 8050 R 8. 4% F13.5% ,
TEHFEHEEZ N 0.225 mg-kg ', i Cd HEEUE
A REDECN 11.9% . K & B, Bl 8 1Y Fe
REW/D 2 AT AR L A IE A Cd &, HRE
Fe BRI, SIS Cd R0 AN [R] 4 728 1k i 3.
WIFE Fe W EERGN 4641 5 Fy | Fy Al Fyy fri
BT REAR, 43 B 5 6 B D T 20.6% ~ 100% |
50.4% ~100% F1 43.6% ~62.7% ; 1fi 2 A~ &b Fp
SC Cd AR, DL TR 109 R A IEA Cd(Br
Fuafh) | 4641 S5 Fy oo Fyuo B F, &5 M5E R
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i, 7£ 50 , 100 200 wmol - L~ B B3k HeARAL , SR )5
[T}, B Fe(400 wmol-L™") S ififli 4641 F5zh
Foo Fy DLEIHE 109 B2 Fy | Fy o Fy FLEAR

BRSO B I T 34.5% . 33.2% . 2.4% .
5.0% . 8.6% Fl1 6.4%. AN, Wi Fe {fii6 45 109
R F o S BB IIE N T 8.4% ~75.5%.

®2 A Fe REMNBFMRE Cd UEREREENT M

Table 2 Effects of different Fe levels on chemical forms and concentration of Cd in tomato

SR Fp/mg-kg ™! Fy/mg-kg ™! Fye/mgke™"  Fyao/mg-kg ™' Fye/mgekg ™! Fp/mgkg™' EIREUR/mg-kg ™!
; 4641 kY109 4641 By 109 4641 HKP 109 4641 IKI 109 4641 ITKI 109 4641 Hky 100 4641 ik 109
0 0.345 0.170  0.115 0.229 0.334 0.222 0.220 0.167 0.232 0.310 0.839 1.239 2.085  2.337
_— 50 0.274 0.105 0.057 0.047 0.123 <0.001 0.124 0.138 0.213 0.544 0.827 1.172 1.618  2.006
/:;:f‘fl 100 0.200 0.112  0.024 <0.001 0.022 0.034 0.110 0.082 0.201 0.336 0.799 1.309 1.356 1.873
200 0.070  0.140  0.013 <0.001 0.088 0.134 0.095 0.138 0.193 0.367 0.819 1.380 1.278  2.159
400 <0.001 0.174 <0.001 0.172 0.225 0.233 0.082 0.157 0.312 0.405 1.104 1.346 1.723  2.487
e 0.068 0.009 0.016 0.011 0.004 0.037 0.221
ISDy o5 Fe WS 0.021 0.003 0.005 0.003 0.015 0.006 0.079
b x Fe MR 0.013 0. 005 0.008 0.012 0.021 0.019 0.113

1) Fg. Fy. Fraein Frncs Fua® Fr 28R CESIGS Cd, KSRGS Cd | SRS Cd, BERRIEIGE Cd | BRRREEIGE Cd AIBRE TS Cd

2.4 FihCd LB

mFE3 AL, FhhCd ST EUM > > 25>
ST BRITRY 109 19 400 wmol- L' Fe 4b B 5 51
Cd a4, i it Fe fif o mh | 25 MRAR
SER ) Cd B AN AR R AR, Cd & 2 R IR R B
AR 15.7% ~21.9% M 7.1% ~ 25.3% .
30.8% ~47.2% 1 35.6% ~50.4% . 29.1% ~
45.1% M 13.0% ~17.1% . 2.8% ~ 11.7% F
4.3% ~9.9% . {HBE Fe He &8I0, Faint . 2%
FRANR S Cd % i 522 26 % 5 3 s 3 BV FE 100
pwmol - L ™' 5{ 200 wmol-L ™" Fe A} 2] 35 F K {H , 4R
J [l 7

Cd FZEREAEF i i ik FI25 23 9] AR R Cd
MBI 55.5% 133, 3% . WAURSER) cd FH 2
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