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i, BUEAERTEE | Cd R R BALZIEA 2. S5 R R, A R ST A MRS T AR BT Bl S P B
MR Cd & i KR EAEA T SF AL B (1922 Fak 5 B MK, BEEMMMERA - E SR B E RS
T2AFENMMMREE R, 25 ST BRR T MRIAR B MDA F i Kl S AL S (CAT) | 8 & b i Akl (SOD ) A1
ALY EG (POD) WP, A RO AR PR — 5 B G B REAR T 2 AFali i AR 90 Cd SRR I RS Cd &, BEIR
SR 19.4% ~52.4% (31.0% ~75.2% . 19.7% ~59.1% . 3. 1% ~48.2% . 20.0% ~65.0% . 40.7% ~100.0% F115.2% ~
50.0%. Cd EZFBAEFRMPMAZE RIAMA R D>, BESMABHEBRR - E S BE AN FREREILT FinRs,
I ZEFR A Cd & Wb T2 Cd BB B AR S Cd 3. “Cd + BER + MR A BA > T 2 AN hh A RS2
Cd FLE i FEIE ST BIA 42. 9% 143, 7% . 6K 2 AFemh fhfh, DLy DLBL” X Cd ATPEApriEfesm , R aL Cd Sl B i
FEPE Cd SR R L8 DU < “FH4% mm-8”.
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Effects of Ryegrass and Arbuscular Mycorrhiza on Activities of Antioxidant
Enzymes, Accumulation and Chemical Forms of Cadmium in Different Varieties

of Tomato

JIANG Ling', YANG Yun', XU Wei-hong', WANG Chong-li', CHEN Rong', XIONG Shi-juan', XIE Wen-
wen', ZHANG Jin-zhong', XIONG Zhi-ting’, WANG Zheng-yin', XIE De-ti'

(1. College of Resources and Environmental Sciences, Southwest University, Chongging 400715, China; 2. College of Resources and
Environmental Sciences, Wuhan University, Wuhan 430079, China)

Abstract: Pot experiments were carried out to investigate the effects of ryegrass and arbuscular mycorrhiza on the plant growth,
malondialdehyde (MDA) , antioxidant enzyme activities of leaf and root, accumulation and chemical forms of cadmium ( Cd) in tow
varieties of tomato when exposed to Cd (20 mg-kg™' ). The results showed that dry weights of fruit and plant, and contents of
malondialdehyde (MDA) and antioxidant enzyme activities of leaf and root, and concentrations and accumulations of Cd significantly
differed between two varieties of tomato. Dry weights of fruit, roots, stem, leaf and plant were increased by single or combined
remediation of ryegrass and arbuscular mycorrhiza, while MDA contents and antioxidant enzyme activities of leaf and root reduced. The
total extractable Cd, F, Fy, Fya, Fiuss Fua, and Fy in fruit of two varieties of tomato reduced by 19.4%-52.4% , 31.0% -
75.2% , 19.7%-59.1% , 3.1%-48.2% , 20.0%- 65.0% , 40.7%- 100.0% and 15.2%- 50.0% , respectively. Cadmium
accumulations in tomato were in the order of leaf > stem > fruit > root. Cadmium concentrations in leaf, stem, root and fruit of both
varieties decreased by single or combined remediation of ryegrass and arbuscular mycorrhiza, and Cd accumulations of stem and plant of
two varieties also reduced. Cd accumulations in fruit of two varieties decreased by 42. 9% and 43. 7% in the combined remediation
treatments, respectively. Tolerance and resistance of * LUO BEI QI’ on Cd was more than ‘ De Fu mm-8’ , and Cd concentrations and
Cd accumulations in fruit and plant were in the order of ‘ LUO BEI QI < ‘De Fu mm-8’ in the presence or absence of single or
combined remediation of ryegrass and arbuscular mycorrhiza.

Key words :ryegrass and arbuscular mycorrhiza; antioxidant enzyme; accumulation of cadmium; chemical forms of cadmium; varieties

of tomato
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1.1 fahE

R Y N Z i ( Lycopersicon esculintum Mill. )
NS B ( Lolium multiflorum L. ). Z i oA 54
mm-8 A& DUB | pl 5 BT R AMRL B de it A
FL P AR (arbuscular mycorrhiza ) BB 43 7l A JEE P BR 4%
B, BB R ANBREEE, b At R MR
B FE 5 PRI ST IR At. (bl R A BT L
T IX A BSR4 N A ML 4 5k
2.618 F136.54 g-kg ™'\ HE N, HEL P A K 5
W24 104.0, 13.1 1 101.3 mg-kg ™', pH H 6.03,
CEC 4 19.2 cmol-kg ™', £ Cd <0. 005 mg-kg".
1.2 Bk

FARAREE T 2013-02-27 ~2013-06-26 7EPH K
IR A BB IR = N T, IR E 4 A
AEFR 43R Cd” (WFHR) | “Cd + AR (FEF A
4 Bk 15 d 5 fE LR R R R A T
40 Fi-BE1) | “Cd + MTEAR” (3 FIEAR A5 15 ¢ Jt:
45 ¢) | “Cd + BFER + DGR, B Cd 15
PR R 20 mg-kg ™' ¥ S kg it 5 mm FiAg T
THEAIBREN (B x H =25 em x 17 em) , il
A 20 mg-kg™' B CdCl, IEWITFIRAT, P14 2 ~ 3 JH]
Ja T AR W A AR, AR 1 BR. IRIE P K 4
“} 100 F1150 mg-kg ™", L NH,H,PO, il KCI [IFE
JIALN A 180 mg-kg ™", LA NH,H,PO, FlJR &K 1K
AL 5T A2 IERNE R A A 4.
ARV 4 WS B 4 2 LS. B
i LTI o= ) el R U S S R B NG 5 =)
60% . &K T A3 K 43 DA 5+ 45 1 5 K
B3 R BOE A, SR 5 T3 T A K &2, R
R PRI K ER K. 2013 45 H 27 H
TR R AMLLR, YRS %"=, T 6 A
26 HAa#BUIR. HMERAE 105°C F AR E 15 min, 7£
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IS A R R R R .
FE4: HCI-HNO,-HC10, V¥ ff )5 , F I W i 436t
J£31 ( Perkin Elmer SIMMA 6000, Norwalk, USA) iil]
E M Cd Fra. o MR A AL A (CAT) 1
PSR FH A R B e I e o AR Y
(POD) Tifi 2R I A B A By 3 a5 #E i Ak
U AL ( SOD ) 37 4 >R FH 20 PO ik ( NBT ) 30 J5t 32k
EPY S (MDA ) SR A B AR H 2R (TBA)
kY TR RRRE S e BF R T R, 28 HINO, -
HCIO, ¥ 18 &, F s W e 43 9% )6 BE 3f ( Perkin
Elmer SIMMA 6000, Norwalk , USA ) lll 5 A [A] #3037 Cd
i BRI R 4 0. 005 mg-kg .

FAMFL S Cd TP % S22 Bk =
B cd™). 7E2013 4E 6 A 26 H &AW, vk
B8 A AR 52, SR I 4 SR BRORE JF DI, E A Bk
B 4.000 g RSLEERE, B TREAR T, IIA 37,5 mL 2
WO, (R i DR R IR B RS, T 30°C 1 R4 h ik
BEHIIR (17 ~18 h) K H B IGRE, F5- 0 A TF]
WA R R BOR IR B 2 h J5 PRI BOR , R
2 WK, BITE 24 h NI 4 . 4 PREUGR (3 150
mL) R A, & AR ZE 2L T 5, INAGE & HNO,-
HCIO, IR GHR (4: 1, KB ) WA B IE R H 10% #
PR 25 %) 50 mL A2, 2R 5 F R T IR 4
Y63t ( Perkin Elmer SIMMA 6000 , Norwalk , USA ) il

FE Cd & B RLIBE 47 0. 005 mg-kg ™', $2HL
RS BEBGT R 80% e (F, , PEHUAH IR EL . Ak
Y1k B TCHLER AR IR L) | B K (Fy 42
BokmEwAEImRLE, E4E - REREE).
1 mol - L™ GALANIBF I (F 0, RBOR I, 58 AR
AN EWESNELSIE) | 2% R (F,,. , Y7
PR 4 JE gk R iR, s kiR EL) . 0.6 mol L™
R (F o, RBURRER) .

ARHFGE R BN S5 R 3 U A I A, B R
FH SPSS 18. 0 Geit 344775 2253 BT fl 2 1 LU A

2 ZBR5HM

2.1 YE

MR T AT T R AL 2R R T E AR A AL
[T 2 A P ) ) 25 S 3k 8 T B 3 OK . 5 X R
FLE , EFEA)E Cd 1594 (20 mg-kg™') F,“Cd +
AR BRI AR A B T 2 A A s A Y
RS 2B MR IR 17. 6% ~
91.4% M1 64.2% ~76.8% . 10.9% ~ 84.2%
4.2% ~ 65.1% . 13.7% ~ 72.3% F 4.3% -~
57.0% . 32.9% ~ 42.4% F1 4.4% ~ 40.0% .
25.3% ~236.3% M 17.9% ~150.3%. 2 D&
pn RS MR 2K RS T E LI Cd + AT
R A . FRAR Y 2 A Fe i s R Y SR ST
TNAEAR S T, A AP 3% DL >« flidE

mm-8”.
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Table 1  Effects of different treatments on the growth of tomato

bk E/ g 5!
5 25 1 M EH

o ezt = AR . il - et} : i) =

-8 % D13H o8 % D3R 8 1% LR -8 % L3R 8 1% DUBR
cd 12.29 14.91 2.02 2.38 23.80  25.51 10. 58 11.80  48.59 55. 60
Cd + BEE 14.45  24.48 2.24 2.48 30. 11 26. 61 14. 06 12.32  60.86 65. 54
Cd + MR 23.52  25.44 3.72 3.93 27.07  29.05 15.07 14.73  70.38 74.15
Cd + BEH + MR 15.48 17.98 2.96 3.42 26.69  27.79 12.19 13.40  58.04 61.61
LSDy 45
fn 0. 941 0. 850 0.673 0.413 2.982
AbH 1.032 0.192 0.298 0.752 3. 461
il x Ab T 0. 648 0.374 0.425 0. 547 2.734
2.2 N A b PP A AR MDA 5 &, o e A

A (MDA ) 1 R A= U 1 3 B8 45 08 R IR A 2
FALRL =Yy o T DR S A R N IR R
AAE RO RR BE 30035 30 T AL A P vl 7 5 A
P MDA &™) mE 1 i, 5 cd kb3
(TR EL#R, “ Cd + PAFZ R s ME BRAR " B FEAR T 2

KAIGIE Cd + BB + DAL AR " AbBR 43 B b T
20.8% . 22.0% H122.2% , 24.4% ; H 2 “Cd +
BB ANHE A T 17.1% . 17.4%
17.4% . 21.6% ; “Cd + MEEBRAR ™ Ab B | 5555 B 43
BT 2.6% . 11.8% F19.8% . 10.6%. Filli
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Influence of different treatments on contents of MDA in leaf and roots of tomato
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Fig. 2 Influence of different treatments on activities of CAT in leaf and roots of tomato
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H 222 Al H0, iR Sl Cd B SRR ) 450
A Cd ERAE 2 A E AR E] | A [ 4b 2 ] 2% S 3k 3]
FARV (B Fyp b)) . BaiRIH&IES Cd S8R
/J\J”ﬁr?ﬂgFNaCl>FR>FW >Fy > Fig > Fy,.. /E\:EP,
T BT Fyy BN 1.435 mg-kg™' F1 1.288
mg-kg ™' K 1,362 mg-kg ', BIr 5 Cd 4R
HI Bl 52.9% F151.6% ,F¥ K 52.3% ; HIk

Influence of different treatments on activities of SOD in leaf and roots of tomato

FEIEPE IR F 80 0.426 mg-kg ™' 1 0. 452
mg-kg ™' SR 0. 439 mg-kg ', b Cd R
R A 15.7% F118. 1% ,F34 K 16.9% (%
2). MR Fy R F, SEONSIES Cd f/hak
WA, Horb Py B9 E B 51R 0.349 mg-kg ™' Al
0.316 mg-kg ™", F#°40.333 mg-kg ™", A7 Cd $2HL
SRR 12.9% F112.7% , 34 12.8% 5 F,,
(& 520 3k 0. 082 mg-kg ™' 1 0. 065 mg-kg ', F
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Fig. 4 Influence of different treatments on activities of POD in leaf and roots of tomato
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