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Characteristics of Cadmium Tolerance, Accumulation and Cellular Distribution in Lolium perenne Seedlings
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Abstract; To study the characteristics of cadmium(Cd) tolerance, accumulation and cellular distribution in Lolium perenne, seedlings were
grown for 50 days in soils treated with 0, 10, 20, 60 and 100 mg Cd kg™ soil, respectively, in a greenhouse experiment. Concentrations of
chlorophylls a and b in leaves of Lolium perenne were similar between 10 mg Cd+kg™ soil and 0 mg Cd-kg™. Concentrations of chlorophyll a
and total chlorophyll in leaves of Lolium perenne exposed to more than 20 mg Cd kg™ soil markedly decreased in comparison with those in
seedlings exposed to O mg Cd +kg™ soil. The root vigor of Lolium perenne seedlings exposed to 100 mg Cd kg™ soil significantly declined in
comparison with that of roots exposed to 0 mg Cd -kg™ soil. Concentrations of oxygen anion pronouncedly increased in seedlings exposed to
more than 20 mg Cd +kg™ soil compared with that in seedlings grown under 0 mg Cd kg™ soil. Concentrations of malonaldehyde (MDA ) were
significantly elevated in Lolium perenne seedlings exposed to more than 20 mg Cd -kg™ soil compared to that in seedlings exposed to 0 mg
Cd -kg™ soil. The enzyme activities of SOD and POD decreased by 14.6% and 23.9 %, respectively, in seedlings exposed to 100 mg Cd-kg™
soil in comparison with those in seedlings exposed to 0 mg Cd +kg™ soil. Biomass markedly decreased in seedlings exposed to more than 20
mg Cd -kg™ soil compared to that in seedlings grown under 0 mg Cd kg™ soil. Cadmium accumulation significantly increased in Lolium
perenne seedling along with elevation of cadmium concentrations in soils. Cadmium concentration in cell walls was higher than that in soluble
extract in which it was higher than that in cellular organelles. The translocation factor for cadmium was more than 1 when Lolium perenne
seedlings were grown under 10 mg Cd kg™ soil. These data indicate that Lolium perenne seedlings are tolerant to cadmium and this grass is
promising for phyto-remediation in cadmium—contaminated farm land.
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T SRS YR fa E AN R A T E
Bl — o SR HGE , o E 2 5 Y B E AL 2 000
73 hm?, 2y 5 Bkt SR AR A 15, HhEER IR (E
B2 Pb. Zn, CA)Z G5 E R 30%~40%", XtF
BYEARBORM T3, A1aFAE T HA PR
IR F S0 R B Z R,

BB ¥ (Lolium perenne L.)AZMY 70 =M H 5|3
TR AR, JB — AR BUBAR AR L AR R, Bl M
I R SE T, S BEFRAE BE IO, AR R R BEAR,

B AMIEMRBERX Zn . Cd.Pb BA—ENE
R R FEMR T Cd WRBREEFFRIER,
4T AR FAE AL R B TE AR R RS  FE Y A
A Cd 4375 BB 5T F2EEE e KRS FIER ST BR 3R 7
TS, T Cd 7ERBRLZ F P 40 B 73 A i i DG E

AR A H RIEP IR E Cd B
X IEMEAAFE Cd kRS A L, 3 Cd e
T RE R LA THERE S, A RN A FAE AL
Rk X FRAE BN Cd W IORR 2R % I 40 i 4 A7 e 3
BT, Y16 R 4R BOR RIS IRTE

1 #BE57FE

1.1 ###

— & BA B EL (Lolium perenne L.)245 70,
1.2 R A gt

ARET 2009 48 7 A EFICRMRBHE RS (b
4 34°27" IR 108°08" ) AT o SR #3158
FHEAR 24 cm F 15 om BERHEL X B E T
JRMBHE R FACR R A, A B BTN 1,

® 1 il RO ERELER

Table 1 Basic properties of the test soil

YR/ BOARY BBE EME 2B AW/
% mg-kg? mg-kg?' mgkg? %  mg-kg?

GiH pH

+i 8.02 1.12 86.93 39.13 81.54 .71 0.125

BEFEXNT L (2 2 mm 7 )4.18 kg, MMRE
0.347 g-kg™, iTBERRES 0.2 g-kg™ s IR 5 AR
JE Cd 4bF.0(CK).10,20.60.100 mg kg™ (L4l Cd*
i), A EE 3 NEE . 5508 3CdS0,-8H,0, %
BT KELRER, BB B, 5T AL
W =R T CE 10 de SRS EBRATRLIRG 1) B2 EF
F,  0.5%M) KMnO, 757 10 min, 318K 2% , 7E 25
CIEIRIEFRAAML 24 h J5, H L —BWM T, &
BTAP, B4 15 6, B TIIUCRMEHE Kb

M2 N IR AR P, 3K A R 7 RS 4 2
=M, EH L BA 12 R FEFUE 50 d BURIE
1.3 MESFHE
1.3.1 AFAE A HRAR B I E

2R 3R B IR R AR R IE I E
TTC ¥£"; SOD {4l & « 05 4 i 1515 POD {5 44 0
SE : FBIARERE; Y (MDA ) & 8l € : s AU B
%R A BEANE T AHEWO: ) FEN
JE : BRI A RO
1.3.2 Y KA iR S B E

B 3RER) B S MKHE—BRE
B, F B RAK TS 0P B LA L BRKGE TAEHE G BT
T AIEY, B EE KR, KA, 72105 CTT
A% 30min, 80 C YT ZIEH, 40 AR ZE .0 3 For,
SRR TER B A, B TR IRTR 5 MREMR R
TR R A HNO-HCIO, ¥, YA AL (AR Ly 4
1),Z-5000 JEF BB ETHIE Cd & &
133 BEFFEERIITE

B £ R ¥ (bioaccumulation factor, BF )= Cd
TR (mg-kg" )/ 3P Cd 5 & (mg-kg)™

8% Z B (translocation factor, TF ) =H#i_F & Cd &
F(mg-kg ")/ T Cd & & (mg-kg™)!>
1.3.4 4IR30 & Bl E

Bt RR YR IS #E 20 mmol - L ) EDTA-Na, H1
R 3 h ZERIRRRE R Cd™, AR5 AEE TK
PP 3~4 Y, AR R o AR AR H 43 43 S
Z AR RALSE R J7 BRI LASCE , R F 22 B B O
(4 C)DBEARRIR A ML oy, SR 15 2] F1(40HEE ) |
F2( 4 s ) A K F3CRIVE MR )3 M. HEEE
FT= A, 80 CHET, R A HNOs-HCIO, ¥, VA
FE(ERFREA 4:1), Cd WE 7R 1.3.2,
1.3.5 HdEE it

IR B Excel 2003 1 SPSS18.0 #4-#E47 )7
ot (LSD Kly), BEFRRFA 3 EL T
E+hrifE

2 GHRESH

2.1 ARRERREREEY BRI

ISR (B )R, HEE Cd BB &
AT RAROR % . 5 CK AL, 24 Cd ¥R 10 mg:
kg™ B, FRAZ B AR W B FRARIR BB, (A 7.3% 5 2
Cd iK% 20.60.100 mg kg™ i, FA= Yy 85351 H
CK F#M T 13.8%.19.9%F01 41.0%, B BB B



2082 B e MR BRI LR ) BRI A A R R BT 2010 4F 11 A
307 B Chla X Cd Mirifl F e S B (AR, Cd 8 T Chl o/
Casp R ) b {HAR L, F 22 Cd E 52 T Chla {H,
k 220 s 2.2.2 HRMBAX B FAR R IE ST
P Es: s ! HRARIE 1 R B AR 2 R RE o Fa A
Yy SRS I — IR . A 2 FTLARH, 2 Cd Wk E
# 5107 10,2060 mg-kg™ B, 5 CK AH HE , #R R 35 T 3% B
03 AR, (EA B3 (P>0.05), R B E EMRXT Cd A
00 HA —E M4 ; T Cd ¥ m3] 100 mg-kg™ B},

VR lmg kg™
Cd concentration/mg kg™
EBERRE AR TR RS EFAE BFHE(LSD ik, P=
0.05), T,

Note ; Values with different letter in the same column indicate a signif—

icant difference at P=0.05 level according to LSD test. The same as below.

E1AECIAETRZEETE
Figure 1 Dry biomass of Lolium perenne L. grown

in different Cd treatments

W (10 mg-kg™)Cd B — & T 1, SR 2% (P>
0.05), K% Cd ¥WkEW N, BERERK R FZHI M,
A e B 2 A (P<0.05)
2.2 $RAE R B A T A LA M A R
2.2.1 {RiE X B R R R A
HEBEMHAE TR EN TR, WF 2 Pim, b
&I CdIRBERBE N, HHER R B 24 Cd
JEH 10 mg-kg™ B, BRE R4 K a(Chla) HHEEE b
(Chlb) B4t & (Ch) & &L P A8k, A2 2 Cd
VREEHE INF) 20 mg-kg”! MHZ 5, 5 CK I, Chla
MJE Chl 2 BEMME, ANE K Z2REE (P<
0.05); {HAZ Chlb 7£ + 3 Cd ¥ EE3¥ /N 2] 60 mg kg™
G, G BRARMES CK B BE 25 (P<0.05), Ui

R2 AR Cd EMRZEHFZSEHNTW
Table 2 Effect of Cd treatments on chlorophyll content in the

leaves of Lolium perenne L.

CK 1.95£0.07a  0.65+0.06a  2.59+0.10a  3.04+0.31a
10 1.90£0.04ab  0.63+0.03a  2.53+0.07ab  3.00+0.10a
20 1.75£0.07b  0.59+0.03a  2.34+0.10b  2.97+0.06a
60 1.40£0.19¢c  0.50+0.05b  1.90 £0.24c  2.82+0.10a
100 1.02+0.10d  0.34£0.0lc  1.36x0.11d  2.99+0.19a

T RPEE AR v ; RF B A A AT RN E R
HA BEW(LSD #%, P=0.05), T,

Note: Data are shown as mean +SD of three replicates;Values with dif—
ferent letter in the same column indicate a significant difference at P=0.05

level according to LSD test. The same as below.

Ll CK REE T 51.0% , #8236 11 8.3 B (P<0.05),
Cd W REHEMNFZEMHER, BEANBRZE™
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1.00 [
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Figure 2 Root activity of Lolium perenne L. grown

in different Cd treatments

2.2.3 {RIMHEN B BRI E TR MDA & BRI

AR EF(0; - ) RAMIRZ A ME 5 E 4
U A 3L, TS — R 5 RO AR B AR AL
EHE. WNE 3ATLUER], X Cd¥EH 10 mg-kg™
it 0z S BANH CK 3T 5.9%, K% Cd ¥R EEZRET
N, 0; - & & B EH I (P<0.05), 43 3| Lt CK 3#im T
30.2%.53.2%F1 83.4% ., FHAMLHKEF Cd(10 mg-kg™)
i, HBEEKNFEAR O; - REME KSR, FE
& CdWkpEs N, BEEENET KEM 0;-,°H
EmEERMER

0; - S B ml {2 f MDA F1 &, i MDA F &R
2, RAHRA IR RE RS, B 4 P, BEE
P MDA & & B AkREE Cd MBS s i, B
F| Cd ¥ E A 20.60.100 mg-kg™ Bf MDA & &4 B3
HM(P<0.05),5 CK L, 43734 T 28.8%.33.3%Fl
63.1%,iX 5 0; - b $—3, X WU MDA
£5 0;- W3 EYIAHK o
2.2.4 Rimiaxt BRI SOD F1 POD {E MMM

SOD #1 POD V&M 928 b SHE RN A i e A
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Figure 3 Changes of O; - contents in leaves of Lolium perenne L.

with Cd treatments
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Figure 4 Changes of MDA contents in leaves of Lolium perenne L.

with Cd treatments

HEER RS, ARG H, Cd EHR 10 mg-kg™ BT,
SOD VEMHEIN T 6.2% (& 5),Cd ¥ B K 20.60 mg-
kg™ B, SOD JEME4T I CK FEAK T 2.0%F1 2.9% , 75
AR 8% (P>0.05), %4 Cd ¥ K F] 100 mg kg™
At ,SOD JEME L CK FRR T 14.6% , 16 B & FAK (P<
0.05), SOD &2 PSR I fE ALk, FREBE
JE Cd e {2k SOD &3, B ¥R Cd #l SOD

SR /mg - ke
Cd concentration/mg kg™

B 5 Cd 4B TRZZEMF SOD 0 POD &t
Figure 5 SOD and POD activities in leaves of Lolium perenne L.
with Cd treatments

M, SRIABIR R —5™, POD {&HREE Cd ¥
FESE I 2SI NG AR, Cd¥REHR 10,20,
60 mg kg™ Bf, ZrHIH CK 30T 34.2% .85.0% Fi
19.9%, H Cd ¥EH 20 mg-kg™ i}, POD iEM &,
B3 Cd ¥ EFiRF] 100 mg-kg™ i, POD &M A H CK
BT 23.9%, FH] POD IEMAET M 7 Tk 22
YER X SRR G R —3C >,
23 BREEIHREHRKFIRREES

MR 3 TR, BERELIS Cd & EREE HiET
Cd ¥k B3 T SB35 31 N (P<0.05) . 24 Cd ¥R 100
mg-kg™ B}, BE TR LRI Cd F BB REE,
A5 291.64.29.00 mg kg™ 1 17.71 mg kg™, [F]—
Cd ¥REMHA T AR 2L HER5 Cd AR & AR>ZES,

BERBER , FHHEYESRE ORI B
JTREER , G A TR BRI P, AR
3ALIEH, Cd ¥REEH 10,20 mg-kg™ B}, JREZ B EAE
REORTF 1,5 Cd ¥ EiX%] 60,100 mg-kg™ B}, B
HEERBUMN 1P, RUIBERLE 10,20 mg-kg'Cd
WEMAT , AR Cd FUERES ,BEE Cd ra ik
FESn, BEFFER Cd BB IIFHE. PHoTRm, A
Y%t Cd BRSO AT IR G, T RE IR B Cd JiriA

R3 AECIRETREEN CIRE . EERB BBRY

Table 3 Concentration of Cd, bioaccumulation factor, transfer factor of Cd in Lolium perenne L. under different Cd treatments

Cd #&/mg-kg’ DW Cd content/mg-kg™ DW

Cd ¥ /mg-keg™ oot 3 vem i loal BHERL(BF) HBRH(TF)
CK 0.90+0.09a 0.19+0.09a 0.00+0.00a 1.91 0.23
10 107.72+0.95b 11.08+0.42b 7.72+0.45b 3.27 0.26
20 171.30+£2.10¢ 16.90+0.97¢ 11.71£0.98¢ 2.62 0.24
60 238.87+3.31d 22.16+0.48d 14.71+0.32d 0.95 0.32
100 291.64+5.20e 29.00+1.03e 17.71+£0.32¢ 0.74 0.30
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T, BEER Cd HEEERAE, BEFERIK Cd
A3 BT R R R E Cd B et Cd A3
B NMSHERE G T, BEEANEERRZH
R

HBRRBWA, RHELSEMRAR M EHHEE
AR GRS, R 3 PR, BERNER RN
F 0.23~0.32 Z 8], FiE Cd ¥R, BEFE MR R
] LA B2 Cd BEJ1 2 MR E, Clemens S 1A
K, RARMAY Cd FELFE AT B B,
HiZ s R BT AR 2 40 B RE AR YT Cd AR
185 R LA S MR 0 41 e ) e {4 88 3 ) 32 SR DA e i
RN ERIBE SRR Cd #BRE SRR 5 AR
RS AR A L2, TR RS Cd My BN,
I ok P O L BE RN Cd TR L T BB AR
W) Cd FEABIARRE S, B EE Cd & &
o, B RS REE R I
24 REZZERIM AP RISS

MEAAUER, RRWE Cd AT, BEH
R AR 4 5 Cd & B#RE F1(Z0HLBE)>F3(T]
B4y )>F2(40M8% ), B Cd HE#E & T CK A
NiZH4Y . BEE Cd WRBEENE N, B B ANEE Cd S B H
43 Lz KA, , BE 22 BN P RV 2 A S Y
AR BT RP T 4B R Cd FRE M T2
AL, A Cd YRR, 4 REFL 2B Cd AYRE 1353
BIE, EL ) Cd FEABIAIMIN . 4 P 5 Lo w4
YR REE 5 Cd TR EHERILFENLS AW , R4
P Cd ¥R, F1F3 S 40 M MR AR X3, X PRI 40
FREKER Cd 7] AR 4 M s 00,

FF a2 X Fa Py An B A A 2
3 1Wig

MR E REYOEEER MY AR, KEES
R EMY A VERIKFE, Cd TGS AP E
H B _EA-SH SR H Y Fe* Zn® Mg, M
PRI SR (A 25 H FN T BB 12, o3 SR 3 4
P, & B, NS BOLEE SR T B,
YIEEWARKMET , BRARIAHEY AR,

RARRAEYRBOK ST . BFRY A F LA, R
RIE IR EEE MR AR MR T AR 2 M
B 1 E 205, BEETEMISESE RREN
FAEE FAM U AU, ZRREE Cd ¥R B3 in i
BWREAS, TR R G B BRE—ERE LR
BB BN Cd AR

TEHTEBLT , A 200 0 A T S 7 A R R TR
SRR FFEORE Y 2 3 Cd Bhad , iAW
FACHLTE , b g R (AOS) = A, Bl 15 4R,
RN KER R EHEA R B sk R sh AR
M EAER , SBURIR G EEE, HEE Y2
—J& MDAP, MDA BES5E A IR RE RS
Y ACEK , T AR R AL A P (IR 2 DT, B3R
PR 254 , I 40 M 04 1E 8 A=A i ol , DR e PR Ve A
gt LG e, MDA T2 Z , LT
MR ARESESTEER . AREP, BEERE Cd5l
i O0; - S B B EWN, MDA & BdpiE g in, F£HCd
Jopif S ECREE FAR A PR A R B T H R, 5
RS AR, R IEH ST RESZ 3 , X

R4 FEAERETREERIM A TARASTRERSERSFESE

Table 4 Concentration and percent distribution(% ) of Cd in subcelular fractions from roots and leaf of

Lolium perenne seedlings exposed to different levels of Cd

cd>/ F1(ZMjEE )/mg-kg'FW (cell wall)

F2( 4028 ) /mg - kg 'FW (cell organs)

F3 (A ER4Y )/mg - kg 'FW (soluble fraction )

mg-kg™ - leaf 8 root 5 leaf 1B oot H H leaf 18 root

0 0.015+0.003 0.034+0.003 0.000+0.000 0.006+0.003 0.000+0.000 0.013+0.003
(100.00% ) (64.28%) (0.00%) (11.90%) (0.00%) (23.81%)

10 0.625+0.022 5.611+0.013 0.025+0.003 0.188+0.016 0.052+0.003 0.444+0.011
(89.03%) (89.87%) (3.51%) (3.01%) (7.46%) (7.12%)

20 0.963+0.019 9.572+0.331 0.040+0.003 0.466+0.019 0.086+0.003 1.008+0.031
(88.42%) (86.65%) (3.67%) (4.22%) (7.91%) (9.12%)

60 1.247+0.035 14.140+£0.800 0.062+0.003 0.886+0.057 0.123+0.017 1.299+0.019
(87.09%) (86.65%) (4.30%) (5.43%) (8.60%) (7.96%)

100 1.560+0.024 19.169+0.265 0.071+0.017 1.487+0.011 0.360+0.014 2.354+0.014
(78.36%) (83.31%) (3.55%) (6.46%) (18.08%) (10.23%)

RSO BERGERAN 5 P WA H R B A A5 FL B4 R=F1/(F1+F2+F3),F2 . F3 [6] 3,

Note: percent distribution of Cd in subcelular fractions from roots and leaf of Lolium perenne seedlings in parenthesis.
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5 Hegedus SFPAF 5T 255 — 3L,

SOD F1 POD REREA RLTK BR8N A A i ZE A
H ALY, SOD.POD HEHE O; - 1 H,0, F& 4k i H,0 I
O,, M= IEER - OH SR B FEESEMHA T A
Wik 0; - S EAIEINE—EFE LREFEF SOD &
P T, ORI Y ARTE R B R IE R T AR, T
A ) 4t L e 52 B 35 B9 R 19 SO ; POD gl HL0, fiEfk
JERL H:0, AT A % BH IE O3 - #1 Hy0, BFR R, BRI
26 5 i E R IS S AL R 3P, AT Cd WREE
BT, 32 55 SOD POD y&EM:IE N, W bR IE 1 A A B
JIHER, R B E RN AE S E N A 5IERE T
AN EERRAS . FEE Cd WREE 3G N, BB 58 B (R Py X
Cd F=A: 15 F KA BE 71 T B, SOD . POD V& 1 % 7
FEAK, NSRBI BTG BRAE YA N 7= A B B TSR,
1AM B0, R AT IE F K

BERECLO, NESEAMEY M ERSERT
RES, RERMAEY R SEEESREENEZERES,
AR, BEELE CdHREN 10.20 mg-kg™ B, &
£ ZH>1.0,Cd #EFH 60,100 mg-kg™ B, B4E A%<
1; BERM TS Cd R ERE & T LA
28 RUPBFLL 10,20 mg-kg'Cd il T, BEE
SR ESE Cd YREST, BRI Cd 2B EERT

T EXHEY) ) EEH A T 2 1, FE
MY E LR R BGE R AT AT DL S
HEYERAYRE S TEAFRERA L, £F5  Ramos
SRR, Cd TEAE Y20 MU RE 43 Bic 205 =, 40 B R
Z A RAR AR, AR5 £ 55 Ramos SIS L,
AR, AIRER4IMEERIH AR EZM CO0-, ik
Ca*g5 S HACTE A1 s HaRk , 40 MR th 4 2 B B
58IY A B ERERCY, BT IR R T K&
Y Cd,

4 i

(1)7E Cd 38T , ik B (10 mg kg™ )Cd AbFERS
REFWNAERMETEWRBN, 2 Cd W E A #THE
in, R FAE YR B E R, RYIHAEB TR 10 mg-
kg™ 9 Cd fipifl

(2)Cd 759 RR 32 B4y v ) AR BRAE g i 7= A2
— RN, 10 mg-kg? Cd AbHE, A FIHERE
B, RAFE AR, 0z & MDA {58 .SOD &
HA R, 5 CK M%7k, POD {EHiE 2%
S BEE VR BEHE N, AR R B R RIS 1 B
fi%, 0z - &% & MDA & B E T+, S0D ik . POD i

M SeFH B JE A , 2289 SOD .. POD FEAE M3 i A5 v
HEEEEA, R POD & 54k B Bk g
i R GV BRIE R AR RE SR A PRy, 2 Cd Bha kB
BR B —E R, SOD . POD JE MR, 5 BRTE 1A
HIRE TR A Z B

(3)BEFLYHH, 10 20 mg-kg” Cd L F T, &
£ Z%>1.0;60 .100 mg-kg! Cd AT, B4 R Hi<
1.0, RHUIBEEXT 10 .20 mg-kg™ Cd Wk FERER L F
BRI EEMER,BEE Cd ik, BEETER
BOREEAL, &R PR BE R RY0R<1, &
BB E R AR Cd T8 BFER, 1995 FREEL
A IR IR B AR #E ) (GB 15618—1995), #LE Cd
BB <1.0 mg-kg FPRBER MO A F= FIAE Y IE 5 A=
K13 FE. 10,20 mg-kg™ Cd kBT K TZ%bn
W, AIERR, RE CdI5Yrmm il 1.33x10°
hm?, +3 Cd & &K 2.5~23.0 mg kg™, ¥} 11 &
T H 25 AN Hl X P, 3% B 2B 32 B LA 16 5 Bk b Y BLSK

(4)BEFR M- E N R g EE , 1
WAL ] VIR 43, AR IR & Bl

SE 30K :
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