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Abstract The effects of excessive cadmim (30mg ke™! i soils) on plant growih, photosynthesi lipid peroxidation, the activities of antiox iant
enzymes the contents of photosynthetic pignents Cd Mg Fe K, ascotbic acid (AsA\) and glhitathione (GH ) nMirabilis jalapa plnts were
investigated and can pared under high licht (HL, fully exposed to anbient sunlight), ntem ediate light (ML, about 50% of fullambient sunlight) and
low light (LL, about 10% of full anbient sunlight) condiions The net photosynthetic rate (P ) i the presence of excessive Cd in soils decreased m ore
under HL treament than underML and LL treaments Excessive Cd significantly reduced them ax mal photoch en ical efficiency (F, /) underHL and
LL treaments but dd not affect# /', underML treament Excessive Cd ramarkably ncreased the dak respiration rate (R,), especilly underML
treament The growth of plantswas significantly mnhibited in the presence of excessive Cd, especilly underHL treament Excessve Cd greatly increased
the Cd content and reduced the contents of chbophyl]l cawtinoidd Mg Feand K in the kaves particulady underHL treament UnderHL treament
excessive Cd greatly i creased the activities of sup erox ide dBnutase ( SOD ) and guaiaco lperoxidase (POD ), the contentsof hydrogen peroxide (H,0, ),
superox de (03" ) and mabndialdehyde (MDA), and electolyle lakage whereas it decreased the activiies of catahse (CAT) and ascobate
peroxidase (APX), and the contents of GSH and A A. The results ndicaie that excessive Cd enhanced ox dative stress and grovth mhbition toM irabilis
Jalapa phnts especially underH L treatm ent

Keywords M irabilis jalupa; photosynthesis antioxidant system; light intensity excess cadm ium
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1 ( Introduction) . (h.gh l;ght HL): 1
( ntemediate lght ML),
(Cd) , 50% ; 2 (low light LL),
10%. .
. ; , (HL)
, , 1600~ 2100 Hmotm™ * s ', 1d
( , 2004 Ghnaya et al , 2007), .30 3
10 ), 1. 2d 1/2
(Aree etal , 2002). H oagland 150 ml, 7 d 1 (a1
: gke' ) KHPO,(Q2gkg' )
, , ,25mee kg_1
(Wuetal , 2002a , 2006 . 14 d CdCk 2 3,0
, 2007). , 3 1) ,
) ( > 30mg kg |,
2002 , 200§ , 2007). (CK),
(‘hyperaccum ulator), 5 . 35d .
. 0% ( ).
Ni , Cd 22 W Tk
( , 2006). 221 XesHNE ,
(M irabilis jalap a) LCA4 (ADC UK)
( , 2006 (30£1)C ( 1000 £50)
, 2006, Cao et al , 2007), Umol m s CO, (350 £ 10)
> Hmolmol l, (P.),
, (RJ).
, 5
’ 4 ( ) P. R
4~6 , . ,
’ 0S30pP (OPT Esciences USA)
2 (M aterials and m ethods) » (F Fw),
21 HEYARSE K& S 2 h
2007 4 222 EAKpH ;
, 5 1~ 2 5 , )
, 3. 15 an, 20 . 105C 10 min
an, L5 kg 75C . )
185 92 217 mg kg ', H=1 4 7 ,
3. 1%, Q 215 mg* kg ', DTPA XA-1
607 501 me kg ., lmm ,
5264 mg kg ' 14429 mg kg |, 223 "HE 4 HRELENRE
(CEC) 36 8 anot kg . 2m 02g . 5mL ,
( 3m 15m) (IWY 84B,
( ) ), 90 'C (30 mn) 140 C (30
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mn) 180 C (30m n); , 1 mL , ; ( CAT)
180 C 120m in 50 ml, 2 (T rkanetal, 2005), Asyp
, ( ICP- .
OES Optina 2100 DV, Perkin Elamey U SA) Cd 23 HEL T
Mg Fe K . DPS
224 FEHAKRHNE (ANOVA), (p < 0. 05) Duncan’ s
(1999) (AA)
(MDA)
3 (R esults)
(Chl) (Car )
(APX) . APX (U) 31 BEAHAE S
; 1 ,ML
(SOD) NBT ( G mnnopolitis HL LL ,
et al , 1977), (Pn) , HL. .3
507 (U); (02) ; (Ra) ,
(2005) ; HL ’
(2000) ; ML . ML
DINB  (Gorinova et al , (F./IF.) , HL
2007); (Wu et al, 2002b) LL F,IF, ,HL
(POD) , A 70
13
Table 1 Effect of cadn um stress on the photosynthetic paran eters of M. jalapa under three light intensities
T reatm ent P, /(Bmoim™3 s 1) R /(Bmotm=% s 1) FIF,
CK HL 6 350 38" 2.36EQ 24 0 75470 023°
ML 8 100, 39 1. 82£0 26° 0 80610, 031"
LL 3 160 31¢ 1. 10£0 21°¢ 0 83620, 011°
cd HL 4 13%0. 277 2. 88EQ 33* 0 716%0. 017¢
ML 6 81%0 36" 2. 6510 25 0 8020 032"
LL 3 970 26¢ 1. 49%0 21 0 8090 013"
=+ (n=195), (p< Q 05); Data in the table are values ofmean£SD (n =

5), different letters in sane comn denote hat diferences are statistically significant (p < 0. 05)

32 ZXATAAGERLE

1 2 2
18— pgek ,

o 15 - m Cd

i b b

g 12+ - c
3,“’" 09 d

<

§ 0.6 — e

= 03l

0 | | ]
HL ML LL

13

Fig 1
denote that differences are statistically significant (p < 0. 05) )

K% FRE R (mg-g )

(FW) , ML
. HL
04 — K
OcCK a
@ Cd
03 — b b
b
0.2 C c
0.1
0 | J
HL ML LL
( (p<0.05))

Effect of cadm um stress on the contents of dhlorophyll and carotino ids in leaves ofM. jalgpa under three light itensities (D ifferent letters
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(FW) , HL. , ML
,HL
33 EXFALEMEAT T e E ;
, ,HL
, , MLL ;
,HL (3~4 ),ML LL , HL .
(I~2 ) HL LL HL MI;
1~2 , ML LL ,HL
2 , ML HL LI
C + ) ( ) » HL
2 3

Table2 Effect of cadn im on the diy shoot and dry wotweights and the contents of Cd Mg Feand K in the leaves ofM.

light inten sities

Jalapa under three

Dry shoots D1y wots Cd content in Mg conlent in Fe content in K content in
T reatm ent weiht / weight / leaves / leaves / kaves / kaves /
(¢ N (g 1 (Hgg!) (mgg') (Hg g (mg g ')

CK HL 1. 98%0Q 22 1 140, 08° 2 28 £0 29¢ 7 60%0 30" 92 58F2 61° 18. 5 1. 46

ML 2 6510 24° 1 5320 17° 210 £Q 19¢ 8 24%0q 25¢ 89 75%1. 86° 0. 48 1 60°

LL 2 31%0 22 0 98%0. 11¢ 1. 85 0 15¢ 7 05%0 3¢ 103 75%1. 59° 16. 28 1 35¢

Cd HL 1. 23%0 16' 0 72%0. 06° 64. 25 4 920 6 30%0 18¢ 73 26713 04° 13. 66 X0 96¢

ML 2. 18%0Q 21 1 360 17" 53,18 =4 68" 7 66EQ 25" 82 5912 30¢ 18. 56 £1 38"

LL 1. 920 20 0 840, 08¢ 45. 97 =4 08¢ 6 75%0 27¢ 98 83%1. 210 14. 54 £1 02¢

* (n=15), (p< O 05); Data in the table are values ofmean£8D (n =

5), different letters n same colmn denote that differen ces are statistica lly significant (p < 0. 05)

34 REAGAHAN BT FARE P ANE .
oF (W)
2 (FW)
,HL :
nek B OCKk @cd
150 - —
‘zg: 120 |- a —_: o L .
H = S
E 90 4 2
g £ # 60 D
)E_g 60 - d | e . )
¥ £ . ¥ d .
A Ul
0 : : ' 0 L 1
HL ML LL HL ML LL
' ( (p<0.05))

Fig 2 Effect of cadn im stress on the production rate of superox e (05"

three light intensities ( D ifferent letters denote that differences are statistically significant (p< Q 05))

35 EXAHAA—BEOEMERR LR (FW)
3 HL

) and content of hydogen peroxide (H,0,) n laves ofM. jalapa under
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, HL

40

20

10 -

A RS it /(nmol-g ')

OCK

1

2),

ocd 259,

20%

15%

10%

VAR T 5 I

500

| J 0

33

ML LI

HL ML LL

( (p<0.05))

Fig 3 Effect of cadm im stress on the content ofm alond ialdehyde (MDA) and ekctiolyte leakage in leaves ofM. jalapa under three light intensities

(D ifferent ktters denote that differences are statistically significant (p< Q 05))

36 EFEAT HUAMEE &

4 .3
(FW) SOD POD ,HL APX
C cd
0 OcKk @ %0
‘?" % 25
2 80 é“
3 o 20
560 #
& 2 s
k=] g
® 40 e
) § 10
fé 20 " s
" |
0 0
HL ML LL
OCK @mcd _
60 =, 180
T:, b ; 3 150
2 45| £l
;ﬂ g 120
= ] 9
ey 30 ]
mg g 60
® 15k &
R = 30
Iny
0 L - B8 0
ML LL
4 3
(p< Q05))

Fig 4 Effect of cadniun stress on the activities of superoxide dsmutase ( SOD),
(APX) i lkavesofM. jalapa under three light miensities (D ifferent letiers denote that differences are satstically significant (p< Q 05))

37 EXFAHARANASE

5 .3
(FW)

B

, ML JHL

ML IL CAT
HL . HL ML
, LL

OCK @dCd

pewxidase ( FOD), catahse ( CAT) and ascorbale peroxidase

HL ML
1L
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HiRMAR S /(ngg ™)
T

53

AW kS /(umol-g )

OcK

@ Cd

( (p<0.05))

Fig 5 Effect of cadm um stress on the content of ascotbic acid (AsA) and ghiathione (GSH) i leaves ofM. jalgpa under three licht ntensiies

(Different letters denote that diferences are statistically sienificant (p< 0. 05))

4 (D iscussion)

(A rtexe etal , 2002 St
Clairetal , 2004 Shiet al, 2006 Janik et al , 2008

Rananowskaetal , 2008). s
( 2); .
Artexe (2002) McCain  (1989)
) II (PS
) )
II (IHCII)
, PSII

(K pper et al , 2007).
( Bhattacharjee et al

2003 Mobn et al , 2007),
(Khan et al , 2007). ,

- HL (

(Vegaetal , 2006).

(ATP)
, (Clemens
2006 , 2007).
( 1),
€0,
, VinitDunand  (2002)
( 2).
(Labiet al, 2002 Ghnayaetal,
2007). ,
. (
2).
(Cakmak et al, 1992 1998). ,
s (Siedlecka et al ,
1999). )

?

( , 2006), ,

. Fisher
(Phaseolus vulgaris)

(1993)

B

(2006) 1 5-
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(RuB isco) POD ( 4) )
, M DA , (
3),
( 2). ( 1). Mobn (2007)
(Amor et al, 2005) (Brassica juncea) , ,
(T tkan et al, 2005) (Shao et al , 2007) SOD H,0,
(Zhang et al , 2007) , H,0,
(ROS)
ROS (0:7) (¢ OH) ROS
(H202) (AA)
. APX , ROS(Lu
) HaberW eiss etal , 2007). (GH)
Fenton ROS(M obmn et al, 2007), s , _
(DHA) , ROS
, . , GSH
, ROS , ( phytochelatng PCs) ,
(Foyeret al , 2005). , SOD PCs
POD CAT APX (Seth et al , 2008). ( Car)
ROS . ,
, ROS , )
ROS , , ROS ( Jank
i ROS etal , 2008). . ML
’ ) LL , 3 HL
. SOD 0, , HL
H,0, O, ; 0, SOD ,
, SOD ( Lanbardi et al , 2005).
H,0, CAT POD B 5 ( Conclusions)
((ascotbate-ghtathione cycle) . CAT 1) (30mg ke ‘)
H,0, , H, 0, H,0 JHL
0,. POD , , POD , 4 13
H-0; _ ; HBmoim™* s' Q716
, POD 0, H,0, ,ML
, H, O, 2 65 Umotm * s,
(D razkiew iczet al , 2004). - )
APX 2) ()
H, 0, (Mobn etal, 2007). . HL ( 64 25
JHL 0, ( 2), Be o' ), HL
SOD ( 4), H,0; . CAT ( 123¢ ' a72¢ ),
APX ( 4) H, 0,

H,0, ( 2). O
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