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2- Time bomb effect
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1- Biomass
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5- riboflavin

6- Guaiacol

7- H202

8- Transfer coefficient

9- Inductively Coupled Plasma
10- SPAD
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1- mercaptoethanol

2- ascorbate

3- L- methionine

4- Nitro tetrazolium blue chlorid (NBT)
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2- Uptake plateau concept

S g Sl S I 5 055 05

L e (Soer qoslS Caliin gl 5 56 e
5 s edalte Y=42.857X+127.19 J 5 5 5 R?=1/40
L peealS” Cadiiee o shas 5 5l b e dla
A3 0l )3 R*+=/40 5 Y=0.7838x+5.02 J = 5
30 o3 oSy g 21 G laST 53 051 0l Gna
Slasled 53 smad 5 (Ll 5 50 Lo IS
b 1580 e (gl ae e adaly L5 Cnlibes
T BU L b ey ST g 5 S
syrs R =0 NG dsfs 0 o o poo3lS Calisue

Ll

psouls (W3 il il jiles 939 &l paadd
Y Jsdr 55 Jbs IS Oljee 5 e s (gl 459, Ol o
Oljer g glomn 53 0uedlS Sl 21581 bl ko]
Lails Hles 3 555 7 51 w015 (sre 2R o g
AT 55 i s Ol 56 endl e Soe Ik 1531
by Ao o) CEMJ:LQ!:G;MJZAKLAM\:J]A
Fo¥lelle 557 j5)a S VY joy 55 o s Ol e
il LS s 8 A Sl A e
Aoy o3l 1 0,8 Jn el 3 alS
=2 e VY G55 50 peealS Calies slasled o el o gy
A_E\JJPQ\}JA.:?SJMJ@JEA{.Me.UaL':ngjb
(e sn s 8313 s ) a3l 25 L alie
S )30 chw)sp»}éjﬁalfolkwéjb
JENPUYSE SN WS S I ERUEE S E PR CORRAEIRIE
Olaj 93 2 53 dwo ) Y/FY 5 F/Y L_W}:»)}Jaqv:.ulf
Ol jm g O o Lalccils [halS™ (6,8 o5l
ol (1 sime 2alS OLes s, L LS b IS

.C‘_.i:\au.@e-}_?‘}_gﬁui@lfj})\\' V.A}‘?Jar.asv\.:g-fs

1-(U g-1 W)



WAV Jlo Fo,lod FY ol «((539LiS galiow g pole) SLEL pole almo ¥

o eyl o § ol gl S oS S
b g dhol s b OV 5 ¥R ) Clos 5,18
2 4 3T e 36 g ST s g (V44F) gl
A3 e ET ol Sles ST (FY 510) Sl Jama 25
Cdled il b e ol 58 ool GldSSsl, 2l 53l
oA Ll se 3 ealie 53 B Shle3T 5o o 5T
S s 5 o 3B s> ST s C Il (0nslS
VeV 133 3 goas AT g SIlab 5 o SRl
gl s (31 (eaalS 05) ald 4 S o
eSS 55 55 (Yer¥) els Solados b alol>
oo3lST 25 i olE 055 (F0) 51> ilas pmi 2 (555
Ot b S S5 ) s g 55 BB S
GQL&A@L:S.MoMU;AaL”?Qj}}GfJ{ﬁJKCMb
,;,(fo)@jagf,;rf:\sgﬁ,\sp(vuv)eubj
alS 51 S Sl .l o 3,15 (YF) alS”
Ol (Y 5P sl Ol | 8l s sy eslS
Ql)'_:aw(P<0.05))\3L;;*.»65;.a4]a{|)}go.u-|{¢.ws
Al 1y salS o sl CBE L g | J 35S
:\:Qwhﬁ}:}éﬁguwgébawbj?ﬂ@
P 03 g alS Lol eaalS Hleiiole ) Soks ol 31
J5 S Ol 2alS 1, OT Cdeg ol ol 55,V 5
Ol jme SoalS AT ) st s 2alST 0l (1Y) Cudls
(P SYF) ol J35 AS0 005 5 ol S5 mlaw 03 55 (6
Olajon 1) S35 MST9.00 5 85 Oljee S8 gulin mmils
@J_&J_gg;JY:«S;bQL‘m}MS);;;MJ:AU:.AKQ
OLLE L 3 505 wlive Sl .35 (6 (sladkul
oRLsT nl s (0 5Y0) U o dub 1) mls oyl
Ol 131 e s endl8 J1487 ol () S
Caoes S5 e a0 el Oloj S8 51 e 5 NS
ol e (S5 m sla AL L 5T ol b nslS

b s 0easlS 2 5 p 8 o ¥ 500 Ol s

A A odys Gl 5 alin ke ((FA) WL s 2l 53
A 0308 e B bl 3 aslS Sl Ol e o it
o3 B0 (55 ke Sl 53 aslS Sl e 1 5 5
B b closy 2 53 p 8 e ¥ Bl I 2ay
BLSI L ol o 7 il b8 0e3lS S 355 oo ez
2 Vo sh 0 033l LS lames 4 0adlST O
ﬁasrg,arﬁé,f,véwﬁﬁﬂgjw
5 0 gma il S U G ol s 5 YVIF 5 WV/S0
oS 53 el e s oa 0L S (1AD) 5 8 KK
ol laose 3 ST BIE L e OF e e e
sy dlamlmls pla a5 Loyl Calles (1Y)
Gblia 3ais S8 4alS Lo gast Slow jow 3 ST
A sl 8 (FAY) L5 5505 5 g5 55287 03T
aL:foJ',pf,_L:fﬁp_fu_Lf\'/\ Iy omelys adlate s
3308 e N 0T Slome dm 555,87 35158
oo Jlazml s 3 (Y) ol sloe olS 05 pf}l:f
Aol 1y s bl Yl | 5 dabate oyl s salS” S5 T
e 08 3 R 318 ol a5 e LS 0
o A5 6305 3T Gsl, 5 e Jlab olS e
s S Jale palds 5 Gl 5155 Sl Siee Ll 358
ST LSl Ol A 31 i ol 581 OT JLss
STl 5 55T LISl ol Jlasl 5 ol slglSe
sl ade mul 1l (YF) 5 50 plal gl S|
Flm 8 eSS s (2 0T Calsen o 55 ko
3355 ey oS STy G b ol 516 Sl e
Gt A Bl L alie 5 Canslie Loyl s s s O
o JSs,) e LS (Gl o A s 355
35S e ) (amie slgas 5T Jols 050871 515T
s sl T sl 53 (A) L U gaws STl s g
530Sy Sl 5158 Lol sl e S olalie

A3 35T G0 b ablas S 56 g AnST



el SKae (RP=10.99 5 Y = 197.81X + 18.842)
Jo AT bl als & il wils CIYs ¢ gl s
ol Pl Ll (b5 Culda 2alS 55 e Jule
u:.ﬁ\_fjwwjtwd\uj,,q\ucﬁsljgw
ol JialS s an s mals Jlast 10280
Ab SIS Hud (b g 53 T aSle (61 455,
CO; Ol s (sl a9y Culda [2alST L .(F4) 5505 54
Sl doas o OLES 48T ol (o 2l B s S5-I
das e Olis cu Ll Ol $L COy ) oslazul j3 L0
3365 edas Lasli s IS Obe) CidE G S
(RS Sl 1 ey 55 7 STl 5 ol g3 alS
gt e o daline OT O ze o1HS 5 6 n SralS
Lls) bl sl 4505 8 5 sl 5, Jolse S
S J1COr Clale 5 (gl abss) ol (g g
2 La 45, 0 diey (San oo 4 a5 b ol Sae
s (DY) ey By elae g aslS 25 Lyl
5 i 0dd dnles 215 CO, i Sl o Sals >
b Jalge 0 0T Cde 10U 553, 8 5,5T 1 bl lutis
O fats dle e an 35 esls Lo i Bl 45,
S s s iy eSS SR oL b S
sleble 55 Lo satee il plauile 588 s V.:ulf
ol aallae 53 (YO)ullols andls Jaoea ;8 ¢ YL
1 5505 Syla Ole s BT 55 2 p gl LY
S9yen JoS GBga g, 9 Cal il (gls gae EalS
1 5 L 555, Sh b Oh 4ty £ 85 Jlen! 1
s 4 s 13 €O s i
15K sebs L5 (St 25 59 5 & Slaios b
C,J_.:J_:é,,lf‘xf@u;‘@\ou;,{ua.uﬂvl,,_;\(\'?)
e do 1SS T Cand s 5 ST e O 4 o 4
ST e 2 5 J35,05 Oljen [2als il S

1- Patchines

Tl ol alS w3 P 1) Jdp IS Lal ds )3 VY
OLS 1) A5 Cod i g 2alS (0V) Lgd )3 55 saliae
33 A3 VIO 5V 1 (Kb ge Colda Ele3T cpl s sls
dald b S onslS 2 e 8 (e ¥ Y i Ll 2
ol e s ) 459, Colda bl Cil tals
e b sl a8 slerhale o8 8 Ol ol S
Sl b 455 O . Sl ol o (g1 455, Syl 5V
5 (Y My S o A4 LI5SV s b s
e ) Sl as 53 0% 0l e 40 65 5 slos il
D) Okl i S 355 b i v pep 40 .(FY) 3453
AL kS S O i STy ps La
SIS Ly (00l by 4355, iy 5
Wb ol wepllas 3 Shee (gl 457 Wil axsls Ol (144))
5T aS oS asls &sb i b sl ajy,
Sl ol ST a5 ddoy laes I g | o lE 3l
Y5 nslS ke 210U Ll 0T e plss 5 05 5o
s ) 255 o Coaglin ol 1) 0§ LB s
G 5 s F 5 el 4y Suls SRS L s eols
@S S RlasT nl s (00) ol il Jrals
YA Y Lo gt 5 b eslST 15 Cod OT O e
JEASEY ST GUETY ST B R Y S IR VT
H:gu\jwdaj\sﬁg.uwgwﬁi{
s Sla a5z 53 3 (oo 5T g OS5
U S R e I =
s S bl 5 laSiay =5 S S
Lyl s, (R* = 09382 ,Y = -0.1894X + 67.83)
Eel YL s IS Ol 48 A e 0Ll 2
AL VL S ST (63 0 D!
Cias 0 S eS8 s pam 5o g Jbs NS Ol
SKimer S o odalin |y g 2alS oa 5L YL
Jmds A8 Cble 5 dsse Culla o (6)ln Sme 5 Cue



WAV Jlo Folod FY al o((5,5LiS mloo 3 pole) SLEL pole alxo VY

FALS 1 b Ll 28 K 13 eslS 5l o olS
G5 LS dsb S o ol es g (55 el 1Ll
Lal ¢S5 L8 S 2t 8 sl 15 390 T sl
S e ol e Ll 5 36 S p S b
L easlS bl 5 Jpb ey e S 5
Cble Gl L das e OLi g Sl Ll cpfakins
Y =-0.3335X + 14.889 J e 3 G-k S 2 Jsb el
G il s (A sk 4l Al RT =075
by o a5 95 QS ey (35 b 51 52 98 45T s o0 OLS
ﬁ;l_f SV lehale js bl das e &b ﬁslfu:.;: @
e S S5 b Jelse O3 SBIE S e
3035 &5 A 5 SIS ST Dk 5 255 0 e
3, 903 3 e sle Sl Ol ss S, Jsb

.M:Gﬂ

S 3! il
5 e (Zhejiang) Solawr o8 sils 55 a3 oyl
ey ol s 48 oalodd el Sy Jlocols
A8 B by g il Sl s 33 8o ()1
.ptji,ﬂgw (3 05 (55b Siags gl sl sl il

A el 53 b5 A5 U5 poe 5 5 S 5 o
(Fw ST 2als Ll joitas o O | a8 25
Jatr) (V) SISy 5 (F0) 5335 187 Cdlad 5o 2138
23 LS Al e L35 IS Al s fae Jel e 51O
BEYC U P I S U N G AR P PRGNS
el osdn ol ok 515S 55 (a5 09) L
o 0Le3 ot d8 LS 1 55 25 4y (6l 455y Sola
P AT Lol s 5 o eslS CBlE 51580
Qlﬂ(;;)\vjtﬁ)ﬁatjumaﬁzﬁl_z |
3300 S RS By S5 b s, Slia
SISy e ST 4 ol J5213CO; Ol
s OY) ey 5 (YA) a8 55 (51530l bl oo
J15C0p 8 il ol ot )5S 55 Sis
@ Ol se 1) (6l adjay Soldn 5o falS s s b Sl
ATY) 315 Lomd Sl 5 157 (g 58 L b 2l
JLasl ((FY) o JUS s o sl 5T dlas > s
& i g5 s (ool s 31O s 553 005 S
Ll s 5 LT 51 eSS 5o DML L2als & s
el ok sl 8 ol 4 i

L ls (nn s b 4 palS LS 5o &St 035
PR3 f s 534S LaL Al aeslST CBl 5
68 sldes L a g dals I S Aoy WY bl s

61@.9537&*“453Sfd}b“_ﬂtlﬁe‘.\li‘,ﬁj&&id&j:&fﬁaals‘)|ﬁaxd|k Jslao yo aseals Alids 7 shacs 5 (V) 90
oS g Cadlad 5 50 gacs sass) o gus

L seedls ylude e . Ry Cllad el
s 5 cdale J)_. plasl s 59 plasl 5 o3 ‘jﬁ Job P | S ¥
(mg/1) i @92 @ slso mm .
(ppb) Ugtw) Ugtw)

0 v $I¥Va Ysis%a \OFIOFC SIOAD

¥O\b BIAYD YA/FYD Y84/b #1-vb

4 OF/A-a £/Ve Y\/¢b TYE/-Va Adda

A5l e T Sl yg03] V0 plans (0 akied S ie g gyl a5 oo uSKilocygiw o 0T



580V 97 CudidS s 9AlS (5 3 938 Slpeadld p (13 Jglao jo aseuls Alide 7 ghacs I (Y)J gu

ouds (5 S 031wl wlio 395 ool gy eodl pud g S (o ¥ podlS pd g S (o B
5% 3 e 5 V¥/Ya \¥/ea \-/¥ob
Clroriondeds 0 ¥/\Yb Y/Ab
st o Gy SIS 5 Y- /¥oa \V/$fab VETTD
O oo COr oo Y/¥b Ald-ab
dore culon 4 /-bVa +/-¥a +/-¥a
(4 52 e o 2 COrye () VY -IbYVa -1o%a -I6-a
) 455, Ceaslia 5 \/-YAb \/+Yaab \/¥aa
(5o 2 46 g0 720 \Y  -V\Eb - IYVb .I$Va
sl ajs, colan 4 Qi24Y:! +/#Ya -/[qfa
Clrorinded “AYa ./¥ab ¥ b
&l @55, 3,0 COy il 5 YroNtb Yb)/75ab Y5 /752
(5o Jsess5e) VY Yvsissa ¥51a Yo\ /55a
Jroen 5 \oora \Y¥\b \Y/¥Yab
“lree fon COrdspsen (L 0 firea dIYFa
s ls 5 Y4/AYa YA/$bab YV -b
(SPAD value)
VY ¥iAYa \VI0Fb VV/AYC

DIl e SIS g0 1 /0 hans [0 atied S i g > gyl a5 oo oSl giw o 0T

&b

Ui_:,-u:;.;Ja{‘,;,;(.ﬁﬁppomg,mémj,,,;}L;us;j, Jolse A ¥VA ‘JQ.T.:}.CL;»\ A
AVZAYD F o 5Lt ) Ao O 21 (655518 p she dloms

S S sl ey S S Qi (55 OB Lol 3 e e VYAV 20U S Y
Yo,las )P Wm0 5 &S gle 0l g8

0 oBils Syl eS8 (6ol VY pe s Yl ¥

SAT S & 55 @l 5 JSG e Calius GLISENYAT (S lainy S5 . 5 (Sl e idus 5B s F
.M—ﬂ:(\)\\s,'”us;;};é”,b NGB e Lol Hlas

g O yLasl SUE ) 65,558 AVE (Ol 20) S G b S .‘CC.C&; D

6. Abo-Kassem, E., Sharaf-El-Din, A., Rozema, J., Foda, E., 1995. Synergistic effects of cadmium and
NaCl on the growth, photosynthesis, and ion content in wheat plants. Biologia Plantrarum,37(2):241-



WAV Jlo Folod Y ol «((539LisS qylow 3 pole) SLEL pole alo  YF

10.
.Andersen,M.K.,A.Refsgaard,K. W. Raulund-Rasmussen, B. Strobel and C. B. H. Hansen. 2002.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

249.
Ackerson, R. C., and R. R. Hebert. 1981. Osmoregulation in cotton in response to water stress. I.
Alterations photosynthesis, leaf conductance, translocation and ultrastructure. Plant physiology 67: 484-
488.
Albertina Xavier da Rosa Corre™aa, Leonardo Rubi Ro” riga, Miguel A. Verdinellia,Sylvie Cotelleb,

Jean-Franc,ois Fe'rardb, Claudemir Marcos adetskia..2006. Cadmium phytotoxicity: Quantitative

sensitivity relationships between classical endpoints and antioxidative enzyme biomarkers .Science of
the Total Environment 357 - 120— 127.

Allen, R.D., 1995. Dissection of oxidative stress tolerance using transgenic plants. Plant physiol. 107,
1049-1054.

Alexander.R.1990.Expanding compost market. Biocycle. 31(8):54-63.

Content,distribution and solubility of cadmium in arable and forest soils. Soil Sci. Am. J. 66:1829-1835.
Andersson, A. & Bingefors, S. 1985. Trends and annual variations in Cd concentration in grain of
winter wheat. Acta Agriculture Scandinavia, 35. 339-344.

Ashraf, M. Y., A. R. Azim, A. H. Khan, and S. A. Ala. 1994. Effect of water stress on total phenols,
peroxidase activity and chlorophyll content in wheat .Acta Physiologia Plantarum 16:185-191.
Beauchamp, I. Fridovich.1971. Superoxide dismutase: improved assays and an assay applicable to
acrylamidegels, Anal. Biochem. 44. 151-155.

Bowler C, Van Camp W, Van Montagu M, Inze D.1994. Superoxide dismutase in plants. CRC Cril Rev
Plant Sci , 13:199-218.

Chandlee,J.M.,Scandalios,].G. 1984.Analysis of variants affecting the catalase development program in
maize scutellum Theor.Appl.Genet .69,71-77.

Cheny,R. L. and J.A. Ryan. 1993. Heavy metals and toxic organic pollutants in MSW compost:
Research results on phytoavailability, bioavailability, fate, etc. PP 451-506. In: H.A.J. Hoitink and. M.
Keener (Eds.), Science and Engineering of composting: Design, Environmental, Microbiological and
Utilization Aspects. Renaissance Pub., Worthington,Ohia.

Davis, R.D., Calton-Smith, C. (eds), 1980 Crops as Indicators of the Significance of Contamination of
Soil by Heavy Metals. WRC, Stevenage TR:140.

Davis, S. D., C. H. M. Van Baveljand K. J. McCree. 1977. Effect of leaf aging upon stomatal resistance
in bean plant. Crop Science 17::640-645.

Eriksson, J.E. 1990. Factors.influencing adsorption and plant uptake of Cd from agricultural soils.
Swedish University of Agricultural Science, Department of Soil Science, Reports and Dissertations, 4.
ISBN 91-576-4111-0. ISSN. 1100-4525.

Fecht-Christoffers, M.M., Maier, P., Horst, W.J.2003. Apoplastic peroxidases and ascorbate are
involved in manganese toxicity and tolerance of Vigna unguiculata. physiol. Plant. 117, 237-244.
Feredrick, J.R., D. M. Alm; and J. D. Hesketh. 1989a. Leaf photosynthetic rates, stomatal resistances,
and internal CO2 concentration of soybean cultivars under drought stress. Photosynthetica 23: 575-584.
Fisher, R{A., D. Rees, K. D.Sayre, Z. M. Lu, A. G. Candon, and A. L. Saavedra. 1998. Wheat yield
progress associated-with higher stomatal conductance and photosynthetic rate, and cooler canopies.
Crop Sci. 38:1467-1475.

Goering, M.P. Waalkes, C.D. Klaassen, in: R.A. Goyer, M.G.Cherian (Eds.). Handbook of

Experimental pharmacology, Vol. 115, Toxicology of Metals, Biochemical Effects, Springer, New
York,1994, pp. 189-214.

Gunasekera,D., and G.A. Berkowitz.1992. Hetrogenouse stomatal closure in response to leaf water
deficits is not a universal phenomenon. Plant Physioligy98:660-665.

Haspel-Harvatovic, E., and B.Holubkova.1981. Experimental studies of chlorophyll water relation.
Phytopathologie Zeitschrift, 100:340-346.

Huang C.Y., Bazzaz F.A., Vanderhoef L.N., The inhibition of soybean metabolism by cadmium and
lead,Plant Physiol. 54 (1974) 122-124.

Jhonson, R. C., D. W., Mornhinweg. D. M., Ferris, and J. J. Heitholt. 1987. Leaf photosynthesis and
conductance of selected Teriticum species at different water potentials. Plant Physiology 83: 1014-




Yo

odlS oo 73l Cod 9B o091 g (6 3mgid Copdlad Ol yuods

29

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,
45,

46.

47.

48.

49.

50.

51

1017.
. Jones, M. N., N. C. Turner, C. B. Osmond. 1981. Mechanisms of drought resistance. In: L. G. Paleg and
A. Aspinal (Eds.). The physiology and biochemistry of drought resistance in plants. Academic press.
15-35.
Karataglis S, Moustakas M, Symeonidis L. 1991. Effects of heavy metals on isoperoxidases of wheat.
Biol Plant (Praha); 33:3— 9.
Kicheva, M. 1., T. d. Tsonev, and L. P. Popova. 1994. Stometal and nonstometal limitation to
photosynthentic in two wheat cultivars subjected to water stress. Photosynthentica 21: 65-70
Lakshaman Kumar Chugh and Surinder Kumar Sawhney.1999.Photosynthetic activities of Pisum
sativum seedlings grown in presence of cadmium Plant Physiol. Biochem., 1999, 37 (4), 297-303.
Lawlor, D. W., 1995. The effect of water deficit on photosynthesis in: Smirnoff, N (ED.). Environment
and Plant Metabolism; Flexibility and Acclimation. BIOS Scientific Publishers, PP 129-160.
Li E.H., Miles C.D., Effects of cadmium on photoreactions II of chloroplasts, Plant Sci. Lett. 5
(1975)33-70.
Majumdar, S., S. Ghosh, B. R., Glick, and E.B., Dumbroffi1991. Activates of chlorophylase,
phosphoenolpyrovate carboxylase and ribulose-1, 5-bisphosphate carboxylase in the primary leaves of
soybean drying denecence and drought. physiologia Plantarum;81:473-480.
McGrath, S.P., A. M. Chaudri and K. E. Giller. 1995. Long term effect of metals in swage sludge soils,
microorganisms and plants. J. Ind. Microbial.14:94-104.
McKenna, I. M., Chaney, R. L. and Williams, F. M. 1993.The effects of cadmium and zinc interactions
on the accumulation and tissue distribution of zinc and cadmium in lettuce and spinach. Environmental
Pollution 79, 113-120.
Ostman, G. 1996. Salix formiga att ta upp kadmiumen filtstudie. Swedish University of Agricultural
Science, Department of Ecology and Environmental research, Section of Short Rotation Forestry,
Report, 55. 71-73. ISSN 0282-6267. ISBN 91-576-5110-8.
Padmaja, K., Prasad, D.D.K., Prasad, A.R.K."1990. Inhibition of chlorophyll synthesis in Phaseolus
vulgaris seedlings by cadmium acetate. photosynthetica 24: 399-405.
Perl-Treves R, Galun E.1991.The tomato Cu,Zn superoxide dismutase genes are developmentally
regulated and responsed to light and stress. Plant MOI Biol, 17:745-760.
Rawson, J. M. N. C. Turner, and J. E. Begg. 1978. Agronomic and physiological responses of soybean
and sorghum crops to water deficits. 4. Photosynthesis, transpiration and water use efficiency in leaves.
Aust. J. Plant Phisiol. 5: 195-209
Santandrea, G., Pandolfini, T., Bennici, A. 2000. A physiological characterization of Mn-tolerant
tobacco plants selected by in vitro culture. Plant Sci. 150, 163—177.
Sawhney V., Sheoran L.S., Singh R., Nitrogen fixation, photosynthesis and enzymes of ammonia
assimilation and ureide biogenesis in nodules of mung bean (Vigna radiata) grown in presence of
cadmium, Indian J. Exp.Biolk 28 (1990) 883-886.
Scandialos J.C. 1993. Oxygen stress and superoxide dismutases. Plant physiol, 101:7-12.

Shah K, Kumar R G, Verma S and Dubey R S.2001.Effect of cadmium on lipid peroxidation,

superoxideanion generation and activities of antioxidant enzymes in growing rice seedlings. Plant Sci.
161, 1135-1144.

Skorzynska E., Bednara J., Baszynski T., Some aspects of runner bean plant response to cadmium at
different stages of the primary leaf growth, Acta Soc. Bot. Pol.64 (1995) 165-170.

Sloan. J. J., R. H. Dowday, M. S. Dolan and D. R. Linden. 1997. Long term effect of biosolids
applications on heavy metal bioavailability in agricultural soils. J. Environ. Qual.26:966-974.
Stover,R.C.,L.E. Sommers, and D.J. Silviera. 1976. Evaluation of metals in wast water sludge. Water
Pollut.48:2165-2175

Van Assche F, Clijsters H,.1990. Effects of metals on enzyme activity in plants. Plant Cell
Environ.13:195- 206.

Verona, C. and F. Calcagno. 1991. Study of stomatal parameters for selection of drought resistant
varieties in Triticum durum. Euphitica 57: 275-283

. Weckx JEJ, Clijsters H. 1996. Oxidative damage and defense mechanisms in primary leaves of



WAY Jlo Yoylod XY il (550l gylos g psle) SLEL pole alome Y5

Phaseolus vulgaris as a result of root assimilation of toxic amounts of copper. pfysiol Plant.96:506— 12.

52. Wise, R. R, R. J., Frederick,. D. M., Alm. D. M. Kramer, and J.D., Hesketh,1990.Investigation of the
limitations to photosynthesis induced by leaf water deficit in field grown sunflower. Plant, Cell and
Environment 13:923-931.



Photosynthesis and Enzymatic Change under Cadmium Toxicity in Lettuce

M. Haghighi, *- M. Kafi - T.Sadat Taghavi - A. Kashi - Gh. Savaghebi*

Abstract

study on photosynthetic and enzym Activity changes in lettuce under cadmium stress has been
done in greenhouse. Of zhejang university in Chine The experimental design was a CRD factorial
design organized in hydroponic system with 7 replications. Cadmium was added to nutrient solution in
CdCl; in three concentrations (0, 2, 4 mg/l). Stomatal photosynthetic factors (transpiration, stomatal
and mesophyl conductance, internal CO, concentration), enzyme activity changes (Proxidase and
Superoxid Dismutase),chlorophyll, leaf length and number; biomass,  transfer coefficient, was
measured. Results showed that peroxidase and superoxide dismutase increased but biomass,
photosynthesis, transpiration, stomatal conductance, internal CO,-concentration and leaf length was
decreased as cadmium increased in nutrient solution, transfer.coefficient was increased also.
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