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Study the effects of cadmium chloride on growth parameters, chlorophyll, carotenoids, proteins and
sugar content in canola (Brassica napus) plants.

by: Oloumi, Hakimeh. Shahid Bahonar University of Kerman, Kerman.Kh. m. Kalantari International
Center of Science,High Technology and Environmental Science. Kerman.

In Order to study the effects of cadmium on some growth and physiological parameters on canola plants,
seeds weressterilized and treated with different (0,10,50,100 and 500 p inm)in cadmium Concentration
petri dishes. Petri were transferred to germinator which was under control for seven days and toxicity effect
this ion on seedlings were investigated. For this reason identical seedlings from each sample were selected
then root and shoot length and weight as well as chlorophyll and carotenoids content were measured. The
content of reduced sugar and proteins of these oranges were measured by spectrophotometeric methods.
Results showed a significant decrease in root and epicothylodon growth. We also observed a significant
decrease in shoot and root fresh and dry weight in seedlings which were treated M with100and500 pm
of cadmium ion .Cholorophyll and carotenoids content decreased significantly. Total protein content
increased in leaves and roots of those seedlings which were treated with 10,50 and 100pm of cadmium.
This increase probably is the 100 pm indication of increase in enzymes involved in defense mechanism in
plants and antioxidant poly peptides which also are a defense mechanism .On the order hand, the amount of
reduced sugar increased in cothylodonary leaves and the reason of this could be the conversion of insoluble
sugar, but the content of sugar decreased in roots.

Keywords:Cadmium toxixity, Canola (Brassica napus). Chlorophyll, Carotenoids, Protein, Sugar.

SNl g Gegh VE




Jol olS Sgulio S5l 308 sloana]yd ) gl Cd™
(BN o Sl w5, (535 Jols g ol Loy 5iogd o puiis
(s g K 5 Frwgd G cpl P18 Casl ool LS b ()
R IS sl I F) (6 g [T wlusnorgid oo+ aloz 51 3l
(sl (ogilyS )b S o(VF) idg)lS siwgn ) pa (F)
(V) Friwgid

kel (h2g8 LB job 4 g ol b ady) g poredls’ (5
2 pesadS” e (YY VB) Al o zezs s 2ol Jite s
ol €lie b Jolo 0 ]3> glans 3 b (Mgl (sldd o b
(e 4335 )3 ST el coles )3 @oas il (V7)) 1b (o goo
A.a:\}& odalie ddu;y M) Y J6 ‘_)M.mlf 04 duly ) dLe‘J9l_w
29 0 ol ygax 3 kS p 4 dlge Jal jials” Jlos 4 (YVF) 45
23y 9 LeSoll (lad Ll ¢ (5505 Caep CBlaie 018 doets
(7 VA) 35 (o0 s )l 3 Slgplio (1o o (S (sl o 51
cely Sl gtls s« Sadsiion o mpl culled )5 s oad S )l5S.
l5ome )3 3 5 (YA Y) 0ol slaciy g Wl giel 520 el
(FF) ool 005 gy 0y Jlo 3 SaLS )3 Joboro (clasid

Ay 3 poredlS (g S 1 (yp plate & BuS
Slyoee el sl s 5 5 ()39 92 2 pel)ly 1S g ol gei
0311 3)90 Ay 9 Sy (g 9 48 (line 9 A5G, g Jidg IS
P C8)S )8 duglio S

Waighig)lS g Jadg IS jlade dpwlone

o5 1Y A il ) oo V0 Lo o5, e

LL b dges (9,5 Blo 1 Ly 80 glyzeal b e Sy 5 59

A Jdg,lS ol FEYIM o zoo Job )i Vi eily Slo

0—=9)8) Laadess, 8 o ¥Yenm b J0.80,8 ¢l SFOnm

A odilgs (Carryd+ ) UV=-Visible! iogidg il bawgs( JudgulS 4

oo ) oisal b 5 s 05 1 (65 e 2o Lo, lS il
10 dewlre 5 gl

C=WINoA_ -YI iy

C=YVa- A, — 0VOAL,

Total chlorophyll= C_+ =,

C.=(V+++A,, = VAY C —Aa/vd C)) /VaA

s, C o 90392 b Jido)lS € 8 Jido)lS C loxiy] 3 45

A) b o

28 ol gla WiB lsie yiorias

P eelw W ose o cpj jl o o aia) 5 S0 b9y o0l b

Vo bl cdljlp,S /o) wad Sid ol)§ lwas A oyl
0 O3l lgime (s S onls ez gl )3 slaie OT ) (Lo
A e VoS Blo (pesly (Sl L bawg pula 3 (> @)l ]
ko ¥oojlas oplas s Jaze iolejl dg) 4 osel s oylac |

VO, Swijle g Shagi

EVRER

4 090l 45 A8l (00 RSB )3 CleaS paic G pgedls 38
b el 3,5 5 o ¢ ko g arlio 3 b ] (lo ol JUo
539U Slootns (5)lul yglite 4 @l 039l (Sl Ml jl o3lil
kSB 3 og ol cdale a5land (sladgS g LedS 0 pis 318" (pionene
(V) 8L (oo el 38l 4 )

V)l Sglie slasi]b (cly (6y900 6 paie G poedls
olS s slo pluil g o ady) bawgs (298 JB ok 4 3525 cal b
gt ol e e S g Gl st a0 B o eols
Jolgd bl cooMrriin w Sl AT s 4 aS 00 b (65,98
(7Y) cuslis

Shgrge plo (b LS 2 ol o 18 cuwsload (b)l5S
Srge e ey T ol s las )bl o ol dles |l
oS oD An (V) sl oo B 5T 5 B yetig s lais L 5o
S L2l g gslanns] i elal) s 4 Wil o Cd™ Cpoms
2o JBo3l) (O, 539yt STy o 5enST 3131 RIS,
rgen Sl LSy (38T g O JeuSgyam JIG31, ¢ O 2]
ok bwgs oad Qla CA™ (g Sl 5l Juols s alo 51.(VF)
&l ogd T je )i S (b (2l S 2 S50y 9 (Sie)S Oy
@ ogrdeolS JS (polagm (el (S (1S (Aal LSy acdls
soge (VW) 25 pU ) Jpasme (f5e (ialS g ady) Sb (a5

Ledgy 9 dlge

Sligios 55 50 Jld 5 i 351y jlosliiwl 5)50 (1315 sLn)dy
Sl ojlail g S 55 51 Glasy (glo)donnyd S ad lo)S (g5ysliS
2 e Ol b g ttd 5 71\ ol ol sem b ghe 15 5l Gy
o3ls JEsl 55 (655 53 Gt Blo 1S gy oyl Mol bayly 5
(ol oo @) yao sl clale jlas Cod datan S Glo 4 g LIS
wlo . )5 )5 peradls (g ;Y gag)Sea Brr g e e B
YO sbod g (Sl celwA e oldgy celw ) 29 058 b joiliue);
Sl glo SalS jlos atin Gl ey - 808 Jie o Kl a2

(VW) 28,5 )18 oy 390 9 Sl b 5 ]

eoldl Jgb g SWld 9 5 59 damwlono

A 48 )5 )l 55 1S5 G plgie 4 s shie ool 4
O § IS ot Sy g dBlio ¢ d iy 50 4w 4 b SalS
£y o o)V Cowlus b g AEF- Juo Mettler gq5l5 bwg
0565 ;3 Celw V¥ e & leolsl (pala (1,8 51 sy o S 5
oy Sid gl dgeie 3 Kilw axp Fr glod o S S
L jo e sla asges )3 4 jj ysome 9 Lo asiy; b

A a8 S ojlul e Lo ) cdd g iS bas ) eolar ]



98 Omaad] p oy 3l ods agd 3 kil (iomie sy 5l ooliiul b diges

, bl (S oo g o5

Mol g5k B 55 g asges o sl 510 )k o b Baios

g olasl Bolai sl dges ind (gy0 bl ad plool Bolas

38l ey sl eolawl bodol cwd 4y guls . a8 )3 4,18 islejl 550

AN &S (63150 45 5 48,5 )8 (gl Judos g 455 5,50 SPSs

O pskale 4 05 oal il b 095 (sla (1 ke (i (1> (—ine

Cops b la (pSbe dulia . b o3litwl (03l 5l (San (sl 095
8 S el sul(p< 70) 720 bl

Py (S)elon ol Job i) duslio 5| Jols (slo o3l 4355
Ol LA ol oL (< 0) oSOy gejl 5 eslil b (R) s 4y

Sl W adyy 5, uiomen 5 lsp sl plul Ay paadls clale

20
. B )
15 4. % 7 :
4 ey —— =l Al
) e
£ 10 L
O \\_\
5 Tm
- - 4= & & \;%
0 ‘ \
0 10 50 100 500
(UM pynsls e
0920015 (99 LALE— N Lod 45 Lalil Jgb oy dunlio 1Y loged

i o YOt a0 2y ¥+ ) o Sl Jloeo 2
S oo il e Sllg s 2,5 F/0 + SO,6,6 awl o, V/0 +
Slo a2V oyl b gle

clale plos o diny Job o) b 0

el pials aals Sals 4 cous by

0 Jss 5V shoed) |

Bl Jols) 8 Sis g 5 s 1l G

);;;\'JB 33 39— I3 ime posedlS’ o

O Y90 95 Vev gbe e gla cdale 0 10
5 Y Jl3g03) 390 I3 ime MolS” inlS” oy

() s

H 2l AR5 0is

B asy, 5 05

Cu™ slal o83 )18, §
Sy (20l S S
A8 ke cpus yolel Cu O
Sy 3 g+ 2Bl o0 B

Jobre i (o ¥ o ) 0
Vo) Smdddge jiud al

50 100 500 P)f\'+‘-§é.4-t-r:]9‘°4:‘.—~°|r°)§
(MM)sasls clale uJ“ Voo JryeRen Sl WS

Oan, ot opf o Gde 4 dgu 40 gl 2

O on plail St 5

S oS b 3R St 5 5 g

059 bl a b aSJls pooby Lis el
g gk MolS” slon plasl & s b 400
awolis eyl S 4R Jsb .Sk

0 10 50 100 500
(M) pgrnsls’ il

Cglitio (gla o 55 Waigld )5 g Judg 57 (glgioms :Y 1590
Ay 9 St yd predlS Gy

O selul SWis g 5 (459 amelie iY Hloged
©P90dl8 (g2 Sglio sl low oo

(ko YO s 9 )l 4>
(42,5 LI TAD S yaund sl 2]
la gl 0 (5 51 Loy s bl Lyl
g5 Jsb o il ¢ Ghlojl g )3 onsl oy ol ) LSy iy
Carry &-.conc Jas UV- Visible jiegidsiSewl o wes £+ +nm
28 0 ylbiwl v 1 ealaiwl b a8 cdale ¢ b oulgs Varian ¢S, i

(P )38 Ao Si3 jg )5 0 p)S (o a2

W (g ol e phosw

Joloee ) e = (g9 uSleeS” 23Sy Al 5o gl 09y 2] 3

Ol i 5 Qg 5 ¢ o SblR 0,5 (o S5 L6
Lol 555 2,5()g8 byme) Stulilighud Bpno do dl> o ) (uSliaS
S Bl 5l p)S /o) lixe . 30,5 o ol (505 ol K 03505
W oAﬁLu(PH:v) Glawd ol 8l 0 dged o dny 9 S
52 e ) oylae Sauin 5l 3l ms - 03,5 Gl Lo JEIS b
U9y bl Bl (gla GByne o 3)50 9 iy 29y Jolee
Fogidg Sl bawgi £Fem > Q> GAd Coled 3+ C8)5 )13 )9
I gl gy cdale 5 4 oulgs Carry— 0+ Jo» UV- Visible

Sosle g eok VF



WAY (sl R o)l

wstlop plail g Ay y Sl 9 5 (3 9 llop Il g Ay Jgb Jolid iy g el 4 bgrye g 031> ) Jgaer

(P<VD ) aily (o0 8ylibiw] gllad o ulio Jols by 0313

M pgodls clale [ lon ol RS ol s gy |y Kas 5
m s o Job (o) sy, Job P )“0)9 (2) a2 5 op | © " 5 SiS g
(cm) (&)ln (8) sl (8)

Y/¥s£[\A \E[85 %+ [AA AARESIAT VAV ERIAN AV YRR A ZETIREAY

Ve \ETIAN \F/55++ /AN Y/¥s£Y/ Y «[AY£-[+¥ AV YRR iz R4

o~ VAL /\Y Vo [E8£N] 5 YIYA£+]+A NN TR NAAEIRRIN \VARETIERIN

Voo VOF++[\Y INAYZ2VRA AVASERYRYN RArZ IR S NANETIRRYN \ARETIREAY

B ArE AN +Y++/YA WV AEIARY NAYZRIAR ARETRYN AAAETIRRIN

.)yuszm(_”)gwc Q%)\fyas)sﬁ.aa"j\“s&'c\'c)&o&.ﬁu)b%)}qJ)ﬂjl_g

))uﬁbuwl)s]\” 90’ AR duuhb))uw)wﬁ}f)‘m
18 ops)s 3 58 o Vg Som Do I > 459

S5 4o g Cou

3l o o] oo 3y 55 9 Jsbo s b L1515 oIl oo 33
A ol pials 93 2 S R (Jsbo 4y pouadls (y2 y9—a> )3 (V)
M) (e (sotin po dllale (Sl maad p9redlS (g (V53985)
s S Bl 1L a8 (oo gt 5 1) Jolow 1) aidlaie sledol
o Jobe (Job o) adlate )3 Bly sledsho 0)l923 (105 (939 (03395
S5y o bolpen 31 ol a8 Wil autyy aisy Sials a5l il
i 31 (Sb 3 Gains cpl ol claalin (VY)ag sales 10 ady,
@l Lo 39 sloged SOy 4 g p syl b 4y g oy ady) ST
osals o)l callas VAAY JLw > Ormord gHeal .50 il ol
05 2020 Cle dy Sl o oled pluil 4 il diy ) 3 0 i
ok 513 (o135 s e o, ) gy Sledsho Joos 25 g

() alp bl > poreds (g2
0130 ¥ 15505 50 4" by iy o3ugs g Lollil Sis g 5 59 40 LialS
cde 4y wlen)S 555 Caspi g Schikler 4S5 jghailon Ylois! 344 oo
o035 oS eioran (¥F) 4l o Wsho (IS udslio 3 I3

O3 S (o dulie Lol Ll talS 1o )d AV/A G OAA XY/ Y/
o3 VEIOV AYIO0 IV ¢ /Y ialS oims Lis S 4R Sis
R s SialS sxasilis mls cpl a5, dg g0 calisee sl clale jo
Pl (159 GRS 4 S (Jgb 0y SialS Cad bl adl (o S &
SO

Peabga J8g)ls jlade 5 b o003 jlagei )3 oS jolailen
b oniinnn dlaly (ialS cplasoly Lo ials sals 4 o ws b los
S o (B g lS + 0 g 5) JS g 5 a5
b oo il o clale

T alS 5ol o 455355 e 4l ) ol (sl ol
& s by cdale plas (s rals cpl )5 a8 ail 0 Cd™ gy o>y
JBY Jgio o ¥ jhses 10 ol opl a5 dil 0 jb me Jals SalS
68 35 s algp AL, 0aiiS Ll (cladis ke duusboea. o] o1liio
iel331 0138 Lol (glotd o« Sl o b Cd™ clalé il L
S > 8 clals gl V509800 B+ ol )3 aSJl 3 b (o0
Db (o0 RS W8 e (g (e LRl L s a3 39—dne o
(¥ J13505)

daly S Vg9 )Sen Be g Ve Clale 93 3 LS (Sugy lg—me
Qev gVer sla cdale  aayly ol as ol (LS e Hlade b e o

(D STD ol 3,l0ilisl gld = pSilie Jolid 3lcT) JS Jado IS 9D .2 Judg IS ,olie ay bgyyo gl 5315-Y Joua

(a (mg/g FW s, 15 (b (mg/g FW L, )l (mg/g FW) Js Uy Js
¥/5£+/V00 \VZ 2RI FIY£-/YY
Ve Y/V£-/YYE Vedx+/-0A AAEIALY
Q- ARV AN ERVRA AR a1
Yoo AAE VRN NINEZVR YIY£e[-50
B ATRERVAYA NAETIRIN MAETIAR

YW (Swisle s G




S5 e 1 (S ol &8 00 Sl gl s g l Jols 00,95
U"I dgd (oo odnl i @L} )1 &S )9]a)Lona (Y‘) b “° ol 039 UM_QK
o9 oo o3 o s >yl S

il Sy sldsho 3 o] s ol 25 (oot P11 4 3 J
S8 25b (o0 S 3 o OIS SuFglgn 8 5 Sufolg )90 waMle oy
2 233 4 e (5l 5 (10) S35 e il 25 ot U
55955 ol oad ()l3S a8 oaalidie 55 3485 (pl 53 posedSTL e
uaﬁb LgL.>] p&l) P}‘-")K Ls 9 (Y\c) 0dg J.Bs)lf ua.‘BL' Pl g cle LY
e 1als el i Sgg) mal sl L g o Jidg S5
ey B )lie 4y Sy Lido)lS lgime cplple (V)ogd (oo Sy S
S alS Sl 55 355 ) Sl gl o 018
03 100 G55l g (¥ ogmiily o S i S i

Ol alS el Sy sladglos )3 poredls 3929 )00 3y L
1 oanloie 3l gl elS’ o 3o ol 3 45 555 o Iniitia S
Sl (oo Jglm 3 300 92 9 poredlS g2 O GBS o2 2 (1 )l903)
3 Sl o st JuSleS aaw ;5 9, s Hlge Jleis! S
13959)5 9 Jdg IS (s jiwgd (sl 050, (slgione halS el coled
Cd” 0558 3959 b &S Cawl o3l lis lddss gyl (V) 20 0
2 d)bul)ﬁu])ﬂwaa\wﬁw@p&)‘» ;f))d‘.@g?l_m&'
SIS sl 31 51 oMo 4y (VF ) el amlss 3251 Jolo (sleSl
0 Cd” d9>9 &S Cool 04 .)LQ(_““.: S & ).Ma: (_inL.A pa—tmo M
335 0118 4y o5 (Slaaa 3l lleb (ol sl Sy cledgl Jp it
b ol (7F) 298 (oo jliw 9,5 gm0 9 5U90] Sl 9 Jglone 2 sl
i 39 o 5 008 Lol sladis cale Wl o sl st dSy]
Aoy Ylaas ] (¥ jase5) 2405 )5 dze Guiizs gy iulisl ol axl
ozl alaasty (b g Lo i Caa A8 MBI pae e 4
o 5l 5 LTS 3 la

Cdy+ 09*:15 L)AA—’I)B‘ Lv .}9_..: P oD I )].)9_.0.3 ) LY )9_|aJlon

=

(@]

>

>

S
o gl
B,

0 10 50 100 500
(HM)pansls clile

219 P18l g Sy 43 09l yer (sl slow 4D oS Ll SLaniE glgie iF o400

i)
X
<
27 s
£ . B "
0 10 50 100 500
(MM) p5als” il

Siglie 09203l (92 glite Sl lond ;0 JS (g (Slgiome 10 o905
iy g dBlw S

w23l 9 o (g oyl sl 09,5 b Sign S ol 3l e
a5 b b (A5 Joko pud i > P sl g5 (o Lo
e glie 2 ogllacl S it b yobo 4y (5T Al SIS,
1Sl o3l s il adllas I ol glis (Y5)9,68, ol
2 0392 ATy e GRal38l e &y b glinTy ojee
i el Candg opl Al (o0 QR posedlS (g sl 5> ol

155 SaLS aday 9 2lop oladl 5 WB g (g Slyiome T g

S 151 A3 glgiomn Pl X8 glgio Pl Sug  (glgione . .
Pomedls Clalé ° e Aoy (g Sy
(MM wls il ol (mg/g FW)

(mg/g FW) (mg/g DW) (mg/g FW)
<YO£/ XY NAETIA <IN£Y/D Y ke[ 0¥

Ve o[¥£-/-¥Y AN E Ry N RSLEY VL NAMETIRIN ¢

O NINETIRIN S DAV EZYRS A NAEARYINT NAAETIRAN

Voo o[EVE] N DANEXYRA A DAYERIALA DATEZYRAYA

Do DAY ERYRY 2N DANERIRA u e YIA+-/\Y NARETIRYN

AP 07 ol 3 lailine! sd il Jolbds slss)

Suile 9 g3 YA



WAY

6- Breckle, S. W. and Kahle, H. 1992. Effects of toxic
heavy metals (Cd, Pb ) on growth and mineral nutrition of
beech (Fagus sylvatica L. ) Vegetation. 101: 43 — 53.

7- Braude, G. L. Nash A. M. wolf, W. J., Carr, R. L.
Chaney, R. L., 1980. Cadmium and lead content of soybean
products. J. food Sci. 45: 1187-1189.

8- Dabin, Marefante, E. Mousny, J. M. Mythenaeree
1978.Absorption, distribution and binding of cadmium ad
zinc in irrigated rice plants. Plant and soil. 50: 329-341.
9-Fediuc, E., Laszlo Erdei. 2002. Physiological and
biochemical aspects of cadmium toxicity and protective
mechanisms induced in phragmites Australia and Typha
latifolia. J. Plant Physiol. Accepted November 2002.

10- Gallego S. M., Bonavides M. P., Tomaro M. L., 1999.
Effect of cadmium ion antioxidant defense system in
sunflower contyledons. Biologia Plantarum. 42: 49-55.

11- Haag- Kerwer, A., Holger J. Schafer, Senta Heiss,
Cornelia Walter and Thomas Rausch.1999; Journal of
Experimental Botany . 50 (341) : 1827 — 1835.

12- Heale, E. L. and Ormrod, D. P., 1982. Effects of nickel
and copper on Acerrubrum, Cornus stolonifera, Lonicera
tatarca and Pinus resinosa. Can. J. Bot. 60: 2674 — 2681.
13- Hirt, H. Casari, G., Barta, A., 1989. Cadmium echanced
gene expression in suspension culture cells of tobacco
Planta. 179: 414 — 426.

14- Kabata — Pendias, A., Pendias, H., 1992. Trace e'_inc s
in soils and plants. 2. CRC press, Boca Raton, FL. 1 ‘B*." 0-
8493 — 6643. pp: 131 -142.

15- Kahle, H., 1993. Response of roof of smees t. heavy
metals. Environ Exp Bot. 33:99-119.

16- Lagriffoul, A., B. Mocquot, M_ N..nch and J.
Vangronsveld, 1998. Cadmium t ~ic ¢y €. =cts on growth
and chlorophyll contents and activ. ‘=s of utress related
enzymes in young mayz plants /Zea ma, ). Plant and soil.
2000: 241 - 250.

17- Larsson, E. H., Bornman J. F., -#."7 H., 1998. Influence
of uv—B Radiation and cadn. »m on chlorophyll flurescence
Brassica napus. Jou v« nf exper mental botany . 49 — 1031
—10309.

18- Lichtenthaler, H. K 1994. Chlorophylls and carotenoids
pigments of photosynth: iic. Biol Membrance. Methods in
enzymology 148: 350 — 382.

19-Llamas, A., Cornelia I. Ullrich and Ampro sanz , 2000.
Cadmium effects on transmembrance electrical potential
difference, respiration and membrane permeability of rice
(Oryza sativa ) roots. Plant and soil. 219 : 21-28.

20- Lowry, O. H., N. J. Rosebrough, A. L. Farr, R. J.
Randall. 1951. protein measurement with the folin- phenol
reagent. Journal of Biological Chemistry 193: 265-275.

21- Mclaughlin, M. J. M. J. Bell, G. C. Wright and G,
D. Cozens, 2000. Uptake and partitioning of cadmium by
cultivars of peanut (Arachis hypogea L.). Plant and soil. 222:

VA, Swile g Ghagi

ol Yleisl &8 e 8L ili8l iaS” ola clale o iigp (gl e
e wilg o cunl oS 4yl55 Erdei 4 Feduic o5 jglailon yiol 33
4L g s oS 45 slo il dlex I o il i ke 253
2y 5> oo (218 s 53 1555 sl (o g Ly s b1
b iMBgd o 2letsSgn (Al 2 (e SIS () 2l o
dge Joydedlgw slemg)S i i 4 la (g ool 431 252
29 0slS oyl it lul i & B sgd ki ’\.*.**’19%‘] ol lw 5
Cawl 0ad (5,135 (VF) a8 ] 5151 a6 o )lwsd ials asens
el &S 2L mRNA ilisl cde & Slgs o cpigp oylime o]0l &S
ol Ghaceatily gbs b 51 (W) s aled pigy JS e iol5al
Oy Cwd jl el paren T e YL sl clale jd oS el ool
lesg 2 oo g ST GG 51 )3 (nBign )3yl 9 (g el
Qv gVevnbale 50 Mo )d does cpl a8 (Vr) W o )l talS
Db (o0 0daldo )Y g0y,

ool 05 e (RIS ams (o LS (o 2 ol
155 LS ol b cuiS p al il el )Vg09,500 B sl clale (s
ol )y e J9]o 2. ol odalie B 3oy <l il U"l &S ods
LS G5 )Y geg )5 Ve Clald )3 (o8 jln (e 4 SISl ead
oy Co cdale pl o Wilgie cde pl 40 SalS cpl Yleas ] oplply s
LBy g e pdlaiSy algl YL e cdale aSdls jo aeo L
Uy 3 o Sals &S 5y b dogr b audl el B8 sl Sals
S Sl ol 4 3aiod ol Jl ol @l i g 039 poredls’ g ST
2 st 328505 Cawl p3Y ol L 06 030 paess ST o by S )
057 b 9993 plosl led (o 43y 031 SB )3 45 Sl 5,90
553 sn O gl g (i Lallyy 5 S ol )08

23! 3 90 2alio

1- Alloway, B. J., 1995. Heavy metals in soils. 2 nd ed
. Blackie Academic & Professional Publisher, London
368 p.

2- Balsberg Pahlsson, A. M., 1989. Toxicity of heavy metal
(Zn, Cu, Cd, Pb) to vascular plants. Water, Air, Soil Pollut.
47: 287-314.

3- Barcele J., Poschenrieederc. 1990. plant water relation as
effected by heavy metal stress: A review, J. Plant Nutr. 13:
1-37.

4- Baszynski T. , 1986. Interference of cadmium in
functioning of the photosynthetic apparatus in higher plants.
Acta Society Botanica Poland. 55: 291 — 304.

5- Bazzaz, F. A. Rolfe G. L. and Carlson R. W., 1974.
Effects of cadmium on photosynthesis and transpiration in
excised leaves of corn and sunflower. Plant Physiology. 32:
373 - 376.



on prolin accumulation and ribonuclease activity in rice
seedlings, role of prolin as a possible enzyme protectant.
Biol. Plant. 40: 121 — 130.

30-Shah, K., Dubey, R. S., 1998b. Cadmium -elevated
level of prolin, aminoacids and alter activity of proteolitic
enzymes in germinating rice seeds. Acta Physiol. Plant. 20:
189-196.

31-Somogy, M., 1952. Notes on sugar dtermination. J.
Biol. Chem. 195: 19-29.

32- Speiser, D. M., Abrahamsn, S. L., Banucles, G. qw
DW., 1992. Barassica Juncea produces a phytochelatin-
cadmium sulfide complex. Plant Physiology. 199: 817-
821.

33-Van Assche, F., Clijsters, H., 1985. Inhibition of
photosynthesis by heavy metals. Photosynthesis Research.
7: 31 -40.

34-Verma, S. and R. S. Dubey, 2001. Effect of cadmium
on soluble sugars and enzymes of heir metabolism in rice.
Biologia Plantarum. 1: 117- 123.

35- Woolhause, H. W., 1983. Toxicity and tolerance in
the response of plants to metals . In Encyclopedia of plant
Physiology, New series (O.L . Lange, P. S. Nobel, C. E.
Osmond and H. Zeigler, eds), Vol. 12¢, physiological
plant ecology III, Responses to the chemical and
biological environment. Pp: 245-300. Springer — Varlag.
Berlin, ISBN 3-540- 10907-2.

51-58.

22- Moya, J. L., Ros, R. and Picazo, J., 1993. Influence of
cadmium and nickel on growth, net photosynthesis and
carbohydrate distribution in rice plants. Photos Res. 36:
75-80.

23- Nellessen, J. E., Fletcher, J. S. 1993. Assessment
of published literature on the uptake, accumulation
and translocation of heavy metals by vascular plants.
Chemosphere 9: 1669 — 1680.

24-Padmaja, K., Prasad, DDK, Prasad ARK, 1990. Inhibition
of chlorophyll synthesis in Phaseolus vulgaris L. seedling by
cadmium acetate. Photosynthetica. 24: 399-405.

25- Salt, D. E., Prince, R. C., Pickering, 1. J., Raskin, L.,
1995. Mechanisms of cd mobility and accumulation in India
Mustard. Plant Physiology: 199: 816- 821.

26- Schickler; H., and Hadar caspi, 1999. Response of the
genus Alyssum . Physiol plant. 105: 39-45.

27- Shah, K Dubey, R. S., 1995. Effects of cadmium
on RNA'level as well as activity and molecular from of
ribonuclease in growing rice seedlings . Plant Physiol.
Biochem. 33: 577-584.

28--Shah, K., Dubey, R, S. 1998a . A 18 Kda cadmium
inducible protein complex, its isolation and characterization
from rice (Oryza sativa L. ) seedlings. Plant Physiol. 152:
448-454.

29- Shah, K., Dubey, R. S., 1997 / 1998. Effects of cadmium

SHile g GRg3 As



