\YvaY¥ JLG‘./ VAJ‘)L"' a_)L«.J/ r_;\-g—‘—;' Jb/déﬁ)\s u“t‘“"(“ﬁ

(Pinus brutia) \w s p z\S oS S5 508 gl 51 (F (o)

e g pedlS a4

Y. . Vo, Voo e . A . T .
.\JJ‘\?MJM‘} °'>‘Jg;.’.">}“""?°"°'>‘Jr.3h'°"¢)"'?°"ts‘9}"”64"€'°‘ L;"J|CL¢'GJM|
OYAEN/Fe 15l )b ¢ WWAV/E/F idl s i 00)

o ALS>

Olyms g polie ul Alisee QB (56 ) i 5 b 15 oLS 00 S s 4y 55 uedlS 5 o il aglie ) shiiany
2 Golasre oS e SBIE GIEIL S plnil ST A s Jy S0 2 b B s ol agh (Jalne gladd 5 s p
GIA b S s Ol Slapme Sl ol 2 e S e B0 CBIE 5 a4 eeslS blie 55 A sdalie s Ol
PP Y[t GOV PR g (:Jf‘;l?a Oceo chale ;5 0w Jilis 5 a3 sdalin Jalowe (slaud Olpm 53 (gyls sme pois g‘..,a:ls ckls
A G ol gl elal p S8l Gl S g ady; 53 OF i Oles o g sl kS 1581 LA gl (ladid O s
BB 0T Slie 5 o 51 it 4y 53 eoeslS SR A o dilie 0oa3lS Coom FI L s p WS b bsp 1S ol 45 ey

305 03l g g oaslS 4y 03 M1 WS s (2l ol o by £S5 O ke o 4z

(23 gz 25 o s IS slaels

55 o8l and e oSl w s Jaen 05 5

55 o8l and b 0Ll G 05 S Y

Olies  Slal rks wlis IS 010 (G o5 ST
amosleh@yazd.ac.ir : S35 xS Gy (L3I J gie o *

4%



\Y¥AY e/ r-"-’}t-l o ylas / r)\.q—g- /s, wl:...i(,-_,.g

31T GLadlsly cpl b ablie gl LS .3 5 o Wad s
(FY) 008 e oslitd e 51 5 eu T saolns] o 5
Sloims St 3l s a5t SlelinSI ST o 2
oS Sy aS coul Glacast 51 s .l sy 5
oSS LS5 5 e 4 Il b 5 035 55T a1,
ol (10) 33,5 o aie () S 8o sy — o e
s Jsloes ladd 2l ol 0SSl ol 5o K
o dal s S eS| lads i iulsl s S
V) Gl o 550158 50 b 5 G628 (55

Olysas A5 o LS il b S K5 G b 3
e SLa Sasll G 53 1 age SR (s sla il
FRuEgu _X_..‘LAJ:{.\_.AJJL..O S Sl adls sugew
Laarla b 5 S m o 50l oS Gl Al o pgueslS
S e S KaS el ol ) p3bl 5 L
P 5V aole e 03T bl s oYU e sz b
35 Jols K oI5 L« (Phytoremediation) YU olS
! (Phytostabilization) .5 olS S .l Lol il 3
G5 5 3y e amiS aly, L S s ol cm w oS
Lae VT i glimsas (Phytoextraction) | sl olS
Sleeldsh iy s 51 0T JLESl 5 S Lo 5l olS Law s
Sl 53 o Ly 1S olS Gl 3 (F0) ol o
b g A oalinal ) o0 S a3l s @ (6 48 o
g\S .ol Pinaceae o3l il 5l Pinus brutia ol o |
Gl mde glazlS ey, 8 5l Lok S o Sbssme 5l Ly
53 4558 ol il s lST s Ll Gt s s s 6
() USS o iy W13 oS Ges oS b 5 Sl S
Glallis; b bl 53 45 ol 15505 sl S Ly 28
GlaassS 5l 5 A e ddy St ge S gbadkt 5 e
3> 3 el e By 53 e3san OF LS 5 63 LSS
35 Ol 3 b olos 5 (e e l2d 5 LS)L
() 3,8 ol 3 sl

5 odsm Wi eeodlS 5 o Sl pS G o

dodle
O Jelsl 504 03 =l 5l Ll sl Bl lew
Lo 53 s oot S S5 1 6 sla So T v
3l 5 (S Sl s ol iy )53
Oode slac e 51 s S s aodiS o3 )1 1 teges
gl b Sl i o (TA) Lp i e ) 5 SL
3 S5 sl e Bl g e glag L el
S 5 e 1 55551 pland slas S s 256 i
o D S SG O 238 e s Jae 5l
OLalS Gl o520 b I8 i cpimen 5 0Ll 610
ey o led il (K55 3 Shas 8
Sl iy baes b ST s e nl AN
L OlalS dplie 5 ady 3o b cnl 515 (V4) 35,5 e olS
AF8) 38 o 513 b Jama 53 I35l 1l
Wﬁuw\;@w@w}uaﬁ;ﬁﬂs
5 Srs DB i Jold s b 25l 0 e
et s o SRl et VTl e o g sl e
e wlis glas oS Lo smsen o plasd slassS 5l esliza
o Sl sl (Y0 5 V) s oo Sl S s ) e
G 3l a5l cpl bl (605,55 oS A5 6l
L Do oy Sl s 5 25 0 i iy S
5 oS 23S LMY 353 e g L 3l aSly
3 i o e Sl s oS JS A ad sl A
Wﬁ»ﬂj.(\\)b\jjﬁ;l ougf,gjm)mﬁ;:
(S b IS Slaie rals (¥R 5 VA) LS 5 555 5 5518
el 5 (8 51V JTOLLS S5 bas 55,8 sbea by is
e (V) 555 00 50 bhdr 5 S ed plie 5
Col pole (pl oS ol o3l 5 e (o S5 T s
35T GladlsGsly e 0581 Jlsd gladLSeal, ad s
5 (OH) oS ladlsGal, (0y) LSl 5o

L oty bAIGD (pl 58 e (H)02 ) 055408051

%ﬂ%y)eéjj%buy)ﬂ)u&ﬁgDNA

FA



... (Pinus brutia) L y » Cls oS K54 30 50 dl.a'c.«b’ SN Feon

sl S5 K05 Y Sl Ol 5 o3l OLSS o
OYe oy Jsb 53 e s il ol b (s 5 555

(F) a5 il e sl

Jghous gl HIdie (g 8051l

© oy Ve Jgbl ) e Vo od o gl i gl 5
s S Sdany 5 LIS ) AL S asle 5l p S o))
JECA R WS RPC7 T WIS L IR VoS- K VL G0 S
Ak V0T s e 5 431 503 s Jsks )
O O 5l oy 5 0350 s 5 03, WLl dw,3 0 Jb
5,55 J e Bl Lale sl Sy ol g 1) L
Slo g3 a5 o303 ST i OLej g 4 45 ol sy
Shesliall oF Gl aids Yo 5l 55 1y bl s,
Lo s 33 el YAD g Jsb 5o e gib s Sl ol
s ol s Ol e S 518 50kl e 1 enliz
(Yo s 5 als )l Saxt 03505 2 p S e o

28 5 e s (5 oS o5l
ALS €00 FA sl candllas 350 glasles 8 5 s L
o ule3T ay (HSUS 51 ey o5 A2 4 (S 5 ae)
Slrod VT 03555 )y laedss el gad s 3l o3l JUizif
A0 S i SlS 5 el esls ptned Of L ombas
03,5153 535 oot B Ol b odd S (gl o
)sdalﬁfu,gﬁ;\@)cﬁ\ ,gﬂtﬁrw.u
03 50 LSl Ly 5 dd iy (g 2 e YOO (slaes5 L
V5 e VF o b Bl S8 a5 S
u.al_sf laas od L5 Lus els 1,3 01 gles j> cela
0S5 1 Jeole Jsdoms OF 51y L5 Jo il 3 050,
Jgdon o 33,5 oo Jslows 51 gdonl DL B os S
L Jkoms m 503ls g ¥V alls 3o B2 51, S
a s ) Bekile, 1) Ao Voo o Deionized e ol

#4

258 o R o 2ose s 28 0lS 3 Jgloe Lo
gty ot a2l w5 @003lS Ol (iored Gl
UTL;.’.L—"_}SQ::‘*JQS‘;’ b L:.w)ﬁ GlSa.ljf); ngfj_}ud.&.:)

s ol 3 anslie 550 VL olS g

L gy 93l se

5 ale oy byt 55 a8 L 28 olS Wl 55 gladlg
Oldl 51 s g el CiS (olns Cd 4 Sl 258
S 53 s bl jlles ladly A 4 sble = Ol e
5553 IS s sl 13 LSS aw s bl Dls £ b
Ol o bl J2b (5 a0l las 5o 5 0L
s Sl LS el I3 5L slad s 5 sl 2 Ol e
ol o3l Sl 5 e IS Sl sS85  Sled
S 5l md e S Vooe 5000 Yoo slackle 5 as
osli ol lade OF 5l aals Jlas gl s atlo G4
SN e Yoo Ll s amin o LY gl S s
3550 Ol Jozd Ll 5l 555 Ve dsb 55 558 slad sls
3ol ol Sl a 55 aS s ybay i S 13 b
5 S o laas gad ol y g e Loyl 530S o= PRy
Jdome sladd s i (g - Soslisl cgr i
(e olie Cilil 6 S el S A (Gl 24 sas
ool VT 0555 slateas o Sl S ke DalS
L S Kt SalS 5 ol o3l gzt OT L mbawe

i i s S
A Ve 55 5 s L OLalS S sl e S 00 s
el 303 s 5 okl Sl 5 5 ol Ao 3 1 J sl
JEAJ PSP U JEPRA W SR I PR
Soleir oo aalsh 5 dd o355 bas sai & Ll Szl A
o3ls 1,3 el SO w3l S le as s Voo gles b
.m;)lguuﬁowgéﬁau});ud;M@;

Ll sesspl is ke ¥ omlesTdgd o a 0T 51 g



\Y¥AY e/ r-“}\-l o ylas / r)\.q—g- /s, wl:...i(,-_,.g

bsp gl 655 5 adlllan 5,50 Sl p @oslS 5 o paie g3 ChE Rl 3T SSbyls 4o ) Jdr

Sla o Sl
Z Z Z - J‘"‘*" C’L‘A
sy s e pole calll S g K ele cilll Jsls sland Odax @l e
e N J.ﬁt& cble
IAAEAAN o T YYYA™S INZAN Y _
VATAY VEY e AQ¥™ A\ | S G
£14Ye Yvy** 1OFA ve Y e g X bl
S ooy )lJL;'.su JM O}J.ZI'IS} M)JO} \ (’%“)A)]JW g,.;JJ‘U ubuf LI:{JL:A I-;;-jgi'”d{r
3,: 30 - a
3 25 | »*
— LN
.?[S 20 | K4 ~.ab
W b ’
;‘_, 15 - "’3.-7‘_.“: - .
-~ p - = et
10 5 g 7 3@
3 ¥ i
2 5
;3
2o
aalh T & Y

(A a8 k) el s s RIS

L:.wjﬁ Gtga\._.'f): d}ﬁ@‘ﬁﬁufn}r’a:\s dﬂm@mduw;‘ A JS.I:
(A3 o SS1s O 9031 lal p 655 2 55 e lils anslie K58 Ly )

Sl s J e gladd (ol e x Bl Ll
Cble BIEIL g s s i) 5 S p s el 5 e
J=lie 53 A edalin s Oliee 53 OIS pre o e
Sl sl s e S e 000 Clale s e e eslS
Sl om Gl sl (VK3 Ls s Ol Sl e
L (Y Jodr) il sdalile (55 Ol 2 eedlS 5
Jshome Sladd Olis 53 ()13 sine i peslS lalE 31
A e S e 000 llE s e blie 2 i ealie
sl (Y JSC8) A J s (sLadld Ol e il 31 Eesl,
Jsdon Gladsd Ulimn 1 oedlS 5 e Sl o S0 o
Gl Ol peal8 ke 21530 G (Y Jpdr) A etali
oS ke VA Olpe 5l aS (s bay 3L Gl a5 O
CoBlE 3 0SS s oS ke FAS Ol sl 3 oSS
e DBl LI R 1 e S e Voo

5 liie OLL 53 L el aslods oKaws b
4S (M0VAA300) Jie eSlodor ol&aws Sl eslizul b apeslS
Glrodls a1 5 ais 550 (AS e S dad S50
ST sl L 5 (Version 14) Spss i3l 5 L sl
Gl A S 15 s 5 a3, e 45 b SG bl
awloes Ui 3liwl Duncan sl 51 La p Sle anylis
A plzdil P<0.05 cb—-ﬂ 0 sl Os gyl pme Jlax>|

C,ﬁﬁ QJ}JEXCC] )\Jﬁ‘cf &QSM Lﬁ)‘)‘}a.; V.w‘)

b
ﬁgm—ﬁj J);—A&ﬁ»»fﬂpqﬁlé.l.&«;l RGO P S AP
J)_’wam‘\":’i)jgf)) V.:AblSj e C,,.;:Lg‘ ‘wj)ﬁ

g s pme J sl SladS 5 (s Ol e g5



... (Pinus brutia) L y » Cls oS K54 30 50 dl.a'c.«b’ SN Feon

bewsp g obS 3wy 5 S p oo Cudlil (glome Skl (g Olee 2 o355 e Aitis - ghans 1 Kl ey lls Y J g
(a3l Sils 05051 bl baesy s S 58 g )

(i 035 05 2 p S k) Jslows a3 (503308 p oSk ooy s
38 < 38 < (65 k)
S S A Yy dals
yYY® Vo AV Y F/AT Yoo
yYY? V0o YE/A? VAP Qoo
e qA? \§/A? yye Yooo

(p 5 o) w55 sl (5 Jo) S 5 bl Slas
38 < 38 < (65 k)
/A" /A" g ga als
qo/Vv° Yo)? VYO Ya/f° Yoo
ANV Yoy o Yo /y? AN Qoo
fAo? YA4/ 4P Y4V yye Yooo
gq 160
3 140 -
2 120 4
’i 100 -
hgs |
T 80 - <
\‘i 4 60 | = e
2 40 - ——
1;
20 -
\\i‘k_— O
'§ Ll Y. Y.

(A 2 a R te) amadlsf pe IS

k.njﬁc‘SeL;Ja d‘y\:v 6\;&3&!}:4)“..4,...“.,“\5 dﬁ:vudbud\.&d.h&ﬁ‘ .YJSJ
(A3l o Sl 09051 pulul p 658 2 55 Lohls awylie S o8 Uy )

53 e BT o) 3 eeslS bl 5 i 1
)'\J:..i.:.“_;)bw)jb@ﬁ:lﬁpfdl.ﬁaw cble 5 S,

D v.:a:ls sl

S8 et 5 Loy
SLadlsly eSS oS ol oSt 2T oy 4 S
(OH) uS 550 sbadlsly ((05) LS|y s dSbe 5151
Jlail b Ll g o cpiomen 5035 (Hy02) 055 0S5 5

o=l o Bl s e oSS LSS 5 e

\a

Chle s &Sy ba Sk ety s O Gl Ol 5
o SsLS 5o S L AV 4 0T Gl 2 5 p S e O
e e S R R R
LaS 53 OF Codlil pasls il 2l L il hals
Lo 2 o 01 il 35 e B (580 Ll )3
b als 1 e S e Voo ChIE s b 5 Sl
Vooo S Ble s aiy; 3 el S Ll (F 5T JS)
35t e Sl i ol sme s b 2 e S s
eSS ke Yoo ke 5o Al s s el Jle s



\Y¥AY e/ r-“}\-l o ylas / r,\.q—g- /s, wuw

600 -
500 -
Y 200
300

3

st e
e

3 )3 pgadlsf
(pAshs nasd

)

= M
o o
o o

o

Ay

A

(A 2 p R As) asadlSfi jo IS

O H.‘"{S

W= -

L,.n,ﬁGtsat,fqi,;oiwwowﬁy,”#;ud,lm_s;,'uduw;wum
(A3l o Sl 09051 ulul p 658 2 55 LChls awylie S o8 Sy )

(9]
o
|

il

-
= o] w =
o o o o

1 1 1 1

B3 3 e
(pAshS s a8 i)

o

-

BLh Y.

ab

Ao

éab

O H.‘"{S

W= -

Yo

(A 2 p R ) asadlSf i jo IS

sz g8 ok8 S 53 O bl Ol g 5 a8 s glachils J1F IS

(a3l o Sl 09051 pulul p 658 2 55 Lohls awylie S o8 Uy )

o diS i osle G Ol gea Wl S s pmer s Ll
2 et g S olie S Jes OS5 (g e
3 et e Ol el h A3 e DLS T )
53 pmr ol S 48) LS S-0- s 3T 5 Shes
O s Lol a5 g el (Wale s 55
oS 3 (il e (FY) UL 5 ol (1Y) 25 8 s
~ole Ol game j3 4 S ;.j 35S 4 | Silene vulgaris
LIS o et Gl el Lo 3550 Jool (iR
S emiles Ly 5 03,5 Jas Ola Sl 5T SO olyisa
Gl osls J2als 1 5T sladisly st dod O gemildnST
o3lS o3t (oK olie (YY) 535 Llis e baim
Ladlsoly cnl a5 o0 O3St dld GladGsl, A 55 sl

Sl A 8l DL sl gl )5 00 35,8 e
gL LS 53 s e ol gme G e il
Sl el 5l LS 48 s e LSl I L
5> e ol alie S e eslial o b adilie 6 6 K
ol (1) del sy 13I8 035 55 S5 e 6 s
03 e e e RIS sl Ol Gl
S sl A3 e s e o)l e slaplt
amme Gl Esly i e S e 0o CBE 55 e
o s Ol o JSssbas s S Ly 218 olS 55 s
A B S sle bagrlpe 53 s s @l | sdes
oSS S 5 ealS L 0 S5 L Bl e
Jdd ot S5 S e 23S 5 S

\Al



... (Pinus brutia) L y » Cls oS K54 30 50 dl.a'c.«b’ SN Feon

.(YV)

SLALS Ol sl 53l oS dzils Ol (78) OLKen 5 L 5o
Shesleal ralS s (S jole I JWsa Llg o Jshos
B iz ol Las 3l oS L sl Jsloes Lol
Coy s JoalS Esl Uil s o K jolis oS s 5a
Jole Sl Ty s S s rals Ceb 5 b cpl w50l
Jsdos (glans 1 b o 01 L 30 51 iy s Jl
lals s 8 5 aalis Jalyl Al e Al oS s
o kasolis JKM obe J| s Betula, Picea, Pinus OWlS
(A) ol Sl sma ) 5y 5l Ccailos s olie ool
slac ble js L GlS oLS 53 Jsloes slald 55 2ol il
LS Lt ealie ALt i ) S e Voo
Jsan cal S e (VL Clale s gl slaaid
S b (G S o 20 o b 5D e el
AL S S

osba peaslS e Ol 2 e S e Voo clale
e LS e g b b e o Sl R Ul e
Wl 3y S s o olie ol &S A b 5 olS sy
i St Lt s Ko julbe il anils Ko
o O g a5 S Jaloee 53 =) il 00 oys >
aS s =Y il e 0lalS sl cds LB sl
Al olse an as ise F it o S T e bl
5 S ooden (Dl S S smin 45 e Y s s
LAl Sl 53 & s =0 S o gy LS|
Ll oo ol 0dd il gl (TY) L8 e b ks
o i 035y s BB Bl s s 0
3303 i )l S e oD Ol a4ty Gl
Sl e ey ) e xes BB Oy O gea jwle Jl DIl
Sl s JB g 3 55 edlS andllas 550 e 53
23 S S s g o e S Jl s e 4l
Sl S ol a8 5505 13 2y sl e mes LB 6%;
oS 52 a8 iy il e 45 L Y 1 S

VY

sesls L 2iSly LacSs s sy DNA L Co ey
ol L allin (ol 0alS s S e ad ke g 55 om0
i 5 IS e eslizad LglanSt T 51T GadCsl,
Rl aS als OLES G opl gl J5.(00) 55 5 e
5 oS s s oS 5o 3 s Ol e S
Ol e St Lo s 3 jmie opl Sl 3l LoaS Al esls OLES
ol O oIS 3 o3 g 1y shedamde 6 31 s
s Ol a8 5ls DL s SlesT ol b (Vo)
S e Yo 5l anls lale (LUEIL (gl s b
Ol 5oyl anlllas )3 das o OLES 28l S p S LS
s alS el A e S ke Vooo CBlE s eslS
23 e ol S b e S e g b e pl A2
S o 3 sy e ey oS A3 VL glacale
Jolie 53 003 S5 s Olgee SRl el o xS
A e S e Bo0 ChE s i Hsba ) olee sladS
o Jeliy 52 e S olie SIS Sl G
e 3 S S8 slacd sad oS ASl e olls
Ol oo Ol ool 53 il e OLS 3 T Joles L Jal e
35355 555555 SIS G J e a3 (5w
= s ST Bl S ) (ol S oL
o 53 OLalS 5o (s sl e iy 5 o o e
Lol b S Jgos lads lds il 3l 5108 e 31 as
e (V) el 0 1S 5 e GBS 055
3 I e 3 5 a8 a Of Jlasl zals L
SLaSGlUl (bl 18 Sl 55 4 owie S 525
o 5l s L GAS LSLA(".’J".’T B BISEIS T RUP
Yozl ey (sl 5 on A3 e i s o
Lol 3 Gl Joily Lis (gl olS a5l sl
S 53 sk ok 8 oo ol e b e
oL ol s o sladd [l L 55 e )5l (Sl sl
sl i Gl ) 5 Shdeas S e S Ll s
s 4SS sl d s G5 S s Ll 2 0 Jshe



\Y¥AY e/ r-"-’}t-l o ylas / r)\.q—g- /s, wl:...i(,-_,.g

ailate iy o 355 Bla (5 e p s il £Y 5 0l
gl adlaie 4 o 3555 pde (YR) 538 o 55 o ) gl
o Sl ailiie 4 e oS Sl e s 65 0
Sl O (6 oms 4 Lol G b 51 s 535 5 023 355
S il JUESl oS Ll ps slaceans &y Al 5 JUSI
OLLS IS 035 95 S0 A6 53 (V) 0Lk
53 0 plem el sty 3 om0 Salil &S Wl
@ Jpdoes o S BIE SISIL Al @ cd 35
a3 o Oy s s 623l (s e il
() Ol s el s a5l 208 Sl o5 52 o
3555 oS 5l Cezay 355 oS (555 1) alie &b 5
5 S il Lsais 53 1y o 0, e VO ol st
oS (4) dms 0L 555 5l e s VL 0L 2
BYRERupe r;jxgﬂa;dp \eo 541> Brassica juncea
il alpaplil 53 Ly s oSS e S ke Vo 5 et
o el Bl i SL Vel Solea LS e
(Y1) S e a2l
TS LS a8 s e e (G opl ml el
ALl S L A e S e 000 B s L
03 bl & J e gland S e alilin (..:.uls Cons
YU slachle )5 Cu jae Ol pde LI Aol b gl
b g8 b s Jood slael, 5l Sos S Ll S e
553 Sl S 5l s 218 Yo iy o e
55 o3l B LS o eslinal jolie ol L ablis (sl 5
Ol il s e s BB e 5 o 5 il 4l
o3liul 1oaslS 4y 0341 LS 55 25 oS g oSl
i el o e SV eee B e
S UlsS e s or R s AlielS s el i
oLzl o ay 03401 bl 53 o (5Lab sl (51 LS (!

.JJA..!

) S ke Yoo Chale 3 (YY) 0 aalllas 340
T3t il D3 Rl (ol e psbay e ol Ol
23 ks h o 3505 3l S s b by 28 S 0l 0L
sleble 5 s ooleay &S o Cuslin aie opl ol
s S e oot T e i Dl e L 25 VL
Ol woslS 5 e il 0531 L S 5l OLES i ot
Jods Yl ol 5l s 21 s 3 0T
23 obe ol (el Be s Rl eeslS Sl 1 58)
33 (TV) 3515 5 oer sl alllan olin and 035 S
L 4S Qsls OLis Atriplex halimus oS s w238 Sl s
ol oL S Bl 5 aiy;y s 0 oS el SRl
0203l Sl s 53 (08) LG 5 LS Sldlas L e
sl 58l L aS usls 0L Lepidium Sativum oS 35
ol LS 5wy 53 e cpl (S esls cile
S e Voo ChlE s ay; O Oljee 4S5y sbay 3l
53 (F0) 0Man 5 Ol oy 8 e Voo 4y SUt o S LS
S Usls LS Solanum  nigrum &S V.:p.slS Sl s
ey 03 el e Rl el peslS Shale 58l
() 0L 5 06 Sladllas s alie mli s S OF Gl
Swietenir macrophyl «5 S &5, o3l S S e 0
eSS s 55 (TA) OS5 SIS Sl
el Cint (G5 e S S
Vooo Clale po by gl ads) 53 edlS O ol
Plaas sy e Sehs e Sihe YAe 0 1) e Sk
a e JUESH Olsn oS Jl 55 A3 iz S 4 O Ao
S 2 i S ) S ke O lale 53 LS
das e 0L cpl 3 Aoy VE/O 5 d (i sdalie OF s
ol eanslS ISl 51 g s S 3 e Jlitl o
o JLEl oS sl 0L 3 ol gl S e 53 250 0
35 ok rl;,;,\ Sldllas AL o 3 does sl oS 55 ais o
Riay o GBS )3 O oS 33 0L )3 5 s olS

V¥



... (Pinus brutia) L y » Cls oS K54 30 50 dl.a'c.«b’ SN Feon

oalaiw! 2,40 C:LA

.W)ﬂ))%z;)bﬁbjzdudw dfﬂfuﬂ)¢xulswj~a.&):ﬁ¥l£u\jf)j\Y’/\f' ucuUauLleT .\
NSt VYo LQ‘JC_: OK:'.."J d’.:.‘lﬁ CLA OJ&.:J‘J 5.)“::‘)\ L;.AL«.JJ)LS Mbdtili

;.)J_.AM.J.Q:J &j)\)&ﬁjﬂjwﬂjﬁj‘m ‘u‘.‘}‘{")’fﬁ uﬂﬁ:l: L;.«:Jﬂ.“”/\\/ -LS)‘.‘.‘E"" QLLJ.U;- .cj.t‘u_?bT L;‘J’: Al
-0y ¥y dk.mfajl& «(Brassica napuss L. )15\ SPRENE

(Quercus brantii & Pistacia atlantica) s 5 Sl by a8 55 55 St VG Conss 018 oLl YA (s o Sl Y
f \Y? LQ‘JC_: OK:'.."J d’.:.‘lﬁ CL.& ev\g.«:'.:‘b Lv\.\;’)‘ L;.AL«.JJ)LS Mbdtili

u.é \Y’q G\Y’° b)l.a..j: 4)}'\.:«5 é\f} L.é.ki.‘:- CJL:L;.:L‘»_T W}A C)\)L&SJ‘ gL:...-:j).? C\S W’\/\‘ <= 4L;‘3JLQ.:.~AJ Y

e OF 0ol o jlek

6. Bates, L. S., R. P. Waldren and I. D. Teare. 1973. Rapid determination of free proline for water stress studies .

Plant and Soil 39: 205-207.

7. Baryla, A., P. Carrier, F. Frank, C. Coulomb, C. Sahut and M. Havaux. 2001. Leaf chlorosis in oilseed rape plants
(Brassica napus) grown on cadmium-polluted soil: Causes and consequences for photosynthesis and growth.
Planta 212: 696-709.

8. Bishnoi, N. R., A. Dua, V. K. Gupta and S. K. Sawhney. 1993. Effect of chromium on seed germination, seedling
growth and yield of peas. Agriculture ecosystems & environment 47 (1): 47-57.

9. Burzynski, M. 1987. The uptake and transpiration of water and the accumulation of lead by plants growing on lead
chloride solutions. Acta Societatis Botanicorum Poloniae 56: 271 - 280.

10.Chen, Y. X., Y. F. He, Y. M. Luo, Y. L. Yu, Q. Lin, and M. H. Wong. 2003. Physiological mechanism of plant roots
exposed to cadmium. Chemosphere 50: 789-793.

11.Das, P., S. Samantaray and G. R. Rout. 1997. Studies on cadmium toxicity in plants: a review. Environmental
Pollution 98: 29-36.

12. Delauney, A. J. and D. P. S. Verma. 1993. Proline biosynthesis and osmoregulation in plants.7he Plant Journal 41:
215-223.

13.Eick, M. J., J. D. Peak, P. V. Brady and J. D. Pesek. 1999. Kinetics of lead absorption/desorption on goethite:
residence time effect. Soil Sciences 164: 28-39.

14.Fan, K. C., H. C. Hsi, C. W. Cheng, H. L. Lee and Z. Y. Hseu. 2011. Cadmium accumulation and tolerance of
mahogany (Swietenia macrophylla) seedlings for phytoextraction applications. Journal of Environmental
Management 92: 2818-2822.

15.Farago, M. E. and W. A. Mullen. 1979. Plants which accumulate metals. Part IV. A possible copper-proline
complex from the roots of Armeria maritima. Inorganica Chimica Acta 32: 93-94.

16.Gill, S. S., N. A. Khan and N. Tuteja. 2011. Cadmium at high dose perturbs growth, photosynthesis and nitrogen
metabolism while at low dose it up regulates sulfur assimilation and antioxidant machinery in garden cress
(Lepidium sativum L.). plant Science 182: 112-120.

17. Gouia, H., M. H. Ghorbal and C. Meyer. 2001. Effect of cadmium on activity of nitrate reductase and on other
enzymes of the nitrate assimilation pathway in bean. Plant Physiology 38:629-638.

18. Hernandez, E. L., E. Lozano-Ridriguez, A. Garate and R. Carpena-Ruiz 2001. Influence of cadmium on the uptake,
tissue accumulation and subcellular distribytion of manganese in pea seedling. Plant Science 132: 139-151.

19.Kim, Y. Y., Y. Yang and Y. Lee 2002. Pb and Cd uptake in rice roots. Plant Physiology 116: 368-372.

20.Kochert, G. 1978. Carbohydrate determination by the phenol sulfuric acid method: 56-97. In: Helebust, J. A. and J.
S. Craig, (Eds.). Handbook of Physiological Method. Cambridge Univ. Press. Cambridge.

21.Kumar, P. B., V. Dushenkov, H. Motto and I. Raskin 1995. Phytoextraction: the use of plants to remove heavy
metals from soil. Environmental Science and Technology 29: 1232-1238.

22.Lasat, M. M. 2000. Phytoextraction of metals from contaminated soil: a review of plant/soil/metal interaction and
assessment of pertinent agronomic issues. Journal of Hazardous Substance Research 2: 5-29.

23.Malecka, A., W. Jarmuszkiewicz, and B. Tomaszewska. 2001. Antioxidative defense to lead stress in subcellular

Vo



\Y¥AY e/ r-"-’}t-l o ylas / r)\.q—g- /s, wl:...i(,-_,.g

compartments of pea root cells. Acta Biochimica polonica 48: 687-698.

24.Mehta, S. K. and J. P. Gaur. 1999. Heavy metal-induced proline accumulation and its role in ameliorating metal
toxicity in Chlorella vulgaris. New Phytologist 143: 253-259.

25.Mejare, M. and L. Bulow. 2001. Metal binding proteins and peptides in bioremediation and hytoremediation of
heavy metals. Trends in Biotechnology 19: 67-73.

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

27.Nedjimi, B. and Y. Daoud.2009. Cadmium accumulation in Atriplex halimus subsp.Schweinfurthii and its influence
on growth, proline, root hydraulic conductivity and nutrient uptake. Flora 204: 316-324.

28.Nikolic, N., D. Kojic, A. Pilipovic, S. Pajevic, B. Krstic, M. Borisev and S. Orlovic. 2008. Responses of hybrid
poplar to cadmium stress: Photosynthetic characteristics, cadmium and proline accumulation, and antioxidant
enzyme activity. Acta Biological Cracoviensia Series Botanica 50(2): 95-103.

29.Parta, M., N., Bhowmik, B. Bandopadhyay and A. Sharma. 2004. Comparison of mercury,lead and arsenic with
respect to genotoxic effects on plant systems and the development of genetic tolerance. Environmental and
Experimental Botany 52: 199-223.

30. Pivetz, B. E. 2001. Phytoremediation of contaminated soil and ground water at hazardous sites, Ground Water Issue,
EPA/540/S-01/500. 59 p.

31.Sanita, L. and R. Gabbrielli 1999. Response to cadmium in higher plants. Environmental and Experimental Botany
41: 105-130.

32.Schat, H., S. Sharma and R. Vooijs. 1997. Heavy metal induced accumulation of free proline in a metal tolerant and
non tolerant ecotype of Silene vulgaris. Physiologia Plantarum 101: 477-482.

33.Shanti, S. S. and K. J. Dietz. 2006. The significance of amino acids and amino acid-derived molecules in plant
responses and adaptation to heavy metal stress. Journal of Experimental Botany 57: T11-726.

34. Sharma, P. and R. S. Dubey 2004. Ascorbate peroxide from rice seedling. Plant Science 167: 541-550.

35.Sun, Q., Z. H. Ye, X. R. Wang and M.H. Wong. 2007. Cadmium hyperaccumulation leads to an increase of
glutathione rather than phytochelatins in the cadmium hyperaccumulator Sedum alfredii. Journal of Plant
Physiology 164: 1489-1498.

36. Sheoran, I. S., H. R. Singal and R. Singal 1990. Effect of cadmium and nickel on photosynthesis and the enzymes of
the photosynthetic carbon reduction cycle in pigeon pea (Cajanus cajan). Photosynthetic Research 23: 345-351.

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

38.Yang, X., V. C. Baligor, D. C. Mantest and R. B. Clark. 1996. Plant tolerance to nickel toxicity: Influx, transport
and accumulation of nickel in four species. Journal of Plant Nutrition 19: 73-85.

39.Zhang, G., M. Fukami and H. Sekimoto. 2002. Influence of cadmium on mineral concentration and yield
components in wheat genotypes differing in Cd tolerance at seedling stage. Field Crops Research 77: 93-98.

\%4



