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2- Speciation



MW e oL s basgi nodlS by s g mias (oo (390l g i

5 S Sl SRy (B g Lass i) ) Jeie
sosly 4 dogi by o s |y aallas 350 sl S ol
o L LS ()5 5 (ol s daoys a5 S g) Ja
2 ol sosdw =98 (SB Sy SB &S 5j0bdy s Gglite
S Sl b el Sy SB I i Sy S pH g CEC
b je by SS90 ya )b (gyin Jolee panlS” Gl S S,
Sy Jl})) g)_w)l.\_a.od\j.ﬁ.)y L.J)M9MA‘>K ‘5)1_\5.» dgl)
oSy S g 1o )3 predlS Jlide a5 o3 g Sy S5 iy
D9

S ed 9 )95 g peedlS lojen LY Jg>
o=l g0 adlles 5y lalS s 5y Slos aztly plesl sl
St odlo Wy Al =Y Jods s do g b s o lis |y imgh
ke Vo U o clale o b gt —yoi SB > WSy ]
MoDLA)‘W)._)I):F’L)Y/Y' be)fﬁﬁwm.)‘sf:)f
Az g Lachale plan )3 (cedwm el e SB > Mg
Yoo cble sy N0 4 S g ya s WSlo 5T i 3, Slee
Orzed C 8l il aald jla 4 Cund p)SolS  p)S e
S350l 5930) Sy S aals Hles 5o biyeSller Siss odle s
o=l Jds e Sy S s salis jlews 1 it plp Y/ o ewedlS
LissSdlo (Vb (522 9 0lS nl (992 Mmn )9 4 Blgicee Ty el
Vo 5l 5YL ewodlS (gl Sagll 55 a8 Jls )3 ol Cund (g9
ole 1l 53 (pel+0) (o smine ol p S LS 1 )5
b odnlis S g o 50 wlie (gbajlew o Loy eSll Sl
o3la S S 1 el 5 ko V¢ 5 5o (ool ko 53
991_3. Do S, Ss )1)w_»4)_)‘):;’ Sy Sk 2 bﬁdnlw&w
Gl Sad 4y Jbo g (BLS o gdeke a5 05,8 )155 (VY) o, S
ol S e By oS (6y90 b St da Gblie ) btes oS
o U Jhany LI5Sy SB 53 6lS ol o 03550
-u_lﬁ.o Yo cdale )5 opdede (gl a5l olS A, «“9) S eYL
Vs 595 iz ol g 09 Cand 0y (S p SolS y adlS p S
O IS 93 2 3 p)SolS pp S e Ve e ke 3 Sjaler
SLs > ouodls & oSl 1 5 LysSilla syl S oo 2,
Pl ds Cans Lo ysSlle iy cpl )0 g 0 el I st Sy
S5 Ay G oS (5L ol & cadlllas 550 LS

€95 4 1 1,55l S L olojl 1 (V0) S 5 938
3y Slos oy i 48 2L )0 et Hlows g seudw yoi S

H3BO; MnSO,4H,0 FeEDTA K,HPO43H,0
&l— (CuSO4.5H,0 4 ZnS0,.7H,0 (NH4)sMO44.4H,0
03958l ysSie (sla WS 4y (clandss Lis &5 o I (6 5l>
gl e ) Jelss s 151 ol (gl emiman 035
olge & @olls SBESP 4 (0,6 5 )bl ol 5 ¢ oz
D92 013,55 cuiS Ll jd alS a8 05,5 ans e o gl aali
S ESP &y ais y3lio ) Lagils oyl o SUs ESP ol yuis
oialS 3 glals palls 13U bl jus GlS gols slaglils
L] Gy S ESP

Lrgoad cudby alS alp (isw udlS I gy olo e
4 YO slad ;> Landiged  pumo 1505 031 gutiaanss shadia
oot bl s Ol § Sis celo VY ©de 4 31,5 ik
oS S Chle 5 5 gmalinsT () b olS )3 0w g eaedlS
9 Yo ¥ S el L fgmlienST gy 40 SB 3 0 g
30 SLS ESP (1) el oy o3l Gl olSownd b (65050
b Sl lalS bl |

5 S 0eodlS b oo (Sagl (15 el b b))
3y Sdas Bl plesl (adli jl QbS5 p (et —6)9d G5
15 o3lial (RY) oo
RY = % «100 (¥)

o

Y, 5 c u_?.sj,_ﬂ oy olS S5 ool 0 Shes 1Y, OT NS
ool Sy SB o aals jlows 50 ol s o3l 5 Shos

ghw 2 ) S el gl LUlg b))l sl
o2 (g5 D398l oyt oy Ly redlS 4 S5 (S
i cbale” a MolS IS i cldale" o I (BCFy,)
oyt e dn o el Conty "SB (oo + Jol5) S
bwg SB pdw il zeo sbize a4y il S 5l iy BCFy,
Lol LS

il polaw (YL > Gl U5 b)) sl osaren
(Ulg ol S s 5 55 586 9 030308 b o (53]
) Ol ey oy b peedlS 4 S (Sl a2
23 U8 cdale” 4 ol o 3 JS ke s Juol> I (BCF)
Sline do il SOl iy cupo cpl 4o pn b e S
ol oS by S Sl iy xeos

ol slacSol )b B )5 L)yeSl & s 4y bl
sl S o 518 cdale g olS S (sl J1ST dw o dolas
- pSile duslio 5 SAS J133lp 5 51 eolizl U (glof (cloay o5 05
Sygao doyy iy Jlein] o ;3 SNK 4051 51 o3kl b L
b5



1A sl — cpo « Foylod VOl (S g ol apis VY Y

L i SV B0 6ys8) YU (6ye kalpd 53 9315 (6)9 9 ©erlS sl jenl ce 395 J55S15 53 (el Lid s
1> Ay A (2 o Vb b Sl sl o8 aiBl s pdmgh 5 (V) oS

adllle 3,50 GBS (glowsd 9 (938 GBS g (B2 9 G303, Vg

S,SB Sisk
Typic Endaquepts Typic Halaquepts S g,
YY/Y V5 (%)
\As Y do %)
YV/¥ YY/f ooo(%)
£9 w9 Sl oS
Y/5A VIAS S olse(%)
Y/ Ye/A (cmolckg'l) CEC
Yo VA (dSm™) EC,
Y ARTAN (%) ESP
¥/\a YSIAS (mmol I'"?) SAR
Y-/o Y (%) CCE
A \lia pH
VV/¥FY AN (mgkg") JS oy
VIFY VoY (mgkg") JS puesls
Yaa-0 \SAUFE (mg kg Js ol
al VY (mgkg™") JS 9,
VN a/va (mgkg™") JS e
VY YY/¥ JONL¢
- . M) St e > I oo
ofs o M-‘"L-’
</A ol olo,s
:Z/i \l/\‘; = j; (mg 1) S Jgore 5 & (slogsed
/A \aTA% il g

¢ Joleo auaddS” iy ,S CCE ¢ JT lgo :OM ¢ 5055 Jols b ks :CEC «SK glusl o,las S oSl colun :EC,
9 = gwile)
I BB s 303 :ESP g s 0> o :SAR

w9 (W) conedlS  FaglT o g ghans 43 0y dodaws 5 b ygSudlus ¢ Sy 5T LS (Y/Y,)® (ommmni 35bos aidly pléal ad L - Jgoo
(Sy) sosmws — 59a0 ok S 9 (Sy) (oriiaw — ygs S 93 13 (&)

wb's (d."
$ = .
(%0) GRS s 3 Sos
- "u — i 539381 paodlS' JS clilé
R :
5 dolw )95 oS 5 (mg kg ) S & 0l
SySE S8 S, S S, S S,SL S, Sk
ye? V& Yot \ar yoo! \Ala
v’ ab o’ 5.0 \aP AR )
\¢ s Fr© v Va° \o° Y.
n.g. n.g. YAl ve n.g. n.g.” Voo




WY i 9 oL dus basgi nodlS by s g maas (oo (039000 g iy

e
" s (%)01@%5 o 3 ySlos ’ 59381 o pos S il
o 5ok sl S (kg ) 515 oo
Sy S, S S, S, S S, S S, S
Yoot V& Yoot \Ara Voot yYst
aq’ wh o8 vs.b A 1$1° vo-
AD" Ve ¥’ yYY© aq’ V- b
¥° & 5¢ VY Ay’ e Voo

(Y0) S; SB 5 sals jlog Sid o3le 4 (YC) Hlos jo 13 ol Sid odle 3, Shae dopd s :$

w203lS Cooms Judods oS Ay pac #

Db oy g Jless ! pdaw 55 (61 xe glas glitie (g ys b sluel (gt o 40

29SS 3 (p)SeS o pySke Vo) o8 Clale )5 predls
S 352 Sy LS 3 (oS5 1 o5 an V) gt il
oS o Ve el 3 a5 Sl T LS S
3 (5 (V) Ll oS 158, (51 S Sk puodls
Ni) @l s 51 SYL polie (WL o ijabl oUles 6 5dal oS
oS zolw )b dg 5 e sla iy 1) (Cd g Pb Cr
) oedlS Sl (2 5V oSl 5 0 ks sagedlS 539l
&S ol Oi Sole wls cpl ol SySB 4 Sy SB p cwy a
5 S (S350 g 4 e ol sl ol ity 55125
39l 5 ko bawgs &S Liolojl 3 )b (S SB g5 puimon
ol 3 1) uodlS” (2ja0l oy ey Sl sl (285 ploxl (YY)
w38 @ o3gll clacSs iYL s o] bl S5ko oS casly 295
L oSl 51 oS o (slmplail g ady; a3y Jlo ol L e
Omomed 3 L (g)b pxe LralS S s peedls clale y2ol58l
(o=l g ogde g olga slaplul i ddy) )0 peedlS” il
P 5S p peedlS 25 (o Ve clale ) opedls” (Sl o oS
Sy SLs s pwSo sl 4 bgge aloea slaplisl p SLs
ol D9 (Amg kg'l) Sy S L3,eSJle o (VAmg kg'l)
SLBpl 5 Clil ) o eodlS 45 238 ()5S hSitmg,
GBS (V) OhlSen g LU (A) 33,5 o i) 4 0)bg> 2lgn
<, 4 Atriplex halimus 4 Salicornia Europaea 45" 15,5
03lo py S 1o )3 5uodlS Jo0g,Suo V/Y o VAYIY i5e0] LUles
D) ox0dlS Jaeg, e Ve e clale ]y Sis

ot Tpbyed SIS Sl il 0 Y Jpir 4 295 L
o e bl b 3 aS Jls 30, S Qds YL oy
355 slaylwgls ) 1) @y o o i 0 deki g L)sSlle
Al

oS T Sis osle Ay 0 =Y Joio 4 dagi b uieen

O pyS ke YO+ gy ChlE Zolaw b (ot =98 SB
S5 3 sidy s oo jl it il VIO (S p 5ok 4
SBine ©gli5 Jb cpl b gy aelale plos )3 (ovdur 9 pd
5 0ne ) sty sla Sogll 55 Sl 5 Loy (St o3l g5 5
ks odnlie SB g3 (o )3 S p)SelS p Cp p)S o Veee
53901 59 Sy S s LSl Stis oolo g i
Voo gBee FO+ oy sla Soodl 59,0l ¥/0 ( ewedlS
Sy S5 55 alie sbojlos I yide 2l VIO p S5k o )5 Lo
Sy LS 5 i plyp A LS Sy SK 5 6 sdales St o3l 36,
LolS Siis ool ials Z35 copl g (958 090 bojlass dadr jo
2 a8 GleS a0 SB gg 1l Cov G glacdale i3l
oy cdale ili 8l L o packe 5 Slas osius =0l S
&y Ses il S Sy S1LE S s ccdl yials cus
sl (S o0l it odalite oy cale Ltlihl | S e
L5 ol 350 YU Sy ST 55 6 gdabs 5 LuShysl 5 Sy SB
a0 S jaboay oS 4 s (e (SOG4 0 s
3y5-0 GLolS G )3 )l (K oLS £55 5 S5 sla S
P S 1 eedlS oS e Vee Clale 13 L)oo adlas
Dy <y 0y Sla o8 kS 55 LSl 25 0, S
ol 3 o008 g o (S35 (509 4 G oS )k
Sds go3le 3 pw g peedlS Clale Gl X9, ¥ oo

o 31y yitaln 5 LS s Sl LS o gl
a5 bamd o L5 Sy 9 Sy S g0 jd ewedlS Sl calizes
Vb ol oo =0 e S 3 Sl 3T 1Y Jgue 4
Ot )sSllw (popd =9 Ll 3 &S Jbs 33,8 Ol
Cls oy Tl dyg0 yd i 295 slayluplls (o 1) peedlS Ll
Gl iy D9 Cglate peedlS Calides slaclale )5 wuadls



IR sl — cpoe  Foylod YO al> (S g ol apis VYo ¥

(@) (2w 9 (W) onodls S0 Bliseo gl 3 8 i dalaw g Wi ygSudlw ¢ Sl JT LS SWid go3lo ;5 ©pw g paedlS il Y Jous
(Sy) (oo — youi gué SB 9 (Sy) (oo —youd S g3 45
odlS (I

(mg kg') LS o lwpls SWisd ok ;3 aedls clilé

- bbg}é‘ Moals x5 adale
8 33 dodw W w 51
» L y95d S 55 (mg kg) S & o0
Sy S S, S Sy S S, sk Sy S S, sk
.$
VA VAR E L/ Mo £ N AR\ Ya/f £ ). /v NI eI \e
0a/o £ V/a° iy £ 0 A¥ £ /.2 (e F5IF £ O/ YAA £ VY Y.
n.g. n.g. oF/+ £ P V-V/A £ ¥R n.g. ng.” Voo
@y (2
mg kg!) LS o,lwFls Suis godlo 3 Lo cilile
( )u ) C,“ ud L : 239331 0 pow JS il
5 5 aal X R chle
)" »)N U”SJ"!-)" (mg kg—l) JBQDM
Sy S S, S’ Sy Sk S, Sk’ Sy S’ S, S’
.$
¥/a £ v/A ya/y + ya/a? ya/a + ¥/y? YAV £ VA YA £ AV? WAV Y-
vE/5 £ /ol P e v/ £ ¥° YA of/d £ +/5° fo/- £ YEN° B
YYIY £ YAFC AOIA £ 3YN© INTAE o va/. £ VY Ao/A £ o/Y¢ SN £ VIY© Voo

w08 Copoms Judddy olS Ay past #

A5 A e > jho oSl Cds oSy bwg c8lE pae s 4 als e 13 Gy g eeedlS cdale :§

)b oy g Jleis ] e 55 (gl pxe ales glitie gy b dlael (gt o yd i

2 oy g3l ey (Sl g Gl L O Y o
21y e G03900] YL oLS a po g b (38l lals
Alin ol A2l S p Sk 1 oy p Sl Voo e il
s ool 03 GBS (18) oSS 5 Soogle g
WU oS y5d T smyrnensis oS y3 a5 wzbl )y imgl 5
N glagyon )0 g Cusly baady bwgl Gy TN » d)lbui;w
S 6595 6 Sy 3 & Jlo 328l ilS o pezs
A Cams (690 YL glackile o) gyin 0w olals g
LS Jlos 13 el @y S e g gl ol o5 slaclale
A5 (A) STy gS 5 Scgle (18) b 1nlie 03
bwg mpedlS Qla Glalidl sl (6)5-8 Jlalidl as s
oS bsg madlS Gl e 586 ()90 2005 Syl
b SB o alils el caw; s & Ylas] jol cpl g sl
dya0 0 aS Jlb .l SB @l lawg peedlS Gl Lials
slaccdl Oy el 1 S jgas 6851 156 G
P S S pedlS G g s i sdalie (aLS
90390 Joloes S5 13 JLoy sl pH jd canl Syt olS
ol o S 4 algn sloplul 4 ady) ) ooy S izren

—dolw < UASLA)JT S & Ldg o.))f BV J) (Sr JL’>) goJAw).:.C
g (Sy SLE) pordw =98 SB35 LSl = 05
oSl 5] Sl b o) s el 5T < 6 ks & 15 )sSlu
w9 g baalyd 0 1) Oy (YL o590 Ulgs L oSl
D3 oo =9yt baulpd )3 Sy 5T 5 SB
9992 8l Sl 5T Jiasiliy (FY) hLsan 5 300
aly oSl 5T 5 03,8 byl 1y oogll sblie I il o iYL
e 58 S ) il slajenil e oyt 3l K plge
bwg mredlS Qi (iali8l s yoxie (6)9-5 Llal8l A S
yol oyl Sl JJs &S (Y+) 298 0 Tamarix smyrnensis ol
Ol dsay) it Ol Qla by ey o Sl (YL S 0
el (V) 43k oS 599 & I3 Y Tl yomie (i
aang b (Y8 5 W) sy o JWsl s olgn slacowsd o

1- Sediment
2- Flux



VWO i e ol dus basgi nodlS by o as 9 maas (oo (B39l g i

21 BCF i 5568 )5Sl 5 oy (Sl 51 5 8y S5
VO-FID 1)y BCF pslia b Sl 51 45 Jlo > izl Sy S

5 (o ~y9dpe Lyl )3 oJAY pln BCF polie Lo el
a0l e cesdw — e S 3 S 905 BCF L L yeSl
5L peedlS 595l i ylgie

e Lasls BCF a5 aizils Jols! (V) o Kan 5 55
5 ols cldllas anly 4y ol 5ol i LS (ciies)S <l
ol 38l L Sl 5l slaSB 3 puedlS S0 () laze
L ool (oS 5 el 5 B 5 e ol (59
Al oo modlS CdMo g (S 25 Galjal g N

Y0 5 VD sy 4) BCF polis o paak 9 (WSl 51 590 5
bl iol38l y08 I8l b esdw —yad s S (YL /A
9 75 L el (Sl JSt3 ol b gm0 o5
LSl LS > (et il S (5SSl
o meodlS cdale (il b agdus — o S ;3 BCF polae
5 WSl Ul Sy o (G -F Jpi) cadlls g
P393 sl Sty Jomily (el 3Tl oadlS” 3550
aS ob lio zbs pl ol i esdw —jgd e S50 el
o3l mrodlS 4 039l S iYL (¢l wilg e LS o)

2ol ol J wizmen (VA) sl sgame Jsho )]0 5 4y s
a0l o oLl 4y didyy 5l pu o5 Jlal & e 0 |,
(FV) 055985l g0 oS 33 & s Ty oy 51 (0L 5 0lia
Sl [y (BCF) (sl 15 oy (nSle plie ¥ Joo
S35l cilsn a5 otk 5 LiysSlle (Sl il lalS
=¥ Uiz aang by o i Sy 9 Sy S g0 0 (exedlS
S ko Yo g Ve clacdale )3 BCF ppolio e oSl 5 (sl il
YIFY 5 Sy SB jd+/Fe g o/+¥ iy 4« SB 5SSy awedls
BCF ,5lée (puedlS” slaclale don (gl 39 Sy S ;5 V/FY
ISy S s a8 b 55 591 Gl Loy Sy S 5 Sl T )
Ve slacdale 3 BCF yolie w05 doduw (gl 0gs piaie «/Y B +/Y
PVY g VEY iy an o SB p,S5olS el p)5 Lo Yo g
Syt Jolod Sl 5T 390 Sy SB 15 VAL 5 +/VY 4 Sy S
&S yob len by L cesdus — e S jd guedlS” 455950 (gl
ol Gl ol Jeuily S A Con olS )3 56 clale )90
il (Siun SB g9 uiomen 3 SB 59l zolaw 4y puedls
ol o 38 clale @l Mgy alie i UBCF ol s Lo,
O gl Jls (il L) 13 o 3)90 1 g 53 45 5
Vdprr pli o dag by i ad)S Jlas ¥ Joio o glals
il 259 SS90 ;2 0 10 olS A s (g0 xe OS]
21y BCF Jlaie (5208 (uSls 5T g cp2piiber 0 d0bs o g5k

23 8 dekw o b sSll (Sl 5T LS (5132 (2w 9 (sowo3lS (S39)1 £l (5132 (BCF) ghuam 5ot o o (50lee pa3lio —£ g
(Sr) (oostuw =9 308 ST 5 (1) cotnw =598 S 93 33 () (2w 5 (W) (oox038 (S s g gl

fg.:.o:ls (JJ‘
BCF® ] .
e sl Sk 51 w2a78l 8 JF S
Sy S S, S Sy S S, S Sy S S, S (mgkg™) S & 0un
NGRS VEE £ o[ NS NIVERAN & AAEATS A =RV V.
VAR E of.5P V¥ XY E VP N VEY £ QP NN ¥
n.g. ng. NN Moy £ /o n.g. ng.* Voo
e
BCF® ] .
o el Sl oSk 2938 e J5 SIS
Sy S S, S S, S S, S S, S S, S (mgkg™) SK 4 o
IR E-RVY YAE-RA & YNE-RN & N E-RYAN INER N N ERVN Yo-
NRAESVRL NE=N sy JAY [ NSV R dee
RS e Nt R NSV oAt o[ NV eV e Yeoo

(Co) SB > Gy g peodlS IS clale & (Yo) Hloss j2 55 (Cp) olS Sid 00lo 50 JS oy 5 auodlS o :§

08 oo Jdoas oS 05y pact #

b o g Jleis ! pdaw (5 (g5l pime gles glie CBgys b sliel (gt ya 40



Qe sl — cpoe  Foyloud YO al> (S g ol apiis VY P

wsbckle YU polie L S juw Yl ) ol opl as ol ol
2l & S wredl8 1 (VL plie (25900 Ul LiyeSlls oS
cowlio (2LS Hlaie 4 1) Lo )sSllo 5 0> peedlS” (sl;ou] iy
.JJ); u.%):w rg.».o.)lf L o.);ﬂ g ‘SLW.{B )u»uw\/l; d‘);

Sl (BCFNa) (s (55985] o pd (5 p0lie & Joo
33 0y 5daks g Ly65lo ( Sy 5T ol buwg SB i Ol
981 SB 93 )3 () a5 () opedls (531 cilise oo
D Jodm dsang L.l olS lwy SB i yidu (09l
wﬂuﬁiaSvsS\&_ﬂ.&S})ﬁ)) Sk o2 S L.J.\>).) b)}gajl.w
oodlS g oy (S50 )3 (Sv) (omrdu i 5 y9d e SB
s bl Lo yeSlls ol o Jbs () b s o pdalu jI 5Ulgs
5 e 5o9] gl Gl38 Ly Sy 5 Sy S 93 12 )5 s
sosdw =0 S 13 BCFy, polie .cdl ials S ewadlS
o il I8 s aalis 5 Sl 5 5 LSl ool o
9 (S L;Jsﬂ » B(jFNa )J.)LQA J‘.> U’i‘ L) L.A.eb M‘S [V"A‘)‘S 9
(o 98 SB g (Sy) (oovdunyed 9 )98 8 ST sl (owedlS
bl elaie dalS g Lisli8l Wy, olS aw ya gly

aon > uShy 5T ol BCF polie o =¥ Jodo a4 ang b

—+INF o Sy SB gl a8 s g3 090 S /0 Gy slacdale
&y BCF polie .l jials oy clale yiol38l b s 5g /0
b odalic s S g0 ya 50 by me glas 5 399 S/VY L5 yeSIls
590 Sy S5 5l i o Sy SLE o b e OS] ol a S
O+ g YO lacclale 3 BCF polis o paokw gly (p<+/+0)
Sy SB WY g+ NY Cwiy a4 SB p)SelS 5 g p)S o
Lowg 36 95 aBCF IS jsbds 39 Sy S 3 +/+Y g ¢/+Y 4
L (p<e/+0) ()l mime sl a2l Jlogs ) aslllas 3)90 (LS
slaclale oy 3 BCF jlade (Jls cpl bacash byles ple
SIS (P</+0) (gl sime ©olts ST a4y 318 0ns 03938l caliseo
393 S 3 o ol (gl gy B oS o ok
a2 /N0 3l xS BCF yolds sl b s o by olid ey
S Oy bl 3 oYL Sl adllas 550 lalS I plaS
sl AOIAY mg kg oLS s o3ls 55 oy cilale O i
Sy SB 5 LS 5T gl ADAY mg kg 5 Sy S5, 0 ek
odd ()35 (VF) Bwg il § ey ooy il (2l5 25
oSho T S a5 S )55 (V) oL § gl sl ol
~Caomd a1y ol 5 (Sl plie g anslol aduy o ) S @3l
inlojl opl 5l edel cunsay claosls ams o sl olS YL cla

5391 liseo zolaws 43 0 y5 ol 9 L yoSlw (Sl 13T LS bawsgi (BCFny) poow (st ) (39! ot pud (Sl 3l —0 Jou>
(Sr) (oot — g ot SB- 5 (8)) (omiinw =y S 93 3 (@) (o2 9 (W) (oomedls

amodlS” (1
BCFy,* . ,
8 3 dodaw W oSullw Sl 51 0393 oS JS g.gb.l&
S, SI& S, S& S, S& S, Sk S, S& s e (meke?) S el
W ANV 00 £ ¥/A* FAS £ 7V Yoy £ MAE YW AEAT S
saEy.P Y £5° ARY £ )P AD £ ¥ 1) £ FAY 5ot ¥ Ve
INE=2N Yok v/ab FYS & ¥/va° WY £ 55 Q05 +1ay° V£ - or? T
n.g. n.g. yay + yssd VFA £ FFC n.g. ng”? Voo
o (2
BCF,* . .
5 5 doluw U sl Sy 51 039331y JS ub-ls
S, SI& S, Sk S, SI& S, S S, S& S, S N
Wk AYY? I ES ¥AS £ 1V Y.y £ 5y INVES A T
va 4\ Yo+ W £0Y + fo° Yoy £ 5¢0 sv5 £ AV £5 vy Yo-
WS Yo+ 140 AN £ YY© YYY £ AV ). £ \¥a° Sy de-
vs £ AN R fAn . + vas WA £ 1Y oy £ aa Ao £ oJ¥¥° Veoo

(Cs) S5 )3 ot JS cbale 4 (YC) Jlow s 1 (Cp) oS Kid o3lo p3 JS aow Conns :$

o0l Coms Jdods oS 05, pact #

) o yd gy Jleis] e )3 (g)ld dme ©gles Gglaiio gy b slasl g o 40



\Yv

e y 3 0Lt bauwg a0l L @y 9 ok (o e (S3901 9 dx

2 oyddels 513,55 (uSliy 5T oLt bawsgi oo |y el
olals ol il ookl xSl g gliie (gla S5 b S 42
plosl S8 owodlS g oy (53601 gESP lojen oMol )
oSl g LysSlls 5 eradls” 35000 02 5V 15,65l 285
—55 Sl Collasls Ll b cou |y o cdlil o VL
a 2YU by wﬂ*’)" 5 0ydalw a5 Jb j0 il e
ol 45 el ol il ol ol il g S 4 radlS
A5, 1) eredlS g Gy 4 039l S SB Ml LUl lalS
oS5l 5 Sx 981 B g o 50 SB s e o LSl
o385 oy (536013 (Sy) ordsad 9 595 e SB
OBl a8 b b ysSle gl ol 53 392 0 el 5l Llgs
5 sty (5291 5 (6p9d An Caad oS (2 5500 ¢ 3,80as
obeie (YL Gl oS ool jl plgice 9 48 adlid coedls
YL bdals ) (o o =98 GBS > @eadlS 5 0

2,5 03latw] Gy g wedlS

o) 539l o385 a0 (S5 ) yo e >
4 0y el g byeSdles (Sl 5T LS (gl (BCFny) aoows
d\/l_, )I.\_B.n LY D9 (gouduw — g Sk 5 oy 9 YV &Y [y
g i oS ol YL Ul 0Ly Lyl (61 BCEy,
2 () oleshig i 5 gl S sl Sl g (5590
by o S IV bl ity Sl i1 48 50l s otole]]
~SLS Sl gyarie p it p SIS 105 5 S e yie )l
P ) oheSKed g Sz )15 059, 10+ 0,93 (b o391 La
e oS dge sl ) Sl 5T 0,8 (s 30 Sialol
02l s (F) oh)Sen g gl cpomon 230 ,8 ST WT j5 e,
by gl |y Blo S lyie @ Sl (Sl 5l o
)9») o3kl )9»: LSLQJB )I LS"A‘C ).«oL.C—

S 35 4ol

g e Glojen (Bj9a0l 5 QAn (uyp Sua b adlhae ol

&be

1- Alloway B.J. 1990. Heavy metals in soils: Lead. Blackie and Glasgow. Ltd, London, Pp: 177-196.

2- Almeida C.M., Mucha A.P., and Vasconcelos M.T. 2004. Influence of the sea rush Juncus maritimus on metal
concentration and speciation in estuarine sediment colonized by the plant. Environ. Sci. Technol, 38: 3112-3118.

3- Brooks R.R. 1999. Phytochemistry of hyperaccumulators. In: Plants that hyperaccumulate heavy metals. University

Press, Cambridge, pp: 261-289.

4- Brown J.J., Glen E.P., Fitzsimmons K.M., and Smith S. 1999. Halophytes for the treatment of saline aquaculture

effluent. Aquaculture, 175: 255-268.

5- Chapman H.D., and Pratt P.F. 1978. Methods of analysis for soils, plants and waters. Division of agricultural

10-

11-

12-

13-

14-

sciences. University of California, USA.

Chisci G.C., Bazzoffi P., Pagliai M., Papini R., Pellegrini S., and Vignozzi N. 2001. Association of Sulla and
Aatriplex shrub for the physical improvement of clay soils and environmental protection in central Italy. Agr.
Ecosys and Environ, 84: 45-53.

Fitzgerald E., Caffrey J., Nesaratnam S., and McLoughlin P. 2003. Copper and lead concentrations in salt marsh
plants on the Suir Estuary, Ireland. Environ. Pollut, 123: 67-74.

Gadapati W.R., and Macfie S.M. 2006. Phytochelatinsareonly partially correlated with Cd-stress in two species of
Brassica. Plant Sci, 170: 471-480.

Ghallab A., and Usman A.R.A. 2007. Effect of Sodium Chloride-induced Salinity on Phyto-availability and
Speciation of Cd in Soil Solution Water Air Soil Pollut, 185: 43-51.

Ghnaya T., Nouairi I., Slama I., Messedi D., Grignon C., Abdelly C., and Ghorbel M.H. 2005. Cadmium effects on
growth and mineral nutrition of two halophytes: Sesuvium portulacastrum and Mesembryanthemum crystallinum.
J. Plant Physiol., 162: 1133-1140.

Gee G.W., and Bauder J.W. 1986. Particle-size analysis. In: A. Klute (ed.) Methods of soil analysis, part 1. SSSA,
pp: 383-411.

Guo G.L., Zhou Q.X., Koval P.V., and Belogolova G.A. 2006. Speciation distribution of Pb, Cu and in
contaminated phaiozem in north-east China using single and sequential extraction procedures. Aust J. Soil Res, 44:
135-142.

Gupta A.K., and Sinha S. 2006. Phytoextraction capacity of the Chenopodium Album L . grown on soil amended
with tannery sludge. Bioresource Tec, 98: 442-446.

Krishnapillai M., and Sri Ranjan R. 2005. Evaluation the phytoremediation potential of Atriplex Patula on salt

1- biofilter



Qe sl — cpoe « Foylod YO al> (S g ol apiis VY0 A

contaminated soil. The canadin soc. Eng. Agr. food, and biological systems, pp: 05-052.

15-Kudo N., Sugino T., Oka M., and Fujiyama H. 2010. Sodium tolerance of plants in relation to ionic balance and the
absorption ability of microelements. Soil Sci and Plant Nutrition, 56: 225-233.

16- Lavkulich L.M. 1981. Methods Manual, Pedology Laboratory. Department of Soil Science, University of British
Columbia, Vancouver, British Columbia, Canada.

17-Malone C., Koeppe D.E., and Miller R.J. 1974. Localization of lead accumulated by corn plants. Plant Physiol, 53:
388-394.

18- Manousaki E., and Kalogerakis N. 2009. Phytoextraction of Pb and Cd by the Mediterranean saltbush (Azriplex
halimus L.): metal uptake in relation to salinity. Environ Sci Pollut Res. 16: 844—-854.

19- Manousaki E., and Kalogerakis N. 2010. Halophytes Present New Opportunities in Phytoremediation of Heavy
Metals and Saline Soils. Ind. Eng. Chem. Res., xxx, XXXX: A-D.

20- Manousaki, E., J. Kadukova, N. Papadantonakis and N. Kalogerakis. 2008. Phytoextraction and phytoexcretion of
Cd by the leaves of Tamarix smyrnensis growing on contaminated non-saline and saline soils. Environ.l Research.
106: 326-332.

21-McLean E.O. 1982. Soil pH and lime requirement. In: Page, A. L. (ed): Methods of soil analysis. Part2. Chemical
and microbiological properties. Madison, Wisconsin, USA, P: 199-224.

22-McLean J.E., and Bledsoe B.E. 1992. Behaviour of metals in soils. Ground. Water. Issue. EPA, 540: (S-92-0)18: 25.

23-Nedjimia B., and Daoud Y. 2008. Cadmium accumulationin Atriplex halimus subsp. Schweinfurthii and it
sinfluence on growth, proline, roothy draulic conductivity and nutrient uptake. Flora, 204: 316-324.

24-Nelson R.E., and Sommers L.E. 1982. Total carbon. Organic carbon and organic matter. In A. L. Page et al. (ed)
Methods of soil analysis. Part2. 2nd. Agron. Monogr. 9. ASA and SSSA, Madison, W1, pp: 539-579.

25-Norvell W.A., Wu J., Hopkins D.G., and Welch R.M. 2000. Association of cadmium in durum wheat grain with soil
chloride and chelate-extractable soil cadmium. Soil. Sci. Soc. Am. J. 64: 2162-2168.

26- Ozawa T., Miura M., Fukuda M., and Kakuta S. 2010. Cadmium Tolerance and Accumulation in a Halophyte
Salicornia europaea as a New Candidate for Phytoremediation of Saline Soils. Sci. Rep. Grad. Sch. Life. & Envi.
Sci, 60: 1-8.

27-Porgbska G., and Ostrowska A. 1999. Heavy Metal Accumulation in Wild Plants: Implications for
Phytoremediation. Polish. J. Environ. Studies, 8(6): 433-442.

28- Rhoados J.D. 1982. Cation exchange capacity. In A. L. Page et al. (ed) Methods of soil analysis. Part2. 2nd. Agron.
Monogr. 9. ASA and SSSA, Madison, WI. P. 149-158.

29-Sai Kachout S., Leclerc J.C., Ben Mansoura A.M., Rejeb N., and Ouerghi Z. 2009. Effects of Heavy Metals on
Growth and Bioaccumulation of the Annual Halophytes Atriplex Hortensis and A. Rosea. J. Applied. Sci. Res,
5(7): 746-756.

30- Scheffer F., and Schachtschabel P. 2002. Lehrbuch der Bodenkunde. 15. Auflage. Berlin: Spektrum Akademischer
Verlag Heidelberg.

31- Vickerman D.B., Shannon M.C., Banuelos G.S., Grieve C.M., and Trumble J.T. 2002. Evaluation of Atriplex lines
for selenium accumulation, salt tolerance and suitability for a key agricultural insect pest. Environ. Pollut, 120:
463-473.

32- Wozny A. 1995. Lead in Plant Cells, Sorus, Poland. 16-25.

33-Yao S., Lan H., and Zhang F. 2010. Variation of seed heteromorphism in Chenopodium album and the effect of
salinity stress on the descendants. Annals of Botany, 105 (6): 1015-1025.

34- Zayed A., Gowthaman S., and Terry N. 1998. Phytoaccumulation of trace elements by wetland plants: I. Duckweed.
J. Environ. Qual. 646 Odjegba and Fasidi, 27: 715-721.

35-Zhou Q.X., Kong F.X., and Zhu L. 2004. Ecotoxicology (in Chinese).Sci Press Beijing, China.

36- Zimdahl R.L., and Koeppe D.E. 1977. Lead in the Environment. National Sci. Foundation, Washington DC, pp: 99—
104.



Journal of Water and Soil (53918 Zbuo 9 pole) S 9 O @ s
Vol. 25, No. 6, Jon-Feb 2012, p. 1299-1309 irdy IWAANeR o TR sl — cyade o 0ylacs YO >

Simultaneous Uptake and Accumulation of Sodium and Cadmium or Lead by
Three Halophyte Plants in Two Calcareous Soils

R. Hamzenejad Taghlidabad' - H. Khodaverdilooz*- Sh. Manafi’- S. Rezapour®
Received:28-11-2010
Accepted:23-7-2011

Abstract

Nowadays, environmental pollution by heavy metals is one of the most serious threats of the world which
needs effective remediation actions. The aim of this study was to investigate the potential use of Atriplex
[Atriplex verucifera], Salicornia [Salicornia europaea] and Chenopodium Album in simultaneous uptake and
accumulation of Na and Cd or Pb in two calcareous soils with different properties. Two soils, including a saline-
sodic-calcareous (S;) and a calcareous (S,) soil, were selected. Different concentrations of Pb (0, 250, 500 and
1000 mg Pb kg™ soil) and Cd (0, 10, 30 and 100 mg Cd kg™") were then added to the soils. . The contaminated
soils were incubated under a wetting-drying moisture regime for nearly seven months. The plants seeds were
grown in pots containing different treatments of polluted soils and in control treatment (no Cd and Pb
contaminations). The plant yields and concentrations of Pb, Cd and Na in the soil and plant samples were
measured. Results showed that relative yield of Salicornia was more in soil S;, whereas those of Atriplex and
Chenopodium Album were more in soil S,. In saline- sodic soil, the values of Na bioconcentration factor
(BCEp,) in control treatment were 67, 202 and 57 for Atriplex, Salicornia and chenopodium album respectively.
The high value of BCEy, in Salicornia revealed the ability of this plant in absorption and accumulation of Na
from soil. A considerable accumulation of soil Cd by Salicornia and Pb accumulation by Atriplex and Salicornia
was observed under unsuitable conditions of the saline-sodic soil, whereas, Atriplex and Chenopodium had high
capability for Cd in the soil S,. These results revealed that these plants could be used for remediation of Pb and
Cd contaminated soils. In this study, Salicornia with lower rate of yield reduction had the highest tolerance to
Cd-stress and it seems that one can use this plant for phytiremediation of Cd and Pb from saline- sodic soil even
in high concentrations of Cd and Pb.
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1,2,3,4- MSc Student and Assistant Professors, Department of Soil Science, Faculty of Agriculture, Urmia University,
Respectively
(*-Corresponding Author Email: h.khodaverdiloo@urmia.ac.ir)



