\Yao QL‘J.M,.A)' Y a)Lo.,i: §F ol Sle 55;3)6 Sliiss

Ol LS (2 3 58 (o guae i Slp Gl g S las (g 99 amslio
&|00 IS/

=Y . . . )
T392695° daelowsl Tl (SI5b (e L gale (g3 dw
QO - iy b UEN) < VA il 6

ouS

50 yolie mjei iyl sedl)d ) g oleond (6 pdy STy Bladay ol alaxde LB gles S5 o olie alize g3
Caedl sllo olS 0l ) > Brac oS oldé yole A uolis UML Slp S Jmsly o)) coz S Gliz! e
5o Kloads solawl S sladigad jo polie sonl)d 3 S 20 b5l g ololid gl slllss 6,50 las o g, .ol
OCHN LA U PSSOV EIL gUp PO { KU BRCION coiie olond g Sod 6Lmb_f},’9 Ll 5l a5 S diges 00 Gudzd oyl
9 KW &J"""" 6‘4Jt4$ LQ).SO)L»AC u,us) 5»))‘ oéLO.a_wllagjb ..\.AL> )bW6M;)>5C‘)M| g.,u.L:lS \.\.’é)f d)ﬁTé“}
WBbdign 5 (wo)s /7)) (Jols e polie a5 ols (Las il ad (o 2 (LS Qi g SouSo b slizl ol abadl) s
g LAyl hg)) 0 haie o SIS Jliws )5 4l bLJLc LSl o o 09 b s (aeo )0 +/F) lealy STL
b oael e s 5350 g 0] sloansST a4 Jato g (ST olge b atbl g o (g s So0 50 (1YY K b,
o9y Lol > e b o ol slas ST Plowl a5 ols s anlllas (pl 0 Sglite pa b glalamdo B jebas b, 50
clale o (r=--12AY%) cain g o g alayl) 0429 .00 ,5 oile B 5 3> 3y9) pion 4 o yal Cpl a5 009 @Bl S
J.)‘j.:‘;o ‘Si(bT Sy )é (k_iaa._.u.l U"ﬁ) ‘LS” olybwb AJ};.J) W.Jd._.w WJKML’C‘)Z“—‘“A J.wagetj)bw
ol o g, 3l ool plSin 50 (bl )| iz il (e (ool b Sy 5 (6,05 50 (T olge iz 15 KLy
ASb gldlis (6,50 las slo by, yo eolatwl 5l (NAOCH) o o IS god ol 5l Sl wlgs oo 45 auis

e Co S g ( oland Gl IS« cenl Bl ) (03 1 guudS gWrejlg

OS5 e wlio 5 (55,5laS psle olStils ST 5 O cwiigee 0aSCails (S5 pgle o)l ol 15 s gl j2ils-
(005 aslSe) (55 amebs qilin 5 (65,5l pole olSiils S 5 0T (oo 00Siils (S psle 05,5 Lozils-Y
OS5 ormb i g (53,5LaS psle olKitils S5 5 O cwiiges 0aSLadls « S5 pole 05,5 Lsla-Y
mbarani2002@yah00.com: g uSIl oy

AR


mailto:mbarani2002@yahoo.com

eSS (B 50 e i sl Glls g pFolas by g9 4l

) G'Lef 5).50)‘&.7‘ 6‘1.» OILMAJLA)—‘ ) u.u).._wb J.vlﬁ
Filgueiras et )o,ls LL.5 )|l 5ol _ac g4 ol
sl ISi gilwlas gl p iz laixe .(al., 2003
oolaiwl S95UsS oS 5 5l B yannS —olic calizxs
Mclaren & ) ,589,5 9 ,Y S Lo bg, wb5,5
5 y—eo «(Shuman, 1985) -.s & «(Crawford, 1973
o)L 5 9 59—l (Tessier et al.,1979) -, San
Singh et) e 3 K 5 (Sposito et al., 1982)
Uhg, ol s e b g, opl ales> 5l (@l 1988
oo 53 e 2L Gzl b (Kion 4y (S

S i ) =) 5 dlse 5 Lajlil g
S50 ss—w ;| (Ghafarinejad & Karimian, 2007)

3 sl 650 las sla iy, 2L 5 el
b alio 325k 5l Logac yolic anld Co) i
s )0 o olS calize sl o, slic polie
¢ Chaignon et al.,2003) o5 5 o 2Ll HlalS sls
adllas gl cpl 5l s o g, ol (Brun et al.,2001
laid 31,8 oole_wl 0,50 Sy, slie guinsi>
Qingsong et al.,2013; Vandenhove et al.,2014;)
;I .(Hamdoun et al.,2015; Goleatani Fard et al., 2015
SrSolas (b 93 anmlie Baa b (taghy (nl o) 0]
5 S g (Tessier et al.,1979) | LSon ¢ ;s
&9 e, @l (Singh et al., 1988) LS on
bl asS 15 S 5l solass ,o e sla St
bl S ool G (Sood (e 2 5 Gl

sy plnil 4 ol glagaly

gy 9 Slgo
Galises sblie swld S gl sS85l eoliul L
Ve Gee Sl S G e digad Vo olaw lildS el
Ol o5 sl i slagg s ) e sl -
ol 4 oa i Sis lsn sladiges 0905 (5,5 oz
A S yenkes VSl oo 5l g 00 o0sS
3l sloin, b T (lomn 5 (Se3sd ol
Lindsay ) DTPA L zl zeiwl LB s jlade ol puss
oKiws lawgi (580 lac 5l s 3.5 (& Norvell, 1978
Ad 6 So3lal UNICAM 919 AA o o3| L
LS oler35S508 Sl Sy S 9 S el

sl 00 00l QL.....J \ JQA? JERE% ul:;h.“

\ .

doddo
S Sl g il gla s o —aie mg
5 bl (2l ol alwgas Dl gl 2l are
) st gz Sl S (oo o 12 5l 09
S oo ol LT sy ol g LT sla USCs (gl
oby, -(Ma & Uren, 1995 <Luo & Christie, 1996 )
3 e Sty ooliil Jold (slallss (65050 las
Bged 5o 59y » 45 wdlios bt slopSo)las
@l lizl GBSl (505 Jo slp g 095 o0 ploxl
Filgueiras et ) wloo_s 18,5 i o aie S i
3 a4y alo o loges s 5o Lac & ,03 .@l.,2003
Sl e bl 5 b Gl i,
Sl aal b (Sooi Jslome S o0 b (6 50 )as)
lacwl sile) Sss8 sla K iuSly 3l ol wl b (3.8,
b 22 &S @iz ) nl 5l egsee G (@S (Sone
Ny, O chens Lagas 2igdga gl 3l (LT Jol e
ool Cenny 5 S o iy 14 5 anils wels 5B LT,
2ol e a5 Wls lasiz 4 o g i
.(Bacon & Davidson, 2008) wg—i e ol31 o Jol e
S5 olas by, ;o edliiwl 590 sl S0 lac
—olaS 5 g il ool 6 Kbl aln Jlse
SLl e plierd oSt 4 Cons liiog
Ol 5 e eSoylmas ©)u8 0 Wiz e W o
S9zy ok Sglis At sla by, G xS0 lae
e onsz 3l Lol Bus (Li et al,,1995) sl
sl JS—id wal> slajls jo a8b g sbojls Joos
S 50 03 ealeiwl slo 5o Lac jleslewl b Jolxe
zl el slo g, (Filgueiras et al.,2003) ¢l al> 1o
—an ) Sl g ladlss 6 S o )las by, 50
5 Sy i Gk ol gl Lasy
Slp s Jb jo 09-d oo ploeil ol31 Jols slo gl
) @3l 5B Folae dasy 51 0 (S p 650 lae
o Oluogas (Voegelin et al.,2008) wS' o >
ST @ peSostas lenl, oot bl 1 Fo,las
A wile oy il 5 Jlye I ominles] cslosiol
e Sl B alox 5l suzme (xhaw ©da 5 PH ot
Filgueiras et ) sc—we 50, —ac 4>l » b3 g
—aie gl 3 S5, aie Cals (al.,2003
SSSS 5 955 gl (T 5l il sl 4 (S 5o



ARIRYA QL.-M) Al o)Lo...‘l‘: F al> S ‘_ga).g)lf Slagass

oolaiuwl 8590 (LS (o buoads - (S5 58 B S35l Fp -V Jgu
Table 1- Some chemical and physical properties of the used soils

0 Lo
G PBoE b ke oy oS Plemdiols o g0y DTPARXCCU S, SE s s
CEC Sand Silt  Clay ocC Calcium Carbonat Eq. Soil Classification  Soil Series  Sgil
No.
cmol kg < A > dS m? mg kg
14.06 15 74 11 0.88 12.33 0.62 7.43 1.05 Typic Agrixerolls Cabdgine 1
16.17 13 71 16 0.58 32.00 1.88 7.46 1.31 Typic Haploxerolls bl e 2
15.11 41 53 6 0.79 15.17 1.39 7.74 1.14 Typic Haploxerolls SR 3
12.47 9 71 20 0.93 22.00 1.39 7.59 121 Typic Endoaquolls ~ stlagass 4
11.94 9 55 36 0.39 7.50 0.79 7.62 1.89 Typic Haploxerolls bl e 5
15.85 7 60 33 0.85 14.50 0.82 7.54 2.83 Typic Haploxerepts Scaals] 6
13.31 28 53 19 0.46 14.83 1.48 7.39 2.12 Typic Endoaquepts S50 7
13.00 26 49 25 1.00 14.67 0.82 7.60 151 Typic Haploxerepts sl 8
15.63 5 65 30 1.60 12.67 0.59 7.16 1.52 Typic Haploxerepts sl 9
16.69 11 58 31 1.03 10.83 1.10 7.65 3.06 Typic Haploxerepts — slys zs3 10
11.94 5 49 6 0.39 7.50 0.59 7.16 1.05 Jslo>
16.69 41 74 36 1.60 32.00 1.88 7.74 3.06 ASlae
11.68 70.48 1451 4386 40.11 43.67 39.51 2.20 40.11 (1) & s sy
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Table 2- Summery of sequential extraction method and characteristic of extracted Cu form in Singh et al.
procedure (1988)

S cons

35 oylac LS5 ool S Gas ' '
=S okas & Reagent (csle) = o oot X5
Soil:extractant o Abbreviation Cu chemical forms
Rati Shaking time (h)
atio
ol + ol
2 1M Mg(N 2
>:20 9(NOz):2 CuEx (Soluble + Exchangeable)
1 M NaOAc +
5:20 CH;COOH 5 CuCar (Carbonates) ls,s
(pH =5)
_ oy
510 0.7 M NaOCl (pH = 05 CUOM (bound to organic * Ji
8.5) matter)
0.1 M NH,0OH.HCI + P slonST 4 Jate
5:50 0.5 CuMnox
HNOs (pH = 2) (associated with Mn oxides)
IS o ool slbaraST 4 Jats
0.25 M NH,OH.HCI +
5:50 2 0.5 CuAFeox  (associated with Amorphos
0.25 M HCI .
Fe oxides)
0.2 M (NH4)2C,04 + ool slbas 4 Jate
5:50 0.2 MH,C,04+0.1 M 0.5 CuCFeox (associated with 4l

CeHgOs

Crystalline Fe oxides)

WO times extraction) . .5 o lac b g ¥

(Tessier et al.,1979) ;)l5on gy (99 5o ouuls gy o JSib Slasinn g GlAILIS (g o bac o9y dods -V Jguo

Table 3- Summery of sequential extraction method and characteristic of extracted Cu form in Tessier et al.
procedure (1979)

Sk cos < Ol S
75 olas oSS
5 o)las & Reagent (cels) ol Seadle o sl S8
Soil:extractant Shaking ~ Abbreviation Cu chemical forms
Ratio time (h)
1:8 1 M MgCl 1 CuE P
' gt UEX (Soluble + Exchangeable)
1 M NaOAc +
1:8 CH3;COOH 5 CuCar (Carbonates) sl ,s
(PH =15)
ol laa.s] :
120 0.04M NH,OH/HCI in 6 cuox T “ﬁ;.‘
: 25% (viv) HOAC (associated wi . eand Mn ;5.
oxides)
3ml 0.02M HNO3 + 5
231 5 , o
15 5 ml 30% H.0; (pH 2) 3 CUOM I s il
(bound to organic matter)
1.5 5ml3.2M NH:OACIn  (;5,)30

20% (v/v HNOs)

oolarwl (Tessier et al.,1979) |, Ken ¢ s 4 (1988
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«Singh et al,, 1988) . Kan § Ko o3, (wlw! »
Y g Jobs ilolay Jgbe s nSike jsba
Slesle a4y Jate oy +/F ooy 57 4y Jais w0
Quoy VY 586 oSt 4 Late o) O 40>
4 e o )s YOI S ool glaosnsT 4 Jate
YEIA oxilo Bl 5 doys Yo/f olite ol (slauns
- oo ez | oad 5,50yl slaJSE ggamme oy
Tessier et) |, 5 o by, ,0 &5 Jb>j0 aas
o0 9 oo Oliee e onile Bl e (@l 1979
st i g Sablo 1) e Gliae (S Jols
Z S 2 Jols + Jslowe 1035 s S92 W)
- b > loaenST L assl wgn > JT olge b a8l wgm

oile

llds g mFe lac By 99 dulio
Singh et) )], Ken ¢ S 9, 99 5l S ol yo
as” (Tessier et al., 1979) Ko 5 s 4 (al., 1988
Gaus iz 50 Jolasie g )y (6 050 lac sla g,
loaglay .o )8 colaiul casl S o G pan o polc
J_>‘).A Slass ‘),,fo)l_,a.c 69; U’“"ﬁ) 9o U”‘ ‘51_.01
2o oS SlaigFar el Jolie 5 5 o 5 6ol
ol 5l «Singh et al., 1988) 1, Ken g S o,
5 a8 Jb o S e ool il Jols s> gl e
Sl (Tessier et al.,1979)),LSan 5 i os,
U‘)&Q’Q 9 &«.»._w U”s) o 05_».»‘54 sola__wl ng)lf
oo bV qo—s Ll LS < 5> (Singh et al., 1988)
Yo Ll BB sy a4 i il s s
Ll BB hwgn &jgods a5 S (35K oS
aS Sy 5 (US—b o ool Glaa ST cul Ta
Golito ool Glaans) ¥ oo Lol B cins & g0t
Tessier et) ol,LSen § s s, ,0 a5 Jls> o

30 o lade ewl oo ooy Las Y g ¥ sla a0
S bl gla S ggama (0,505 3l oo Sy 5
ldiges peas 5| G o JS cdale bl covody IS o
w5 (Tessier et al.,1979) HF + HCIOs + HCI L
5B b, oo 4 gz oS Coal S5 03 oS
S IaS e sloe 55 e slas jlasbiul caie 03Le
sgr al> 5oy (gla o lae alis Ly el 5 oS 3
3 398 P9y bawg e s xSojlas lam S 4y
oo (il Dl ol gy e Bl al> o 2
49,5 &él,8 Unicam 919

R THES L Py

b SR o8, 58 oLE et b lalsls les
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o= 2 ey olie olic alds ) jo ol sl
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Sy Hduoae Ve e D il de e Cud b as o
O e 9 LRl 51 Gy g 00l ailS eslie Bos o
4 5 5o el Sl o3 atin bl 5o 5k JolS
o olS A 0y90 Jab j0.000,8 S C S wig ¥
Qe gl aidls a5 de e Cud b a0 S Cugh wl
w9 oad odp ol alse idu (B 51 ey 5,
423 FO) ool )3 595 SaS g shie Ol b ganas
olS alpp slcwnd S (55 5 (i (LS Lo
L olals jo 5l ol alS Sz oole .l (65,5051l
B0+ sles boygS 5o Of 5l )5 o g 0ud yo9 Slew]
Sl Sl (oo B )3 (s g 008 S 31 S (b a2
Benton Jones and ) wo, 5 J> Jbys ¥ S 0,8
5 Blo FY aily Slo el L easges (Case, 1990
e S 5 a5 0l i s B & aigai o pon
039 0355 et (o031 D olSws aliawy 4 ladiges 5o
o JS i g olS o e cdale (ol Sz oole
cll s Sis oole 35 wpalols) S e S |
b s Sl s aLS slagal (lyie 4 (LS 5o e
05255 5 9 s (Srer o Jolis g lel Slallae

3- Poorly — reducible

\ .

1- Easily reducible
2 -Moderately reducible
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A (s Ll LB 5B 5 slaauST (625 o)las
Tessier et ) |, Ken g ol g, 40 cpl o ogdle o,ls
posigal SLial b s w50 las Lol al> o S5 (@l.,1979
> o 5l G o daoe (e Do Sl 2T ol sl n

By18 5k 5 ST Ol b 2l 5l

5l 5K 5 @] sl ST Hlojen zl,5e il (@l.,1979
¥ el S g p0un Jele SOl eola ol 5,k
plxl sz ao 0 YO Sl sl 5o oad ags (Yse
Filgueiras et al., 2002 ¢ Gleyzes et al., 2002) 545 o

64.19-).0 )‘ Ker GAJJ.MA«S‘ UT 4L.w5) LS” ools C‘W‘ 9 (

SIS (o lac (g) 99 L anlllan 3550 (OIS )3 (S 55 50 0,59,500) (o iliso (gla S5l dunn o - F Jgur
Table 4- Comparison of different forms of Cu (ug/g) in studied soils with two sequential extraction methods

ojled
. = T . J
(R;:L;&il;l) i (t‘;:r:; Lt; ” el 5 e .
organic matter) (associated with oxides) (Carbonates) (Exchangeable) Soil

Singh  Tessier Singh  Tessier Singh Tessier Singh  Tessier Singh Tessier

Eoemme s JS Jolis o ylSsen o m "

o5 e ws) N'Ekj?_"")- el NHOH Hel e O
i 4)2L204 H.2 s ik ke
To e NS O hicion P NaOAc NaoAc MIMNO32 e,

28.08 54.08 5.19 8.44 32.73 2.90 0.43 0.74 0.56 0.85 1
3752 7548 5.00 5.68 42.65 3.50 0.55 0.90 0.28 0.44 2
3037 3251 2.29 0.64 15.02 14.25 0.14 0.24 0.28 0.36 3
33.26 2311 3.00 7.03 18.39 24.00 0.19 0.48 0.16 0.39 4
20.24  56.66 2.32 4.49 4291 3.90 0.33 0.65 0.20 0.30 5
521  37.06 1.72 5.96 41.55 5.60 0.42 0.45 0.11 0.23 6
468  46.23 1.56 7.68 52.48 4.43 0.19 0.28 0.09 0.21 7
19.63 55.71 4.88 5.98 42.13 4.50 0.25 0.45 0.12 0.36 8
7.00 7194 2.67 1.66 71.03 6.50 0.13 0.26 0.17 0.64 9
56.86  66.93 0.39 4.70 16.29 1.50 0.23 0.40 0.23 0.48 10
2428 5197 2.90° 5.232 37.522 7.11° 0.29° 0.492 0.21° 0.43? oSilee

Sobie ol glaaSTy S = 01 oS iKie (sloannSTh 4l wgw oo Egaze ¥
Sum of Cu bounded with Mn oxides, Amorphous Fe oxides and Crystaline Fe oxides

S 3l esliiul 5 009 g IS 2 (Sl S Sed 550
Fobs 5z gl o ]y Sl slapla b (i sla
Olomy ez ol 51 0 oo anogi saiueiz Sleds) 5o
Sy 45 sl 03,5 ke (Rahman Khan, 2001) >
oald ez 5 el conl Wl i sla e Sl 45T g 2SI
155 ogu oolaiwl Jols | s gl 3iul ;o a5 05 o0
L isn ;500 5 g 0iS ges Sl PH o cwguste s
Sposito ) ol )Ken g g jguml 020 sad 1,3 130 Co |
3 Siww g (Shuman, 1985)  ess « (et al., 1982
0,5 gl 4 wadias 55 (Singhetal., 1988) )l Son
90093 Gl s A s (65598 00iS wSheaS ol SO
So> sy slahy) o Ol Sl s e
0dg0i ko (Pickering, 1986) S Sy ais S eolaiul
ol g Sl ouls (6 S axgi Sl sleSad 4y 4 ]
3lg Cewl Fhe 0 IS oSl ojlul e 4 J8las oole

K

095 95 2 5o (F J9a2) 25 oo onalive &5 j5bilea
e eS wilie Gl Sl ey 5o sl 390
SIS S oo Sl 45z Sl (JbS Kb @ b e
SLSL )0 s 5l (g b jlade gl Sl 4 ;00 o ke
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SIS sy oei SN (o 3550 oS (sles o
9 5L AL ez BB 650 puiie SIS i
i B ol Wil e 95 ol 51 S a ol
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Comparison of Two Sequential Extraction Procedures for Copper
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Abstract

The different fractions of soil metals vary considerably in their chemical reactivity and bioavailability.
The distribution of metals among soil components is important for assessing the soils potential to supply
sufficient micronutrients for the growth of plant. The sequential extraction procedures have been used
to identify and evaluate the mobility and the availability of the metals in soil samples. Ten soil samples
with a wide range of chemical and physical properties were collected from agricultural soils of Golestan
province. The extractability and solid-phase fractionation of copper (Cu) in the soils was determined by
two different sequential extraction procedures and then studied relationship between this fractions
together and with plant uptake. Results indicated that the amounts of Cu present in exchangeable form
and associated with carbonates were very small (0.3 and 0.4%, respectively). Copper in these soils was
dominantly associated with mineral lattices (Tessier procedure: 80%; Singh procedure: 37%). In the
remaining fractions i.e. (associated with organic matter and associated with Mn and Fe oxides), the
results obtained by Tessier et al. procedure were differed considerably from those obtained by
employing Singh et al. procedure. This study demonstrated that dissolution of iron oxides was
incomplete during the reductive step of Tessier’s scheme, leading to an overestimation of the residual
fraction. Strong and negative correlation (r=-0.692*) was found between plant Cu concentration and the
Sodium hypochlorite-extractable Cu (associated with organic matter, Singh procedure) in the 10
calcareous soils, suggesting a prominent role of organic matter in the retention and bioavailability of
Cu. Such relation was not observed when employing Tessier’s scheme, suggesting suitability of NaOCl
for use in the sequential extraction procedures.
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