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Table 1- Tessier extraction method for determine Zn and Cu Fractions (40)

g4 >0 S0 bas () Timegl; Tl
Fraction Step Extraction method (h) (°c)
s 1 1 g Soil +8ml MgCl, 1M (pH=7) 2 Room temperature bl sl

Exchangeable
beliy,S b ssdsigy

. . 8ml CH;COONalM(pH=5) 6 Room temperature si! sles
Associated with carbonates
7oy opl slasSlloadipy g 20 ml NH,OH.HCI 0.04 M 6 9643
Associated with oxides
Hosle L 025335 4 5mIHNOs+ 8 ml H,0, (pH=5) 5 8542
Associated with OM + -
5mINH4OAC 3.2 M (in 20% HNOs) 0.5 Room temperature b1 slo>
“Residualssledl 5 7 ml HNO; 4N 16 80+2

2 03 55,5050 (1982) oy San 5 52 sl (6 S0 las g, 5 ookisial L sibegdl
Residual will extracted by Sposito et al. (1982)

03Ukl LB (pwo 9 (59 e 3 03Ul 3590 (2 biousd (5850 bae (sl Ry =2 g
Table 2- Used chemical extractants methods in determining Zn and Cu available

Name ob Extractant uSe,las ‘:’f'%&._ "5 pylasS e &
Shaking (min) Soil:extractant Reference
DTA"  0.005M DTPA +0.01 M CaCl, +0.1 M TEA (pH=7.3) 120 12 21
et 0.005 M DTPA + 1 M NHHCO; (pH=7.6) 15 12 36
" 0.015 M NH,F+ 0.25 M NHANO3 + 0.013 M HNO+ 0.2 _
Mehlich 3 M CH,COOH + 0.001 M EDTA 5 110 25
I p5eks 3L Lapbls .as eolitl S 5 Sl cuss GO cuis

2 (535 30) (8Ll 0,93 51 g 0085 Jloss 5 048 slos slaSS
L by lyS S o8y pasS sloydy olS cuis cps b0
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Table 3- Result of chemical analysis of used cow manure

Properties S39  Vermicompost CawgmoS 059  Cow manure ol5 3¢5

OC (%) 22 25

N (%) 3.0 3.1

EC (dS/m) 23 24

Ph 8.0 8.3

Total Zn (mg/kg) 121 138
Total Cu (mg/kg) 3.7 7.7
Soluble Zn (mg/kg) 0.24 0.82
Soluble Cu (mg/kg) 0.10 0.34

(35) OhLSen g (olio obgw 35> 3929 35 &l Sloj Gk
3Ot (o 355 Sl odd Sdse (3950 Mo pd &S A0S )l5S
a5l el D (ol 355 lan jllond ard CusgraS 00 )s
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Table 4- Result of ANOVA of extracted Zn and Cu (mg/kg) using different extractants

Gl qilio oy Mehlich 3 AB-DTPA DTPA-TEA
Sov sl ok o oo g R 0
df Gl R s Gl R ol Ol R ol
MS cv MS cv MS cV
Zn,
Treatment o 057%* 082 8 0.268%** 084 12 0.150%*  0.89 8
Emors 10 0.05 0.0206 0.0097
CU e
Treatment Lo 4 ns0.027  0.66 4 0.057ns  0.46 5 0.007ns  0.66 3
Errors 10 0.031 0.027 0.005

2u0)3 0 g 13 I3 gxop NS ghoyd 1 s )3 )b dxe ™

*

**significant at P<0.01 and ns no significant at P<0.05

$9y oxm (P<O/01) (gl imo (St & 3l oL ol
Niamsads > ]y 939 Calisio (gl gy b o (65550 las
Sy=Soyas 59, L DTPA-TEA L osss (5550 bas (59 o
b9y Lo (g pSoslac (g9, ow -39 0/85 AB-DTPA L o
AB-DTPA , DTPA-TEA L o5 (5,Ss)lac 59y 5 3 gulee
ol oty 076 90/85 oy (Sinced G

S —ime alayly a S ol L S ed wyp ol
d93g ciliste (sLa gy b ok (¢ S0yl e o (P<0/01)
$95 93 mdae gy L odd (ySo,luac e o o
sly—5 AB-DTPA o DTPA-TEA L, o0 ¢, So)las
O med s el Cands 0162 4 0175 sty (Stunson
b odd (5 pSojlas s L DTPATEA | sid (6,5 0)kas o
50 425 5,8 I(1) ol Sen g (sl .59 0/7T4 AB-DTPA
3 pyS o 354 5 245 (5 5an cols (o9l5 25 S y> oy
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253)S addlla |y 15 og) 5 Loy sog) slaly L Sal S
Ollidlay oo (69l S 35S jledlaiuwl &8 Wa ST )55 Ll
03,5 2,50k 33 235 Lo ST 4 319 5l oslizul BB (co, I ixe
Mg (e BYS (g9, 45 0,8 )15 (43) gy 5 )l
cablB J15gS 58 plin ol plis 903,55 )3 sl b (668
b e Liulisl o ool
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1L oy Sl ;53 alee s AB-DTPA DTPA-TEA
b oddjlat SSB b dunlio )d CavgpeS c0)g 9 (o 255 doyd
(P<O/05) (sl gixo Lyial33] CanmsguoS ooy g (ool 395 2oy Of5
AB- 3 DTPA-TEA L 00 d (5,Sojlac (g5, «piman by
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Table 5- Comparison mean of extracted-Zn and -Cu (mg/kg)

Soil S Zngss) Clome
Mehlich3 AB-DTPA DTPA-TEA Mehlich3 AB-DTPA DTPA-TEA
Control .als bc2.27 c0.84 0.73d ad.72 a3.45 al.69
Cow manure 0.5% b 3 %0/5 b2.61 b1.10 bc1.06 a4.60 a3.31 al.71
Cow manure 1% (b s %1 a3.58 al.56 al.30 a4.54 a3.24 al.64
Vermicompost 0.5% cusgueS say9 %0/5 €2.22 b1.10 c0.91 a4.56 a3.15 al.60
Vermicompost 1% cusg.eS 9 %1 bc2.28 al.49 abl.17 a4.51 a3.10 al.61

Gl 303 5 a3 I ime gl oximd L5 ygiw b 4D Ciglite gy
Different letters in each column have significant difference at p<0.05

i wSTL 00 Saw (59, 2 o odlitwl (gl jlag 51 ¢ Jgdn

g (PLO/05) o s I 03l b o Sgm 59y 9 550 g oya]
(P>0/05) 345 I sixe o sl laylos 51 a8 Jls

o 9 9y H )
Jgse 3 (e 9 59y cilises slipl ol i)y 4528 @l
o=l bl (el 1 050 oSy [asuis do | eSS el S

(05515 )3 05 ha) (o 9 (59, lliseo sljal pa3lio (il g 415205 gl —6 Jgr
Table 6- Result of ANOVA of different fractions of Zn and Cu (mg/kg)

9 o2l gawST L oud Wign

ST osle b oud wigy . anilondly
. a4,y Associated with OM . "SM ] Residual
Ol ptd 2l ] Associated with oxides
sov S T s Cor oSl o oSl e
T e R s ol R aled olp R ol
MS CcVv MS CcVv MS CcVv
(Zn) &)
Treatment Lo 4 0.03* 0.76 5 0.66* 0.62 6 12.63ns  0.85 8
Erroris 10 0.013 0.17 51
(Cu) e
Treatment s 4 0.071ns  0.56 17 0.044ns  0.77 10 0.29ns 0.69 7
Erroris 10 0.048 0.055 2.65
*

2035 paw )3 41 sxe e NS g 20 )3 D o 43 I me ¥ ao)d 1w )3 4y gixe *

dg o8twd asuls do e Ll S b odddisy 9 (Jold yue 9 (9 Hlade
**significant at P<0.01, **significant at P<0.05, and ns no significant at P<0.05
Zn and Cu exchangeable and Zn and Cu associated with carbonates wasnot detectable

5 ob 595 1oy 1 g 0/5 L ons Jlow slass )3 Jloslo L o
5 il (PLO/05) (gl sime ciglis aals S5 b CavgpeS oy
Lok Hlow slacS1s 1> JTosle b o g (59, gl o5 Jls
95 eyt (PZ0/05) 595 )l sine WndgS” Ciliseo grghans
P ol om g o355 boss Jlas Sy Jlosle b ot Kigm
LA o lide CuvgreS 0yg b ok Hlad S
(A g LSl e 3l 55 e ol NS &5 ool
oS w5 oanlie e calizeo clipl 43 (P<O/05) (o)l xo i3l
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Table 7- Comparison of mean Zn- and Cu-fractions (mg/kg)

Zngs, Cugme
b ouwd Wigw L ouwd Aigw
Soil & ol glopns)  Blolodddm o bt wlbesde
35 Associated JI Residual %% g Associated JI Residual
Associated with OM Associated with OM
with oxides with oxides
Control sals €6.62 b2.44 a28.9 a5.63 a0.99 a22.6
Cow manure b > #5710 42.59 228.6 a5.47 al.24 a21.9
0.5%
Cow manure 1%, l> 58 %1 ar.77 a2.64 a28.3 a5.38 al.34 a22.4
%0/5
Vermicompost cusgses ooy bc6.94 a2.67 a28.4 ab.36 al.30 a22.2
0.5%
%1
Vermicompost cusgses ooy ab7.59 a2.69 a28.7 ab.33 al.33 a22.2
1%

Sy 0luod (el a5l jieS el STl old Wgw 9 (JOlS ue g (59 Hlde
Gl 3035 g 3 I ime Coglis o LSyt ya > sl glite by
Zn and Cu exchangeable and Zn and Cu associated with carbonates wasnot detectable
Different letters in each column have significant difference at p<0.05
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L ok B9 (yme b (P<O/05) (gl jxo ( Siwrons AB-DTPA
A oanlie 3Kie ¢ yal (slasus]

s sl ord 03y Ui 8 Jgas 1 e g 5oy sl g calie
DTPA- L 0ad (5 50yas (g9, 45 amd oo LS Jgi> (0l
L (P<O/01) (¢ sime (Siunror 3 gudee s AB-DTPA TEA
Tl o3le b o Wgm g 35500 g ool clauST L oid Ngw (59,

(n=15) sl sl5al 5 ilitseo (sl g, b 0wl (558 )bas (o 9 (535 (Siwmsod -8 Jgoa
Table 8- Correlation between extracted-Zn and —Cu by different methods and their fractions
Znss, Cugme

T DTPA-TEA AB-DTPA Mehlich 3 DTPA-TEA AB-DTPA Mehlich 3
55in 5 opl (sloseSTl 005 Sy 0.80% 0.61*  0.80%* 0.63* 0.75%*  1s0.46
Associated with oxides
Associated with OM Jlesle b o 5590 0.52* 0.54* 0.52* ns-0.13 -0.29ns ns-0.07
Residual s.l.3l ns-0.44 -0.50ns ns-0.19 ns-0.10 ns-0.17 ns-0.10

20,35 pdaw )3 45 dxepmé NS g 103 D o 13 b dme ¥ o yd 1 aws )3 3 dxe **
**significant at P<0.01, **significant at P<0.05, and ns no significant at P<0.05

WU Cou 15 g9y wls g (PO/0L) b jine pisS Seis oole
5o 9 89y e blegs J1aS b 309 48,5 )15 b les
(P>0/05) 595 )l gize o i

dadllas oy 90 slasla yu auiS slagaala

ol Lis 9 Jgan )3 puS slo yadls Ll jly 4350 gl
= 0A odlazwl (ola Lo )Jl “_J9Jq L)’] @L) u*’l“’] » ol oA

adlbs 3)90 (SBSK ;5 oS sl (wiliyly 4525 =9 Jgoa
Table 9- Result of ANOVA of wheat indices in studied soils

a (OI5 4 0,5 o) i (5545 15 05 o) il (LI 3 05) Swis esle
&35 Uptake (mg/pot) Concentration (mg/kg) Dry matter (g/pot)
C)‘M é{u& ? o . —.L‘o . . —.Lw o
df . = o oSk ol oSSl o o
SOV Ol o (Sl R? o -~ R2 o . R2 e
MS Ol Ol o Ol g Ol 0 Ol g
CcVv MS CcVv MS CcVv
Znsss,
Treatment)ls 4 4.7x107* 0.78 10 ns3.35  0.67 10 0.878**  0.93 3
Errortas 10 0.5x10°* 1.79 0.028
CU e
Treatment o 4 0.46x10'ns* 0.60 10 0.107ns  0.70 8
Errortas 10 0.26x10 0.571

20,35 pdaw )3 45 gxepé NS g 1o )3 D o 13 b dme ¥ o yd 1 aws )3 3 dxe **
**significant at P<0.01, **significant at P<0.05, and ns no significant at P<0.05
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Table 10- Comparison of mean of wheat indices in studied soils

43 osle Zngs, Cu e
_ e e PeSdw) e oS ) s PeSke) CBE 05 ) D
Soil S1s (LM 2 0,5) ) , B ,
N (o » (o535 (ol »
(g/pot) Concentration Uptake Concentration Uptake
(mg/kg) (mg/pot) (mg/kg) (mg/pot)
Control sals d4.71 all.7 c0.06 29.36 a0.044
0
Cow manure b a5 #0/5 ¢5.39 al2.8 bc0.07 29.11 20.049
0.5%
Cow manure 1%l »55 %1 a6.15 ald.3 a0.07 a8.93 a0.055
%0/5
Vermicompost cugweS oy ¢5.40 al2.7 bc0.07 a9.05 a0.050
0.5%
H - 0
Verm'compoi/“‘“%*s ws L ab5.82 al4.0 ab0.08 28.88 20.051
0

Gl 3035 g 3 I ime Coglis oimd LS gt ya 1 (sl iglie by
Different letters in each column have significant difference at p<0.05
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(n=15) puiS (sl sad L b il sljal g ilises (sla g, b od (558 s (o 9 (59 (Siumod -11 Jgoa
Table 11- Correlation between extracted Zn and Cu by different methods and their fractions with wheat indices (n=15)

(Zn)ss, (Cu) o
. c Suis o3k [WRTN Suis o3k [WRTS
:)?lg.x;b)l.\ac ) PP,SJ-&) ~ Ll T ) ):p;&“m) ~ Ll s
Extractant or ) 2 p5) - 2 055 o) 2055 - 2 055 o)
(fraction (o5 (P;’L;. (oI5 (o5 (P;sl;. (s
© Concentration © © Concentration ©
Dry matter (mg/kg) Uptake Dry matter (mg/kg) Uptake
(9/pot) (mg/pot) (9/pot) (mg/pot)
DTPA-TEA 0.91** 0.55* 0.79** -ns0.31 -ns0.10 -ns0.36
AB-DTPA 0.90** ns0.43 0.71%* -ns0.36 ns0.20 -ns0.19
Mehlich 3 0.86** 0.66** 0.83** -ns0.32 -ns0.22 -ns0.46
58] slaiST b ord gy
e s 0.76** ns0.37 0.55* -ns0.28 ns0.02 -ns0.26
Associated with
oxides
L. AM.B%
Associated with _JissLs 0.62* ns0.10 ns0.34 ns0.50 -ns0.49 ns0.06
oM
Residualousle,sl, -0.50ns ns0.44 -ns0.38 -ns0.08 ns0.07 -ns0.03
20,35 pdaw )3 45 dxepé NS g 1o )3 D o 13 b dme ¥ o yd 1 aws )3 3 dxe **
**significant at P<0.01, **significant at P<0.05, and ns no significant at P<0.05
1%69)%‘;\—?9&4‘5°3L°Oﬁ'599)b@”u“%‘;\?9u“'°9 dﬁ‘f%

9 AB-DTPA DTPA-TEA Lo yig) L odds (5,50 )bas (<9,
.)..)94) 69)9}_;§2A9L‘)_1b| dmmlbomby «“9) ¢3 CA.LQ‘A
Cpm e il dg3g (6 me (Stumen JT oo b o
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o=l s bl el ccnty (o) me (Staed 3 zulie

BN (gl e glds eld 268
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Introduction: Application of organic fertilizers in agricultural soils with low organic matter content is one of
the best ways of nutrientsaddition to these soils. Different organic fertilizers have different effects on nutrient
availability in soil. Moreover study of the distribution of nutrients in the soil allows investigating their mobility
and bioavailability. The nutrients availability and kinetics of nutrients desorption into the soil solution is often
closely related to the distribution of nutrients to different fractions in the soil. It has been assumed that the
factors influencing metal fractionation and availability in soil include rate of amendment application, amount of
nutrients in amendment, root-induced pH changes, metal binding by root exudates, root-induced changes of
microbial activities, and metal depletion because of plant uptake.

Materials and Methods: In this study, availability and fractionation of Zinc (Zn) and Copper (Cu) were
compared in one calcareous soil amended with 0, 0.5, and 1% (w/w) of cow manure and vermicompost in a
completely randomized design. Also, wheat was planted in treated and untreated soils in greenhouse
condition.Available Zn and Cu were determined using different methods (DTPA-TEA, AB-DTPA, and Mehlich
3). For Zn and Cu fractionation, the soil samples were sequentially extracted using an operationally defined
sequential fractionation procedure, based on that employed by Tessier et al. (1979) in which increasingly strong
extractants were used to release Zn and Cu associated with different soil fractions. Five Zn and Cu -fractions
were extracted in the following sequence: Step 1: exchangeable fraction (a 8 ml volume of 1.0 MNaOAc (pH=
8.2) for 120 min. at room temperature)., Step 2: carbonate-associated fraction (a 8 ml volume of 1.0 MNaOAc
adjusted to pH 5.0 with acetic acid for 6 h at room temperature, Step 3: iron-manganese oxides-associated
fraction (20 ml of 0.04 M NH,0OH.HCI in 25% (v/v) HOAc for 6 h at 96 °C)., Step 4: organic matter-associated
fraction (3 ml of 0.02 N HNO; adjusted to pH 2 and 5 ml 30% H,0, (adjusted to pH 2.0 with HNOs) and at 85
OC for 2 h in sequence, followed by 3 ml of 30% H,0, (adjusted to pH 2.0 with HNO;) the sample was heated to
85 °C for 3 h with intermittent agitation. After cooling, 5 ml of 3.2 M NH4OAc in 20% (v/v) HNO; was added
and agitated continuously for 30 min. Finally step 5: residual fraction was determined using 4 M HNO; (a 12.5
ml volume of 4 M HNO;, for 16 h at 80 0C). Concentrations of Zn and Cu in all extractants were determined by
AAS.

Results and Discussion: The results showed that the effect of treatments on amount of extracted Zn by
different methods were significant (P<0.01), while, the effect of treatments on amount of extracted Cu by
different methods wasn’t significant (P>0.05). The minimum and maximum of extracted Zn by DTPA-TEA
were in untreated soil (0.73 mg/kg) and treated soils with 1% manure (1.30 mg/kg) and treated soils with 1%
manure (1.17 mg/kg), respectively. The results showed that the effect of treatments on Zn associated with Fe-Mn
oxides and Zn associated with organic matter was significant (P<0.05), while the effect of treatments on Cu
fractions weren’t significant (P>0.05). The correlation between extracted Zn and Cu by DTPA-TEA and AB-
DTPA with Fe-Mn oxides fraction were significant (P<0.05).The obtained correlation coefficients showed that
correlation between dry matter, concentration, and uptake of Zn with extracted Zn by DTPA-TEA, AB-DTPA,
and Mehlich 3, and Zn associated with Fe-Mn oxides were significant (P<0.05). Moreover, correlation between
extracted Zn by DTPA-TEA, AB-DTPA, and Mehlich with Zn concentration in wheat was significant (P<0.05),
while correlation between wheat indices and Cu extracted by different methods and fractions weren’t significant
(P>0.05). Minimum and maximum dry matter was found in control soil (4.71 g/pot) and treated soil with 1%
cow manure (6.15 g/pot), respectively. The treated soil with 1% vermicompost had maximum dry matter (5.82
g/pot) after soil amended with 1 % cow manure. The results showed that difference between treated soil with 0.5
% cow manure and 0.5 % vermicompost wasnot significant (P>0.05).

Conclusion: The results of this study revealed that difference between application of cow manure or
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vermicompost which is produced from cow manure on Zn- and Cu-availability and their fractions weren’t
significant.
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