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Table 1. Physical and chemical characteristics of soil used in this study.

S Koo S o el W6 sy, Sl e e Slosbe MA;;LJ; o e
(mgkg") (mgkg) (mgkg))  (mgkg) s NS 0 OO
TotalCu TotalZn  TotalPb  AvailableZn (dSE?") .~ 2 Sand  Silt  Clay

CaCOs

32 850 250 9.7 8.2 0.44 0.82 32 57 25 18
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Table 2. Some chemical and biological characteristics of rhizosphere and bulk soils.

Joboe g S Isls JT 0
B j Sk sl
(mg C kg™) (mgCL™)
pH cble oS @J
MBC DOC
Concentration Chelate type

o35 A0 o35 A0 o35 A0

Bulk Rhizospher Bulk Rhizospher Bulk Rhizospher
115.48° 137.33% 77.33° 96.00* 8.12¢ 8.03" 0 dals

defg c ¢h fgh de f ~

68.66 87.39 37.33 40.00 8.08 8.04 0.5 (05555 » Jyeloe) EDTA
65.54°" 78.03%% 24.00' 2933 8.19° 8.03" 1 (mmol kg™
65.54°" 74.90° 40.00"" 48.00° 8.31° 8.04" 0.5 /

(eSS 5 dsoishes) S
56.17¢ 59.30% 34.66" 40.00"" 8.17° 8.03" 1 Citric acid (mmol kg')
84.27% 90.51° 64.00% 69.33% 8.12¢ 8.05¢ 0.5 cile & s

(pSAS 205 #0358 osbas

68.66%" 74.90° 50.66 56.00% 8.09% 8.03" 1 Poultry manure extract (g kg')

.LLL&/O Ju:}‘cb»ﬂ)é Lhwi»l.:a )bt.u: Q}UJ alad ;;J‘J/hd‘f UJLL:A Q))}

different letters show significant differences at the 0.05 probability level for each treatment.

ki 6‘#,_55)‘«4-9 .h.wj [ 6,_551‘.«.9 ‘5‘94,,3‘.&5.)35&% Sl u.-a'b_)“g LYt @L’J—\" J}J}

Table 3. Analysis of variance (mean squares) of chelators effect on Zn extracted by different extractants.

iossy b v i1 5 b
SRR A Eag AB-DTPA  DTPA-TEA <72 77 =8
Rhizosphere-based method Mehlich3 DF SV
oS
254.21%* 546.98%* 60.18%* 115.47%* 8
Chelat
s
3.18™ 462.29%* 52.96%* 61.09%* 1 -
Environment
ns ns Lowe x OIS
6.15% 26.01 0.52 1.69%* 8 -
Interaction
U
1.12 17.63 1.08 0.53 36
Error
(%0) &l puss b
12.9 6.9 7.7 43 G

CV
o3 S e e 3 lslias & slis Aoy o Jlazl a3 ke oslis P hsbae sl o ™
™ Not significant, * Significant at the 0.05 probability level, ** Significant at the 0.01 probability level.
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Table 4. Comparison of the extracted Zn (mg kg”) by different exteractants in the bulk and the rhizosphere soils.

B SR X)) v el AB-DTPA DTPA-TEA
. . . . . . . . cble = ¢
o3 5 IR0 03 4 IR0 03 4 IR0 03 4 IR0 Chelate type
Bulk  Rhizospher Bulk Rhizospher Bulk Rhizospher Bulk Rhizospher
- - 53,23 50.36% 11.38" 9.00¢ 15.35¢ 13.77° 0 dals
10.90° 10.23¢ 68.46™ 54.96% 15.90%¢ 14.03¢ 22.74° 19.40¢ 0.5 EDTA
(SIS 2 Ise )
b a a ab a b a b
11.58 14.72 74.23 69.60 20.26 17.48 27.04 23.49 1 (mmol kg™)
- - 70.53% 58.13° 16.08"¢ 13.94° 19.30¢ 15.88° 0.5 S e
(SIS 2 Ise )
- . 75.00°  69.80%  16.03%  14.96%  20.64° 18.39¢ 1 Citric acid
(mmol kg™)
- - 70.70* 65.30° 16.21% 14.96% 12.44% 11.61" 0.5 Fr oS olas
(¢SS 25
- - 49.36°  46.64° 11.45" 1035%  13.04% 12,03 1 Poultry manure extract
(gke™

RS 03 gdema 53— hs )3 0 JL&:}‘CE—W)))‘)L.M Gt BB 8o slas a6l sy 5 Ogte s A{U;»O:J‘Ygéjfb_dl.aa.{}hf

g il Sl o&aws

Mean with same letters in each column and row show no significant differences at the 0.05 probability level, -, wasnot in the

range of atomic absorption detection.

y¢o



1190 (0) )lows dTY) Als S 5 f clis gla g}y s puls

2 EDTA oo V508 5= Jrass 0
olial LB 5y Slle Ml St oS 5kS
Sa el Bl St Jaar) AE e |y
Fr 25S ol 5,8 CEM)JJAJJ oslanal |5
Df&lm Vsl KUK b golsbae sl
chle fals el (e 35 elas  SHS
A dals S Lol 4 s eslizd L6 (g5,

I i b Glao S TS 5,8 ans s
Sl S s T sl boedddise ol
Ll e eslizal LG (g5, Jlie 2alS b e
Sl s I i By 555 ol Sl s
(YY) ol 5 Slmins pio il JT gladi s
ek $LRe SIS 5 )8 s 55 a8 Wsls OLES
S G388 eslas 5 e 38 ojlas
Ormen 3l Gl T slse b eslS sdld sy
555 oslas S Jloy laas 1l ul O 350 s
(YY) s sualiwe g ol eslaal S

Sz S 5 Gos slesd Gl ol
waly Ll el els QLIS 0 Jad s ey
(S a5 I NYYY BN () Sl Ol s
Gove dacl S Lokl sm 53 5 VEE b Y/AL
G 5 oal GadST L sdddise 5> 45 OAY
G YYA 5 Jlosle boodddlgm 532 53 VA L VA
S 2 akile JLoepz o p SAS 5 e S Je Y40
G o/¥4 ey S s S I 3 s e
sl sn 53 53 VY B Y/Ae ( Jsls s3> 53V E/4
Loodddliym s> L5 OV L 84V baoly S L
s 3 VYV L AYE R 5 el glans]
sp Sk YAV BN T el b osdsngy
5o ble Bl s 5o p S5k

3 Pl o gy chle e ol e
3 FeS S S s LJ osle L oSl g
Pl chls Jals (0 Jair) sp S es s

Sao o M cl (Sen g n, S s

AEAS

JEREYRRLILE Lt LS VP | A A PR
cilisie gla S slas b g ed (g S las 53,
Sy ) e85 S 4 Sl (s S o
(5SS 2 dsaihe 2/0 Jlie 3 Jisns &b
SASokas 555 JSosba s P<i/0) sl
23 S0 5035 Sl JaS Sy S edd
Cll S ol slie gl bl Sl
gl e esdle ol 108 3T OlalS sl O eslizad
Ay e Ssline pled 5 (S5 Ll
Sau ol Sl LS e S s 4 s
JCCRIT (T D T HERR T TN K S
sobe eslimal LB i oS 55 55158 (144A)
035 & e hosps how 5 Ypeme S
Sl 53 g S syot il oS Sl
s 3 J s Olgea 1) e, b
St s pH 2als (4) auS e S5 elS eslizul LG
03 S edlamal LB LI Sl (g paus
(Y dadr) dd S o35 4 Cand (s S
Aesny e 53 el LB (gs, i a8
Soo e e Ll Sy 4 Lo
b 55 simge 05 S amelr 5 oS by
SN =T3S

g et gl pnal s oSibe andllas ol
5l - Mehlich3 ; AB-DTPA DTPA-TEA
Ll o el K Al 3 EDTA 5,08
5 EDTA 055 6lsl (8 Jsam) Sil il
chle AH a4 e S S A
5OV W S s K Sl eslizad L6
Gogpl &S XS S e (0444) 0L Kes
oIl e e S 4 S Al 5 EDTA
Ll (Y0) ai SLt s gy esbizad Sl
ol LS s K Sl eslaad oLl
SolS O Ky 5l gsldes |, S« EDTA
(F0 YA Y &) Lles S



TESIB IR SEIVAL SRCFRURE AP E N

S 3 Ao 0 sl S L eddhi gy o) IS
WA 58 5 ool GladnST L sdd sy g5, (S
VWA JTesle Lotz 5 (JS s 5l oo
YVAL o) olibe BL s3> 5 S ) 3l Aol
2 05 SResny S S gy Sl kel
N e G sl Gl s Sl S
FICREI A VAR RIS WS CVA L APR WSSV AR WP

Sy S ey 53 IS 6o, sl lo s YUY

IS (8 5 Ao

5 sl NS Srasn Gl @l el

s S s sy S 03 29,550 0358l (1S
S I s amals golslae A158 es s S 4
3L gobslas ials o8 4 el (5w, PH
3 eslazad b ool (g, Sejlas (5, 45 sl OLL @L:.}
Gawsns 4l 2 i 7a) plbed sla;Soslae
Sl s es g S FeS S Sk s
S s g Sl boedaks 5 Dol
Szl Gramer o5 S ensd Sl 50S (a5
Li °"L‘:"'L’jci 9 fi.uﬂ 9 JAT 6LAJ:MS‘ L: oJ..JGJ.Jﬁ
S oy 5l Johe SAvans S s ol S
S AL é;ﬁo)hﬁ& u"L‘J SS9 )\.,LEA U'i):u:“‘"’ Dy
6L>-4_:(<=J§jl.5fdy&l.\» \)EDTA oS MS
S ol cozay Gl O Jde o30S 5 ds LS|
BL) LW LSS @Lw\ Sl “ Ls‘o.lms@%
odkiislos g eddoled o35 5 Sy S
JJL.J L ICE D) LS\J}\ O o0 s eSS Lr
J‘<“‘° 9 U’AT LSLA.J\:M.S‘ L> cJ..J:J.Jﬁ £ 3 J}\J}-
o dile U sy 58 5 ol GladST L osdd s
Sl anllas sls OLES rags ool @L:j NG P Y
Coenl s a5 b Jdwg iy So) Shue o 5 oxlanl
Jdsa ey 5 sisliS Slles s O

Ll (G 0 i ) L slns

yev

L llg o ol e (80 V) Wil OalS Luys
ol AL L badyy 3l edipmd 5 ST OLS 5
(89) Wl o a8 (hangy S s e ol
5 oy by ekl oLl glacdpbe 5 Ol
Sl e Gptwy s S 0 05 S Carexr
Crwspy St 3 1K Sl gl uxs sl
Comazr o3 Sawgimy 4b 53 (Y1 OA) 555
oo (Y Jsds) 55 a8l il OLIL 5,

50 035 St JTolS 5 il e oo S
S JD el Loedilsn gss ol
S L T TS

e di g izl s s, polde Jlags cul e
JST o3le b oddlisy 55 c}:i;ﬂj JAT sbast L
0355 31 5 e S Aws i, S s ekl SL s
s 03 s Go e iR oy S
w0kile 3L e e 5 ol gldST L s ddl s
lali S b oddlism 55 o sl b ol g <5
El ol osline Jlagh ol ml s DS e
S LS g8 S sl ol s iass
OF 31 day 5 oilo 3L w3 3 (655 JMAe (5 b
30 5 5K 5 ol GladeeST L odd g 55> 2
56 5 () OLKes 5 b, (T2 TY)
Sal sl s Cose (Yr) Ole S
RS e 4 L3S 1S sl 5 0lg saokl
56 AE V A) sselibe BL s 53 (5, Llie
SdEe g S ke S W3S LS (YA) D
35 Oldes Ol (g5,5laS u_{ﬂ sbS= s co,
(Yo 0) O 5 e .(10) 550 0lile SU < 5
LS 55 sy Jlie 1 5 e &S Lidses odalin
GAaST L sdddl s =5 oo 3L 55 L3 ol o
e Ldﬂ obe b odidlsy sy 5w By
OV) sy Bl s 5 LSS L sdddyy
Aot () Okd 5 sl s il
(EA) Sils 5 5 o lile BL s 5 53 (54, I



959 4 yuild

. 9‘:)‘ . .Lﬁédu

als 5

1¥40 (0) 2 o (YY)

'uo110930p uondiosqe orwoje Jo afuel Ay} Ul Jousem ‘- oad] Anjiqeqold G o Y Je SOOUSIOJJIP JUBDIJIUSIS OU MOYS MO PUB UWN[OD YOBD UI SIOYI9] JWES YIIM UBIA

AN <o (57 e < & 0 € G qar e e < o2 g <Compr = o€ oaepfice rracie) crmge e o) e

(.84 8) wenxs ainuew Anpnog [ LLT°0 ,6T°0 I'€ LI1T¢ 1opP8°916 1007018 pS99L 07'€8 200°8TC  ,0691C
Co c kX5 u < & u
TS T ST S0 L1T0 970 poqeST'S poqeEl’S 187°01¢ ,8TL6Y ,05°001 2qSP'801 2q0EVET  ,40570TT
(.3 [oww) proe o1y I NN LSET 00’9 poqCE'S 0P’ TLS q09°L9S 0qe01°9T1T @S8611 0F'L8T 05°€8C
SR (AP S A : : . : : : : : :
S0 ,0L°0 0T'1 L6t 06t 2qe70709§ p0q89VPS 0qe0L70TT 0qeS8ETT @OL'€9T  ,q,0T'6ST
(.34 joww) I €€l LCO'V1 P9 qcl’9 0T €8S 209°9LS @S6'811 LSELTT £05°S6C L0L'18C
SOA D K G I
VLAa TR S S0 pLE0T IOLTT 2qe0L’S pC9't apoC 1 VES 1p96°TTS 0qeS0°STT 00°0CI L05°68T  ,0L°€9C
by 0 L£1°0 180 76T ,06'C 1opd1'SIS 180°80¢ 2q087€01 oqeSLTTTT 2q0L9€T  ,409°8TT
Joydsozigy  yng Joydsozipy — yng Joydsoziyy ying Joydsoziyy ying Joydsoziyy ying
2d&) a0 (K Gt o (K€t £co (K€l co (K Gt o (K Gt co
P S T
: a]qeadueyoxg papunoq sjeuoqie) POpUNOq SOPIX0 dsdULSURW-UOI] popunoq Jopew oruedio [enpisay
aUd FHorere e Forere q [ gra) D) |« € oned Forryre f oyee | A e

*s[1os d.1aydsoziy.I 3y} pue y[nq dY) ul (| 3Y Su) SUOCHIEI} UZ UO SI0JR[AYD JO 1I3JJ3 AL 'S B
2r6p o— | S sTren € e (LU (69 (HD LI K HE LIy of o (K Eeml9 6 oo

YEA



&l

1.Brun, L.A., Maillet, J., Hinsinger, P., and Pépin, M. 2001. Evaluation of copper availability
toplants in copper-contaminated vineyard soils. Environmental Pollution. 111: 293-302.

2.Campbell, C.R., and Plank, C.O. 1998. Preparation of plant tissue for laboratory analysis.
P 37-50, In: Y.P. Kalra (Ed.), Handbook of Reference Methods for Plant Analysis. CRC
Press, Taylor and Francis Group.

3.Corre, M.D., Schnabel, R.R., and Shaffer, J.A. 1999. Evaluation of soil organic carbon under
forests, cool-season and warm-season grasses in the northeastern US. Soil Biology and
Biochemistry. 31: 1531-1539.

4.Evangelou, M.W.H., Ebel, M., and Schaeffer, A. 2007. Chelate assisted phytoextraction of
heavy metals from soil: effect, mechanism, toxicity and fate of chelating agents.
Chemosphere. 68: 989-1003.

5.Feng, M.H., Shan, X.Q., Zhang, S.Z., and Wen, B. 2005. Comparison of a rhizosphere-based
method with other one step extraction methods for assessing the bioavailability of soil metals
to wheat. Chemosphere. 59: 939-949.

6.Ghane, H., and Karimian, N. 2003. The distribution of different forms of Zn in calcareous
soils of Fars Province and their relationships with soil properties. Eighth Congress of Soil
Science, Rasht, Gillan, Pp: 641-642. (In Persian)

7.Hamon, R.E., Lorenz, S.E., Holm, P.E., Christensen, T.H., and McGraph, S.P. 1995. Changes
in trace metal species and other components of the rhizosphere during growth of radish.
Plant, Cell and Environment. 18: 749-756.

8.Harrison, R.M. 1981. Chemical association of Pb, Cd, Cu and Zn in street dusts and roadside
soils. Environmental Science and Technology. 15: 1378-1383.

9.Hinsinger, P. 1998. How do plant roots acquire mineral nutrients? Chemical processes
involved in the rhizosphere. Advances in Agronomy. 64: 225-265.

10.Hinsinger, P. 1999. Bioavailability of trace elements as related to root-induced chemical
changes in the rhizosphere. P 152-153, In: W.W.Wenzel, D.C. Adriano, B. Alloway, H.E.
Doner, C. Keller, N.-W. Lepp, M. Mench, R. Naiduand G.M. Pierzynski (Eds.), Proceedings
of Extended Abstracts of 5™ International Conference on the Biogeochemistry of Trace
Elements, Vienna.

11.Hussain, Sh., Magsood, M., and Rahmatullah, A. 2011. Zinc release characteristics from
calcareous soils using diethylenetriaminepentaacetic acid and other organic acids.
Communications in Soil Science and Plant Analysis. 42: 1870-1881.

12.Jenkinson, D.S., and Powlson, D.S. 1976. The effects of biocidal treatments on metabolism
in soil. I. Fumigation with chloroform. Soil Biology and Biochemistry. 8: 209-213.

13.Jones, D.L., Prabowo, A.M., and Kochian, L.V. 1996. Kinetics of malate transport and
decomposition in acid soil and isolated bacterial-populations-the effect of microorganisms
on root exudation of malate under Al stress. Plant and Soil. 182: 239-247.

14.Karczewska, A., Orlow, K., Kabala, C., Szopka, K., and Galka, B. 2011. Effects of chelating
compounds on mobilization and phytoextraction of copper and lead in contaminated soils.
Communications in Soil Science and Plant Analysis. 42: 1379-1389.

15.Khanlari, Z.V., and Jalali, M. 2008. Concentrations and chemical speciation of five heavy
metals (Zn, Cd, Ni, Cu and Pb) in selected agricultural calcarcous soils of Hamadan
Province, western Iran. Archives of Agronomy and Soil Science. 54: 19-32.

16.Kim, K.R., Owens, G., and Kwon, S.I. 2010. Influence of Indian mustard (Brassica juncea)
on rhizosphere soil solution chemistry in long-term contaminated soils: A rhizobox study.
J. Environ. Sci. 22: 1. 98-105.

17.Kot, A., and Namiesnik, J. 2000. The role of speciation in analytical chemistry. Trends in
Environmental Analytical Chemistry. 19: 69-79.

18.Leyval, C., and Berthelin, J.1993. Rhizodeposition and net release of soluble organic
compounds by pine and beech seedlings inoculated with rhizobacteria and ectomycorrhizal
fungi. Biology and Fertility of Soils. 15: 259-267.

Y€



1190 (0) )lows dTY) Als S 5 f clis gla g}y s puls

19.Li, Z., and Shuman, L.M. 1997. Mobility of Zn, Cd and Pb in soils as affected by poultry
litter extract- I. Leaching in soil columns. Environmental Pollution. 95: 219-226.

20.Li, H., Shen, J., Zhang, F.M., Clairotte, J.J., LeCadre, E., and Hinsinger, P. 2008. Dynamics
of phosphorus fractions in the rhizosphere of common bean (Phaseolus vulgaris L.) and
durum wheat (7Triticum turgidum durum L.) grown in monocropping and intercropping
systems. Plant and Soil. 312: 139-150.

21.Lindsay, W.L., and Norvell, W.A. 1978. Development of a DTPA soil test for zinc, iron,
manganese and copper. Soil Sci. Soc. Amer. J. 42: 421-428.

22.Loeppert, R.H., and Suarez, D.L. 1996. Carbonate and gypsum. P 437-474, In: D.L. Sparks
(Ed.), Methods of Soil Analysis. SSSA, Madison.

23.Lombi, E., Wenzel, W.W., Gobran, G.R., and Adriano, D.C. 2001. Dependency of
phytoavailability of metals on indigenous and inducedrhizosphere processes: a review.
P 3-24, In: G.R. Gobran, W.W. Wenzeland E. Lombi (Eds.), Trace elements in the
rhizosphere. CRC Press LLC.

24.Luo, C.L., Shen, Z.G., and Li, X.D. 2008. Plant uptake and leaching of metals during the hot
EDDS-enhanced phytoextraction process. Inter. J. Phytoremediation. 9: 181-196.

25.Luo, Y.M., Christie, P., and Baker, A.J.M. 1999. Metal uptake by Thlaspi caerulescens and
metal solubility in a Zn/Cd contaminated soil after addition of EDTA. P 882-883, In:
Proceedings of the Fifth International Conference on the Biogeochemistry of Trace
Elements, Vienna, Austria, 2.

26.Marschner, H., and Romheld, V. 1983. In vivo measurement of root-induced pH changes
at the soil-root interface: effect of plant species and nitrogen source. Plant Physiology.
111:241-251.

27 Meers, E., Hopgood, M., Lesge, E., Vervake, P., Tack, F.M.G., and Verloo, M.G. 2005.
Comparison of EDTA and EDDS as potential soil amendments for enhaced phytoextraction
of heavy metal. Chemosphere. 58: 1011-1022.

28 .Meers, E., Tack, FM.G., and Verloo, M.G. 2008. Degradability of ethylenediamine
disuccinic acid (EDDS) in metal contaminated soils: implications for its use soil remediation.
Chemosphere. 70: 358-363.

29.Mehlich, A. 1984. Mehlich 3 soil test extractant: A modification of Mehlich 2 extractant.
Communications in Soil Science and Plant Analysis. 15: 1409-1416.

30.Motaghian, H.R., and Hosseinpur, A.R. 2013. Zinc desorption kinetics in bean (Phaseolus
vulgaris L.) rhizosphere in sewage sludge-amended calcareous soils. Environmental Earth
Science. Pp: 1-9.

31.Motaghian, H.R., and Hosseinpur, A.R. 2012. Change in availability and fractions of zinc in
the rhizosphere of bean (Phaseolus vulgaris L.) in some calcareous soils. J. Sci. Technol.
Greenhouse Cul. 4: 16.68-81. (In Persian)

32.Motaghian, H.R., Hosseinpur, A.R., Raeisi, F., and Mohamadi, J. 2013. Effect of white
rhizosphere (Triticum aestivum L.) on availability and fractions of zinc in some calcareous
soils.J. of Soil and Water Science (Science and Technology of Agriculture and Natural
Resources). 18: 67. 137-149. (In Persian)

33.Nelson, D.W., and Sommers, L.E. 1996. Carbon, organic carbon and organic matter.
P 961-1010, In: D.L. Sparks (Ed.), Methods of Soil Analysis. SSSA, Madison.

34.0brador, A., Novillo, J., and Alvarez, J.M. 2003. Mobility and availability to plants of two
zinc sources applied to a calcareous Soil. Soil Sci. Soc. Amer. J. 67: 564-572.

35.Petra, K., Juan, B., Pilar Bernal, M., Flavia, N., Charlotte, P., Stefan, S., Rafael, C., and
Carmela, M. 2009. Trace element behaviour at the root—soil interface: Implications in
phytoremediation. Environmental and Experimental Botany. 67: 243-259.

36.Pinel, F., Leclerc-Cessac, E., and Staunton, S. 2003. Relative contributions of soil chemistry,
plant physiology and rhizosphere induced changes in speciation on Ni accumulation in plant
shoots. Plant and Soil. 255: 619-629.

Yo



37.Rayhani Tabar, A., Karimian, N., Moezardalan, M., Savaghebi, Gh., and Ghanadha, R. 2006.
The distribution of Zn forms and their relationships with soil properties in some calcareous
soils of Tehran provice. J. Sci. Technol. Agric. Natur. Resour. 10: 2. 125-135. (In Persian)

38.Safari Sinegani, A.A., and Khalilikhah, F. 2010. Effects of EDTA, sheep manure extract and
their application time on Cd uptake by Helianthus annuus from a calcareous mine soil. Soil
and Sediment Contamination. 19: 378-390.

39.Safari Singani, A.A., and Ahmadi, P. 2012. Manure application and cannabis cultivation
influence on speciation of lead and cadmium by selective sequential extraction. Soil
Sedimentary Contamination. 21: 305-321.

40.Shuman, L.M. 1985. Fractionation methods for soil microelements. Soil Science. 140: 11-22.

41.Silveira, M.L., Alleoni, L.R.F., O‘Connor, G.A., and Chang, A.C. 2006. Heavy metal
sequential extraction methods Amodification for tropical soils. Chemosphere. 64: 1929-1938.

42 .Soltanpour, P.N., and Schwab, A.P. 1977. A new soil test for simultaneous extraction of
macro- and micro-nutrients in alkaline soils. Communications in Soil Science and Plant
Analysis. 8: 195-207.

43.Sposito, G.L., Lund, J., and Chang, A.C. 1982. Trace metal chemistry in arid-zone field soils
amended with sewage sludge: 1. Fractionation of Ni, Cu, Zn, Cd and Pb in solid phases. Soil
Sci. Soc. Amer. J. 46: 260-265.

44 Tahmasbian, 1., and Safari Sinegani, A.A. 2013. Monitoring the effects of chelating agents
and electrical fields on active forms of Pb and Zn in contaminated soil. Environmental
Monitoring and Assessment. 185: 8847-8860.

45.Tao, S., Chen, Y.J., Xu, F.L., Cao, J., and Li, B.G. 2003. Changes of copper speciation in
maize rhizosphere soil. Environmental Pollution. 122: 447-454.

46.Tembo, B.D., Sichilongo, K., and Cernak, J. 2006. Distribution of copper, lead, cadmium
and zinc concentrations in soils around Kabwe town in Zambia. Chemosphere. 63: 497-501.

47 Tessier, A., Campbell, P.G.C., and Bisson, M. 1979. Sequential extraction procedure for the
specification of particulate trace metals. Analytical Chemistry. 51: 844-850.

48.Udovic, M., and lestan, D. 2009. Pb, Zn and Cd mobility, availability and fractionation in
aged soil remediated by EDTA leaching. Chemosphere. 74: 1367-1373.

49.Wang, Z., Shan, X.Q., and Zhang, S. 2002. Comparison between fractionation and
bioavailability of trace elements inrhizosphere and bulk soils. Chemosphere. 46: 8. 1163-1171.

50.Way, H., and Cunnighams, S. 1999. Chelate assisted Pb phytoextraction: Pb availability,
uptake and translocation. Environmental Science Technology. 33: 1898-1904.

51.Xian, X. 1989. Effect of chemical forms of cadmium, zinc and lead in polluted soils on their
uptake by cabbage plants. Plant and Soil. 113: 257-264.

52.Xing, B.S., Liu, J.D., Liu, X.B., and Han, X.Z. 2005. Extraction and characterization of
humic acids and humin fractions from a black soil of China. Pedosphere. 15: 1-8.

Yoy



ciences and Natural Resources

J. of Water and Soil Conservation, Vol. 23(5), 2017
http://jwsc.gau.ac.ir

Change of availability and fractions of zinc in the rhizosphere
of maize in contaminated soil treated with chelators

*M. Rahmanian', A.R. Hosseinpur’, H.R. Motaghian® and E. Adhami*

'Ph.D. Graduate, Dept. of Soil Science, University of Shahrekord and Currently Assistant Prof.,
Dept. of Soil Science, University of Yasouj, “Professor, Dept. of Soil Science, University of Shahrekord,
3 Assistant Prof,, Dept. of Soil Science, University of Shahrekord, 4 Associate Prof,, Dept. of Soil Science,

University of Yasouj
Received: 11/15/2015; Accepted: 05/29/2016

Abstract

Background and Objectives: Availability and fractions of zinc are different in the rhizosphere
compared to bulk soil according to different biological and chemical characteristics of
rhizosphere. This study was conducted to investigate change in availability and fractions of
zinc in the rhizosphere of corn (Zea mays L.) in a contaminated soil treated with chelators
(EDTA, citric acid and poultry manure extract) in greenhouse condition.

Materials and Methods: Citric acid and EDTA were used at concentration levels 0, 0.5 and 1
mmol kg soil and poultry manure extract at concentration levels 0, 0.5 and 1 g kg™ soil. Three
seeds of maize were plant in the rhizobox. After 10 weeks, plants were harvested and
rhizosphere and bulk soils were separated. Dissolved organic carbon (DOC), microbial biomass
carbon (MBC) and available Zn (by using 4 chemical procedures including DTPA-TEA,
AB-DTPA, Mehlich3 and Rhizosphere-based method) and Zn-fractions were determined in the
rhizosphere and bulk soils.

Results: Rhizosphere soils properties was different with bulk soils. The results showed that
DOC and MBC in the rhizosphere soils were significantly (P<0.05) higher in the bulk soils,
while pH significantly decreased in the rhizosphere soils compared to bulk soils. Zn extracted
by different methods in the rhizosphere (except rhizosphere based method) were significantly
(P<0.05) lower than in the bulk soils. Amount of extracted Zn with extractants ranged from 0.78
to 75.00 mg kg'. The maximum amount of Zn by mehlich3 and the least amount of Zn by
rhizosphere based method were extracted. Available Zn increased as added chelators to
soil. Zn extracted by rhizosphere based method was read only by an atomic absorption
spectrophotometer when EDTA added to the soil. In the rhizosphere and bulk soils treated with
chelators, the greatest amount of Zn was bounded to iron and manganese oxides forms, residual,
bounded to organic matter, bounded to carbonates and exchangeable respectively. The mean of
Zn exchangeable and bounded to organic matter fractions in the rhizosphere were smaller than
in the bulk soils and mean of Zn bounded to iron and manganese oxides, bounded to carbonates
and residual fractions in the rhizosphere were higher than in the bulk soils. Amount of Zn
fractions ranged from 0.13 to 583.20 mg kg™

Conclusion: The results of this research showed that availability of Zn in the rhizosphere soils
are smaller than the bulk soils. The maximum amount of Zn in the EDTA treatment (1 mmol kg™)
and the least amount of Zn in control condition, were extracted. There was not statistically
significant differences between both levels of poultry manure extract on Zn availability.

Keywords: Rhizosphere, Corn, Fractionation, Chelators, Availability
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