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1- Antagonistic effect
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Table 1- Physico-chemical properties of soil used in this research

| o CeliS (IR S cdb wels Sy Js 5 Jals (£33
) - (et g5 Jold s
&< S, Ser ] S6 Jokeo @ S o
. Calcium
pH EC(Sm?Y)  OC(%) SO|IC‘:':SxSture Carbonate ;I;;J;all(;lt; (Cmo(I:IEgC'l soil)
Equilibrium(%)
7.2 1.0 0.18 Loamy 14 3 11.9
Uig5y ol 3 03kl 390 (591 395 (SS9 Y Jgua
Table 2- Cow manure characteristic used in this research
< Aoy R (| LTIV
gl S cole culls - J5 039k C S pweds o S5 s,
s o3 lsw!
pH EC (1:5) oC Total N AvailableP  Total Cd Total Pb  Total Zn
(ds m) (%) (%) (mgkg")  (mgkg") (mgkg’) (mgkg™)
7.8 14.2 24 15 130 1 2 11
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Table 3-Converter sludge composition of Isfahan Steel Meel

oS 1t s Slade
Element amount (mgkg®) Element amount (mgkg™)

Fe,Os 57.2 MnO 3

FeO 27.1 Zn0O 0.1

Cao 9 V,05 0.7

SiO, 1.1 S 0.1

MgO 0.3 Na,O 0.2
Al,O4 0.4 K,0 0.7

P,0s 0.1

oS 5 S p3 0 pur CHLE 9 S (aleond (S S29 32 0w 9399595 (029 (5915 365 51 il gl 4525 —€ Jgoa
Table 4- Analysis of variance effect of cow manure, converter sludge and Pb on soil chemical properties and soil and plant Pb

concentration.

Slayyo (ke
mean of squares
o . a> ) Bo
Sources of ;! ' oS o S0, lac , _
variations df &< S Sl Jsls DTPAL als ol§
pH h ’ : Root Pb Shoot Pb
ocC CEC g )
DTPA concentration concentration
extractable Pb
sk 2 0.005™ 0.003" 0.003* 1.001™ 16.030™ 1.1405™
Block
ek 2 2.523** 3.663**  82.011** 1977.710" 6180.076" 410.066™
Cow manure
2905 o) 1 0.008™  0.006" 0.018™ 656.427" 1508.835" 153.416"
Converter sludge
‘;’; 3 0.002™  0.001" 0.001™ 28050.442" 108954.864" 1722.522"
35395 52 X5 395 n . n
Cow manurex 2 0.007™ 0.007™ 0.012"™ 7.275 10.400 0.159
converter sludge
35255 6 0.008™  0.004"™ 0.002" 233.455" 1187.408" 50.166"
Pbxcow manure
P99 I G peo N N N
Pbx converter 3 0.003™  0.002" 0.005™ 90.892 253.018 17.298
sludge
295X, 55 )95 (PIX o pao
i 6 0.010™  0.001" 0.002" 1.615" 54.526™ 1.240
Pbx converter : : : : : :
sludge x cow
manure
k> 46 0.119 0.039 0.042 0.411 1.087 0.418
Error
2oy Y 90 Jlain! o 13 5 ize oyl3 drepé i 4 FF 4 * NS

ns, *, ** non-significant, significant at 5 and 1 percent probability level, respectively.
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Figure 1- Simple effect of applying cow manure on soil pH (A) and CEC (B), Co, Cy5 and Cy, are applying 0, 15 and 30 t ha™

cow manure
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Table 5- Effect of cow manure, converter sludge and Pb on DTPA-extractable Pb (mg kg™)

low
Tre)atr“nent SOF)bO SOPbZOO SOPbSOO S0Pb400 SSPbO SSPbZOO S5Pb300 S5pb400
Co ND~ 440k 750" 1120° ND  37.8" 64.1% 101.2°
Cis ND 311" 631" 964° ND 253° 527 87.3°
Ca ND 21.3° 51.6! 81.2° ND 17.2° 42.3' 75.3"

P;L;L.o ¥eoo 9\“' LA R ).,{JL&A J).g)lf J.oL.u [T Pb4005 be300 ‘szoo ‘Pbo ‘d?lf 395 )LIS.D: PRI A 9 AR )g.b\.a.o .\).g)lf J.oL...v Cud C30 9 C15 ‘CO
395 (ol O 0l8iwd alusg 4 (655 031] B ND™ i)l 1oy O grdaws 13 LSD (yg0f] olol py (gl (sime M5! (glel jlas j) szl o
Co, Ci5 and Cy are applying 0,15 and 30 t ha™ cow manure, Pho,Pb200, Pb300 and Pb400 are applying 0,200, 300 and 400 mg Pb kg™

! s0il, Spand S5 are applying 0 and 5%pure Fe from converter sludge. *Means followed by the same letter in each column or row are
not significantly different (p=0.05, LSD), **ND: Not detectable by atomic absorption spectroscopy.
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Table 6- Effect of cow manure, converter sludge and Pb on DTPA-extractable Fe (mg kg?)

Low
Tre)at;nent SoPbg  SoPbay  SoPbsgs  SoPbagy  SsPby  SsPbagy  SsPbsgg  SsPbago
Co 5.07 1.7 0.6° 0.2° 85.1° 784 70.0" 58.1'
Cis 212" 173" 13.0° 82> 982° 888  761°  69.4"
Cao 3720 28.2¢ 212 16.1" 1156* 105.6°  88.5 76.6°

Foo gVeo Yoo o palio 3p)l8 Jols cs 5 & Pb400y PH300 PH200 PO ((c5l5 565 kS j3 (5 ¥ 9 V0 o polio 3,5, Jolis s 5 4 Cgg 9 C15 Co
g b s b gt yo )3 & oolis] * il o 1900958 09 S5 31 A ol g 40y D g+ uollis 35 S5 9 SO S p S5 3 e 5 o
L) 2o )3 O pdaws )3 LSD (yg0jl ool p gyl (sime M3 (g)lel L5 5l uisl o gjle] alite
Co, Cis and Cy are applying 0,15 and 30 t ha™ cow manure, Pho,Pb200, Pb300 and Pb400 are applying 0,200, 300 and 400 mg Pb kg’

! s0il, Spand S5 are applying 0 and 5%pure Fe from converter sludge. *Means followed by the same letter in each column or row are
not significantly different (p=0.05, LSD)
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Table 7. Effect of cow manure, converter sludge and Pb on corn root Pb concentration (mg kg™)
Lowd
J

Treat;nent SOl':)bO SOl:)bZOO S0Pb300 S0Pb400 SSPbO SSPbZOO SSPb3OO S5Pb400
Co ND" 92.4' 141.3° 226.0° ND™ 87.6™ 122.4" 217.4°
Cis ND 81.3" 117.1° 195.1° ND 74.7° 109.7! 174.3¢
Cao ND 74.5° 101.4% 162.3° ND 65.3¢ 77.3° 151.4f

¥oo 9 Yoo Yoo o )iJLiio J)Q)L{ Jo‘.m W)A 4 Pb4oo5 ‘Pb3oo ‘szoo ‘Pbo ¢ d5l§ 355 )115@ Sl L): K 9 VO o )ib‘.'a',c aﬁ)lf J.aL.u u.J)J & C3g 9 C15 ng
ol o olS53 Ay 2 (5 031l B ND a2l o 199,558 00 S5 5l palls 50l (39 0059 D g+ pollis 30,85 S5 So S pSokS > oy 25 oo
YW
Co, Ci5 and Cy are applying 0,15 and 30 t ha™ cow manure, Pho,Pb200, Pb300 and Pb400 are applying 0,200, 300 and 400 mg Pb kg™
! s0il, Spand S5 are applying 0 and 5%pure Fe from converter sludge.*ND: Not detectable by atomic absorption spectroscopy.
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Table 8- Effect of cow manure, converter sludge and Pb on corn root Fe concentration (mg kg™?)

Slosd

i SoPbg  SePbyge  SoPbsgg  SoPbagy  SsPby  SsPbagg  SsPbsge  SsPbago
Treatment

Co 107.2" 385" 12.0% 8.1" 521.00 451.0' 3955 321.1

Cis 219.0° 186.1" 1725° 131.2'  927.3° 7211F 67519 601.3"

Cao 316.1™ 271.2" 231.2° 198.09 1054.8° 932.2° 846.4% 791.3°

For g¥er oo

o ),l.)LEin J)g)lf Jnlw iy A Pb4009 ‘Pb300 ‘szoo ‘Pbo ‘L59l§ .>9§ )1;'5& PN Yo 9 AT R x)llin )ﬁ)lf Jal.&: [y ng 9 C15 LCO

alite Gy (sl Civd) b gt 5 o sobis ¥ il o 155595 o S 5 ) A ol g 20y B 5 3lie 3,15 Ss 5 So S pSAS 5 S ks
)8 2o )d B ey LSD L')yoﬂ bl g gy ixe OS] d)Lo-l S 5lasl L;)Loi
Co, Cis and Cy are applying 0,15 and 30 t ha™ cow manure, Pho,Pb200, Pb300 and Pb400 are applying 0,200, 300 and 400 mg Pb kg™

! s0il, Spand S5 are applying 0 and 5%pure Fe from converter sludge.*Means followed by the same letter in each column or row are
not significantly different (p=0.05, LSD)
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Table 9- Effect of cow manure, converter sludge and Pb on corn shoot Pb concentration (mg kg™)

)L"‘..*’ S'OF’bO S'OPbZOO SOPbBOO SOPbAOO SSPbO SSPbZOO Sspbaoo SPb4OO
Treatment

Co ND™ 13.3h 21.4d 32.0a ND™ 11.2i 17.3f 27.3b

Cis ND 10.4i 15.4g 25.4¢c ND 6.5] 11.2i 21.2d

Cao ND 5.2k 10.5i 18.4e ND 0.3l 7.4 14.6g

Foo gVee Xov o oo 3p)l8 Jols cs s & Pbgggg PD3gg Phagp P ¢ (595 565 S )5 o5 Yo 9 V0 o poldo 50,8 Jolis 55 & C30 9 Ca5 Co
gy b cind) b gt yo 3 o (s3] ¥ 03l o 155,55 0 S5 LAlS o0l (g 203 0 5+ yalie 315 S 9 So S 5S35 o
395 (ol il oS dlis 4 (65 831051 5t ND )l a3 & gl 15 LSD g0l pslol ()l (sine M3 (o)l s 5 il o (g )lof alie
Co, Cys and Cy, are applying 0, 15 and 30 t ha™® cow manure, Pbo,Pb200, Pb300 and Pb400 are applying 0, 200, 300 and 400 mg Pb

kg™ soil, Sp and S5 are applying 0 and 5%pure Fe from converter sludge. **Means followed by the same letter in each column or row
are not significantly different (p=0.05, LSD), *ND: Not detectable by atomic absorption spectroscopy
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Table 10- Effect of cow manure, converter sludge and Pb on corn shoot Fe concentration (mg kg™)

Lo

Tre)elt;nent SOl:)bO SOl:)bZOO S0Pb300 S0Pb400 SSPbO SSPbZOO SSPb3OO SSPb4OO
Co 7.2r%* 4.8° ND” ND 33.3" 19.1° 11.2¢ 6.7"
Css 58.2i 46.5 37.4' 31.2° 127.4° 98.2" 43.4 36.5™
Cao 70.19 59.1" 46.2) 37.4' 166.9° 148.1° 136.2° 128.2¢

piSihe oo g e Voo i palie 3,08 Jols cas )5 4 Phggog PD3gp Pbagy PBg ecsslS 355 ,iSan 53 (55 ¥+ 30 ev palio 3,018 Jolis cus 4 Cag 9 C1s Co
olel it By o (shls Cindy b gty 3 oS (alael ** 0l o )50 (o S 5l IS ol (g 00y B g+ ol 3,018 S5 5 Sp (SB £S5k )3 o

395 podl o olSiw dlos &1 (65:S0jlnl LB ND )l 3oy3 8 o 3 LSD yg0jl ool o (6l sime M) (g lel i 5l assly o
Co, Cy15 and Cy are applying 0,15 and 30 t ha™* cow manure, Pby,Pb200, Ph300 and Pb400 are applying 0,200, 300 and 400 mg Pb kg™
! s0il, So and S5 are applying 0 and 5%pure Fe from converter sludge. **Means followed by the same letter in each column or row

are not significantly different (p=0.05, LSD), *ND: Not detectable by atomic absorption spectroscopy

2 60bj Cuodl Wl o pl aS ol L S Jelore e sl
d bl ansly p S 518 4 o3yl cla ue; 55 lalS cusls
WU css |y piiSen i ol Wlgy o S Gy (5ol i oS

(YY) da 18

S5 S5 doa

M\y dglj 355 Jﬁ)lf aS dg ‘_’j )‘] USB (B0 O?.I @L.»

O olg o 1y ol el s a5 sl asls ol o,lus s ¢ ay,
bl (ialS )3 (65lS 358 335290 g (Giee (iSu i
U 55 ool o)l b 55 58 (g5l (i -l oo g s
D)Lu.ol.w 9 d._w.:) g clale u.&sl.{ p&l) Caw| M‘y (§d94>
5 ol GiiSen i 4 Glgie 1y o Jlaas! s oS 255 olS
Ulgs o oyl &S Cansld olS Aoy 4 o Gl ialS 0 e
25088 o o plS ] Clas 4 asee G Cute 4155 S
L sySoylme JoB pal e ol b coly 5o ()
oS baasgi oy s bl LtmlS )5 (690 i DTPA
5 0 S (S sl @3l 5 Jd)lS 5y ol il azdly
L ey 250 (5 Caodlyg IS drgs 5 (Jolor s g g
carge Mido)lS’ ol codled (l8l g ol Loy ool Gl halS
Fiwgid 4o )3 4 398 e () (55 5 JdgylS jiiw ialS
do ol enld Jialial 00 (o oS olS A5y g 4Bl alS

oy cbale Bl )3 (6 Fge S S oS 255 il (€
S )0 5 ¥r 930 0,8 &S (0550 &l Al oLS 0jlus L
o2 S5 5 pAlS el (g 403 0 L osd i g4 58
4y SIS pS5lS 5 g p) (e Fee 02l S o 45558
oS o)l lis oy cdale )5 (ganly YA ¥/Y jialS el ey
o=l el 0ad 0l b (g5l g8 (g (698 58 o b aunlie 5
Ly 65 ok BB oy Mo 55 _sgoliie golis 48 sl b
SyplS A (g5 4y e otnliio ol 4y oy calé y DTPA
I oAls ol Sig 20,0 0 L osd (28 gl 355 1S 5 (5 Y
2oy oS oo For an o0 N SLS 3 495,08 o0 oS 5
e jd (sanls Yo/ 50/ pals cel iy 4 SB p,SelS
sy @y jlido 9 (0 Jgio) DTPA L (5 o)las JB oy
ol b sile i€ Gk (598 265 Jlos L dunlie ) (V Jgaz) olS
5 odl piiSen s Sl 4 oy e ]y ol Jleasl Jds o8 s olis
4 L o ol LS &) olS Ay g 4 Cp il > Gy
23230 (aols ©p Gl jlade )3 0lS (5ol 5 9 g5 B
=0l Jgome Sl (Ados )3 (17) (l)lSed g (ool 298 485
O dpeh 90 Sigdnid Slimo (B g e (531 5 o)
o ool 4y g 03l )18 3050 |y (Sl ST Sy )5 clodole
pll o el i Jalidl cage ol (3l Jslowe 45 e,
525 (1) ot g 0biz ] 05 o b inlS g > oo
ke (] bl Jgloxe geas ialjhl b a8 3l oL i o
L amuglio )3 1) ()l (e ialS @il (s (550 )3



1¥A8 LT - 0 oF ojlod ¥V ul> (S gl ais VVAP

ol @l 1) oS bawgs Gy Ol jlude (pieS w5 e ol e Sl el cage o 1S o (5S ol olS Lausg oy
S (5ol g g9 9 oy (539 e slo ol 3 &S Wi p» cilS a8 el o 5l Sk suivs ol JS gols s e olS
g diny S5 Oy (awoyiwd Cobl 1% )0 (g g0 i MileS oo Lioad e ol S 058 )l 0 5 Vo (ggls S o yd ol
A5l ansly olS o lus L Yoo anodgdl g 555,68 opod S 5 5l LAl Sj9 oy O oyl

&bo

1- Abbaspour A., Kalbasi M., and Shariatmadari H. 2004. Effect of steel converter sludge as iron fertilizer and soil
amendment in some calcareous soils. Journal of plant nutrition, 27: 377-394.

2- Abu Zinada I., Abou Auda M., Ali S., and EIl E. 2011. Impact of soil lead pollution and iron foliar application on
Spinacea oleracea (L.). Advances in Agriculture and Botanics, 3: 116-126.

3- Agegnehu G., Nelson P.N., and Bird M.I. 2016. Crop yield, plant nutrient uptake and soil physicochemical
properties under organic soil amendments and nitrogen fertilization on Nitisols. Soil and Tillage Research, 160: 1-
13.

4-  Alidadi Khaliliha M., Dordipour E., and Barani Motlagh M. 2016. Interactive effect of iron and lead on growth and
their uptake in Cress (Lepidium sativum L.). Journal of Soil Management and Sustainable Production, 5: 41-59 (in
Persian with English abstract).

5- Allen S.E., Grimshaw H.M., and Rowland A.P. 1986. Chemical analysis p. 285-344. In: P.D. Moore and S.B.

Chapman (eds.). Methods in Plant Ecology, Blackwell Scientific Publication, Oxford, London.

6- Baghaie A., Khoshgoftarmanesh A.H., Afyuni M., and Schulin R. 2011. The role of organic and inorganic fractions
of cow manure and biosolids on lead sorption. Soil Science and Plant Nutrition, 57: 11-18.

7- Baghaie A.H., Khoshgoftarmanesh A.H., and Afyuni M. 2010. Crop effects on lead fractionation in a soil treated
with lead organic and inorganic sources. Journal of residuals science and technology, 7: 131-138.

8- Bremner J.M. 1996 .Nitrogen-total. p. 1085-1121. In D. L. Sparks (ed.), Methods of Soil Analysis. Part 3 , 3"

Ed.,American Society of Agronomy, Madison. WI.

9- Fodor F. 2006. Heavy metals competing with iron under conditions involving phytoremediation. p 129-151. In:
L.L. Barton and J. Abadia (eds.), Iron Nutrition in Plants and Rhizospheric Microorganisms, Springer, Dordrecht,
The Netherlands.

10- Gee G.W., and Bauder J.W. 1986. Particle-size analysis. p. 383-409. In: A. Klute (ed.). Methods of Soil Analysis,
Part 1. Physical and Mineralogical Methods, American society of agronomy, Madison, WI.

11- He Z.-1., and Yang X.-e. 2007. Role of soil rhizobacteria in phytoremediation of heavy metal contaminated soils.
Journal of Zhejiang University Science B, 8: 192-207.

12- Islam E., Liu D., Li T., Yang X., Jin X., Mahmood Q., Tian S., and Li J. 2008. Effect of Pb toxicity on leaf growth,
physiology and ultrastructure in the two ecotypes of Elsholtzia argyi. Journal of Hazardous Materials, 154: 914-
926.

13- Islam E., Yang X, Li T., Liu D., Jin X., and Meng F. 2007. Effect of Pb toxicity on root morphology, physiology
and ultrastructure in the two ecotypes of Elsholtzia argyi. Journal of Hazardous Materials, 147: 806-816.

14- Karami S., and Ronaghi A. 2016. Interaction Effects of Cadmium and Wheat or Alfalfa Residues on Corn Yield
and Nutrients Uptake. Iranian Journal of Soil Research, 30: 13-23 (in Persian with English abstract).

15- Li J., Gan J.,, and Hu Y. 2016. Characteristics of Heavy Metal Species Transformation of Pb, Cu, Zn from
Municipal Sewage Sludge by Thermal Drying. Procedia Environmental Sciences, 31: 961-969.

16- Lindsay W.L., and Norvell W.A. 1978. Development of a DTPA soil test for zinc, iron, manganese, and copper.
Soil Science Society of America Journal, 42: 421-428.

17- Mansouri T., Golchin A., and Fereidooni J. 2016. The Effects of EDTA and H2SO4 on Phyto-extraction of Pb from
contaminated Soils by Radish. Journal of Water and Soil, 30: 194-209 (in Persian with English abstract).

18- Matos G., and Arruda M. 2003. Vermicompost as natural adsorbent for removing metal ions from laboratory
effluents. Process Biochemistry, 39: 81-88.

19- Melali A.R., and Shariatmadari H. 2008. Application of Steel Making Slag and Converter Sludge in Farm Manure
Enrichment for Corn Nutrition in Greenhouse Conditions. Journal of Water and Soil Science, 11: 505-513 (in
Persian with English abstract).

20- Menon M., Hermle S., Giinthardt-Goerg M.S., and Schulin R. 2007. Effects of heavy metal soil pollution and acid



VVay u)oath.ws.vuﬂwﬁé@b&&f&;ﬁs&TW,}‘

rain on growth and water use efficiency of a young model forest ecosystem. Plant and Soil, 297: 171-183.

21- Mohammadi Torkashvand A. 2011. Effect of steel converter slag as iron fertilizer in some calcareous soils. Acta
Agriculturae Scandinavica ,Section B-Soil and Plant Science:, 61: 14-22.

22- Molaei S., Shirani H., Hamidpour M., Shekofteh H., and Besalatpour A.A. 2016. Effect of Vermicompost,
Pistachio Kernel and Shrimp Shell on Some Growth Parameters and Availability of Cd, Pb and Zn in Corn in a
Polluted Soil. Journal of Water and Soil Science, 19: 113-124 (in persian with English abstract).

23- Motesharezadeh B., and Savaghebl G., R 2011. Study of sunflower plant response to cadmium and lead toxicity by
usage of PGPR in a calcareous soil. Journal of Water and Soil, 25: 1069-1079 (in Persian with English abstract).

24- Nelson D.W., and Sommers L.E. 1996. Total carbon, organic carbon, and organic matter. p. 539-579. In A.L. Page
et al. (ed.) Methods of Soil Analysis, Part 2. Chemical and Microbiological Properties, American Society of

Agronomy, Madison, Wisconsin, USA.

25- Nelson R.E. 1982. Carbonate and gypsum. p. 181-197. In: A.L. Page, R.H. Miller and D .R. Keeney (eds.). Methods
of Soil Analysis, Part 2. Chemical and Microbiological Properties, American Society of Agronomy, Madison,
Wisconsin, USA.

26- Olsen S.R., and Sommers L.E. 1982. Phosphorus. p. 403-431. In: A.L. Page, R.H. Miller and D.R. Keeney (eds.).
Methods of Soil Analysis, Part 2. Chemical and Microbiological Properties, American Society of Agronomy,
Madison, Wisconsin, USA.

27- Rezvani M., Zaefarian F., and Gholizadeh A. 2012 .Lead and nutrients uptake by aeluropus littoralis under different
levels of lead in soil. Water and Soil Science, 22: 73-86 (in Persian with English abstract).

28- Rhoades J.D. 1982. Cation exchange capacity. p. 149-157. In: A.L. Page, R.H. Miller and D.R. Keeney (eds.).
Methods of Soil Analysis, Part 2 .Chemical and Microbiological Properties, American Society of Agronomy,

Madison, Wisconsin, USA.

29- Saadat K., and Barani Motlagh M. 2013. Influence of Iranian natural zeolites, clinoptilolite on uptake of lead and
cadmium in applied sewage sludge by Maize (Zea mays. L.). Journal of Water and Soil Conservation, 20: 123-143
(in Persian with English abstract).

30- Sharifi M., Afyuni M., and Khoshgoftarmanesh A.H. 2010. Effects of sewage sludge, animal manure, compost and
cadmium chloride on cadmium accumulation in corn and alfalfa. Journal of residuals science and technology, 7:

219-225.

31- Sharifi M., Afyuni M., and Khoshgoftarmanesh A.H. 2011. Effects of Sewage Sludge, Compost and Cow Manure
on Availability of Soil Fe and Zn and their Uptake by Corn, Alfalfa and Tagetes Flower. Journal of Water and
Soil Science, 15: 141-154 ((in Persian with English abstract).

32- Sharma A., Johri B., Sharma A., and Glick B. 2003. Plant growth-promoting bacterium Pseudomonas sp. strain
GRP 3 influences iron acquisition in mung bean (Vigna radiata L. Wilzeck). Soil Biology and Biochemistry, 35:
887-894.

33- Shirani H., Hajabbasi M.A., Afyuni M., and Hemmat A. 2010. Impact of Tillage Systems and Farmyard Manure on
Soil Penetration Resistance under Corn Cropping. Journal of Water and Soil, 14: 141-155 (in Persian with English
abstract).

34- Solgi E., Esmaili-Sari A., Riyahi-Bakhtiari A., and Hadipour M. 2012. Soil contamination of metals in the three
industrial estates, Arak, Iran. Bulletin of environmental contamination and toxicology, 88: 634-638.

35- Tafvizi M., and Motesharezadeh B. 2014. Effects of Lead on Iron, Manganese, and Zinc Concentrations in
Different Varieties of Maize (Zea mays). Communications in Soil Science and Plant Analysis, 45: 1853-1865.

36- Tafvizi M., Motesharezadeh B., and Savaghebi G.R. 2014. Investigating the effects of lead contamination and foliar
application of iron on some physiological characteristics in two forage corn (Zea mays L.) hybrids in calcareous
soil. Iranian Journal of Field Crop Science, 45: 213-226 (in Persian with English abstract).

37- Zhong S., Shi J., and Xu J. 2010. Influence of iron plaque on accumulation of lead by yellow flag (Iris pseudacorus
L.) grown in artificial Pb-contaminated soil. Journal of Soils and Sediments, 10: 964-970.



Journal of Water and Soil (83298 Zbus g pale) S g O & i
Vol. 31, No. 4, Sept.-Oct. 2017, p. 1187-1199 U/ﬂr‘,;'f,;éé NAY-124 . o ATAF LT — o F o)lous F) ul>

Interactive Effect of Fe and Pb on Decreasing Corn Pb Availability in a Pb-
Polluted Soll

N. Tabarteh Farahani'- A.H. Baghaie*"
Received: 01-11-2016
Accepted: 11-01-2017

Introduction: Lead (Pb) is of great concern in environment because of its toxicity to animals and humans.
Lead is a cumulative toxin and known carcinogen. Although, plants do not require Pb for growth, the
bioaccumulation index of Pb in plants exceeds that of most other trace elements. It is therefore important to
control Pb concentration in plants, especially in the edible parts of crops to ensure food safety. There are many
factors that control Pb accumulation and availability to plants in agricultural soils such as Pb source, Pb loading
rate, soil pH, soil cation change capacity (CEC), chloride concentration in soil solution and soil organic matter
content. These are important factors that should be considered for evaluating Pb phyto-availability. In addition,
element interactions can also affect the elements uptake. Thus, this study was performed to investigate the effect
of converter sludge-enriched cow manure on the changes in corn Pb uptake in a Pb-polluted soil under
greenhouse condition.

Materials and Methods: This pot experiment was conducted under greenhouse condition around the city of
Arak, using a Fine loamy, mixed and thermic, Typic Haplargids soil. A factorial experiment with a
randomized complete block design with 24 treatments in three replications was carried out. The treatments
consisted of applying enriched cow manure (0, 15 and 30 t ha™) with 0% and 5% pure Fe from converter. To
investigate the effect of converter sludge-enriched cow manure on the changes in corn Pb uptake, a non-saline
soil with low carbon percentage was selected. The soil was polluted with Pb from Pb(NQs), source at the
concentrations of 0, 200, 300 and 400 mg Pb kg™ soil and incubated for one month. Cow manure was produced
in a local farm and aged for two years before the experiment. The cow manure was enriched with converter
sludge and incubated for three months in room temperature. Then, the enriched cow manure was added to the Pb
polluted soil and corn (Zea mays L. single grass 704) seeds were sown. After 60 days from the experiment, soil
physio-chemical properties and soil and plant Pb concentration were measured.

Results and Discussion: The greatest and least DTPA-extractable-Pb were determined in the polluted soil (400
mg Pb) without applying cow manure and the polluted soil (200 mg Pb) treated with 30 t ha™ enriched cow
manure, respectively. The DTPA-extractable-Pb in uncontaminated soils was not detectable by atomic
absorption spectroscopy (AAS). Increasing the amount of cow manure caused a significant reduction in DTPA-
extractable-Pb as applying 15 and 30 t ha™ cow manure in a polluted soil (300 mg Pb) resulted in a significant
decrease in DTPA-extractable-Pb by 11.9 and 23.4 units, respectively. This can be accounted for by the role of
organic and inorganic fractions of cow manure in decreasing soil Pb availability. Interactions between Fe and Pb
appear to influence the soil Pb availability as application of 15 and 30 t ha™ converter sludge-enriched cow
manure in 300 mg Pb-polluted soil caused a significant decline in soil Pb availability by 10.4 and 9.3 units,
respectively. The highest and least root Pb concentration were observed in the polluted soil (400 mg Pb) without
applying cow manure and the polluted soil (200 mg Pb) treated with 30 t ha™ enriched cow manure, respectively.
The corn root Pb concentration in unpolluted soils was not detectable by AAS. Applying 5% (W/W) pure Fe
from converter sludge in the polluted soil (300 and 400 mg Pb) which were not manured significantly decreased
the root Pb concentration by 19 and 9 units, respectively which is explainable by the interaction existing between
Pb and Fe in soil. Furthermore, root Pb concentration was affected by converter sludge enriched-cow manure as
applying 15 and 30 t ha™ converter sludge cow manure in a polluted soil (400 mg Pb) significantly decreased the
root Pb concentration by 20.8 and 10.9 units, respectively. However, the role of cow manure in increasing pH
and decreasing root Pb concentration cannot be ignored. The greatest and least shoot Pb concentration was
obtained for the polluted soil (400 mg Pb) without applying cow manure and the polluted soil (200 mg Pb)
treated with 30 t ha™ enriched cow manure, respectively. The corn shoot Pb concentration in unpolluted soils
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was not detectable by atomic absorption spectroscopy (AAS). Interaction effects were also observed for shoot Pb
concentration as using 5% (W/W) pure Fe from converter sludge in the polluted soil (300 and 400 mg Pb) which
were not treated by cow manure significantly decreased the shoot Pb concentration by 4.1 and 4.7 units,
respectively.

Conclusion: The results of this study showed that interactions between Pb and Fe seem to play an important
role in reducing root and shoot Pb concentration. On the other hand, applying cow manure can increase the soil
sorption properties such as CEC and decrease the soil Pb availability and plant Pb uptake which is explainable
by the fact that the organic and inorganic fractions of manure impact the Pb availability. However, the influences
of soil physico-chemical properties such as pH upon soil Pb availability should be taken into account.
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