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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, S ] S6 Jokeo @ S o
. Calcium
pH EC(dSm?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 S529 32 0w 9399595 (029 (5515 365 31 il ly @505 —€ 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 (uKile
mean of squares
o . a0 B o
Sources of ;! ' oS o 50, lac , _
variations df &< S Sels 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‘° ¥eoo 9 Yoo Neo oo )i-)L&O J).g)lf J.oL.u (WY Pb4005 be300 ‘szoo ‘Pbo ‘d?lf 395 )LISJ: PRI A 9 AR )g..\ui.o .\).g)lf J.oL...v Cud C30 9 C15 ‘CO
g5 (ol O 0l8wd alusg 4 (655 051] B ND™ i)l 1oy O rdaws 13 LSD (g0l olol py (gl (sime M glel i 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 SOPb3OO 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 US K 9 VO o )ib‘.'a',c 3)4)15 J.aLw u.J)J & C3g 9 C15 sCO
ol oy olS53 Ay 2 (5 031l 6 ND a2l o 199,558 02 S5 5l palls 50l (39 0059 D g + pollis 3,0, S5 S oS pSoS > oy 2.5 oo
Do
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 ‘dBK .>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 S0Pb300 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 o 3p)l8 Jols sy & Pbaggg PD3gg Phago Pg ¢ (595 565 S 55 o5 ¥+ 9 V0 o poldo 50)8" Jolis 55 & C30 9 Ca5 Co
gy b cind) b gt yo 3 o (ool a2l o 155,55 0 S5 LAls o0l (g 203 0 5+ yalie 315 S 9 So S 23S 3 e 5 o
395 (ol i oS dliws 4 (655 03105 L5t ND )l a3 & gl 15 LSD g0l polol 1 ()l (sine M3 gyl s 5 il o (o ybof 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 SOPb3OO 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¢

pSke Yoo g¥ee Voo oo palie 38 Jolis o3 45 PDagog Pbagg Paog P 98 355 ,iSan y3 (5 ¥ 510 ¢ pilie 3,3, Jolis o5 4 Cgp 9 Ci5 Cp
olel it By o (shls Cindy b gty 3 oS (alael ** 0l o )50 (o S 5l Al ol (g 00y B g+ ol 3,018 S5 5 Sp (S p S5 )3 o

395 godl o olSiw dlbws &1 (65:S0jlul LB ND )l 33 8 o ;3 LSD fysnjl olil o (6l sime M) (g )lol i 5l assly o
Co, Cy15 and Cy are applying 0,15 and 30 t ha™* cow manure, Pby,Pb200, Pb300 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
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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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