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Table 1. Some physico-chemical properties of soil sample.

S5 Il S Ko S s eds Sl s Sl il S SScs el o
CEC Total Pb Calcium Carbonate Soil Texture o 1

(Cmol (kg soil)  (mgke') Equilibrium(%) class 0C() EC(dS m) pH
11.9 3 14 Loamy 0.18 1.0 7.2

(&2 58 S s Sy Fp Y Jsur
Table 2. Some characteristics of applied Cow manure.

X s Ko S mesls oxlizal LG s IS 055, IS ton  Slcolacdl  sho

Total Zn Total Pb Total Cd Available P Total N(%) oC EC (1:5) pH(1:5)
(mgkg")  (mgkg")  (mgkg") (mgkg") % dsm’!

11 2 1 130 15 24 14.2 7.8
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Table 3. Converter sludge composition of Isfahan Steel Meel.
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Sl e g s
amount (%) Element amount (%) Element
3 MnO 57.2 Fe 04
0.1 ZnO 27.1 Fe0
0.7 V,0;s 9 Cao
0.1 S 1.1 Si0,
0.2 Na,O 0.3 MgO
0.7 K,0 0.4 ALO;
0.1 P,0:s
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Table 4. Analysis of variance effect of cow manure, converter sludge and Pb on soil chemical properties and
soil and plant Fe concentration.

Dlagye S0
mean of squares
. i )l
&AI cble &A] cble JE o SlmS B B @t“’
S i 2l S f variations
_ . - . : rces of varia
oS oslesils oS ais, brSelas Jals oS She ou v
Shoot Fe Root Fe g;g: s oC pH
concentration  concentration o CEC
s Sk
30.78%* 0.0018* 0.53ns 0.0033* 0.0037™ 0.0056
Block
g
746574.8%* 44433 5] ** 88263.011%** 82.0114**  3.6633**  2.5230%** e
Cow manure
5035551.125%* 38822.91%* 3375.188%* 0.0183™ 0.0064™ 0.0084™ 25258 o)
Converter sludge
108688.83** 5124.004** 1703.62** 0.0014™ 0.0013™ 0.0025™ h‘;’gﬂ
P
‘ _ ‘ 2505 X o8 S
113245.48** 9713.49* 15.97%** 0.0122™ 0.0074™ 0.0071 Cow manurex Converter
sludge
! ! ! B Sxo
1292.17** 631.51%* 64.920%* 0.0028™ 0.0040™ 0.0082™ S 28X
Cow manurex Pb
5y eSS - X
21192.47* 898.32%* 319.39%* 0.0051™  0.0029"  0.0036™ PFoFS e
Converter sludgex Pb
‘ _ ‘ S 25555, 58 pdx
2146.97** 400.43** 7.931%* 0.0026™ 0.0014™ 0.0109™ Pbx converter sludge x
cow manure
o
7.1 0.17 0.33 0.0423 0.0390 0.1199
Error

Aoy ) 50 JLa:a-lch.dﬁJl:d'u Ols sma \,._JJSA;.M) ‘

"8 % ** 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), Cy, C;5s and Cj) 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 Fe (mg kg™).

SsPbago SsPbsgo SsPbago SsPby SoPbago SoPbsoo SoPbago SoPby ot
Treatment

58.1° 70.0" 78.4" 85.1° 0.2° 0.6° 17" 5.07 Co

69.4" 76.1¢ 88.8¢ 98.2° 8.2 13.1° 17.3™ 21.2" Cis

76.6° 88.5¢ 105.6° 115.6" 16.1" 21.2' 28.2% 37.2 Cyo

olie 5,508 Jols 5 54 Pbago 5 Pbgo Pbagy Py (558 555 Sba 53 (5 ¥ 510 o0 slie 5,08 Jolis o5 54y Cyp 5 Cis Co
Al gn 5558 2 oS 5 5 Gl el G55 00030 s v ol 3 S S5 5 Sg (S p SHLS ss o p Sl b S Y Xen
53 LSD 0031 ol y (5l ime 33l (Lol i 51 il o (obel aslie iy (shols sy b Ot j2 55 oS (golael ©

Al ds s 0

Co, Cys and C; are applying 0, 15 and 30 t ha™! cow marnure, Pbg, Pbagy, Pbsge and Pbyg are applying 0, 200, 300
and 400 mg Pb kg™ soil, Sy and Ss 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 6. Regression analysis of applying effect of cow manure, converter sludge and Pb on soil and plant Fe

concentration.
Dlagye S0k
M f T ..
ean of squares ol am s 5 e
oS olsls ol bl oS ay, el il DTPA L (s ,So las LG oal df Sources of variations
Shoot Fe concentration Root Fe concentration DTPA extractable Fe
49380%* 2272509%%* 33307** 3 O gt S
430.05 5166.33 24.23 68 ot

** Means significant at one percent probability level.

yyY

s S Jleas gl 03 025 ld S



11T (1) )lows d¥E) Als S 5 f clis gla g}y s puls

Jf)SWMeL;M)JATQHP)JLSflJ;
eSSk £ w ol S s S lajlus
Lol Jlal s o5 as olS i, ool chle
Sldie Jalsdl g 658 58 58 i w Oy o
Ol JLsaes s DTPA alewsas SoSeslas LG By
Shcedls &3 olS adu; b g sl 5k ol
l{w|m\jji§1m>\6j\§>j§>ﬁjl5,<i:uiy
LB als el S ds sla S5 il
s dS ely Ol Laesls) St 3 O eal Sl )
ol el poan s Gl 215l s s 5 (ol
gy bwg al 5ot ode and s 5 S

.J).iv e[::;

Sl b e 10,3 ol ady, ool clale
o (a8 a8 8 aSen il Do g ls s
oLS alyy s ol Clle e Sl 55,5
53 b Ay ol Clle ke o SR AL
S8 2SS s oy
o3l S s 5558 o Loedd
355 5,08 Ok Sk s O o508 5 (C30SsPbo)
eSS 2 oSk B el 5 S
25 LV Jsdr) 1 saslis (CoSoPbiy) Sl

Looldles St

SSeslas LG oAl Jlade s eddedalie alis
el o3l opl oy 6aST 5 DTPA alew s
oJ.irle..O LS)K bﬁ)b&h)b&*' )\0 :ﬂ)lS
05058 oS 5 pals Al s a0 L
03 <=J§L;L¢Y’~~ g ool S s gl
YA 5 YA Gl Eel e Sl eSS

Wb adyy ol CBE G s 58S o (58 558 38 SV Jsun
Table 7. Effect of cow manure, converter sludge and Pb on corn root Fe concentration (mg kg™).

SsPbago SsPbsoo SsPbagg SsPby SoPbago SoPbsoo SoPbaoo SyPby S
Treatment
321.1" 395.5% 451.0/ 521.0° 8.1" 12.0% 38.5" 107.2" Co
601.3" 675.1¢ 721.1° 927.3¢ 131.2" 172.5° 186.1" 219.0° Cis
791.3¢ 846.4 932.2° 1054.8° 198.0¢ 231.2° 271.2" 316.1™ Cso
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Co, Cys and C; are applying 0, 15 and 30 t ha™! cow marnure, Pbg, Pbagy, Pbsge and Pbyg are applying 0, 200, 300
and 400 mg Pb kg™ soil, Sy and Ss 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 8. Effect of cow manure, converter sludge and Pb on corn shoot Fe concentration (mg kg™).

SsPbago SsPbsgo SsPbago SsPby SoPbago SoPbsgo SoPbago SoPby et
Treatment

6.7° 11.2¢ 19.1° 33.3" ND ND 4.8° 7.2r%* Co

36.5™ 43.4* 98.2f 127.4° 31.2° 37.4 46.5' 58.2i Cis

128.2¢ 136.2° 148.1° 166.9° 37.4 46.2! 59.1 70.18 Cxo
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Co, Cys and C; are applying 0, 15 and 30 t ha™ cow manure, Pby, Pbygy, Pbsgo and Pbyg, are applying 0, 200, 300
and 400 mg Pb kg™ soil, Sy and Ss 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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Abstract

Background and Objectives: Nowadays, different materials such as applying Fe chelates, soil
acidifying materials and industrial wastes are used to correct soil Fe deficiency. Slag and
convertor sludge of steel factories are useful as a reclamation material for Fe nutrition among
the industrials wastes for this purpose. These materials contain considerable amount of Fe
produced in large quantities every year. Application of slag and convertor sludge to soil may
affect bioavailability and chemical forms of Fe in soil. On the other hand, environmental
pollution caused by heavy metals such as lead (Pb) is a serious and growing problem and can
affect nutrient management such as Fe. Considering interaction of Fe and Pb, this research was
performed to investigate the effect of converter sludge enriched cow manure on the changes in
Fe bio-availability in a Pb polluted soil.

Materials and Methods: A factorial experiment with a randomized complete block design with
3 factors in three replications was conducted in greenhouse conditions. Treatments were
consisting of applying enriched cow manure (0, 15 and 30 t ha™) with 0 and 5% pure Fe from
converter sludge. In addition, the soil was polluted with Pb from Pb(NOs3), source at the rates of
0, 200, 300 and 400 mg Pb kg soil and incubated for one month. 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 Fe
concentration were measured.

Results: Increasing the loading rate of cow manure from 0 to 15 and 30 t ha™ in a Pb polluted
soil (300 mg Pb soil") caused an increasing in DTPA extractable-Fe by 21 and 35 times,
respectively. Similar to this result, root and shoot Fe concentration was also increased, as,
applying 30 t ha™ cow manure in a polluted soil (200 mg Pb soil™') caused an increasing in root
and shoot Fe concentration by 7 and 12.3 times, respectively. Enriched cow manure with
converter sludge had also a positive effect on root and shoot Fe concentration, as, applying 30 t
ha™' enriched cow manure in a Pb polluted soil (200 mg Pb soil™") caused an increasing in root
and shoot Fe concentration by 2 and 7.7 times, respectively.

Conclusion: The greatest DTPA extractable Fe and root and shoot Fe concentration was belong
to the non-polluted soil treated with 30 t ha”' cow manure enriched with 5% Fe pure from
converter sludge. Considering the interaction effect of Fe and Pb, increasing the soil Pb
pollution caused the significant decreasing in soil Fe availability and root and shoot Fe
concentration. The result of this study showed that applying cow manure enriched with 5% Fe
pure from converter sludge can probably increase soil and plant Fe bio-availability. However,
the role of applying cow manure on decreasing Pb bio-availability and thereby, increasing soil
Fe bio-availability (iron and lead competitive effect) cannot be ignored.
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