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Table 1. Some soil properties.
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Table 2. Selected chemical properties of used organic matters.
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Table 3. Size distribution by percentage of volume.

Diam (nm) % Volume Width

(nm)

Peak 1 146.6 32.8 22.79
Peak 2 1810 67.2 346.8

1- Poloraizer
2- ZetaSizer
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Figure 1. Size distribution by percentage of volume.
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Table 4. Chemical analytic of slag by XRF technique.

oS 5
T102 ZnO MgO Cu Kzo A1203 CaO SIOZ F6304 F6203 T
Composition
(1) e
0.42 0.72 1.02 1.21  1.41 4.05 5.63 31.47 9.24 44.54
% Value
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Table 5. Elemental analysis of slag (DTPA extractable).

i FRER

ke

ke

s s s e S
Value element Value element Value element Value element Value element Value Property
(ppm) (ppm) (ppm) (ppm) (ppm)
ND O 5 ND < 51333 s 14.67 75 250 ool 7.5 pH
ND p ks ND S| 24 0 i 80.67  pslS 266.67 o 0.42 EC
ND Cyem  ND 0SS 31333 Soseew 2220 I 33166.67 S (ds.m™)

St Bl LOlUS 4 s eddacsbuwe St

oAl B Al bage as &S Lol
N yame il sl (DTPA U (5, Seslas L
Sk 0 OVAVA) o5 5 i b s 815
Lol il edd S5 (S L SHS
oA S 6, Seslas LG aJsl ool Olyess a5
(D@g 55 (,;L;:,. VY S s 6,8 eslas LB
oD el Cd JB ol Ol izes
S5k 53 05 Jea YOr o)l 5 6, Seslas LB
e e a5 Y S Ll LB el Ol
3V e o Sa (Sbe p S4kS 53 0 S e 0)
OIS & 5 arlne Sbt 0 SIS 53 2 S e ¥
SLPH 3 o)l B ) 5 o slaen A BLS
ALY glapH s sid sl sla sl 3l sl
03 Ssdenl gl pHEY Colg 5o 5 Ao eslin
sl osliiul (g e 5,8 S (YA) s Ol o)L
o S rdealiss 68U s S dsed
wle 3 S ol 5 S Of 5 S olikes
Vo s e (SIS eSS S Slamls
S end Sl S g el als ¢J§)> J g
o)l PH U ol p5¥ 8 (gl 5l |z eSS
Lld 5l o8ol s S alos das Jy5 ¥ ow

Ll dales 3,558 (50058 52D plead 0515

A

o&zws (Non Detection) aseis J= 5 :ND

oAl i ol U esn skt

bl S b Shs Fp s i G
JosSB il oot e ¥ et el 5T
do b ol Sl b B s ey s ek s
Salsl laslas s el Obey B s 1SS
S «(S) aals oAl b Vel
e SAS 53 ¢ 8 Ao 0 Oljes; FEEDDHA (Seq)
ho 5 i s b 5 Y Oty e o)l (SIS
I S L B L1
e s § 5 Y Olpets e osb e «(Sa) 5 (S2)
o Bl e S Ol o
o s (8487 5 (8287 5 55 Lol s S5
2 S Osesl o g JMEe sl b 5 T Olges
3355 Llan oS5 ol ol B el s
Sl o5l (SaST) 5 (SoST) wshwliss
2 S Osesl o g JMEe sl b 5 T Olges
5 a5 o) S5 pl ol LB ol s
638 555 (C) I esle 0 JI esle a0
(Ca) G35 A3t 38 558 (Cr) S35 Ao ¥
Wy Sy (P2) S35 Ao ¥ oatg Cawy
bl ool sl sy (Pa) (S35 o

QJ,U'T 03 oldidrs o C]a.~ 9 u.).;—JJLE JAT Ol 500

%‘@\J@ws)).@ééwiééw\—\



Ol 9 (552 ,k 0 2]

cou g b

(mg.kg") ool Hlaie , JI olsy Lsb
ol b 3 DTPA-TEA L (5,80 ,las U
2 Ol 0las 53 TS 5 8 10 gl 51
sl oals Ol Y SKE s Cde BB el
Al Sk pal i Ol mls o
ol LS aale ¥ 05l Sl oy > T ols 5
03 s Sy do s b3 84S WAL e ks
oAl Dlie St Ol S s 3, )
ils |, DTPA-TEA L (s ,Se las LG
BE (’fifl”’ £/ Sy bl &S sba
eSS 53 S o VOA @ calis Sl s ¢S 5ks
5> S Ol LB el lade mlsl sl 5l
oS B Jltie 525 4 T LS 5 o8
ores sde by Jslass e il Gl
S8 s T gl a5 des S T slse aas
Jisa 1) S S S el Rl58) (p SSTiss
s e S pH mals L culg 3 &S s
SIS I Al dle G paaeS ol il LB
SlS 5 by ool s oS L Kos Izl s
00 Wb e il S s of Gl el (I

o hemliss 6L MR 5 A sl ol Al
bl glales i Blad 5 558 oy Y Ol s
FSAS TGOS s RS s
b B Ol SOl sl Y ey 5 byl
Aoy VO Cosby 5o b sed (gl 5Kl 695
Dol S ay am s YO gles s el cd b
A OIS Gl Ol Lol sl g Lk
SIS s ola jsba LIS plod A s
de sy A 5N A GOl e S bl
SeS a5l S Ve ek el gl
oz le 3T o JUE 5l e ot ged i il LIS
o3l jpe e e ¥ S5l 5 el ey S 5 SES e
Ll ole el Sl is Sl laosl cpl 3 s
Slie 5 (M) Of 4 S Y/0 4\ o lae s EC pH
oKas L (YY) DTPA-TEA L (g, 8o lae pal
PSS BTICK [ ) NS SVSON IR SUROC JU P
oo pSSle avolie 5 SAS 133l 5 5l aslisal b il s
el Ao s 0 Cla“):LSD)t Slad 55 K8 w
=W s s Excel il 5 b ab gy (slajlssad A

.,\i.sjfﬁmé_?

010 m30 060 B90

p—
(38
J

38 ]

3 B

2= 8 1

L2 4. <
‘IJ\E Q o |
% 3

5 g 2
“ .

w2

A oS

Organic compounds

DTPA-TEA | s ,5s,las U (MEKg") ;a1 jlads 5 0 amal 51 0Ly 5 JT S 5 56 - Y8

R O Y LR R PR PR PN |
Figure 3. Effect of organic compounds and time of incubation on soil extractable Fe (DTPA).
Means followed by the same letters are not significant at the 5% probability.
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Figure 4. Effect of slag treatments and time of incubation on electrical conductivity of soil.
Means followed by the same letters are not significant at the 5% probability.
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Figure 5. Effect of slag treatments and time of incubation on pH of soil.
Means followed by the same letters are not significant at the 5% probability.
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Figure 6. Effect of slag treatments and time of incubation on soil extractable Fe (DTPA).
Means followed by the same letters are not significant at the 5% probability.
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Table 6. Effect of slag treatments and organic compounds on electrical conductivity of soil.

P.% P2% C% C% C
1.62°" 1.17™ 1.43%° 1.16™ 0.69" S
1.35™ 1.09%° 1.45™ 1.027 0.66" Seq
1.37" 1.24%F 1.487 1.16™ 0.64" S
1.428° 1.079" 1.53%* 1.15°° 0.79" Sy
1.72%F 1.43% 1.86*¢ 1.46™™ 0.94%" S,S”
1.87*¢ 1.81%° 1.8 1.58% 136" S.S’
1.77°¢ 1.6° 1.78%¢ 1.46™ 1.16™ S,S'T
1.99 1.79"° 2.04° 1.66°" 1.44%° SiS'T
1.57% 1.19" 1.4187 1.28" 0.78" Saa
1.45% 0.94% 1.69¢ 1.12°° 0.76" Saa
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Means followed by the same letters are not significant at the 5% probability.
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Table 7. Effect of slag treatments and organic compounds on pH of soil.

P.% P.% Cs% C% C

7.39% 7.448 7.415° 7.42% 7.57°7 So
7.61%" 7.75%f 7.47° 7.58"P 7.63%™ Seq
7.74"¢ 7.67°% 7.48% 7.71% 7.7% S,
7.31°° 7.4+ 7.279% 7.27% 7.52°" S,
7.5%" 7.46" 7.297* 7.31P% 7.35m° S,S°
7.458° 7.44 7.27% 7.33" 7.36" S.S°
7.31P% 7.320% 7.2° 7.27" 7.36" S,S'T
7.61%° 7.51%7 7.34™% 7.417° 7.46% S.ST
7.86™ 7.81%° 7.72°" 7.76 7.77¢ So
7.83% 7.84% 7.56"4 7.64* 7.89° Sia

LI s pae D] Ao 5 0 CLM oo lin Uy > L ‘jbwful:.a

Means followed by the same letters are not significant at the 5% probability.
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Table 8. Effect of slag treatments and organic compounds on soil extractable Fe (DTPA).

P.% P.% Cs% C% C
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Abstract

Background and Objectives: Iron deficiency is one of the most common problems in the plant
nutrition in arid and semi-arid regions soil, especially calcareous soil. Since iron oxides account for
about 53.8% of the slag, it can be used as a fertilizer. The use of copper slag of Sarcheshmeh Copper
Complex sub-products was evaluated with organic compounds as the source of iron supply in
calcareous soil. The purpose of this study was to study the effect of copper slag and organic
compounds on the amount of extractable iron by DTPA and some characteristics of calcareous soil.

Materials and Methods: In order to investigate the effect of slag on soil absorbable iron, an
incubation test was performed for 3 months as a factorial experiment in a completely randomized
design with three replications. The experimental factors consisted of 5 levels of organic matter
(pistachio shell, cow manure 2 and 4% w/w and control sample) and 10 iron levels (copper slag,
copper slag with sulfur, copper slag with sulfur and Thiobacillus, acid slag (each at two levels),
Chelate Sequestrene and control sample). 10, 30, 60 and 90 days after incubation, changes in
parameters such as pH, EC and iron content were measured by DTPA-TEA extractor.

Results: The results showed that by applying the organic compounds' treatments during
the incubation time reduced the iron extraction capability. The results showed that during the
three-month incubation period, slag treatments increased soil EC. The highest amount of EC
increase in slag treatment is 4 times the recommended value of the soil test based on the absorbable
iron content of this compound with sulfur and Thiobacillus S4S°T at 2.21 dS/m at the end of the
incubation period. In the soil sample studied, proportional to the amount of slag, the amount of iron
extracted by DTPA increased. However, during the incubation period, the iron extraction capability
was reduced; however, the amount of iron increased significantly after 90 days from the beginning
of incubation in S4S°T, S4S° and S, treatments compared with the control. The interaction effect of
slag treatments and organic compounds showed that the highest amount of EC and the lowest pH
were related to 4% cow manure application with slag with sulfur and Thiobacillus. Meanwhile, the
amount of absorbable iron in the soil from 1.43 mg/kg in the control treatment of CS® reached 8.17
mg/kg in the treatment of 4% pistachio shell as 4 times of the recommended value of the soil test
with sulfur and Thiobacillus (P4S;S°T).

Conclusion: Organic compounds during the incubation period led to a reduction in iron compared to
the control sample. Slag of copper smelting has nutrient micro-elements, including iron, so that at
high levels of slag consumption, the amount of iron increased, as well as the use of slag with sulfur,
Thiobacillus and pistachio shell had the most amount of absorbable iron as a result, slag has the
potential to be used as an iron source for plants.

Keywords: Calcareous soil, Copper slag, Organic compounds, Soil available iron
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