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Table 1- Some soil physical and chemical properties
Property S5 Value ,lais  Property .Si Value ,lase Property S5 Value ,lass
Texture S cél Loamy Sand  (mg.kg?) K el 309.33 SAR i ol s 6.73
pH Sk STy 7.44 (mg.kgl) Fe .l 1.3 % SP glusl cugby doys 335
EC (dS m?) Sl culan 3.39 (mg.kg?) CU 0.91 % FC ac )50 cud)bs cogby Aoy 11.3
% OC JI 8 0.35 (mg.kg™) Zn o, 0.78
% T.N.V Kal 14 (mg.kgt) Mn 5% 3.15
% N (50558 oy 0.029 (meg.LY) Ca puuds 135
(Mg.kgh) P jas 18.6 (meq.L™") Mg . 500 175
03wl 3,90 (I 3ge (ot bowd oo guad (A -Y Jou
Table 2- Selected chemical properties of organic matters used
39 G955 s Sy 39 ST ey Sy
Property Cow Pistachio Property Cow Pistachio
manure shell manure shell
(mg kg?) Total FeJs 4150 910 pPHS sl 8.1 4.9
(mg kg?) Total Cu s’ e 39.2 11.06 EC (dS m?) S Ul ol 5.34 6.26
(mg kgt) Total ZnJs s, 148.5 24 % OC (S doyd 29.22 54.7
(mg kgt) Total Mn s ;% 357 34 % Total NS 39,5 doy 1.4 25
% Na i 2o yd 0.59 0.11 % Total P IS ,aus s 0.42 0.12
% Ca pundS 20 7.56 0.84 % Total K JS sl 2o 1.63 5.02
% MQ p2jie duoyd 1.58 0.58
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2- Guaiacol peroxidase
3- Glutathione peroxidase
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Table 3- Chemical analysis of slag by XRF technique

eSS S eSS sl
Composition  %Value Composition % Value
K20 141 Fe203 44.54
Cu 1.21 FesOs 9.24
MgO 1.02 SiO2 31.47
ZnO 0.72 CaO 5.63
TiO2 0.42 AlOs3 4.05

[ERY TSN Ao 43 s 3 O3 031051 & 595 -F Jgan
Table 4- Size distribution by percentage of volume

b3 o e
Diam (nm) Volume (%)  Width (nm)
Peak 1 146.6 328 22.79
Peak 2 1810 67.2 346.8
N
z | )
£ o} ‘
3 |
"uf 1 10 \(l]‘ 1000 ) 0000
Sz (d )

Loyl oo Moy o 3 1, 051051 @59 - Y JSWS
Figure 1- Size distribution by percentage of volume
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KYKY-EM3200
03wl 3,90 8, v diged SEM 3JUT-Y IS5
Figure 2- SEM analysis of slag used
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(DTPA L (5,850,Las JiB) o)l jwr i i puolis -0 Jgoa
Table 5- Elemental analysis of slag (extracted with DTPA)

- 1 . slago . slado . slado . slado . slago
3T e s s s s s
Value Value Value Value Value
Property Value Element Element Element Element Element
(ppm) (ppm) (ppm) (ppm) (ppm)
pH 75 Fe ol 250 Mn j&i 1467 Cocds 5133 Pb e ND Mo (yuse ND
EC (dS.m™) 0.42 CU o 266.7 Cd oS’ 80.67 Ag o5 24 As Sl ND Se puibo ND
Zn s, 33166.7 Ni Js 2220 Crey ND Bi ©gons ND

oK ez 4> 45 :ND
ND: Under Detection Limit
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Figure 3- Means comparison of Fe (mg.kg) concentration of leaves in various treatments
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So: Control, Seq: Fe Sequstrine (5 mg kg), S2: Copper slag (10 mg Fe kg™ soil), Sa: Copper slag (20 mg Fe kg™ soil), S2S°: Copper
slag (10 mg Fe kg™ soil) with elemental S, S4S”:Copper slag (20 mg Fe kg* soil) with elemental S, S2S°T: Copper slag (10 mg Fe kg

! soil) with elemental S and Thiobacillus , S4S°T: Copper slag (20 mg Fe kg soil) with elemental S and Thiobacillus , S2a: acidic
Copper slag (10 mg Fe kg™ soil), Ssa: acidic Copper slag (20 mg Fe kg soil), EDTA: foliar application of EDTA
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Table 6- Means comparison of the effects of slag and organic compounds treatments on Leaf chlorophyll a concentration

C C2% Cs% P2% Ps%  (Average) cmiibe
So 2.15% 2.19° 2.40° 2.32ps 3174 2446
Seq 2.36 P 2.57"s 3.15H 3.214 3.42in 2.94FF
S> 3.60Fm 4.049! 4.27 K 4.35% 4.56 % 4.168¢
Ss4 5.52ad 5.88@ 6.132 5.08 o 5.100F 5.54A
S.S° 3.22%p 4,019 4,30k 3.66m 4.34 %k 3.90¢
S4S° 2.239% 5.21af 5.69a¢ 4.47¢1 4,869 4498
SoS'T 3.989! 4.50¢" 4,59 ¢h 4,25tk 4.51¢f 4368
S4S°T 4.88¢9 5.40%¢ 5.91ab 5.192f 5.732¢ 5.42A
S2a 2.55ms 2.61ms 2.84ms 2.92ms 3.15H 2.81F6
S4a 2.88 ms 3124k 3.700m 3.39in 3.96¢! 3410
EDTA 2.86 ™S 2.90ms 3.63hm 3.36 k0 3.919! 3.33DE
ke (Average) 3.29¢ 3.85B 4.23A 3.83B 4244
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Means followed by the same letters are insignificant at the 0.05 probability within each column or row.
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So: Control, Seq: Fe Sequstrine (5 mg kg™), S2: Copper slag (10 mg Fe kg™ soil), Sa: Copper slag (20 mg Fe kg™ soil), S2S°: Copper
slag (10 mg Fe kg™ soil) with elemental S, S4S”:Copper slag (20 mg Fe kg* soil) with elemental S, S2S°T: Copper slag (10 mg Fe kg

! soil) with elemental S and Thiobacillus , S4S°T: Copper slag (20 mg Fe kg soil) with elemental S and Thiobacillus , S2a: acidic
Copper slag (10 mg Fe kg soil), S4a: acidic Copper slag (20 mg Fe kg soil), EDTA: foliar application of EDTA
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Table 7- Means comparison of the effects of slag and organic compounds treatments on Leaf chlorophyll b concentration

C C2% Ca% P2% Pa%  (Average) cmibo
So 0.97% 1.09 "y 1.20 V% 1.16 V- 1.59 4t 1.206
Seq 1.15vx 127w 1.58 4t 1.616s 1.7307 1.47F
Sz 1.81m 2.00kn 2.11Fm 2.18+ 22791 2.07°¢
Ss 2.74¢ 2.95%® 3.062 2.52¢f 2.57¢% 2.77A
S:8° 1.61 9% 2.00kn 2141 1.82mP 2.161 1.94P
S48° 0.95Y 2.62¢% 2.84%c 2.36 1 2.45°9 2248
S.S°T 1.99+n 2.24 2.299i 2147 2.26M 2.188
SuST 2.44¢h 271 2.963 2584 2.88%¢ 2.71A
S2a 1.28w 1.30w 1.75°4 1.465u 1,57t 1.47F
Sta 1.45su 1.56" 1.88 M 1.68P" 1.97"n 1.71E
EDTA 141 1.4554 1.82m 1.68 P 1.95mn 1.66E
oSke (Average) 1.63C 1.928 2.15A 1.928 2.12A

Wl lalixe WA ao )0 O Jlein] pdaw )3 «cpdy b gt o 50 alidie gy b ol 1 Sle
Means followed by the same letters are insignificant at the 0.05 probability within each column or row.
Slodds Chogs £ Jgda 50 bajlos

See the Table 6 for description of the treatments
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Table 8- Means comparison of the effects of slag and organic compounds treatments on Leaf total chlorophyll concentration.

(o C2% Cs% P2% P4+% (Average) Sl
So 3.24% 3.29Wx 3.61tx 3.49 ux 4,777 3.68¢
Seq 3.53ux 3.855* 4.70Ps 4.82ps 5.150" 4.41F
Sz 5.44 ™ 6.09 ko 6.431n 6.581" 6.89 M 6.29¢
Sa 8.30%¢ 8.80&¢ 9.192 7.26 1 7.63% 8.24A
S.S° 4.509u 6.05 ko 6.44 1" 5.49 ™4 6.501m 5.80P
S4S° 3.36 V% 7.9409 8.54ad 7.41¢ 7.30¢1 6.918
S2S°T 6.01ko° 6.74+ 6.919k 6.42in 6.80 M 6.578C
S4S'T 7.32¢i 8.115f 8.91a 7.80¢h 8.63ad 8.15A
S2a 3.835% 3.935% 4,620t 438" 4. 75P 4.30F
Saa 4.35™ 4.68P* 5.54™p 5.10°" 5.92 ko 5.12EF
EDTA 3.94 5 4.33™W 5.46™4 5.07°" 5.86° 4.93E
»Sle (Average) 4.89¢ 5.808 6.39A 5.808 6.38A

)l blixe AWM aoys O Jlais! maw )3 wd) b gt o 50 sl By b (ol ke

Means followed by the same letters are insignificant at the 0.05 probability within each column or row.
Slodds Caogs £ Jade 53 b jlos

See the Table 6 for description of the treatments
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Table 9- Means comparison of the effects of slag and organic compounds treatments on SPAD value.

C C2% Cs% P2% P4% (Average) (wSbwe
So 437" 5.90! 17.83°4 8.36W 15.33Ps 10.43F
Seq 13.439s 11.96% 25.23 11.10% 20.86'° 16.52E
S 29.10 ¢ 31.06¢&N 31.8649 30.03¢&N 31.93¢9 30.808¢
Ss4 36.130 36.40 41,232 36.56° 36.06 0 37.28A
S,S° 27.16 Mk 33.26°f 31.13¢h 28.16 9 29.86¢N 29.92 B¢
S4S° 33.530¢ 29.56 & 29.16 & 28.36 9% 30.73¢h 30.27 B¢
S:S°T 30.23¢N 27.769% 28.169% 29.00 i 30.86¢" 29.20¢
S4S°T 30.13¢h 31.06¢N 37.53%® 28.801 31.36¢N 31.788
S2a 13.20's 15.40PS 21.43%0 15.60P* 20.83%° 17.29E
Saa 17.66°" 18.86°P 24.10%n 20.23m° 25.13% 21.20°
EDTA 11.93%t 17.56°" 29.30¢1 19.66 P 24.461m 20.58P
Sike (Average) 22.448 23.53B 28.814 23.268 27.044

6 Hblixe BMB | asys O Jlain! pdaw )3 ) b gt oy dsliie By b ol Ske

Means followed by the same letters are insignificant at the 0.05 probability within each column or row.
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See the Table 6 for description of the treatments
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Table 10- Means comparison of the effects of slag and organic compounds treatments on Guiacol Peroxidase activity

(1U/grFw)
C C2% Cs% P2% P4+% (Average) ;b
So 0.65% 1.070°p 1.54n 0.609 0.754 0.926
Seq 0.719 0.69 2.96 % 2.47 Kk 2.49 1.860
S2 1.94m 3.074 3.104 2.80¢9 2.95¢f 2.778
Ss4 3.81° 3.85°P 4,202 3.124 3.45¢ 3.684
S.S° 1.47" 2.21! 2.75F 2.739 3.03d 2.43€
S4S° 0.51" 3.46°¢ 3.73"b 2.6391 3.094 2.68B
SoS'T 1.90m 2.521 27191 2.55 i 2.76%9 2.49¢
SiS'T 2.77¢%9 3.76° 4272 3.50¢ 3.90° 3.644
S2a 1.230°° 151" 2.50 1.48" 2.19! 1.76E
Saa 0.98P 2.31HK 1.88m 1.050°° 1.58" 1.56F
EDTA 0.63 1.79m 2.24! 1.25° 1.86™ 1.55F
5:5be (Average) 1.50F 2.38¢ 2.89A 2.190 2.558
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Means followed by the same letters are insignificant at the 0.05 probability within each column or row.
Slodds Canogs £ Jgda 53 bojloss
See the Table 6 for description of the treatments
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Table 11- Means comparison of the effects of slag and organic compounds treatments on Glutathione peroxidase activity

(o C2% Cs% P2% P4+% (Average) ;Kb
So 0.86Y* 1.40 1.867 0.91%2 1.23vx 1.236
Seq 0.802 1.10wy 3.52f 2.76k 2.70k 2.17P
S> 2.15mo 3.461 3.54f 3.04Mi 3.57f 3.158B
S 4.35¢c 4,57 be 4,882 3.58f 3.89¢ 4.25A
S,S° 1.9204 2.40! 3.08Ni 3.14N0 3.50f 2.81¢
S4S° 0.712 3.96¢ 4.38¢ 3.18h 3.51f 3.148B
SoS'T 2.11™p 2.85+k 3.06N 2.81k 3.11h 2.78¢
SisS'T 3.2249n 4274 4.81% 4,00¢ 452¢ 4.16A
S2a 1.59¢ 1.809% 2.75% 1.829% 230 2.05E
Saa 1.36% 2.33Hn 2.12m™p 1.32uw 1.89P 1.80F
EDTA 1.04% 2.16 Mo 2.38!m 1.65" 2.19+n 1.88F
5:be (Average) 1.82F 2.75¢ 3.30A 2.560 2.938
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Means followed by the same letters are insignificant at the 0.05 probability within each column or row.

See the Table 6 for description of the treatments
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1- Trifolium repens

2- Rumex acetosa

3- Buddleia davidii

4- Neyraudia reynaudiana
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Table 12- Means comparison of the effects of slag and organic compounds treatments on active iron (mg.kg?)

C C2% C1% P2% P4% (Average) (il
So 17.14% 25.11%Y 29.66' 19.27vY 22,51 22.73F
Seq 28.16™ 30.36" 39.4570 31.04 38.59 0 33.52¢
Sz 31149 453799 46.16 % 43511k 45.09 4" 42258
Sa 43.90" 49,76 53.19%® 49,374 51.66%¢ 49.57A
S2S° 32.03P" 39.07 ko 4311 42.96™ 44,40 40.318
S4S° 16.83Y 47.41¢°f 49.30°4 44,28 46.38f 40.848
SoS°T 35.52° 41209 42.79% 40.19'+° 43.67 40.678
SuS°T 46.77 4 52.27%® 54.062 47.11¢°f 48.82%¢ 49.81A
Saa 21.69 4% 35.57°4 37.40™° 27.76 36.18™° 31.72¢0
Sta 24.70W 37.21mo0 P31.68 23.95% 32.03p" 29.91°
EDTA 18.26"Y 22.104w 43.60 40.46 " 40.60 " 33.00¢
(Average) ,:Ske 28.74° 38.67°¢ 42,764 37.26¢ 40.908
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Means followed by the same letters are insignificant at the 0.05 probability within each column or row.
Slodds Cipogs £ Jgda 53 byyless

See the Table 6 for description of the treatments
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Table 13- Simple correlations coeffcients for traits

Cha Chb Cht SPAD GO GPX FeA FeP
Cha 1
Chb 0.9%=* 1
Cht 0.98%== 0.95%= 1
SPAD 0.70%*== 0.78#*= 0.75%* 1
GO 0.82%== 0.89#= 0.86%* 0.75%*= 1
GPX 0.82%== 0.90%#*= 0.87%== 0.74% 0.98%== 1
FeA 0.79*=* 0.87%=* 0.83=* 0.75%=* 0.90%== 0.89*=* 1
FeP 0.45*=* 0.51%=* 0.47%= 0.39#=* 0.40%== 0.41%== 0.45*= 1

ol ofooN gyl paws j3 390 ol il *FHE
*** significant at %0.1 level of probability
ol Jld ol FeA lapsTy a5bslS w51 :GPX 5lawSTyy JSUE aupl 16O o5y (Kisjw ,adlis SPAD (S Lido,IS :Cht b LS :Chb @ Libs,1S :Cha
oS Sy S oal FeP
Cha: chlorophyll a, Chb :chlorophyll b, Cht: Total chlorophyll, SPAD: Leaf chlorophyll Index, GO: Guiacol Peroxidase, GPX:
Glutathione Peroxidase, FeA: Active Fe, FeP: Total Leaf Fe.
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Introduction: Iron deficiency is one of the most common nutritional problems of plants in arid and semi-arid
soils especially in calcareous soils. Iron is essential to many cellular activities, required for optimum growth and
development, however it is insoluble in aerated soils at neutral or basic pH, therefore, iron deficiency is common
in these soils. The problem is usually solved by using iron synthetic chelates which is a very expensive option.
There is, therefore, a need for cheaper and more effective alternatives to traditional Fe fertilizers. Several reports
have shown that application of Fe factory by-product to soil tends to raise the availability of Fe and reduce Fe
deficiency in plants. Application of organic compounds to soil may improve the solubility of the minerals
containing micronutrients and correct their deficiencies in alkaline and calcareous soils. A large amount of slag
is produced annually at the Sarcheshmeh Copper Complex, Kerman Province, Iran. So far, the copper slag,
however, has not been tested as an Fe fertilizer in calcareous soils. Since about 53.8% of slag obtained from
copper concentrate melting is composed of iron oxides, we, thus, examined the effect of copper slag along with
organic compounds on the level of upper leaf iron, photosynthetic pigments, SPAD index, the activity of plant
enzymes and the level of active iron in the upper leaves of sorghum by performing a factorial experiment in a
completely randomized design.

Materials and Methods: In order to study the effect of copper slag (one of by-products of melting copper
concentrate in Sarcheshmeh Copper Complex, Kerman Province) and organic compounds (cow manure and
pistachio skin) on total leaf iron content, photosynthetic pigments (chlorophyll a, chlorophyll b, total
chlorophyll), antioxidant enzymes activity (Guiacol Peroxidase, Glutathione peroxidase) and concentration of
active iron of young leaves developed of sorghum, a pot experiment was conducted in the greenhouse with three
replicates per treatment. We applied experimental treatments including 5 levels of organic matter (pistachio skin,
cow manure at 2 and 4 wt. % and control sample), and 11 levels of iron (copper slag, copper slag with sulfur,
copper slag with sulfur and thiobacillus, acidic slag (each 2 levels each), sequesterine, foliar application of
EDTA, and control sample) to a soil sample with low iron content. At the end of the incubation period, sorghum
bicolor was cultured in the above treatments. Ten seeds were sown in each pot. Seedlings were thinned to 4
when they were about 10 cm high. During the growth period, pots were irrigated with distilled water as needed.
Before harvesting, SPAD, the concentration of photosynthetic pigments, level of active iron and activity of plant
enzymes were also measured in fresh plant samples. Furthermore, the concentration of Fe in the leaves was
measured. Analysis of variance was performed using software SAS and significant differences were determined
based on LSD (Least Significant Difference Test) at p < 0.05 level.

Results and Discussion: The interaction between slag treatments and organic compounds showed that
treatments of 4 wt. % of cow manure with slag of 4 times of recommended soil test value (C4Ss, and 4 wt. % of
cow manure with slag of 4 times of recommended soil test value with sulfur and thiobacillus (C4S4S°T), had
significant effects on increasing photosynthetic pigments pigments (chlorophyll a, chlorophyll b, total
chlorophyll), SPAD index, activity of plant enzymes (Guiacol peroxidase, Glutathione peroxidase) and active
iron. The highest active iron level in the young leaves developed (54.06 mg / kg) was observed in (C1S4S°T)
treatment which showed a significant increase compared to the control treatment (17.14). Increased
concentration of active iron was also observed due to application of treatments (slag, organic compounds and the
interaction between treatments) in sorghum young leaves. The photosynthetic pigments (chlorophyll a,
chlorophyll b, total chlorophyll), SPAD index and activity of plant enzymes (Guiacol peroxidase, Glutathione
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peroxidase) were more correlated with active iron in young leaves developed compared to total iron
concentration in these leaves. This indicates that active iron can be used as an index to detect iron deficiency.

Conclusion: The higher level of active iron in the young leaves developed was more associated with
physiological indices of sorghum as compared with total Fe concentration in these leaves. Therefore, this
parameter can be used as an index to detect iron deficiency. In this study, increasing the level of slag consumed
and consequently increasing Fe concentration in the leaf resulted in a significant increase in chlorophyll a,
chlorophyll b, total chlorophyll, carotenoids and activation of the plant enzymes.
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