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1- Large macro-aggregate
2- Smal macro-aggregate
3- Micro-aggregate
4- Mineral fraction
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Table 1- Extraction methods used to determine the amount of available Cu in studied soils

»50,las oM Gloj Solas Sy Soylas 4 S Cuus
Extractants Shaking time (min) Extractants composition Soil/extractant ratio
DTPA-TEA 120 TEA ,¥40 0.1+CaCl, ,Ys0 0.01+ DTPA ¥4, 0.005 12

pH=73
Mehlich-1 5 H,SO4 Jby 0.025 +HCI Jl, 0.05 1:4
Y90 0.013 +NH;NO; Y40 0.25 +NH4F Y40 0.015
Mehlich-3 5 > o v 12
EDTA ,¥5.0.001 +CH3;COOH ,Ys. 0.2 +HNO;
CaCl, 120 CaCl, ;¥4 0.01 1:10
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Table 2- Selected physical and chemical properties of soils

olo,s
5, Sk oy ke EC CEC Fow  Fuey Fom
Sk oM i Clay Silt Total Cu TotalZn  Total Pb
Soi CaCO;
oil No % dSm™'  cmolkg" mg kg mg kg! mg kg
S1 0.96 40 54 35 7.1 0.80 19.9 31 94 9.86
S2 1.94 38 29 43 8.2 0.53 20.6 66 146 44.53
S3 3.33 36 37 30 8.2 0.58 25.7 78 261 78.55
S4 3.33 40 27 38 8.2 0.53 28.9 218 393 146.90
S5 2.77 33 19 52 8.1 0.54 23.5 63 194 52.30
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Table 3- Percentage of aggregate size fractions (%)
(mm) b $ls'E 5311

SK o lowd . i
Soils Soil aggregates size (%)

<0.05  0.05-0.25 0.25-2 2-4
S1 4.1 16.9 54.8 243
S2 1.1 13.1 53.9 31.8
S3 1.5 10.7 50.4 37.4
S4 2.1 21.2 58.1 18.7
S5 22 16.9 56.9 239

|=0.05
#0.05-0.25

I12-0.25

#%2-4

-ank

Soils

(%) oo 031031 b (S AIASE 43 (1) JS o 9595 oo Y JSWS
Fig 1- Mean distributions of total Cu (%) in different aggregate size fractions
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Table 4- Amount of available Cu (mg kg") extracted with different extraction methods in soil and different size aggregates
Sk’ S\
<0.05 0.05-0.25 0.25-2 2-4 s
Soil Bulk Soil

S1 0.209 0.182
S2 0.157 0.105
S3 0.220 0.182
S4 0.454 0.480
S5 0.250 0.142

H,0
0.218 0.151 0.220

0.100 0.122 0.128
0.144 0.099 0.142
0.332 0.304 0.398
0.110 0.122 0.196

mean 0.259a 0.218b 0.181c  0.159d 0.217b
CaCl,
S1 0.69 0.59 0.49 0.43 0.53
S2 0.63 0.57 0.52 0.19 0.19
S3 0.25 0.26 0.19 0.24 0.25
S4 0.51 0.57 0.53 0.57 0.51
S5 0.35 0.30 0.23 0.40 0.34
mean 0.486a 0.456a 0.392ab  0.366b 0.364b
Mehlich-1

S1 0.220 0.225
S2 0.161 0.158
S3 0.241 0.216
S4 0.487 0.511
S5 0.256 0.142

0.236 0.162 0.230
0.115 0.153 0.144
0.157 0.071 0.168
0.342 0.325 0.415
0.166 0.141 0.248

mean  0.273a 0.250b 0.203¢c  0.173e 0.229d
DTPA-TEA
S1 9.19 7.44 6.43 6.79 6.63

S2 26.98 21.13
S3 29.53 2491
S4 57.59 61.83
S5 22.60 18.28
mean 29.57a 26.72b

23.96d

15.57 14.04 17.39
20.72 20.12 22.22
58.28 57.06 61.38
18.79 17.70 18.98
23.14e 25.32¢

2L ged (P<0.05) o sime OB (gl)ls 3y jo 45 S yidio By b dlasl

Numbers followed by the same letter are not significantly differentns (P<0.05)
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Table 5- Corn indices grown in studied soils

(Root) 4y, (Shoot) 1 @lusl

S o i owe clale S (39 o e e e SS (339
Soil Cu uptalfe Cu oncentrlation Dry weilght Cu uptalfe Cu concentliation Dry weilght

(mg pot™) (mg kg™) (g pot’) (mg pot™) (mg kg™) (g pot)
S1 0.11¢ 9.82¢ 10.71%° 0.23° 9.53% 24.11b°
S2 0.47° 36.89° 12.81° 0.22° 6.52° 34.28°
S3 0.26° 22.61° 11.39° 0.24° 8.37° 28.35°
S4 1.13* 130.08? 8.68° 0.23" 10.27° 22.17°
S5 0.25¢ 21.83¢ 11.27° 0.18° 6.27° 28.23°

(p<0.05) wiisly oo o size BMB] ghls )y )> glitio By >

Different letters in each row are significantly different (P<0.05)
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Table 6- Correlations between the amounts of Cu extracted with different methods and corn indices

Root aiy Shoot ols o1l
Aolas SIS oLl Kb o clil i S o3 cbilé e
Extractant  aggregate-size Dry weight  Concentration Uptake Dry weight  Concentration Uptake
DTPA-TEA <0.05 -0.63 0.95%* 0.93* -0.32 0.39 0.17
Mehlich-1 -0.93* 0.85 0.71 -0.75 0.66 0.093
H,O -0.93* 0.85 0.72 -0.74 0.63 0.005
CaCl, 0.015 0.08 0.11 -0.041 0.22 0.26
DTPA-TEA 0.05-0.25 -0.71 0.97** 0.91* -0.43 0.49 0.20
Mehlich-1 -0.89%* 0.88%* 0.77 -0.72 0.80 0.39
H,O -0.93* 0.88* 0.75 -0.76 0.77 0.28
CaCl, -0.22 0.39 0.41 -0.18 0.42 0.39
DTPA-TEA 0.25-2 -0.77 0.95%* 0.88* -0.50 0.50 0.12
Mehlich-1 -0.97%* 0.70 0.52 -0.91* 0.85% 0.24
H,O -0.93* 0.72 0.56 -0.86* 0.91* 0.41
CaCl, -0.23 0.50 0.52 -0.15 0.40 0.38
DTPA-TEA 2-4 -0.79 0.95%* 0.87* -0.52 0.52 0.14
Mehlich-1 -0.77 0.85 0.80 -0.58 0.53 0.02
H,O -0.77 0.90* 0.80 -0.69 0.70 0.20
CaCl, -0.92%* 0.55 0.36 -0.90* 0.65 -0.10
DTPA-TEA Bulk soil -0.76 0.96** 0.89%%* -0.48 0.50 0.14
Mehlich-1 -0.94%* 0.72 0.56 -0.83 0.62 -0.09
H,O -0.95%* 0.81 0.66 -0.82 0.72 0.09
CaCl, -0.82 0.29 0.10 0.11 0.77 0.11
2oy O Jleinl gdaw )3 5 xe i oy N Jlain] e )3 Iy gixe s
** Significant at the 1% level, * significant at the 5% level
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Introduction: In recent years, because of the presence of industrial factories around the Isfahan province of
Iran and high concentrations of heavy metals in the vicinity of them, and the gradual accumulation of heavy
metals from various sources of pollution in urban areas over time, including gasoline combustion, and use of
urban waste compost and sewage sludge as fertilizer, there has been widespread concerned regarding the human
health problems with increasing heavy metals in soils around the Isfahan city. The variation of composition in
the soil matrix may lead to variation of composition and behavior of soil heavy metals. Soil is a heterogeneous
body of materials and soil components are obviously in interaction. Studies tacking this complexity often use
aggregate measurements as surrogates of the complex soil matrix. So, it is important the understanding soil
particle-size distribution of aggregates and its effects on heavy metal partitioning among the size fractions, the
fate of metals and their toxicity potential in the soil environment. Therefore, the present study aimed to
determine the Cu release potential from different size fractions of different polluted soils by different extractants
and their availability for corn plant.

Materials and Methods: Five soil samples were collected from the surface soils (0—15 cm) of Isfahan
province, in central of Iran. The soil samples were air-dried and ground to pass a 2-mm sieve for laboratory
analysis. Air dried samples fractionated into four different aggregate size fractions 2.0-4.0 (large macro-
aggregate), 0.25-2 (small macro-aggregate), 0.05-0.25 (micro-aggregate), and <0.05 mm (mineral fraction) by
dry sieving. The available Cu in soils and aggregates was extracted with DTPA-TEA, Mehlich-1, 0.01 M CaCl,
and distilled water. In a pot experiment, 3 kg of air-dried soil transferred into a plastic pot. Five germinated seeds
(Zea mays L.) planted at a depth of 0.5 cm in the soil in each pot, which was fertilized with 100 mg N kg™, 100
mg P kg', and 100 mg K kg, in a greenhouse. After 1 week, the seedlings were thinned to 3 per pot. This

experiment was performed for all 5 soils in triplicate in a completely randomized design. Sixty days after the
seedling thinning, the plant shoots were cut at the soil surface and soils were sieved to remove the roots. The
roots and shoots were oven-dried at 70°C for 48h, weighed, and dried samples were finely ground for analysis.

Results and Discussion: The results showed that in the studied soils, the aggregate-size fraction was
dominated by 0.25 to 2 mm and these aggregates had the highest contribution in total Cu of soils. There were
remarkable differences in extracted available Cu from soil and various aggregate-size fractions. The DTPA-TEA
was the most aggressive extractant for removing Cu from the soil, and the amount of extracted Cu decreased in
the following order Mehlich-1, CaCl, and H,O. The distribution of Cu in the aggregate-size fractions showed
that there were significant differences in the extractable Cu with different extraction methods in each fraction
and Cu were not homogeneously distributed over the various aggregate-size fractions, suggesting that aggregate
size have a significant influence on the partitioning of Cu. Available Cu was highest in the <0.05 mm fraction,
followed by the 0.05 to 0.25, 0.25 to 2 and 2 to 4 mm fractions. The greatest shoot and root Cu uptake were
observed in S4 with the highest concentration in bulk soil, indicating that the increase in Cu uptake by corn was
mainly attributable to the increase in extractable Cu in soil. The higher Cu concentrations observed in the roots
(compared with the shoots) revealed the restriction of Cu to this part of the plant. This plant defense mechanism
coincidentally generally restricts the transmission of heavy metals to the edible parts of plants. The
bioavailability of Cu in soils and aggregates to corn was evaluated by correlation studies showed that the
available Cu in 0.05 to 0.25 mm aggregate fractions and plant indices had the highest correlation. Therefore,
0.05 to 0.25 mm aggregate fractions had a higher contribution in supplying Cu for corn.

Conclusion: The investigated soils located in Isfahan province because of the presence of industrial factories
and use of waste compost and sewage sludge and gasoline combustion are highly polluted with Cu. Aggregate-
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size in studied soils, were dominated by the 0.25 to 2 and 2 to 4 mm size fractions and large proportions of total
Cu were attached to 0.25 to 2 fraction. Cu concentration in corn shoots and roots were significantly correlated
with DTPA-TEA extractable Cu in micro-aggregates (0.05 to 0.25 mm). Therefore, the results of this research
showed that micro-aggregates had an important role in supplying Cu.
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