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Table 1. Extraction methods used for determination of available soil copper

Extraction method Soil: Solution ratio Shaker period
0.005 M DTPA + 0.01 M CaCl, + 0.1 M TEA (pH=7.3) 1:2 2 hour
0.005 M DTPA + 1 M NH4HCO; (pH=7.6) 1:2 15 hour
0.04 M EDTA + 1 M (NH4).CO3 (pH=8.6) 1:2 30 minute
[(NH4)2 C204.H20] 1:60 2 hour
[(NH4)2 C204.H20] (pH=3) 1:200 2 hour
(NH2OH*HCI) 1:20 17 hour

(Slngh et al.1988) w9 ol 50 coliwl 390 S o slAILid (5 S0 lac sigy adMs -Y Jouo
Table 2. Summary of Cu sequential extraction method used in this study (Singh et al., 1988)

Chemical form of . Shaker periods ml of extractnt
copper Sign (hour) Exractant for 2.5 g soil
Solution+Exchang. CuEx 2 1M Mg (NO3)2 10
Carbonated Cu CuCar 5 1M NaOAc + CH3;COOH (pH=5) 10
Organic Cu CuOM  (boiling water bath) 0.5 0.7M NaOCI (pH=8.5) 5*

Mn oxides bonded CuMnox 0.5 0.1M NH2OH.HCI + NO3 (pH=2) 25
Amorphus Fe Oxides CuAFeox (50° C temperature) 0.5 0.25M NH>OH.HCI + 0.25M HCI 25
Crystaline Fe Oxides CuCFeox (boiling water bath) 0.5 02M+(()N1|_||\j|)2(§i5ﬁgg(§|\|-/|l :HBZ)CZO4 25
Residual CuRes  (boiling water bath) 16 4M HNO3 31.25

*: Extracted twice .ol 5 u5e las ad,e g0t
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Table 3. Some physicochemical properties of used soils (21 samples)

Parameter Units Minimum Maximum Mean Standard deviation Coefficient of variation
Sand g 100g* 12.56 86.12 49.42 20.28 41.04
Clay g 100g* 5.01 39.48 20.31 9.6 47.26
Silt g 100g* 8.51 53.86 30.26 1251 41.35
CCE g 100g* 1.62 26.41 11.91 8.30 69.69
ACCE g 100g* 0.86 10.74 4.8 3.24 57.52
ocC g 100g* 0.14 2.3 0.77 0.45 57.8
SP g 100g* 21.63 50.38 36.15 9.81 27.14
pH - 7.93 8.28 8.1 0.1 1.2
CEC cmolc kgt 9.82 38.36 23.25 9.25 34.72
EC dS m? 0.84 3.6 1.77 0.85 47.81

SoSI colaa EC ( JT 0,5 1 OC (Jlad Jolao el Ly, ACCE ¢ Jolas a5 : CCE

Jsibl 65 y9a> DTPA 5o lac 4 s AB-DTPA
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Table 4. Statistical descriptions of extracted Cu (mg kg*) by used extractants

Extractant Minimum Maximum Mean  Standard deviation Coefficient of variation
DTPA-TEA 0.45 3.81 157 0.87 55.51
AB-DTPA 0.96 4.68 2.43 0.96 39.74
AC-EDTA 1.42 6.01 3.65 1.26 34.53
Refrence Oxalat ammonium 6.79 17.67 11.01 2.20 19.96
Rapid Oxalat ammonium 21.06 32.28 25.69 341 13.28
Hydroxylamine hydrochloride 2.49 7.84 5.29 1.60 30.35
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Table 5. Statistical descriptions of chemical forms of copper in the studied soil

Cu-E Cu-Car Cu-OM Cu-Mnox Cu-AFeox Cu-CFeox Cu-Res Total

mg kg™
Minimum 0.24 1.29 0.53 0.12 2.48 5.26 2458  29.44
Maximum 1.80 3.52 5.74 2.31 16.12 25.32 7953 118.23
Mean 1.05 2.29 2.55 0.95 6.85 11.39 4143  63.33
Standard deviation 0.45 0.54 1.33 0.69 2.70 4.38 15.63  20.90
Coefficient of variation 4325  23.78 52.22 72.09 39.38 36.48 37.73 32.90
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Abstract

Information about chemical forms of copper (Cu) is important for the evaluation of its status in soil and
also understanding of soil fertility, plant nutrition and soil chemistry. To obtain such information, in
this research available Cu was determined in 21 calcareous surface soil samples (0-30 cm) by six
methods including DTPA, AB-DTPA, AC-EDTA, hydroxylamine, reference ammonium oxalate and
rapid ammonium oxalate. Cu fractions were also determined by the modified sequential extraction
procedures introduced by Singh et al. According to the results, rapid ammonium oxalate and DTPA-
TEA methods extracted the maximum (25.69 mg kg*) and minimum (1.57 mg kg*) amounts of Cu,
respectively. Also, Cu-residual and Cu-CFeox forms the greatest amount of Cu in studied soils
respectively. AC-EDTA extraction method, in addition to Cu-Residual, extracted other fractions of
copper such as Cu-Exchangeable, and Cu-CFeoxide. Hydroxylamine method extracted Cu mostly
from the manganese oxides source compared to other methods. Regression analysis indicates that Cu-
CFeox forms the maximum copper extracted by extractants AB-DTPA, AC-EDTA and DTPA in soils
was studied. According to the statistical relationships presumably Cu-CFeox, does seem a potential
source of available Cu in studied soils. Among chemical properties of soil, CCE content of the soils
appear the most influential properties that predict available Cu in the studied soils.

Keywords: AC-EDTA, available Cu, copper fractions, DTPA, sequential extraction
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