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Table 1. Characteristics of 6 extractants used in this study

Soil: Solution  Time

Extraction method Chemical nature pH ! . Reference
ratio (min.)
0.005 M DTPA+0.01 M . Lindsay &
DTPA-TEA CaCl,+0.1 M TEA 73 L2 120 Norvell, (1978)
0.005 M DTPA+1M ) Soltanpour &
AB-DTPA NHsHCO3 76 12 15 Schwab, (1977)
) 1 M (NH4).COs+ 0.04 . Trier Weiler &
AC-EDTA EDTA 8.2 1:2 30 Lindsay, (1969)
. 0.2 M (NHa4)2 i . Del Campillo &
Ammonium oxalate (1) HaC20.H,O 1:60 120 Torrent, (1992)
Benitez et al,
. 0.2 M (NHa): } Del (2002);
Ammonium oxalate (2) H,C204.H,0 3 1:200 120 Campillo &
Torrent, (1992)
Hydroxylamin De Santiago &
ydroxy 0.5M [NHsOH].CI - 1:20 1020  Delgado, (2006)

hydrochloride

1- Reference Ammonium oxalate  2- Rapid Ammonium oxalate
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Table 2. Characteristics of 21 calcareous soils used in this study

Parameter Unit Minimum  Maximum Average Starjdgrd _qufﬁment of
deviation  variation percentage
Sand 13 86 49 20.28 41.04
Clay 5 39 20 9.60 47.26
Silt 9 54 30 12,51 41.35
CCE Percent 1.62 26.41 11.91 8.30 69.69
ACCE 0.86 10.24 481 3.24 67.43
ocC 0.14 2.30 0.77 0.44 57.87
SP 22 50 36 9.81 27.14
pH 7.93 8.28 8.10 0.10 1.20
EC dSm? 0.84 3.60 1.78 0.86 48.22
Fe* 0.76 12.73 3.42 2.72 79.47
Mnx 0.67 15.37 6.04 3.32 55
cu” mg kg 0.45 3.81 157 0.87 55.51
zn" 0.07 1.24 0.48 0.39 82.57
K 143 475 290 107.55 37.03
= 1.50 12.60 7.28 3.58 49.19

*Available nutrient
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Table 3. Statistical descriptions of extracted Cu (mgkg™) by extractants used in this study

Standard  Coefficient of variation

Extractant Minimum Maximum  Average

deviation percentage
DTPA-TEA 1 0.99 7.59 3.02 1.49 49.21
DTPA-TEA 2 0.45 3.81 1.57 0.87 55.51
AB-DTPA 1 1.02 6.19 2.71 1.12 41.25
AB-DTPA 2 0.96 4.68 2.43 0.96 39/74
AC-EDTA1 1.18 12.42 4.99 2.60 52.17
AC-EDTA?2 1.42 6.01 3.65 1.26 34.53
(Reference ammonium oxalate) 6.79 17.67 11.01 2.20 19.96
(Rapid ammonium oxalate) 21.06 32.28 25.69 341 13.28
(Hydroxylamin hydrochloride) 2.49 7.84 5.29 1.60 30.35

1 and 2 are the amount of copper measured with distilled water as a background standard solution and extractant background
solution, respectively.
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Table 4. Correlation coefficients (r) for linear relationships between extracted Cu by used extractants in this study

Ammonium  Ammonium  Hydroxyl

Extractant DTPA-TEA  AB-DTPA AC-EDTA .
oxalate 1 oxalate 2 amin

DTPA-TEA 1 0.83" 0.80™ 0.43m 0.36"™ -0.07™
AB-DTPA 1 0.93" 0.46" 0.36"™ -0.05"
AC-EDTA 1 0.52™ 0.35™ -0.08"
Ammonium 1 -0.09M 0.13"
oxalatel

Ammonium 1 -0.30"
oxalate2

Hydroxyl amin 1

™, ™ non-significant, significant at 0.05 and 0.01 level, respectively. 1 and 2, reference and rapid ammonium oxalate, respectively.
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Table 5. Correlation coefficients (r) between soil properties with extracted Cu by different methods

Soil properties

Extractant Sand  Clay __ Silt OC ACCE CCE __SP____CEC __ pH

DTPA-TEA 019% 015® 020° 018 0.03° 004 020° 031"  -0.08"
AB-DTPA 038™ 024" 044" 036"  0.23° 022" 025 041  -0.11%
AC-EDTA 037" 023°  043® 036" 030 030" 019 029  -0.15"
Ammonium oxalatel  -0.12% 0,01 049 022  0.41® 051  -017"  -0.02"  0.02"
Ammonium oxalate2 007" 0.0  -0.20® 028" -015° -0.25%  0.16™ 020  0.07%
Hydroxyl amin 0.10% -0.16™ -0.03™ -043% 020  -0.22% 031" 0220  -0.21"

" and " non-significant, significant at 0.05 probability level, respectively. 1 and 2 refers to the reference oxalate ammonium rapid

oxalate ammonium methods, respectively.

Figure 1. Relationships between Cu extracted by AB-DTPA and CEC after removal of soil no 6
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time
1, 2 and 3 data number are dry weight, Cu concentration and shoot Cu content, respectively, 4 and 5 root Cu content and leaf chlorophyll
index, respectively
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Evaluation of some Extraction Methods for Determination of Corn
Available Copper in some Calcareous Soils of Iran
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Abstract

The effectiveness of different extraction methods for the prediction of available Cu concentration
was studied in 21 calcareous surface soils (0-30 cm) in western Iran. The greenhouse experiment was
conducted with single cross 704 (SC-704) cultivar of corn plant (Zea mays L.) with three replications.
The leaf chlorophyll index, shoot dry weight and shoot Cu concentration were measured at the end
of the growing period (after 60 days). Various extractants were applied for extraction of soil available
Cu, including DTPA, AB-DTPA, AC-EDTA, Hydroxylamine Hydrochloride, and Ammonium
Oxalate. According to results, extracted Cu by various extractants was insignificantly correlated with
plant growth indices. However, significantly correlation was found between The Log DTPA-TEA-
Cu and Log Root-Cu content. The highest (25.9 mg kg) and the lowest (1.57 mg kg™) concentrations
of extractable Cu was extracted with ammonium oxalate and DTPA-TEA respectively. The most
significant correlation coefficient (r=0.93~) was obtained between AB-DTPA and AC-EDTA
extraction methods. Results revealed that the DTPA-TEA was the most effective Cu extractant in
this study.
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