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Table 1. Some physical and chemical properties of the studied soils.

ol S S CEC Sleste .
. o o 5L el
pH Jsles ECWS/m)  (cmol(+)/ Organic Sand Clay b 4-1)»?1 3]
CCE kg soil) matter (%) (%) Texture Soil No.
(%) (%)

7.80 17.2 3.90 12.1 1.75 79.4 6.1 Loamy sand 1
7.85 14.0 4.60 26.2 2.85 36.9 194 Loam 2
7.90 17.9 351 15.1 2.85 82.1 6.5 Loamy sand 3
7.60 12.8 3.52 17.5 2.55 72.0 13.1 Sandy loam 4
7.65 12.0 2.57 15.1 3.85 76.7 18.4 Sandy Loam 5
7.80 12.0 2.90 16.5 1.35 81.4 12.6 Sandy loam 6
7.80 15.5 351 20.2 3.10 65.6 14.6 Sandy loam 7
7.95 16.5 2.50 21.0 3.85 69.3 15.1 Sandy loam 8
7.52 9.0 6.73 13.5 3.10 88.9 34 Sand 9
7.35 14.5 351 19.9 3.10 73.4 16.6 Sandy loam 10
7.80 11.1 1.84 18.5 1.95 76.6 18.5 Sandy loam 11

63 gl>ee

7.35-7.9 9.0-17.9 1.84-6.73 12.1-26.2 1.35-3.85 36.9-88.9 3.4-194
Range
Sl 2
2.13 20.0 36.4 22.4 29.1 18.6 42.0 Coefficient of
variation
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Table 2. Sequential extraction method and characteristics of chemical forms of copper

osle JA)M oy #* . .
) Aok e S e G S il ¢ R s o et Sl S
o las > Y i
- Soil extraction Ratio ~ Concentration (mol/L) Ak 20 Shaking time (h) Cher;lcal forms
Extractant Density (g/ml) ol copper
L
KNO; 2:25 0.5 1.02 16 S
Exchange
B e L
X-H,0 2:25 — 0.99 2 i
Sorbed
i | .
NaOH 2:25 0.5 1.01 16 S ol Jae
Organic
ol L2z
Na,EDTA 225 0.05 1.00 6 S
Carbonate
ola 3L
HNO; 2:25 4.00 1.12 16(T=80 ¢)
Residual

Ssn alegs 33500 53 45 ol S5 Al A3l e LSS Gl 53 W e 8 S e i Lap ekdgl el ol JS5 T
.w‘:ﬂdﬂ\dﬁﬂgww

Chemical forms extracted necessarily does not mean that Cu is only in these forms, form is also believed to have been
extracted by the above extraction materials.

S5 S pSeslas b Sl 53 Ol L ad e an
It is extracted three times with deionized water.
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Table 3. The mean of chemical forms of copper (mg kg™) in soil samples.

4 Joaze 4 Joaze :
L}S e.,\.‘:chLg _ eu\,ﬁngu\z JJLJ &l:.o?..l LSLAJ§‘2’
. Lol S Ssle .
Total Residual Sorbed Exchangeable chemical forms
Carbonate Organic
SRR PE
Before cultivation
* 63 gl>ee
19.5-50.0 16.8-41.0 1.19-9.12 0.76-5.83 nd 0.07-1.01
Range
Sl
34.0 27.2 333 3.09 nd 0.49 o
Mean
Lol gla IS5 W
100 80.0a 9.8b 9.1b - 1.1 o et G e 2
Chemical forms of Copper (%)
Sl Ay
After cultivation
63 gl>ee
30.0-71.0 9.0-30.7 5.10-12.0 2.19-11.0 nd Nd
Range
Sl
46.0 20.9 7.1 6.0 nd Nd ok
Mean
Lol gla IS5 S Ao
100 61.4b 20.8a 17.6a - - o et G e 2

Chemical forms of Copper (%)

nd= not detectable.

el e oKz b (o, Sesll LG8 "

Al (gl pae sl t ()}ﬂﬂ v/e0 Ck”“ﬁ Osiw 2 53 S 2l by > (Slyls LSL“’J—{;[:*’
Means followed by at least one similar letter are not significantly different (P<0.05) by t-test.
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Table 4. Correlation coefficients (r) between chemical forms of copper and physical and chemical properties of

the studied soils before and after cultivation.

Sk sla S5
Soil characteristics

o gl gla IS5

Chemical forms of copper

EC CEC Clay " CaCO; oM
(dS/m) (cmol+/Kg soil) (%) p (%) (%)
WAg J’"
Before cultivation
0.353" -0.575" -0.628" -0.121™ -0.165™ -0.194™ CuOM
0.413" 20.176™ -0.325™ -0.272" -0.563" 0.022™ CuCar
-0.049™ 0.679™ 0.377" 0.547" 0.108™ 0.150™ CuRes
0.130™ 0.450™ 0.134™ 0.388" -0.098™ 0.098™ CuT
S Sl
After cultivation
0.129™ -0.266™ -0.360" 0.045™ 0.047™ 0.216™ CuOM
0.118™ -0.070™ -0.298™ 0.409" 0.527" -0.287™ CuCar
-0.268™ 0.696" 0.587" 0.409" 0.052™ 0.334™ CuRes
-0.177™ 0.521" 0.364" 0.437" 0.153™ 0.283™ CuT

.JJ:L_‘L;«)‘)L;MC)}»J::L;)LAIJJ»A)IM):QQ}@CEMJJ }w

“and ™" at the level of 5% and 1% Pearson test was significant.

" Not significant.

s Sl3 s gl Bl 51

«Residual Cu) sile 3l s JK<& CuRes (Carbonate Cu) jsluS o K& «CuCar «(Organic Cu) JT o~ S CuOM

5Ot Sten S5 sl b b 5 ) pH
sge a foate e e )l 2 (Solo s
Ui b e deSsoden b odds Sojlas
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Slpe 4y Jeate e sl GLES (YY) O
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(Total Cu) S e |5 CuT
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Table 5. Correlation coefficients (r) between chemical forms of copper in soil Samples.

CuT Cu Res Cu Car Cu OM Cu Ex
oS sl J,;a
Before cultivation
1 Cu Ex
1 0.518™ Cu OM
1 0.662" 0.676" Cu Car
1 0.122" -0.036™ 0.373" Cu Res
1 0.914™ 0.493" 0.319” 0.618™ CuT
CiS A
After cultivation
1 - Cu OM
1 0.257" - Cu Car
1 0.150™ 0.262" - Cu Res
1 0.944™ 0.383" 0.509™ - CuT

1- For a description of abbreviations refer to Table 4.
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Table 6. Correlation coefficients (r) between copper chemical forms and plant parameters.

S Sl e

After cultivation
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xS o ol 3L e Sl S e JI o Plant parameters
CuT Cu Res Cu Car Cu OM
- N z s i O
0.262 0.227 -0.140™ 0.171™ ST
Leaf dry weight
ns ns ns ns sl Six U)}
-0.021 -0.047 -0.036 0.110
Stem dry weight
LSy
0.136™ 0.164™ 0.126™ -0.090™ B 95
Root dry weight
*k ok S cble
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Leaf Cu concentration
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Root Cu concentration
ok ok ok Y S -x?
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Leaf Cu uptake
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Stem Cu uptake
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Root Cu uptake

1- For a description of abbreviations refer to Table 4.
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Abstract

Background and Objectives: Determination of different chemical forms of copper in soil is
important in the evaluation of copper availability for plants, soil fertility management as well as
plant nutrition. Availability of copper for plants depends on the relative distribution of different
chemical forms of copper. Copper relative distribution in soil is a function of physical and chemical
properties of soil such as the amount of organic matter, CaCO3 content, soil pH, clay content and
CEC. Sequential extraction is one procedure to estimate the chemical forms of elements such as
copper in soil that is considered as the perfect method for the description of elements behavior in
soil. This study was done to determine different chemical forms of copper in some calcareous soils
of Rafsanjan, relationship between these chemical forms and with physical and chemical
characteristics of studied soils and also relation of different chemical forms of copper with plant
responses (growth parameters and Cu concentration and uptake) of pistachio seedlings.

Materials and Methods: Eleven soil samples with different physical and chemical properties from
different parts of Rafsanjan region before and after cultivation were fractionated by sequential
extraction (Sposito et al.) to estimate the quantities of copper in exchangeable, sorbed, organic,
carbonate and residual forms. The greenhouse experiment was carried out as a completely
randomized design on 11 soil samples in three replications and each replication in three observations
in pots containing 4 kg soil. After 8 months, pistachio seedlings were harvested and soils were air
dried. Chemical forms of copper in soil samples were extracted by method of Sposito et al. and
Cu concentration in plant tissues (leaf, stem and root) were determined by atomic absorption
spectrometry.

Results: Sequential extraction results indicated that exchangeable and sorbed forms of copper before
and after planting were negligible, organic Cu 9.1 and 17.6%, carbonate Cu 9.8 and 20.8% and
residual Cu 80 and 61.4% respectively. After planting the amount of residual copper significantly
decreased whereas organic and carbonate forms significantly increased. The highest correlation
coefficient in soil sarrgples, after cultivation was observed between carbonate Cu and stem Cu
concentration (r=0.542 ).

Conclusion: Organic and carbonate forms of copper could have an important role in pistachio
seedlings nutrition, although their availabilities in soils are low. Generally, the pattern of copper
distribution in soil samples before and after planting was as follows:

Residual Cu > carbonate Cu> organic Cu> exchangeable Cu> adsorbed Cu

Keywords: Calcareous soil, Pistachio, Residual Cu, Sequential extraction
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