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Article Info ABSTRACT
Avrticle type: Background and Objectives: Zinc, copper and nickel are classified as
Full Length Research Paper  micronutrients in plant nutrition and as trace elements in environmental
chemistry. These elements are essential for plants and organisms, but they
Article history: cause toxicity i_n high concentr_atipns. Thg main mechanisms of entering
Received: 09.11.2023 these elemer_1ts m_to_ the_food chain is the_ 30|I'—plant pathwa'y.. Trace eleme_nts
Revised: 01.16.2024 are present in soil in different forms with different solubility. Determining
Accepted: 01.21.2024 the fractions of these elements reveals more precise information about their
status, and the probability of their deficiency or toxicity in long period, and
in the case of changing environmental conditions. Fractionation sequence

Keywords: is a procedure for determining different forms of elements.

Background Concentration,

Calcium Carbonate Materials and Methods: The present study was conducted on 13
Equivalent,

calcareous soil samples around Yasuj. The samples were selected from
virgin and agricultural fields without pervious application of trace elements
fertilizers, and were not contaminated with trace elements. Different forms
of zinc (Zn), copper (Cu) and nickel (Ni) were successively extracted with
F1) distilled water (soluble), F2) neutral one molar ammonium acetate
(Exchangeable|), F3) one molar ammonium acetate with pH 5 (Carbonatic);
F4) 0.04 molar hydroxylamine hydrochloride (NH,OH.HCI) in 25% v/v of
acetic acid with a pH of 3 (FeMn-oxid associated); F5) 30% hydrogen
peroxide (pH 2) with 5 ml of 0.3 M NH;OAc ammonium acetate in
20% by volume of nitric acid (OM associated); and F6) 7 M nitric acid
(Residual) in duplicate and were measured with atomic absorption
spectroscopy.

Trace Elements

Results: Water extractable zinc, copper and nickel; and neutral NH;OAc
extractable copper and nickel were not detectable in the studied soil
samples. Neutral NH,OAc extractable zinc was detected in 5 soil samples.
The abundance of zinc, copper and nickel chemical forms were as follows:
Zn- NH;OAc pH 7< NH4OAc pH 5 Zn< H,0, Zn< NH,OH.HCI- Zn<
HNOs- Zn; H,O, Cu<NH, OH.HCI Cu<NH,OAc pH 5-Cu<HNO;-Cu; and
NH;,OAc pH 5-Ni<H,0,-Ni<NH,OH.HCI-Ni<HNOs-Ni. Zinc, copper and
nickel extractable with nitric acid constituted 70 to 85% of the total
extracted forms, which had the highest correlation coefficient with soil
properties. Equivalent calcium carbonate showed a significant negative
correlation and the cation exchange capacity showed a significant positive
correlation with nitric acid extractable Cu, Zn and Ni. This correlation
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indicates the fact that calcium carbonate can play the role of a neutral
substance without metal elements in soil. On the other hand, since the
amount of equivalent calcium carbonate is directly related to the degree of
soil weathering, this relationship shows that in soils that are in the early
stages soil development, equivalent calcium carbonate can play the role of
diluting metal elements in the soil.

Conclusion: The present study showed that the amount of Zn, Cu and Ni
is generally less than 100 mg/kg and most of these elements exist in
residual or stable form, while the sum of available fractions was lower than
10% in general. Correlation of the residual fraction with calcium carbonate
equivalent can show that calcium carbonate plays the role of a neutral
substance in soil. Since the content of calcium carbonate equivalent is
adversely related to soil development, this relationship shows that in the
early stages of development, calcium carbonate equivalent can play the role
of diluting metal elements in the soil.
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Table 1. Geographical position of the studied soil.
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Table 2. Some physicochemical properties of studied soils.
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Ni Cu Zn clr%c_)l (%)
.
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A SV e
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Table 3. Zinc fractions concentration (mg kg™) in the studied soils and their correlations with soil properties
(n=2).
HNO; H,0, NH,OH-HCI NH,OAc pH 5 NH,OAc pH 7 Water- Soil
»
34.67 252 4.07 2.59 nd nd SN
Cham Khani
Y ol b
42.15 1.80 4.49 1.48 nd nd M
Chenarestan 1
¥ Sl b
46.75 2.24 5.99 2.79 nd nd M
Chenarestan 2
ol e
48.34 3.45 5.61 2.00 0.50 nd it
Deh Bar Aftab
v
49.55 2.70 5.83 1.30 0.91 nd >
Deh NO 1
v
57.63 3.07 6.35 239 nd nd 2
Deh NO 2
o b)T
49.49 3.02 573 2.53 nd nd M
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19.94 263 3.69 1.94 nd nd =
Mahmood Aabad 1
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1.
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- " Sl
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. e L s
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" Non-detectable; * and ** represent significance at P<0.05 and P<0.01, respectively. ™ Non-significant
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Table 4. Copper fractions concentration (mg kg™) in the studied soils and their correlations with soil properties
(n=2).
HNO; H,0, NH,OH-HCI NH,OAc pH 5 NH,OAc pH 7 Water- Soil
Sl
4452 468 nd 5.91 nd nd
Cham Khani
Y Ol sl
44.38 0.58 5.51 7.58 nd nd :
Chenarestan 1
Y Olies sl
46.81 0.60 4.41 7.32 nd nd :
Chenarestan 2
ol e
47.85 nd 6.72 9.53 nd nd = 2
Deh Bar Aftab
VL
54.48 1.04 0.26 4.66 nd nd 2
Deh NO 1
-
49.21 5.68 0.76 473 nd nd 2
Deh NO 2
osbel
58.83 0.30 6.81 7.75 nd nd
Sar Abtaveh
S
36.25 0.12 571 9.83 nd nd s
Servak
LTss o
54.93 0.35 0.13 1.09 nd nd R
Firooz Aabad
SlaS
41.63 2.90 8.92 8.75 nd nd
Ganjeie
) osLl
34.56 7.50 nd 5.69 nd nd e
Mahmood Aabad 1
Y Ul
34.94 2.47 3.84 8.33 nd nd e
Mahmood Aabad 2
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53.53 0.13 0.64 6.16 nd nd
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" Non-detectable; * and ** represent significance at P<0.05 and P<0.01, respectively. ™ Non-significant

AY

wE

< . Cone . . nd
9 '°l§:“:‘b’“_ﬁ‘u‘ﬂ"““‘~_}‘.bﬁ;n



O1)Ko g 039w 58 ot [ e 13 SS9 w0 <89 (o2 beowd (SOUSWS & 595

S S35 b LOT (K oy 5 aalllas 5590 S 53 (p S 5hS 5 p 8 k) S5 e (gla S5 s —0 Jgr

n=Y) S
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Y bl
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- - " 43S Jsls b b
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" Non-detectable; * and ** represent significance at P<0.05 and P<0.01, respectively. ™ Non-significant
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Figure 2. Relationships between H,0,-Ni, and HNO3-Ni fractions with CCE.
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