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SOLUBLE FORMS OF ZINC
IN PROFILES OF SELECTED TYPES
OF ARABLE SOILS
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Abstract

The research was carried out on arable soils of the region of Lublin. The aim of the
study was to determine the content of Zn extractable in 1 M HCl-dm™ in profiles of selec-
ted types of soils and the total content of Zn (measured in aqua regia) in soil samples
from the accumulative layer 0-20 cm of the soils. The investigations included 8 morpholo-
gical types of soils: Rendzic Leptosols (typical rendzinas), Rendzic Leptosols (humic rendzi-
nas), Haplic Phaeozems, Calcaric Cambisols, Haplic Luvisols, Cambic Arenosols, Haplic Po-
dzols, Eutri-Terric Histosols. The content of zinc (Zn) was measured by Atomic Absorption
Spectrometry (AAS). In mineral soils the highest content of total Zn was found in rendzi-
nas (48.0-55.8 mg-kgl DM) and the lowest one appeared in rusty soil and in podzolic soil
— about 13 mg Zn-kgl each, at average 24.5 mg-kgl. Average concentration of available
forms of zinc was 5.2 mg Zn-kgl. The amount of this element in soils was from 2.0 mg
Zn-kgl in the level Cca of typical rendzinas to 17.0 mg Zn-kg! in the accumulative level
of peat soil. In most profiles the highest concentration of soluble form of Zn was present
in the accumulative layer and was usually decreasing deeper in the profile. The distribu-
tion of Zn in profiles was shaped by the Dbiological accumulation of this element in the
humus horizon and natural biogeochemical processes.

Key words: zinc, total contents, available forms, rendzina, chernozem soil, brown soil,
lessive, rusty soil, podzolic soil, peat soil.
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ROZPUSZCZALNE FORMY CYNKU W PROFILACH WYBRANYCH
TYPOW GLEB UZYTKOWANYCH ROLNICZO

Abstrakt

Badania przeprowadzono na glebach uzytkéw rolnych Lubelszczyzny. Celem badan byto
okreélenie zawartosci cynku przyswajalnego (po ekstrakcji prébek 1 mol HCl-dm3) w pro-
filach wybranych typow gleb oraz jego zawartosci ogolnej w probkach z poziomu akumula-
cyjnego 0-20 cm (po ekstrakcji w wodzie krélewskiej). Badaniami objeto 8 typow gleb, ta-
kich jak: redzina wtasciwa, redzina czarnoziemna, czarnoziem zdegradowany, gleba
brunatna, gleba ptowa, gleba rdzawa wtasciwa, gleba bielicowa wtasciwa oraz gleba torfo-
wa. Stezenie cynku w przesaczach glebowych oznaczono za pomoca spektrofotometru ab-
sorpcji atomowej (ASA). W glebach mineralnych najwyzsza zawartos¢ Zn ogotem stwier-
dzono w redzinach (48,0-55,8 mg-kgl s.m.), najnizsza zas w glebie rdzawej i bielicowej —
ok. 13 mg Zn-kgl, érednio 24,5 mg-kgl. Srednia zawartosé cynku przyswajalnego wyno-
sita 5,2 mg Zn-kgl. Zawartosé tego sktadnika wahala sie od 2,0 mg Zn-kg! w poziomie
Cca redziny wtasciwej do 17,0 mg Zn-kg'! w poziomie akumulacyjnym gleby torfowe;.
W wiekszosci profili zawarto$¢ rozpuszczalnej formy Zn jest na ogét zdecydowanie wyzsza
w poziomie orno-préchnicznym i maleje wraz z glebokoscia. Takie rozmieszczenie cynku
w profilach zostato spowodowane gléwnie akumulacja biologiczng w poziomie préchnicznym
oraz naturalnymi procesami biogeochemicznymi.

Stowa kluczowe: cynk, zawarto$¢ ogélna, formy przyswajalne, redzina, czarnoziem,
gleba brunatna, gleba ptowa, gleba rdzawa, gleba bielicowa, gleba torfowa.

INTRODUCTION

Zinc is a natural component of soils, and its content depends primarily
on the type of mother rocks and soil-forming processes. In agricultural are-
as, zinc excess originates mainly from man-made sources (industry, trans-
port, waste substances, plant protection chemicals), which contribute to in-
creased zinc concentration, mainly in the accumulative soil layer. Studies
on the total content and the amount of available forms of microelements,
including zinc, in the surface soil layer, have been carried out for many
years. However, fewer smaller publications deal with concentration of avail-
able forms of microelements in deeper layers of the soil profile. Zinc occurs
in soils as easily soluble compounds, which favors its migration, especially
when the soil is acidic in reaction (TERELAK et al. 2000, VAN OoRT et al.
2006). I t an be expected that mobile forms of zinc, which determine its
availability to plants, will appear in different amounts in particular genetic
horizons of soils belonging to different types. Determination of zinc not only
in the arable layer but also in deeper horizons of a profile enables us to
evaluate the abundance of zinc and to predict, more precisely, its deficiency
or excess to crops.

The present study was completed in order to evaluate and assess total
zinc content and zinc available forms profiles of several types of arable soils
in the Lublin region.
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MATERIAL AND METHODS

Examinations were carried out in October 2003 in the Lublin region.
The study material consisted of the following soil morphological types: Rend-
zic Leptosol developed from calcaric rock, Rendzic Chernozem, Haplic Phae-
ozem, Calcaric Cambisol developed from loess, Haplic Luvisol developed from
dust, Cambic Arenosol, Haplic Podzol developed from loamy sand, and Eutri-
Terric Histosol. Two to five samples were collected from each soil type and
particular horizons. Selected profiles are represented by arable soils (pro-
files No 1-7) and durably sodded soils (profile No 8). These profiles (No 1-8)
were present in the following sites: Guzéwka (No 1), Zdanowek (No 2),
Rogow (No 3), Tarnawa (No 4), Losienn (No 5), Katy (No 6), Wélka Ortowska
(Nos 7 and 8).

The soil samples were air-dried, then ground in a porcelain mortar and
passed through a 1 mm mesh sieve. The following properties were then
determined: granulometric composition with Casagrande’s areometric meth-
od as modified by Prészynski, pH by potentiometry in 1 mol KCl-dm3, hy-
drolytical acidity (Hh) with Kappen’s method, total carbon content with
Tiurin’s method. Concentrations of soluble zinc forms were determined by
AAS after extraction with 1 mol-dm™ hydrochloric acid solution (Rinkis’s
method). The total zinc content was analyzed after dissolving each sample
in aqua regia composed of acids mixed at a 3:1 proportion, according to the
Polish norm PN-ISO 11466. Zinc concentrations in soil filtrates were deter-
mined by means of the AAS flame technique. Zinc solubility was expressed
as a percentage of zinc forms extracted with HCI solution in the total zinc
content.

RESULTS AND DISCUSSION

Basic physicochemical properties of the soil are presented in Table 1,
while the data related to the total zinc content and its forms extractable in
1 mol HCI-dm™ can be found in Table 2.

The analysis of total zinc revealed that the soil types chosen for the
study were not abundant in this element. In the accumulative soil layer
(0-20 cm), the total Zn concentration varied from 13.2 to 55.8 mg-kg! of
soil DM, with the mean level of 24.5 mg Zn-kgl. Typical rendzina (Rendzic
Leptosols) and humic rendzina (Rendzic Leptosols) were characterized by
the highest zinc contents (55.8 mg-kg! and 48.0 mg-kgl, respectively).
Lower zinc levels were found in Chernozem, Cambisol, and Luvisol soils:
39.5; 37.8, and 27.2 mg-kgl, and the lowest concentration of zinc (about
13 mg-kg!) occurred in soils of light and very light granulometric composi-
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Table 2
The content and solubility of zinc in soils
Zn in 1M | Solubility

P‘;ﬂ‘le Type Horizon (ﬁl F‘l’{wﬂ) HCl-dm® |  ofZn

£58 (mg-kg? (%y*

1 Rendzic Leptosols Apca 55.8 8.4 15.0
(typical rendzinas) Cca - 2.0 -

Rendzic Leptosols Apea 48.0 6.7 14.0
2 (humic rendzinas) Apca i 3.2 )
Cca - 2.8 -

Ap 39.5 9.6 24.3
. Ah - 5.2 -
3 %-I}aiphc Phae);ozems AhBbr ) 48 )
chernozem BbrC ) 49 i
Cca - 45 -

Ap 37.8 gg 15.1
4 Calcaric Cambisols Bbr i 4.6
(brown soil) BbrC ) 3' 5 )
C - 6.6 -

ApEet 27.2 5.7 21.0
. . Eet - 3.1 -
5 g;zlilje%uwsols (AEt) ) 39 )
Bt - 35 -
BtR - - -

Cambic Arenosols Ap 13.2 42 319
6 (rusty soil) By . 55 )
v C - 2.6 -

Ap 13.7 6.9 50.4
7 Haplic Podzols Ees - 2.3 -
(podzolic soil) Bfe - 3.1 -
C - 3.2 -
Eutri-Terric Histosols Mt . ) 17.0 )
8 (peat soil) Oqtni - 8.3 -
P Ogtni - 46 -
Mean 24.5 5.2 -

*percentage of soluble forms in total content of metal

tion, i.e. Arenosol and Podzolic soils. The analysis of the experimental data
indicates that the highest zinc amount was present in soils characterized by
a high humus content and large amounts of finest particles. According to
TERELAK et al. (2000), zinc content in soil depends on a soil type, and is
strongly conditioned by the soil’s granulometric composition. In acidic brown
soils, Skropowskl and Zarzycka (1997) determined about 35 mg Zn-kg'! in
the humus horizon, and that concentration decreased deeper in the profile.
These authors claimed that zinc accumulation in the humus layer is a prod-
uct of biological accumulation of this element and agricultural use of the
soil. Different sub-types of gypsum rendzinas examined by NIEMYsKa-LUKASZUK
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and Ciarkowska (1999) were characterized by the highest total zinc concen-
trations in surface layers, which tended to decrease in deeper layers of the
profile. These authors found statistically significant dependence of total zinc
on colloid clay content. Also TERELAK et al. (2000) confirmed significant corre-
lation between zinc amounts in soils and such properties as < 0.02 mm
fraction content, organic matter content, and pH, which indicates, in the
authors’ opinion, that zinc presence in soils also depends on other factors.

Total zinc content in the 0-20 cm layer of the soils we examined did not
exceed values accepted as the natural background in evaluation of soil con-
tamination, which is 50 mg-kg! for very light and light soils, and
100 mg-kg! for heavy soils (KaBaTA-PENDIAS et al. 1993).

Concentration of zinc extractable in 1 mol HCl-dm™ varied between
particular soil profiles. In most of the profiles, this form appeared in higher
amounts in the humus horizon, where it reached the levels from 4.2 to
17.0 mg-kg'l, than in deeper layers. Brown soil was an exception (profile
No 4), as it contained 6.6 mg Zn-kg! in the mother rock horizon, hence
more Zn than within surface layer Ap (5.7 mg-kg1). Another exception was
Arenosol, containing slightly more zinc in Bv (5.5 mg-kg'!) than in Ap hori-
zon (4.2 mg-kgl). The content of the zinc form examined in 5 soil types
(Rendzic Leptosol, Rendzic Chernozem, Haplic Phaeozem, Cambic Arenosol,
and Eutri-Terric Histosol) apparently decreased with the profile depth. Such
a tendency did not occur in Cambisol and Luvisol soils. However, large dif-
ferentiation in the content of zinc in particular horizons confirmed the influ-
ence of elution processes on the distribution of this element within a pro-
file. VaN Oorrt et al. (2006), when examining the dynamics of Zn behavior,
observed that the metal was moved in soil mainly in a dissolved form, un-
like Pb which moved mainly in a colloidal form. The authors also found
that the interaction of the soil solution and specific pedological features leads
to enhanced Zn accumulation in clay-iron coatings characteristic of illuvial
B horizon. Baran et al. (2003) reported that it was only the genetic horizon
that affected the content of zinc extractable in 1 mol HCl-dm™ in Podzolic
soils. According to these authors, higher concentrations of this form of zinc,
like total zinc content, occurred in the humus horizon rather than in deep-
er layers. KorzENIOWSKA and STANISEAWSKA-GLUBIAK (2004) determined a high
correlation coefficient between organic matter and zinc extractable in 1 mol
HCl-dm, although they did not achieve significant correlations between
organic matter and zinc amounts in plants. Also GamBUS et al. (2004) did not
find strong correlations between Zn concentration in plants and Zn extract-
ed from the soil using 1 mol HCl-dm™, except for oats roots. However,
these authors recorded a very strong correlation between zinc content in
plants and the metal level extracted with non-buffered solutions with low
extraction strength. On the basis of our results regarding available zinc
forms in the examined mineral soil types from the Lublin region, it can be
stated that profiles Nos 1-5, characterized by the granulometric composition
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of heavy soil, showed low zinc abundance, while very light and light soils
(profiles Nos 6 and 7) revealed high abundance (ZALECENIEA Nawozowk 1990).
Zinc solubility in rendzinas and Calcaric Cambisol was poor (14-15%),
while higher solubility was recorded in Luvisol (21%) and Haplic Phaeozem
(24%); the best zinc solubility was observed in Arenosol and podzolic soils
(832% and 50%, respectively). Bapora (2002) reported that binding of heavy
metals ions by organic matter depended on the soil acidity. Zinc at pH 5.8 is
bound by humic acids up to 60% of its cationic concentration, whereas at
lower pH values, its sorption almost disappears. This may explain low Zn
solubility in the rendzinas and high one in Arenosol and podzolic soils. Fur-
thermore, a relatively large percentage of soluble forms in the total zinc
content in light soils may indicate that Zn was supplied from anthropogenic
sources. According to TERELAK et al. (2000), zinc migration within the envi-
ronment is favored by low acidity of soil as well as humus substances, name-
ly fulvic acids and some fractions of humic acids forming soluble complexes.

CONCLUSIONS

1. The mean content of available zinc (extractable with 1 mol HC1-dm™)
in the soils was 5.15 mg-kg! DM. In most of the soils examined, except
Cambisol and Arenosol, the highest amounts of available zinc were present
in the humus horizon, decreasing deeper in a soil profile depth.

2. Cambisol and luvisol soils were characterized by high abundance in
zinc extractable in 1 mol HCI-dm™, while rendzinas and Chernozem by were
low in this form of zinc; the highest zinc concentration was recorded in
Eutri-Terric soil.

3. The zinc solubility in studied soils can be put in the following order:
Rendzic Chernozem < Rendzic Leptosol = Calcaric Cambisol < Haplic Luvi-
sol < Haplic Phaeozem < Cambis Arenosol < Haplic Podzol.
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