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Abstract

The objective of the study was to analyze profile spatiation of total and DTPA-extractable
zinc forms in alluvial arable soils. Six soil profiles located in the Unistaw Basin were analy-
zed. The soils were classified as alluvial black earths. The alluvial material of the examined
soils was overlying calcareous sinter situated 100 cm deep into the ground. Soil samples were
analyzed for the grain size composition, reaction, Corg and the CaCO, content. The total zinc
concentration was assessed after mineralization in HF+ HCIO, mixture according to Crock and
Severson (1980), while zinc forms extractable with DTPA were assayed with ASA as described
by Linpsay and NorveLL (1978). The soils did not show symptoms of zinc pollution. Its total, Zn
concentrations ranged between 6.25 and 18.78 mg kg, while an average content was 11.16 mg
kg . The analyzed soil samples contained zinc forms extractable with DTPA in amounts fluctu-
ating between 0.32 and 2.6 mg kg!. The highest concentrations of total and available zinc were
noted in the surface horizons of the soils and in the horizons enriched with organic carbon.

Keywords: zinc in soil, alluvial soils, total and DTPA-extractable forms.

PROFILOWE ROZMIESZCZENIE CYNKU W ALUWIALNYCH GLEBACH UPRAWNYCH
O NATURALNIE PODWYZSZONEJ ZAWARTOSCI WEGLANU WAPNIA

Abstrakt

Celem pracy byta analiza profilowego rozmieszczenia cynku w formie catkowitej i ekstra-
howanej DTPA w glebach aluwialnych uzytkowanych rolniczo.
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Przedmiotem badan bylo 6 profili glebowych zlokalizowanych na terenie Basenu Unistaw-
skiego. Gleby te sklasyfikowano jako mady czarnoziemne. Materiatl aluwialny badanych gleb
zalegal na martwicy wapiennej, ktéra wystepowala na glebokosci ok. 100 cm. Z podstawowych
wiasciwosci w analizowanych probkach glebowych oznaczono: uziarnienie, odczyn, zawartosé
C- org. oraz CaCO,. Catkowitg zawartos¢ Zn oznaczono po mineralizacji w mieszaninie kwasow
HF+ HCIO, metodg Crocka i Seversona (1980), natomiast forme ekstrahowang DTPA metoda
Linpsava i NorveELLA (1978), z zastosowaniem metody ASA. Badane gleby nie wykazywaty za-
nieczyszczenia cynkiem, ktorego catkowita zawarto$¢ wynosita 6.25-18.78 mg kg'. Zawartosé¢
cynku ekstrahowanego DTPA wahala sie od 0.32 do 2.6 mg kg*. Najwieksze iloSci cynku cal-
kowitego i przyswajalnego odnotowano w poziomach powierzchniowych analizowanych gleb oraz
w poziomach wzbogaconych w wegiel organiczny.

Slowa kluczowe: cynk w glebie, gleby aluwialne, formy catkowite i ekstrahowane DTPA .

INTRODUCTION

Zinc is a widespread element in nature. It is found in compounds in-
cidentally released to the environment, but it is also an ingredient of mine-
ral fertilizers, pesticides and waste substances applied in agricultural prac-
tice. Because of the physiological functions it plays in live organisms, zinc is
considered an essential element in nutrition of plants and animals (ALLOWEY
2004). However, any concentration higher than allowable can impair the
biological activity of soil. Zinc can be toxic to plants due to zinc compounds
accumulating in their vegetative and generative parts, causing adverse
effects on the yield volume and quality of crops (Roszyk et al. 1988). Secon-
dary to this, a threat to higher organisms appears. Similarly to other trace
elements, the mobility of zinc in soil and its ability to form bonds depends
on the soil sorption capacity, i.e. soil physical and chemical properties (DUBE
et al. 2001). High zinc mobility in soil creates a risk of its excessive uptake
by plants (KaBaTa-PENDIAS, PENDIAS 2001, TERELAK , TuJaka 2003). The degree
of tolerance of plants towards zinc depends mainly on soil factors, such as
reaction, fractional composition and organic matter content, as well as other
conditions, e.g. zinc form and plant species (BAran 2009, 2011, Spiaxk et al.
2000).

The objective of the study was to investigate the profile spatiation of
total zinc and its forms extractable with DTPA in profiles of alluvial arable
soils with a naturally elevated content of calcium carbonate.

MATERIAL AND METHODS

The subject of this research consisted of six soil profiles located in the
Unislaw Basin, and sampled in 2009. Those soils are classified as Mollic
Limnic Fluvisol (Calcaric) — profiles 1 and 2, Limnic Epigleyic Phaeozem



9

— profile 4 and Epigleyic Limnic Fluvisol (Calcaric) — profile 6 (IUSS WRB
2006). The surface (Ap) and subsurface soil horizons (Aa) were composed of
mineral alluvial depoists, in which various mineral and organic limnic ma-
terials (Lc) were embedded. Soil samples were taken from morphologically
distinct layers. They were air-dried and passed through a 2 mm mesh. The
fractions with grains finer than 2 mm were separated for the fractional com-
position according to Jackson (GoNET and CiesLa 1988). The objective was
to remove humus, carbonates and free iron oxides. Afterwards, the samples
were analyzed for the content of specific fractions from 2 mm to 0.05 mm,
using the sieving method, while the share of particles less than 0.05 mm
large was determined with the pipette method (Soil Survey Investigations
1996).

Beside the above analysis of soil fractions, the samples were checked
for active acidity in H,O and exchangeable acidity in 1M KCI. Potentiomet-
ric assays were performed with a CPC-551 pHmeter (LiTyNskI et al. 1976),
concentrations of organic carbon were assessed with the use of a Dutch
SKALAR TOC, and the CaCO, content was determined with the volumetric
method according to Schleiber (LityNski et al. 1976). The total zinc concen-
trations were assayed after mineralization of samples in a mixture of HF
and HCIO, as described by Crock and SevErsoN (1980), while the Zn forms
easily available and extractable with DTPA were determined according to
Linpsay and NorveLL (1978). The zinc total content and mobile forms were
assayed with atom absorption spectroscopy on a Philips PU 9100X spectro-
meter. The reliability of the results was attested against SV-M certified ma-
terial. Additionally, control samples were run, which were analyzed in the
same way as the investigated samples. All the determinations were made in
triplicates. The results are presented as arithmetic means. Possible correla-
tions between the results were checked with the aid of Statistica software.
A correlation matrix of the analyzed factors was based on the Pearson’s
correlation coefficients using p< 0.05 to indicate the 95% probability levels.

RESULTS AND DISCUSSION

Basic physicochemical properties of the soil samples are presented in
Table 1. As evidenced by the data, the soils had neutral or alkaline reaction.
Thus, pH values expressed in pH/H,O ranged between 7.30 and 7.87, while
those determined in 1M KCl varied from 6.88 to 7.48. The measured valu-
es were influenced by high amounts of CaCO,, which made up as much as
76.1% of the material in the limnic horizons. High concentrations of calcium
carbonate were shown in the ploughable humus horizons, which contained
on average 22.0% of this compound. The above accumulation of carbonates
could have been caused by the capillary rise of groundwater saturated with
calcium ions to the topsoil. Another possible reason was frequent application
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Table 1
Some physicochemical properties of the soils
Fraction
Profile no Horizon pH Corg 0aco, <0.002 mm
H,O 1M KC1 (g kg™ (%)
Ap 7.67 7.03 55.8 16.2 48.3
Ld 7.76 7.12 77.3 29.8 70.6
I Le 7.51 6.88 195.2 36.7 71.4
Lm1 7.86 7.24 30.6 59.5 70.6
Lm2 7.86 7.39 9.5 9.8 61.2
Ap 7.59 7.13 63.9 21.8 63.9
Ah 7.68 7.15 65.9 27.2 60.2
Ld 7.64 7.17 63.9 40.2 81.5
I Lm1 7.59 7.2 24.4 68.4 47.6
Lm2 7.63 7.14 59.8 46.0 78.3
Le 7.64 7.16 112.9 56.5 44.1
Lm3 7.65 7.2 14.7 51.6 35.5
Ap 7.84 7.41 60.9 24.4 40.5
Ahl 7.57 7.27 65.7 25.6 38.7
I Ah2 7.26 6.96 63.1 5.3 114
Cr 7.61 7.09 65.8 2.4 6.8
Ld1 7.68 7.14 7.9 8.5 35.0
Ld2 7.75 7.30 9.7 39.8 29.9
Ap 7.60 7.30 59.4 26.5 51.0
Ah 7.68 7.27 19.7 6.7 18.3
v Cr 7.87 7.26 4.9 4.5 32.9
Cr 7.79 7.16 5.3 0.6 31.9
Ld 7.86 7.41 1.4 12.1 42.7
Ap 7.60 7.33 80.3 23.6 60.0
Ah 7.53 7.26 78.0 24.9 64.5
A% Ld 7.53 7.21 65.0 39.1 57.2
Le 7.67 74 46.5 48.7 66.0
Lm 7.57 7.48 14.4 76.1 61.9
Ap 7.38 7.20 50.2 15.9 66.5
Ah 7.37 7.30 5.1 69.3 29.3
Ld1 7.37 7.3 29.0 35.2 651
VI Lm 7.42 7.25 2.3 70.1 58.1
Ld2 7.44 7.30 4.1 20.5 23.0
Ld3 7.46 7.31 2.8 40.6 194
Ld4 7.46 7.35 2.2 37.5 16.2

of agronomic measures, especially ploughing. The amount of organic carbon
ranged from 1.4 g kg to 195.2 g kg!. Different concentrations of organic
carbon were probably caused by the location of the sampling site in the pro-
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file, which can be considered typical for multilayer systems of alluvial soils.
Accumulation of organic matter is most strongly determined by the type and
kind of soils, although the differentiation of this parameter is also attributa-
ble to different land use (PranacaL 2004, SKEODOWSKI 1994).

Our analyses of the fractional composition of the samples revealed that
the content of clay particles (& < 0,002 mm) ranged from 6.8 to 81.5%. Ac-
cording to the WRB (2006), the analyzed samples were rich in clay (c) and
silty clay (ipt). High concentrations of clay, such as found in the examined
soils, confirm that stagnant waters create conditions suitable for sedimen-
tation (MySLiNska 2001). In turn, a high share of sands could indicate an
intensive activity of running water and/or streams from melting continental
glaciers. Such runoff could wash off finer fractions from surface clay hori-
Zons.

The soils analyzed herein did not manifest symptoms of zinc pollution,
with the Zn total concentration between 6.25 and 18.78 mg kg, and the
average content 11.16 mg kg (Table 2). Similar values were determined by
Jaworska and DABKOWSKA-NASKRET (2012) in agricultural luvisols. According
to TEreLAK et al. (2000), an average zinc concentration in soils is 23.3 mg
kg in the Province of Kujawy and Pomorze, and 32.4 mg kg in whole Po-
land. The highest concentrations of zinc were found in the humus horizons
enriched with organic matter. KaBaTa-PEnpias and PenDIAS (2001) confirmed
that organic matter has a distinct ability to bind zinc. Our statistical analy-
sis of the results revealed a relationship between the content of Zn ions
and organic matter (r = 0.408 p < 0.05) — Figure 1. The presence of zinc
in soils is mainly connected with its concentration in the parent rock and
their abundance in iron and clay minerals (CzarNowska 1984, 1996). Allu-
vial soils are those of the highest changeability of zinc concentrations, both
spatial and the profile one. As for alluvial soils in the Lower Vistula Val-
ley, their content of zinc is mostly dependent on the site (distance from the
main stream) and fractional composition. KoBigrski and PiotrRowska (2010)
reported that alluvial soils of the Unistaw Basin located 50, 200, 600 and
900 m away from the Vistula riverbed and containing from 7 to 31% of clay
fraction had between 30.1 and 228.5 mg kg of total zinc. Flood sedimenta-
tion of fine material brought by the river caused a significant reduction of
impurities transported to the estuary. This is why periodically flooded low-
lands are reservoirs of collected suspensions and their heavy metals (TAyLOR
1996). Moreover, specific genesis of soils developed from alluvial sediments
(sedimentation processes) affects the profile differentiation of those metals
(DABROWSKA-NASKRET 1994, DABKOWSKA-INASKRET, KEDzIA 1996, ORZECHOWSKI,
SMOLczyYNskI 2010).

The region of the Unistaw Basin has long-lasting agricultural tradition.
The soils in this area present high production potential and are intensively
cultivated, which changes their properties considerably. Fertilizers and plant
protection preparations can raise the levels of heavy metals in such soils.
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Table 2
Total content and DTPA-extractable forms of zinc in the soil samples
Total Extractable DTPA/
Profile no Horizon content (DTPA) Total content
(mg kg™ (%)
Ap 14.48 2.3 15.88
Ld 9.76 0.66 6.72
I Le 12.25 0.98 8.00
Lml 11.23 0.68 6.06
Lm?2 8.68 0.58 6.68
Ap 15.13 2.29 15.14
Ah 15.83 1.68 10.61
Ld 9.68 0.85 8.78
II Lml 10.13 0.72 7.10
Lm2 10.30 0.67 6.50
Le 11.38 1.03 9.06
Lm3 12.00 0.64 5.33
Ap 18.58 1.92 10.33
Ahl 18.78 2.40 12.78
I Ah2 11.78 1.41 11.97
Cr 6.25 0.70 11.20
Ld1l 9.75 0.51 5.23
Ld2 7.98 0.48 6.02
Ap 12.63 1.88 14.89
Ah 7.33 0.58 7.91
v Cr 9.15 0.50 5.46
Cr 7.43 0.61 8.21
Ld 7.85 0.45 5.73
Ap 14.23 2.60 18.27
Ah 11.75 2.36 20.09
v Ld 11.03 1.52 13.78
Le 11.88 0.96 8.08
Lm 12.05 0.32 2.56
Ap 16.68 1.80 10.79
Ah 9.90 0.54 5.45
Ld1 9.95 0.52 5.23
VI Lm 6.65 0.52 7.82
Ld2 9.93 0.56 5.64
Ld3 12.98 0.36 2.77
Ld4 6.53 0.44 6.73

The determined profile spatiation of zinc in the examined soils showed some
accumulation of Zn ions in the surface horizons, which probably reflects
the anthropogenic changes in that region. The surface horizons contained
the highest amounts of total zinc, which were decreasing down the profile.
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Fig.1 Correlation between the content of total zinc and organic carbon

A similar observation was made by DABKOWSKA-NASKRET (1994) in her study
on arable alluvial soils.

Extraction with diethynene triaminopentaacetic acid (DTPA) was used
in order to evaluate the mobility of zinc forms available for plants. Those
compounds first accumulate in the humus horizons of many types of soils
(N1EMYSKA-LUKASZUK, CIARKOWSKA 1999). Zinc is perceived as a mobile ele-
ment, whose availability and mobility are influenced by a number of factors,
such as the content of organic matter, concentration of iron compounds,
pH and fractional composition of the soil (Roc6z, GRuDNIK 2004). The soil
reaction is seen as one of the most important factors affecting zinc availa-
bility (KwiaTkowska-MaLINA, MAcIEJEWSKA 2011). The analyzed soils samples
contained from 0.32 to 2.6 mg kg of zinc extractable with DTPA, while the
corresponding average for all the samples was 1.05 mg kg'. The share of
available forms in the total content of zinc was 2.56%—-20.09% (Table 2). The
highest amounts of available zinc were found in the surface horizons of the
soils and in the horizons rich in organic carbon. A positive and significant
correlation was noted between the zinc forms extractable with DTPA and
concentrations of organic carbon in the analyzed soil samples (r = 0.505,
p<0.05) — Figure 2. A change in soil reaction considerably influenced the
concentration and mobility of Zn ions. Higher soil reaction was accompanied
by a decrease in the zinc content because of its more intensive binding by
iron and aluminum oxides and/or precipitation to less soluble forms. Alkali-
ne reaction of the samples could have decreased concentrations of available
zinc, down to the lower threshold of its content in soils with the particle-size
distribution typical for clays (KaBaTa-PENDIAS, PENDIAS 2001).
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Fig. 2 Correlation between DTPA-extractable forms of zinc and organic carbon

CONCLUSIONS

1. The analyzed soils did not show symptoms of zinc pollution. Its total
concentration ranged from 6.25 to 18.78 mg kg

2. The highest concentrations of total and available zinc were noted in
the surface horizons of the soils and in the horizons enriched with organic
carbon.

3. The profile distribution of zinc in the soils reflected the accumulation
of this ion in the surface horizons, which can be a result of anthropogenic
changes in that region.
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