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Abstract

Some trace elements, for example zinc, play both a positive and a negative role in plant
life, which requires their content in soil. If soil is excessively contaminated with zinc, an at-
tempt should be made to reduce the negative effect of this element on plants and other living
organisms. For this reason, a study was undertaken to determine whether it was possible to
alleviate the effect of soil zinc contamination (0, 150, 300 and 600 mg Zn kg of soil) on the yield
and macronutrient content of yellow lupine (Lupinus luteus 1.). Compost (3%), bentonite (2%)
and zeolite (2% relative to soil mass) were used to reduce the effect of soil zinc contamination.
Macro- and micronutrients were applied to the soil in the same amounts in all pots: 30 mg N,
30 mg P, 100 mg K, 50 mg Mg, 0.33 mg B, 5 mg Mn and 5 mg Mo per kg soil. Yellow lupine was
harvested in the flowering phase and plant material samples were collected for laboratory tests.
The induced soil zinc contamination reduced yellow lupine growth and development because a
dose of 300 mg Zn kg soil caused plant seedlings to wither. Compost and bentonite reduced the
negative influence of soil zinc contamination on yellow lupine yield, especially on aerial parts.
The most demonstrable effect of zinc on the macronutrient content of lupine plants was recorded
for magnesium and calcium, whose content increased compared to the control in both the aerial
parts and roots of yellow lupine. Among the neutralizing substances, the effect of zeolite on the
phosphorus, magnesium and calcium content and bentonite on the sodium content in the plants
was the most beneficial.
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INTRODUCTION

Soil, water and air are the most important environmental resources
(D EmiLio et al. 2012, Massas et al. 2013, ZHaNG et al. 2009). They are under
continuous human pressure causing environmental degradation (Faiz et al.
2009, Massas et al. 2013). The main pollutant emitting sources are industry,
urbanization, public utilities, mining activity, motor traffic and agriculture
(Ruiz et al. 2009, TakA¢ 2009, Liu et al. 2012, MODRZEWSKA, WYSZKOWSKI
2014). Heavy metals, which accumulate in the environment, deserve special
attention among these pollutants (TAKAC 2009, ZHANG et al. 2009, Liu et al.
2012, Sacr, Yiair 2012, Massas et al. 2013). Trace elements present in the
environment have a substantial effect on soil properties and living organisms
(KucHarski et al. 2011), including plants growing in soils with their increased
content (Wyszkowska et al. 2013). Some trace elements (WHITE, BRowN 2010),
e.g. zinc, play both a positive and a negative role in plant life, which requires
their content in soil (JAcQUAT et al. 2009, Wyszkowska et al. 2013). The main
sources of zinc are dust emissions from zinc smelters and the cosmetics,
rubber, paint and pharmaceutical industries. Zinc also comes from munici-
pal waste, coal combustion and the application of fertilizers and pesticides
(JacQuar et al. 2009, Ruiz et al. 2009, WHiTE, BRowN 2010, P£REZ-Novo et al.
2011). Zinc in trace amounts is necessary for proper plant and animal func-
tioning. In excessive quantities, however, it has a negative effect on living or-
ganisms (PErREzZ-Novo et al. 2011, D EmiLio et al. 2012). This is shown by the
growth inhibition as well as decreased plant yields and their worse quality
(FENG et al. 2007, JacQuAT et al. 2009, WHITE, BrowN 2010, GuaLa et al. 2013).
Zinc is characterized by high soil mobility, which affects its bioavailability
for plants (Stros et al. 2008, Ruiz et al. 2009, TRARAL et al. 2012). If soil is
excessively contaminated with zinc, an attempt should be made to reduce the
negative effect of this element on plants and other living organisms.

For this reason, a study was undertaken to determine whether it was
possible to alleviate the effect of soil zinc contamination on the yield and ma-
cronutrient content of yellow lupine (Lupinus luteus L.) cv. Mistral through
the application of selected mineral and organic substances.

MATERIAL AND METHODS

An experiment with three replications was set up on acidic soil formed
from sand. The trials were conducted in a greenhouse at the University of
Warmia and Mazury in Olsztyn. The soil properties were as follows: pH at
1 mole KCl dm™ - 5.32; hydrolytic acidity (HAC) — 33.6 mmol(+) kg'; total
exchange bases: Ca™, Mg*, K* and Na* (TEB) — 42.1 mmol(+) kg'; cation
exchange capacity (CEC) — 75.7 mmol(+) kg'; the degree of base saturation
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(BS) — 55.6%; Corg content — 13.8 g kg'!; the content of available forms of:
phosphorus — 40.3 mg kg!; potassium — 11.9 mg kg'! and magnesium —
33.6 mg kg; total zinc content — 60.3 mg kg soil. The soil was contaminated
with zinc (as ZnCl)) in the amounts of 0, 150, 300 and 600 mg Zn*" kg soil
(1#¢ factor). Compost (3%), bentonite (2%) and zeolite (2% relative to soil
mass) were used to reduce the effect of soil zinc contamination (2" factor).
Compost was prepared from leaves, manure and peat. The content of macro-
elements in compost (g kg') was as follows: 2.32 P, 1.33 K, 1.47 Mg and
15.86 Ca. Apart from zinc and the neutralizing substances, the soil (9 kg in
each polyethylene pot) was enriched with macro- and micronutrients, added
in the following doses, identical in all pots: 30 mg N, 30 mg P, 100 mg K,
50 mg Mg, 0.33 mg B, 5 mg Mn and 5 mg Mo per kg soil. Yellow lupine
(Lupinus luteus L.) cv. Mistral was then sown. The experiment was conducted
at a density of 8 plants per pot, maintaining the moisture content at 60%
of the maximum water capacity. Yellow lupine was harvested in the flowe-
ring phase and plant material samples were collected for laboratory tests.

The plant material was dried at 60°C, milled and mineralized in concen-
trated sulfuric acid with an addition of hydrogen peroxide as the catalyst.
Afterwards, the following determinations were made: the phosphorus (P°")
content was measured colorimetrically by the vanadium-molybdenum me-
thod; the content of potassium (K%), sodium (Na*) and calcium (Ca?) was
assayed by atomic emission spectrometry (AES) and the magnesium (Mg?*)
content was checked by atomic absorption spectrometry — AAS (OSTROWSKA et
al. 1991). The following were analyzed in the soil before the experiment was
established: soil pH — by the potentiometric method in aqueous KCl solution
of the concentration of 1 mole dm™, hydrolytic acidity (HAC) and the total
exchange bases (TEB) — by the Kappen method, the content of organic carbon
(Corg) — by the Tiurin method, available phosphorus and potassium — by the
Egner-Riehm method and available magnesium — by the Schachtschabel
method (LiTyNskI et al. 1976), total zinc — by the flame atomic absorption
spectrophotometric method (FAAS) and US-EPA3051 method (1994). The
test results were analyzed statistically with a Statistica package (StatSoft, Inc.
2010) using a two-factor analysis of variance (Anova).

RESULTS AND DISCUSSION

The soil zinc contamination reduced the growth and development of yel-
low lupine (Lupinus luteus L.) because a dose of 300 mg Zn kg soil caused
the plant seedlings to wither (Figure 1). The results presented in this paper
indicate that the effect of soil zinc contamination on yellow lupine weight
could be alleviated by an application of selected mineral (bentonite and zeo-
lite) and organic substances (compost). Compost and bentonite had a positive
effect, reducing the negative influence of soil zinc contamination on yellow
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Fig. 1. The variability of the dry matter of aerial parts and roots of yellow lupine (Lupinus luteus 1..)
depending on soil contamination with zinc, in %: a.p. — aerial parts, r. — roots, differences signifi-
cant for: * = P=0.01, " — P=0.05

lupine yield. The average weight of the aerial parts and roots of yellow lu-
pine was the highest in the treatments with bentonite, followed by the ones
with compost, in contrast to treatments with no application of any of these
substances to the soil. Bentonite had a particularly positive effect, especially
on the aerial parts of the test plant.

A similar relationship was demonstrated by Fena et al. (2007) in an
experiment where soil was amended with minerals such as clays, bentonite,
zeolite, iron oxides and phosphatic fertilizers, which effectively restrained
the action of trace elements (including zinc) on yellow lupine. This outcome
was also reported by Sipos et al. (2008), who found that organic matter, clay
minerals and iron and manganese oxides added to soil caused sorption of
trace elements present in the soil. Calcium and magnesium fertilization can
contribute to the neutralization of the negative effect of zinc on plants (Gos-
PODAREK, NADGORSKA-SOCHA 2010). These indications were confirmed in our
research because, as was observed, the average weight of the aerial parts
and roots of yellow lupine was the highest in the treatments with bentonite,
followed by the ones with compost, in contrast to treatments with no appli-
cation of any of the substances to the soil. The positive effect of compost on
plant weight was also indicated by FEnc et al. (2007), who related it to a
lower zinc availability for test plants after its binding to organic particles of
soil. In a study on reducing the effect of oil derivatives on plant growth and
development, compost and especially bentonite proved to be the most effec-
tive substances, particularly for spring oilseed rape (WYSZKOWSKI, ZIOLKOWSKA
2009b).

Both the soil zinc contamination and the application of the substanc-
es (compost, bentonite and zeolite) to the soil modified the macronutrient
content in the aerial parts and roots of yellow lupine (Tables 1-2). Lupine
belongs to the family of dicotyledonous plants, which have the capacity to
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accumulate calcium, magnesium and sodium in tissues (GRZEGORCZYK et al.
2013). The content of other elements, including trace elements, in individ-
ual plant parts is determined by their different mobility in the plant and
distribution in soil, which results in their high variation in the aerial parts
and roots of plants (PAGE et al. 2006). In the treatments without the appli-
cation of the neutralizing substances to the soil, the most evident effect of
zinc was recorded for magnesium and, even more so, for calcium, whose con-
centrations increased, both in the aerial organs and roots of yellow lupine,
compared to the control (without Zn). An increase in the magnesium content
in response to a dose of 150 mg Zn kg' soil by 13% in the aerial parts and
by 41% in the roots of yellow lupine, and in the calcium content by 108 and
47%, respectively, was demonstrated. A 19% rise in the nitrogen content and
a 10% decrease in the sodium content as well as a 14% decline in potassium
in the roots of this plant, compared to the control, was also recorded. Changes
in the content of phosphorus in roots and nitrogen, phosphorus, potassium
and sodium in the aerial organs of yellow lupine were relatively, less than
10%. However, it should be noted that in the whole experiment, because of
the lack of plant material in the highest contamination variant, the macro-
nutrient content in plants was determined only in the variants with 0 and
150 mg Zn kg soil.

The same relationship was recorded by GosPODAREK and NADGORSKA-
-SocHA (2010) in their study because the application of increased zinc doses
to soil caused a rise in magnesium and calcium content in dicotyledonous
plants. PirEz-Novo et al. (2011) report that the translocation of trace ele-
ments in plants depends on the presence of phosphorus in soil. In their stu-
dy, high doses of this macronutrient contributed to decreased zinc mobility
in plants.

Among the neutralizing substances, the effect of zeolite on the phospho-
rus and calcium content and bentonite on the sodium content of the lupine
plants was most positive (Tables 1-2). Zeolite caused an increase in the
phosphorus content by 8% on average in the aerial parts and by 11% in the
roots of yellow lupine, a rise in the magnesium concentration by 18% and
17%, respectively, and in calcium by 22% and 160%, compared to the pots
without the neutralizing substances. Bentonite induced an average rise in
the sodium content by as much as 387% in the aerial parts and by 123%
in the roots of yellow lupine and a drop in potassium by 24% and 72%, re-
spectively. The influence of bentonite and zeolite on the content of the other
elements was different for the aerial parts and roots of yellow lupine. The
effect of compost on the chemical composition of the aerial parts and roots
of yellow lupine was weaker, although usually positive, particularly in the
zinc-contaminated soil.

The results of this research were partly confirmed by other authors’
experiments. Bentonite had a significant stimulating effect on sodium con-
tent (Wyszkowski, Z10LKOWSKA 2009a), while its action on the concentration of
trace elements depends on a plant species. According to Cie¢ko et al. (2004,
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2005), compost and bentonite cause an increase in the magnesium content
and decrease in the potassium content in most organs of the test plants.
However, bentonite can have a negative effect on the magnesium content
in other plant species (Wyszkowskl, Z1orkowskAa 2009a). In the study by
StviTskayA and WyszkowsKr (2013), bentonite, compost and zeolite reduced the
phosphorus content and raised the potassium accumulation in maize. Bento-
nite stimulated most the sodium content, compost — the calcium content and
zeolite — both calcium and magnesium in the aerial parts of maize. However,
it should be noted that bentonite reduced the calcium concentration in the
aerial parts of this plant.

CONCLUSIONS

1. Soil zinc contamination reduced yellow lupine growth and develop-
ment because a dose of 300 mg Zn kg soil caused plant seedlings to wither.

2. Compost, particularly bentonite, reduced the negative influence of soil
zinc contamination on yellow lupine yield, especially on the aerial parts.

3. The most evident effect of zinc on the macronutrient content in lupine
was recorded in the case of magnesium and, even more so, calcium, whose
content increased in both the aerial parts and roots of yellow lupine, compa-
red to the control.

4. Among the neutralizing substances, the effect of zeolite on the content
of phosphorus, magnesium and calcium and bentonite on the content of so-
dium in lupine was the most beneficial.
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