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OF SOIL CONTAMINATED WITH HEAVY
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Abstract

Magnesium fertilization of soil has been recommended as one of the ways to limit
unfavourable effect of heavy metals on plants. Its effect may be connected with dimini-
shed heavy metal uptake by plants and changes in macroelement content. Therefore, the
same measure may also change the host plant usability for potential herbivorous insects.

The paper contains compiled results of research on the effect of magnesium fertiliza-
tion under conditions of soil contaminated with single heavy metals to level III of soil pol-
lution according to the IUNG classification, on the foraging of Bruchus rufimanus Boh.
and Sitona (Sitona sp.) on broad bean (Vicia faba L. ssp. maior).

It has been found that the applied fertilization level of soil contaminated with heavy
metals does not affect significantly the yield of broad bean seeds, the degree of their da-
mage due to Bruchus rufimanus or their germinating ability. Magnesium fertilization may
slightly increase germinating energy of broad bean seeds from plants growing on cadmium
contaminated soil. The effect of magnesium treatment under conditions of soil contamina-
tion with heavy metals on harmfulness of Sitona beetles to broad bean may be modified
by atmospheric conditions in individual seasons. Magnesium fertilization of soil polluted with
copper, lead, nickel and zinc to level III of soil pollution according to the IUNG classifica-
tion does not lead to an increase in the degree of broad bean leaf damage by Sitona be-
etles. On the other hand, magnesium fertilization of soil contaminated with cadmium to
level III of soil pollution in the IUNG classification may enhance broad bean plants’ attrac-
tiveness to Sitona.
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NAWO¯ENIE MAGNEZOWE GLEBY SKA¯ONEJ METALAMI CIÊ¯KIMI
A ¯EROWANIE WYBRANYCH SZKODNIKÓW GRYZ¥CYCH

Abstrakt

Nawo¿enie magnezowe gleby jest  polecane jako jeden ze sposobów na ograniczenie
niekorzystnego oddzia³ywania metali ciê¿kich na roœliny. Mo¿e siê to wi¹zaæ ze zmniejsze-
niem pobierania metali ciê¿kich przez roœliny i zmianami w zawartoœci makrosk³adników.
Tym samym zabieg ten mo¿e równie¿ zmieniaæ przydatnoœæ roœliny ¿ywicielskiej dla ewen-
tualnych roœlino¿erców.

W pracy zestawiono wyniki badañ nad  wp³ywem nawo¿enia magnezowego w warun-
kach gleby zanieczyszczonej pojedynczymi metalami ciê¿kimi na poziomie III stopnia zanie-
czyszczenia wg klasyfikacji IUNG na ¿erowanie str¹kowca bobowego (Bruchus rufimanus
Boh.) oraz chrz¹szczy oprzêdzików (Sitona sp.) na bobie (Vicia faba L., ssp. maior).

Stwierdzono, ¿e zastosowany poziom nawo¿enia magnezowego gleby ska¿onej pojedyn-
czymi metalami ciê¿kimi nie wp³ywa istotnie na plon nasion bobu, stopieñ ich uszkodzenia
przez str¹kowca bobowego ani te¿ ich zdolnoœæ kie³kowania. Nawo¿enie magnezowe mo¿e
nieco zwiêkszaæ energiê kie³kowania nasion bobu pochodz¹cych z roœlin rosn¹cych w gle-
bie zanieczyszczonej kadmem. Wp³yw nawo¿enia magnezowego w warunkach ska¿enia gle-
by metalami ciê¿kimi na szkodliwoœæ chrz¹szczy oprzêdzików dla bobu mo¿e byæ modyfiko-
wany przez warunki atmosferyczne w danym sezonie. Nawo¿enie magnezowe gleby
zanieczyszczonej miedzi¹, o³owiem, niklem i cynkiem na poziomie III stopnia zanieczyszcze-
nia wg klasyfikacji IUNG nie powoduje wzrostu stopnia uszkodzenia liœci bobu przez chrz¹sz-
cze oprzêdzików. Nawo¿enie magnezowe gleby zanieczyszczonej kadmem na poziomie III
stopnia zanieczyszczenia wg klasyfikacji IUNG mo¿e natomiast przyczyniaæ siê do wzrostu
atrakcyjnoœci roœlin bobu dla oprzêdzików.

S³owa kluczowe: metale ciê¿kie, magnez, Sitona sp. Bruchus rufimanus Boh.

INTRODUCTION

Magnesium fertilization of soils contaminated with heavy metals is rec-
ommended as one of the measures for reducing the uptake of these metals
by plants (CURZYD£O 1988). It may also improve the condition and growth
of plants growing on polluted soil (JAWORSKA, GOSPODAREK 2003). Typically,
gnawing insects less eagerly attack plants from polluted areas (BOCZEK,
SZLENDAK 1992). Therefore, improvement of plant growth as a result of mag-
nesium treatment may enhance attractiveness of these plants to this pest
group.

The goal of the paper has been to compile the results of investigations
on the effect of magnesium fertilization of soil contaminated with single
heavy metals to level III of pollution according to the IUNG classification
on harmfulness of Sitona sp. and bean beetle Bruchus rufimanus Boh. to
broad bean Vicia faba L., ssp. maior.
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MATERIAL AND METHODS

The experiments were conducted in field conditions in Zagaje Stradowsk-
ie, a village in Œwiêtokrzyskie  Province. Observations were conducted on
broad bean (Vicia faba L., ssp. maior), cv. White Windsor, cultivated on the
following objects: unpolluted soil with natural heavy metal content (Con-
trol); unpolluted soil with natural heavy metal content receiving mineral
fertilization (control+NPK); soil polluted with 4 mg⋅kg-1 d.m. of cadmium;
soil polluted with a dose of 530 mg⋅kg-1 d.m. of lead; soil polluted with
copper dosed at 85 mg⋅kg-1 d.m.; soil contaminated with a dose of 1.000
mg⋅kg-1 d.m. of zinc and soil polluted with 110 mg⋅kg-1 d.m. of nickel. The
established level of soil pollution corresponded to a moderate pollution level
in the IUNG classification. Identical magnesium fertilization was applied to
all the objects: 20.4 mg Mg⋅kg-1 d.m.

Harmfulness of bean beetle was assessed on the basis of the weight
of damaged seeds in relation to total seed mass. The assessment of broad
bean seed germination energy and ability was conducted in laboratory con-
ditions, following the generally accepted standards.

Harmfulness of Sitona sp. beetles was determined by measuring the
leaf area loss, the consumed area and by counting injured and non-injured
leaves. The damage was analysed twice (on 21.05.05 and 2.06.05). The sig-
nificance of differences between means was established by means of one-
way ANOVA. The means were differentiated by Duncan test at the signifi-
cance level p=0.05.

Plant samples for chemical analyses were collected at the seed milk
maturity stage. Because the experiment also assessed harmfulness of Aphis
fabae  Scop. aphid, which is the most serious broad bean pest, the sampling
date was set to match its feeding period. Chemical analysis of the plant
material comprised determining the content of heavy metals (cadmium, lead,
zinc, copper and nickel). Detailed description of the methods applied was
presented in other papers (GOSPODAREK, NADGÓRSKA-SOCHA 2007, GOSPODAREK

2008a).

RESULTS AND DISCUSSION

The applied magnesium fertilization caused 2-5 fold decline in the con-
tent of the analysed heavy metals in broad bean underground parts (Ta-
ble 1). On the other hand, in the aerial parts a reduction of the metal con-
tent in resulting from the application of magnesium fertilization occurred in
the case of zinc (Table 2). A similar effect of magnesium fertilization in rela-
tion to this element was noted in Italian ryegrass (GORLACH et al. 1980).
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Broad bean cultivated on soil contaminated by an aggregated dose of the
analysed heavy metals, at an elevated content level in the IUNG classifica-
tion, was found to have a reduced uptake of Pb, Cd and Ni by roots and Zn
uptake by roots, leaves and pods under magnesium fertilization combined
with liming (JAWORSKA, GOSPODAREK 2005).  In the case of copper and cadmi-
um, magnesium treatment did not significantly affect the content of these
elements in broad bean aerial parts, whereas for lead and  nickel a slight
increase in their content was observed on contaminated soil subjected to
magnesium fertilization (GOSPODAREK, NADGÓRSKA-SOCHA 2007) – Table 2. In
the author’s former investigations, reduced content of cadmium and nickel
in broad bean pods was noted under the influence of magnesium fertilization
applied to soil contaminated with an aggregate dose of heavy metals (Cu, Cd,
Ni, Zn and Pb) to the level of elevated content (JAWORSKA, GOSPODAREK 2005).

Magnesium fertilization of soil contaminated with the analysed elements
did not affect significantly the degree of leaf injuries due to Sitona sp. at an
early stage of the plant development (1st  date – 2nd  decade of May) –
Table 3, Figure 1 (GOSPODAREK 2008b). However, later (2nd  date – 1st  decade
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of June), under the conditions of cadmium contaminated soil, a slight in-
crease in the area damaged by Sitona sp. was noted following magnesium
treatment (Table 3). Also, per cent loss of leaf blade was slightly higher in
this object (Figure 1). No considerable effect of soil magnesium treatment
on the degree of broad bean plant damage due to this pest occurred on soil
contaminated with copper, lead and nickel. Plants growing on soil contami-
nated with zinc and subjected to magnesium fertilization were characterized
by a considerably worse growth but were not injured by Sitona beetles. In
the former research, magnesium fertilization of soil with elevated levels
of heavy metals applied jointly did not cause any increase in the degree of
broad bean damage caused  by Sitona  beetles (JAWORSKA, GOSPODAREK 2003).

Magnesium fertilization of soil contaminated with cadmium, copper and
lead did not affect significantly the seed yield or the degree of seed injuries
due to bean beetle (Table 4). The seed germination energy test revealed
beneficial effect of magnesium treatment under the conditions of cadmium
contaminated soil – Table 4 (GOSPODAREK 2008a). Plants growing on soil con-
taminated with zinc and nickel did not form seeds.
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Fig. 1. Leaf blade loss due to Sitona beetle feeding (% of total leaf area) in broad bean
growing on natural soil (control – C, control + NPK), soil polluted with individual heavy

metals and after application of magnesium fertilization. Means marked with the same letter
do not differ at p = 0,05. Assessments were presented only when statistical differentiation

between means existed
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CONCLUSIONS

1. Magnesium fertilization of soil contaminated with copper, lead, nickel
and zinc to pollution level III according to the IUNG classification does not
cause any increase in the degree of broad bean injuries by gnawing insects,
such as Sitona and bean beetle.

2. Magnesium treatment may have a beneficial effect, increasing broad
bean seed germination from plants growing on soil contaminated with cad-
mium.

3. Magnesium fertilization of soil contaminated with cadmium to pollu-
tion level III in the IUNG classification may contribute to improved attrac-
tiveness of broad bean plants for Sitona beetles.
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