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NA ZAWARTO  MAGNEZU, WAPNIA I ELAZA W RO LINACH BOBU

(Vicia faba L., ssp. maior)

Abstract: The research aimed at determining the effect of diversi  ed lime doses on the content of magne-
sium, calcium and iron in broad bean plants growing in conditions of soil polluted with heavy metals on 
the III level of pollution according to the IUNG classi  cation. Analyses were conducted on broad beans 
(Vicia faba L. ssp. maior), White Windsor c.v. cultivated in two series: in limed and non-limed soil. In each 
series the plants were cultivated in the following objects: unpolluted soil with natural heavy metal concen-
trations (Control); unpolluted soil with natural heavy metal content receiving mineral fertilization (NPK); 
soil polluted with cadmium dosed 4 mg · kg 1 d.m.; soil contaminated with lead dosed 530 mg · kg 1 d.m.; 
soil contaminated with copper dosed 85 mg · kg 1 d.m.; soil polluted with 1000 mg · kg 1 d.m.of zinc and 
soil contaminated with a dose of 110 mg · kg 1 d.m. of nickel. Liming was conducted on the basis of hy-
drolytic acidity analysis of soil from individual objects. Two doses were applied: according to 1 and 2 Hh. 
The lime doses were respectively: Control  356 and 712 mg CaO · kg 1 d.m.; NPK  420 and 840 mg 
CaO · kg 1 d.m.; cadmium polluted soil  504 and 1008 mg CaO · kg 1 d.m.; soil polluted with lead  420 
and 840 CaO · kg 1 d.m.; copper contaminated soil  398 and 796 CaO · kg 1 d.m.; soil polluted with zinc  
860 and 1720 CaO · kg 1 d.m. and soil polluted with nickel 524 and 1048 CaO · kg 1 d.m.

Soil contamination with heavy metals such as Cu, Cd, Pb, Ni or Zn causes considerable changes in Ca, 
Mg and Fe concentrations in broad bean plants. Application of liming contributes to balancing the content 
of the studied elements in plants. After the measure was applied the content of Ca, Fe and Mg in the plants 
growing in soil contaminated with individual heavy metals in most cases was on a level similar as in the 
plants growing in unpolluted soil.
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The harmful effect of heavy metals in soil may be revealed as blocking the uptake of 
some macro- and microelements by plants. For instance, Zn and Cd have an inhibitory 
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effect upon Fe, whereas lead on P and Mn absorption. Disturbances in the uptake of 
these elements may result in their de  ciency in plants but may also reduce the nutrition-
al value of plants cultivated for forage. Calcium in soil is identi  ed as an agent neutral-
ising the negative effect of many harmful constituents, including heavy metals [1, 2].

The investigations aimed at determining the effect of diversi  ed calcium doses on 
the content of selected elements: magnesium, calcium and iron in broad bean plants 
growing in conditions of soil contaminated with heavy metals on the III level of pollu-
tion according to the IUNG classi  cation [3].

Material and methods

The soil used for the experiment was a degraded chernozem developed from loess 
with acid reaction (pH in 1 mol · dm 3 KCl solution was 5.7 and in water 6.5) and 
organic carbon content 1.13 %. The observations were conducted on broad bean (Vi-

cia faba L. ssp. maior), White Windsor, c.v. cultivated in two series: in limed and 
non-limed soil. The doses of heavy metals and calcium are given in Table 1. The way 
in which heavy metals were supplied to the soil, the amount of basic fertilization and 
methods of chemical analyses conducted on the soil were presented in other papers 
[4, 5]. Liming was conducted on the basis of hydrolytic acidity analyses of the soil 
from individual objects. Two doses were applied: according to 1 ( +Ca1) and 2 Hh 
( +Ca2). The soil reaction from individual objects after the end of the growing period 
was presented in another paper [6].

Table 1

Experimental design

Object
Metal dose

[mg/kg soil d.m.]

CaO dose 
[mg/kg soil d.m.]

(acc. to 1 Hh) (+Ca1)

CaO dose 
[mg/kg soil d.m.]

(acc.to 2 Hh) (+Ca2)

Non-fertilized control

Control receiving mineral 
fertilizers

Cadmium contaminated soil

Copper contaminated soil

Lead contaminated soil

Nickel contaminated soil

Zinc contaminated soil

4

85

530

110

1000

356

420

504

398

420

524

860

712

840

1008

796

840

1048

1720

The samples for chemical analyses were collected at the stage of seed milk maturity. 
Chemical analysis of the plant material consisted in determining the content of selected 
macroelements: iron, magnesium and calcium.

Plant material was washed in tap and in distilled water, dried at 105 °C to a constant 
weight and ground to  ne powder, then mineralized and dissolved in 10 % HNO3. Af-
ter  ltration: Mg, Ca, Fe content was measured using Flame Atomic Absorption Spec-
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trometry (FAAS) [7, 8]. The quality of the analytical procedure was controlled by using 
samples of the reference material in each series of analysis (Certi  ed Reference ma-
terial CTA-OTL-1 Oriental Tobacco Leaves). The data were processed using software 
Statistica to compute signi  cant statistical differences between samples (p < 0.05) ac-
cording to Tukey s multiple range test.

Results and discussion

Soil contamination with copper, nickel and zinc caused a signi  cant decline in mag-
nesium concentrations in broad bean shoots in comparison with the objects with unpol-
luted soil (Fig. 1A). The decline was slight for copper, in the case of nickel it was almost 
two-fold, whereas for zinc even 5-fold. Liming of copper contaminated soil (both using 
a higher and a lower dose) led to a further slight decrease in the Mg content. A similar 
result of liming was observed when broad bean was growing in cadmium contaminated 
soil. In conditions of nickel polluted soil a double lime dose diminished the magne-
sium content in broad bean shoots by 1/3 in comparison with the object contaminated 
with this metal but without liming. On the other hand in the case of zinc contaminated 
soil, liming (both at the lower and higher CaO dose) incurred growth in the Mg content 
reaching almost the level similar to unpolluted plants. However, liming did not affect 
the content of magnesium in the shoots of broad bean cultivated in lead contaminated 
soil. Due to soil pollution with cadmium or lead, between 3 and 4 times larger amounts 
of magnesium were detected in broad bean roots growing in this soil than in the control 
plant roots (Fig. 1B). In conditions of copper and cadmium contaminated soils, a double 
dose of lime signi  cantly lowered magnesium concentrations in broad bean roots. In 
broad bean grown in lead contaminated soil, a high, over two fold decline in magnesi-
um concentration in the roots was registered when liming was done with both the lower 
and the higher dose.

This measure made the Mg content in roots approximate the same level as in plants 
unpolluted with heavy metals. Liming of zinc polluted soil caused an increase in the 
Mg content in broad bean underground parts, particularly at a higher lime dose. In nick-
el contaminated soil a lower dose of lime slightly elevated the Mg content in these plant 
parts, whereas a higher dose did not lead to any notable changes in this macroelement 
content. Similarly, a slight increase in the magnesium content under the in  uence of 
liming was noted in broad bean roots growing in the soil contaminated with a joint dose 
of heavy metals on the level corresponding to the I pollution degree according to the 
IUNG classi  cation [9].

Soil pollution with all of the analyzed heavy metals, except cadmium, led to a de-
cline in the calcium content in broad bean shoots (Fig. 2A). Liming of copper polluted 
soil apparently did not affect the concentration of this element. In the case of soil pollu-
tion with cadmium liming with both a higher and a lower dose led to a decline in the Ca 
content in broad bean shoots by ca 1/3. When the soil was polluted with lead the lower 
dose of lime elevated the Ca content (almost twice in comparison with Pb contaminated 
but non-limed soil), whereas the higher dose lowered this concentration (by ca 1/3 in 
comparison with the non-limed object). In conditions of soils contaminated with zinc 
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and nickel, liming (both with a dose computed acc. to 1 Hh and acc. to 2 Hh) appar-
ently raised the Ca content in broad bean shoots. In the object with nickel contami-
nated soil the rise was almost twofold, while on the object with zinc contaminated soil 
 20-fold. In the latter case Ca concentrations in broad bean shoots after applied liming 

approximated the level of this element in the control plants. Similarly as in the shoots, 
also in roots soil contamination with a majority of the analyzed heavy metals caused 
a decline in Ca content (Fig. 2B).
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Fig. 1. Magnesium content in shoots (A) and roots (B) of broad bean (Vicia faba L., ssp. maior) cultivated
in unpolluted soil (Control, NPK) and in soil contaminated with single heavy metals and limed with 
a dose acc. to 1 Hh ( +Ca1) and acc. to 2 Hh ( +Ca2). Values marked with different letters are stati-
stically different at p = 0.05
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On the other hand, application of liming usually caused an increase in the calcium 
content in these broad bean parts, which was the higher, the higher was the lime dose. 
In objects where the soil was contaminated with cadmium and zinc this measure con-
tributed to increasing the Ca level in broad bean roots to the same one as in unpolluted 
plants. Only in the case of soil polluted with nickel no changes in the Ca content were 
registered in broad bean roots growing in it as an effect of liming, but the level of this 
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Fig. 2. Calcium content in shoots (A) and roots (B) of broad bean (Vicia faba L., ssp. maior) cultivated in 
unpolluted soil (Control, NPK) and in soil contaminated with single heavy metals and limed with a dose 
acc. to 1 Hh ( +Ca1) and acc. to 2 Hh ( +Ca2). Values marked with different letters are statistically 
different at p = 0.05.
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element did not differ signi  cantly either from the calcium content in plants growing in 
natural soil. The Author s former studies showed that at joint application of all heavy 
metal doses the concentrations of this element in broad bean roots growing in contami-
nated and limed soil were also apparently higher in comparison with the roots growing 
in polluted soil but without liming [9].

Soil contamination with copper, lead and cadmium did not affect signi  cantly the 
iron content in broad bean shoots (Fig. 3A). However, soil contamination with nickel 
and zinc caused a considerable (ca 3 fold for Ni and 4-fold for Zn) increase in iron 
content. It was connected with a decrease in soil pH value in the objects polluted with 
these elements [6]. Solubility of iron compounds increases proportionally to the soil 
acidi  cation degree. The iron content in plants changes considerably during the grow-
ing period. In legumes the content on the level of between 75 and 400 mg/kg d.m. is 
registered [10]. In conditions of nickel contaminated soil, the lime dose calculated acc. 
to 1 Hh caused further development of the Fe level in broad bean shoots, whereas the 
dose computed acc. to 2 Hh caused that the Fe level declined to the level noted in the 
control plants. In the case of zinc contaminated soil, a lower CaO dose decreased the 
iron content in broad bean shoots by ca 1/3, while the higher one led to a further de-
cline to the level similar to the one registered in the control plants. No apparent dif-
ferences in the iron content between unpolluted plants and those growing in Pb, Cu or 
Cd contaminated soil were registered either in broad bean shoots or roots (Fig. 3B). In 
these objects liming caused only slight  uctuations of the iron content in these plant 
parts. On the other hand, soil contamination with zinc affected a considerable, 6-fold 
decrease in the iron content in broad bean roots. Liming with a dose established on the 
basis of double hydrolytic acidity raised the content of this element to the level similar 
to the control plants. Similarly, in conditions of soil contamination with nickel, already 
the lime dose calculated according to single hydrolytic acidity raised the iron level in 
broad bean roots to the same as noted in the control plants, whereas a higher CaO dose 
caused a further increase in the Fe content in broad bean roots. In studies on the coop-
eration of NPK treatment with the liming effect on bioavailability of some metals to 
meadow plants, the most intensive iron bioavailability was registered in plants in ob-
jects where liming was used [11]. In some other research non-directional changes in the 
iron content in plants were observed irrespective of liming application [12, 13]. There 
is a considerable interrelation between the metabolic effect of iron and other trace met-
als. Excessive amounts of metals, particularly Mn, Ni and Co reduce the uptake and 
translocation of iron, which as a result inhibits chlorophyll formation leading to chlo-
rosis. These interactions occur both in the soil environment and in plant tissues [14]. 
Such symptoms and a declined chlorophyll content were noticed in plants growing in 
zinc contaminated soil [15]. Proper calcium supply improved plant resistance to either 
de  ciency or excess of iron [10]. Plants growing in zinc contaminated soil after lim-
ing application revealed a much better condition that these which were growing in pol-
luted but non-limed soil (the Author s own unpublished data). A complex character of 
the antagonism in the Fe Ca relation, which has been emphasized in literature, depends 
on different soil conditions and concerning the soil metabolism is sometimes combined 
with other elements [10].
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Conclusions

1. Soil contamination with heavy metals, such as Cu, Cd, Pb, Ni and Zn causes sig-
ni  cant changes of Ca, Mg and Fe contents in broad bean plants.

2. Application of liming contributes to balancing the contents of the analyzed ele-
ments in a plant. After liming the content of Ca, Fe and Mg in plants growing in soil 
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Fig. 3. Iron content in shoots (A) and roots (B) of broad bean (Vicia faba L., ssp. maior) cultivated in 
unpolluted soil (Control, Control +NPK) and in soil contaminated with single heavy metals and limed 
with a dose acc. to 1 Hh ( +Ca1) and acc. to 2 Hh ( +Ca2). Values marked with different letters are 
statistically different at p = 0.05.
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contaminated with individual heavy metals in most cases was on the level similar to the 
one registered in plants growing in unpolluted soil.
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WP YW WAPNOWANIA GLEBY SKA ONEJ METALAMI CI KIMI NA ZAWARTO

MAGNEZU, WAPNIA I ELAZA W RO LINACH BOBU (Vicia faba L. ssp. maior)

Katedra Ochrony rodowiska Rolniczego, Uniwersytet Rolniczy w Krakowie
Katedra Ekologii, Uniwersytet l ski w Katowicach

Abstrakt: Celem podj tych bada  by o okre lenie wp ywu zró nicowanych dawek wapna na zawarto  
mangezu, wapnia i elaza w ro linach bobu rosn cych w warunkach gleby zanieczyszczonej pojedynczymi 
metalami ci kimi na poziomie III stopnia zanieczyszczenia wg klasy  kacji IUNG. Analizie poddano bób 
(Vicia faba L., ssp. maior) odm. Windsor Bia y uprawiany w dwóch seriach: na glebie wapnowanej i niewap-
nowanej. W ka dej serii ro liny uprawiano w nast puj cych obiektach: gleba niezanieczyszczona  o natural-
nej zawarto ci metali ci kich (Kontrola); gleba niezanieczyszczona  o naturalnej zawarto ci metali ci kich 
nawo ona mineralnie (NPK); gleba zanieczyszczona kadmem w dawce: 4 mg · kg 1 s.m.; gleba zanieczysz-
czona o owiem w dawce: 530 mg · kg 1 s.m.; gleba zanieczyszczona miedzi  w dawce: 85 mg · kg 1 s.m.; 
gleba zanieczyszczona cynkiem w dawce: 1000 mg · kg 1 s.m.; gleba zanieczyszczona niklem w dawce: 
110 mg · kg 1 s.m. Wapnowanie przeprowadzono na podstawie analizy kwasowo ci hydrolitycznej gleby z po-
szczególnych obiektów. Zastosowano dwie dawki: wed ug 1 i 2 Hh. Dawki wapna wynosi y odpowiednio: Kon-
trola  356 i 712 mg CaO · kg 1 s.m.; Kontrola + NPK  420 i 840 mg CaO · kg 1 s.m.; gleba zanieczyszczona 
kadmem  504 i 1008 mg CaO · kg 1 s.m.; gleba zanieczyszczona o owiem  420 i 840 mg CaO · kg 1 s.m.;
gleba zanieczyszczona miedzi   398 i 796 mg CaO · kg 1 s.m.; gleba zanieczyszczona cynkiem 860 i 1720 mg
CaO · kg 1 s.m.; gleba zanieczyszczona niklem 524 i 1048 mg CaO · kg 1 s.m.

Ska enie gleby metalami ci kimi, takimi jak Cu, Cd, Pb, Ni i Zn powoduje statystycznie istotne zmiany 
w zawarto ci Ca, Mg i Fe w ro linach bobu. Zastosowanie zabiegu wapnowania przyczynia si  do zrówno-
wa enia zawarto ci badanych pierwiastków w ro linie  po ich przeprowadzeniu zawarto  Ca, Fe i Mg w ro-
linach rosn cych w glebie ska onej poszczególnymi metalami ci kimi w wi kszo ci przypadków kszta tuje 

si  na podobnym poziomie, jak w ro linach rosn cych w glebie niezanieczyszczonej.

S owa kluczowe: metale ci kie, wapnowanie, akumulacja, Mg, Ca, Fe


