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ABSTRACT 
 

 Manganese is ubiquitous element in nature, being abundant constituent of soils and having essential 
role as micronutrient in plants. However, some interactions of manganese in diverse natural processes are not 
yet fully understood. This paper analyses the results of manganese content screening for frequent wild plants of 
Bor mine waste overburden, defines main relations with characteristics of overburden mine soils and presents 
the extent of its transfer in wild plants of this area. 
 

Key words: manganese, overburden soil, wild plants. 

 
INTRODUCTION 

 
Manganese is a common metal in the Earth’s crust and its presence in soils 

mainly results from Mn in the parent material. Manganese mobility in soil is sensitive to 
conditions such as acidity, oxido-reduction processes, organic matter content, biological 
activity and moisture [1]. The solubility of soil manganese is mainly controlled by redox 
potential and soil pH, where low pH or low redox potential favor the reduction of 
insoluble manganese oxides which increase the solubility of Mn2+ [2]. Manganese oxides 
have high adsorption activity for heavy metals. This is especially important for mine soil 
environments prone to acidification and leaching, where these oxides exhibits strong control 
on the mobility and bioavailability of many bio-essential and toxic heavy metals [3].  

Manganese is also essential microelement for plants, taking role in 
photosynthesis process, lipid biosynthesis, protecting cells against reactive oxygen 
species and being cofactor of certain enzymatic activities in plants [4]. The critical 
deficiency levels of Mn in plants are similar, varying between 15 to 25 kg [5], regardless 
of plant species or cultivar or prevailing environmental conditions. However, the excess 
of this micronutrient is toxic for plants. The critical toxicity for Mn concentration varies 
widely among plant species and environmental conditions [1]. Even within a same 
species, the critical toxicity concentration can vary among its cultivars [6]. Besides 
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disparity among Mn levels that induce toxicity, the symptoms of this toxicity in plant 
species may also be diverse [7]. Chlorosis and brown necrotic spots on leaves are 
frequently observed indicators of the Mn toxicity in plants [8]. Plant uptake of Mn is 
merely a function of the Mn oxidation state in the soil. The most soluble species in soil, 
Mn2+, is also the most efficiently accumulated in plants [1]. It is therefore considered that 
Mn content of plants is a direct function of the soluble Mn pool in soils [5]. A 
mobilization of Mn2+ is produced by the rhizosphere acidification due to the release of 
H+ or low molecular weight organic acids from plant roots [9]. Availability of 
manganese increases in acidic soils or anaerobic conditions [23]. Therefore, manganese 
is considered to be among the most important toxic metals in acid soils [10].  
 

MATERIALS AND METHODS 
 

The study area is placed on the margins of the town of Bor (44°04'25" N, 
22°05'26"E, SE Serbia, Europe). Copper ore exploitation process in this area has resulted 
in formation of overburden piles covering an area of approximately 150 ha. They consist 
of non-selectively deposited volcanic rocks, mainly andesite and its volcaniclastic 
equivalents. This area is selectively covered with wild herbaceous species. 

A total of 52 composite soil samples were taken from the upper 20 cm layer of 
the sampling plots. The soil samples were air-dried and then sieved through a 2 mm 
sieve. A soil–water solution (1:2.5) was used for determining the active soil acidity, 
while the 1M KCl solution was used for measuring the potential acidity of mine 
overburden soil. Soil electrical conductivity (EC) was measured with conductivity cell in 
1:2.5 soil-water solution, while oxido-reduction potential (Eh) was measured meter with 
a platinum electrode, previously polished and tested by ZoBell’s solution [11]. The 
saturated calomel electrode (0.244 V at 25 °C) was used as a reference electrode. 
Organic carbon was measured by the method of Tjurin [12] and total nitrogen contents 
were determined by the method of Kjeldahl [13]. The contents of plant-available forms 
of phosphorus and potassium were analyzed with the Al-method [14]. Soil textural 
classes (sand, silt and clay) were examined by dispersion with sodium-pyrophosphate 
following sedimentation with international pipette-B method. Pseudo-total Mn was 
extracted by aqua regia digestion (International standard ISO 11466: 1995). Pseudo-total 
contents give an assessment of the maximum potentially soluble or mobile contents of 
Mn, not bounded in silicates.  Available fraction of Mn was extracted in 0.05 M EDTA. 
Manganese concentrations were determined by ICP-OES (SpectroGenesis EOP II, 
Spectro Analytical Instruments GmbH, Kleve, Germany). 

Five frequent wild plant species were collected as composite samples from the 
overburden area. They were rinsed with tap water and carefully washed with distilled 
water, after which thez were separated to root and shoot parts. Three parts were 
microwave digested with HNO3 i H2O2 and their manganese concentrations were 
determined by ICP-OES. In order to determine phytoremediation potential of selected 
plants, biological concentration factor (BCF) was calculated as ratio of metal 
concentration in plant roots to that in soil, biological accumulation factor (BAC) was 
calculated as ratio of heavy metal in shoots to that in soil, and translocation factor (TF) 
was described as ratio of heavy metals in plant shoot to the content in plant root [15]. 
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Box-Cox transformation was conducted prior to statistical analysis in order to normalize 
data. Analysis of variance (ANOVA) and calculation of Pearson correlation coefficient 
was conducted in statistical package StatSoft 8.0. 
 

RESULTS AND DISCUSSION 
 
 Average content of manganese in soils of Bor mine overburden (XinvBC=383 
ppm) is lower than the European soil’s natural background value [16], having 
enrichment factor of 0.76. Average content of available manganese Bor mine overburden 
soils exhibits 17.4 % of their total manganese content (ranging from 15.4 % at 
rhizosphere soil of A. stolonifera, up to 19.4 % for rhizosphere soil of L. genistifolia). 
Average levels of manganese in root and shoot of sampled plant species are generally 
low, having values of 24.7 and 26.2 ppm, which places them close to deficiency levels [5]. 
 
Table 1. Average pseudototal and EDTA-available manganese content in rhizosphere 
soils and  roots and shoots of wild plants at Bor overburden site 

Species 
Mnpseudototal 

XBc(inv)  
MnEDTA-

available XBc(inv)  
MnrootXBc(inv) Mnshoot XBc(inv) 

Linaria genistifolia 607 112 2.67 14.1 
Epilobium dodonaei 556 108 6.27 5.01 
Calamagrostis epigejos 277 42.8 87.2 119 
Sanguisorba minor 452 87.4 1.37 N.D. 
Agrostis stolonifera 214 33 256 158 

 
Manganese content in plants varies greatly depending on the species.  

According to the results of analysis of variance (ANOVA), wild plant species show 
significant differences between their rizosphere soil Mn levels (Fedta=3 , pedta=0.03 ; 
Fpt=8.02 , ppt=0.00 ), as well as their root (Fr= 22.84, pr=0.00)and shoot (Fs= 28.77, ps= 
0.00 ) Mn content.  As presented in table 1, average content of Mn in plants tends to be 
higher in shoots then in roots of species L. genistifolia and C. epigejos, while the other 
wild species exhibit the opposite trend. The content of Mn in species L. genistifolia, E. 
dodonaei and S. minor is beyond deficiency limit.  Species C. epigejos and A. stolonifera 
show highest concentration of Mn in their roots and shoots, while contents of Mn in their 
rhizosphere soil are lower compared to the rhizosphere soil of other investigated species.  
 Results presented in table 2 show high ranges of soil pH values, electrical 
conductivity, organic material content, available potassium and phosphorous , SEDTA i 
SPT content.  Further, table xz shows main correlations of manganese content in soil and 
plants with physico-chemical mine soil properties and the content of soil sulfur. 
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Table  2. Range of main physico-chemical characteristics  and correlation coefficients of 
manganese content in soil and plants with Bor mine overburden soil physico-chemical 
properties and content of sulfur (Eh – oxido’reduction potential, EC-electrical 
conductivity, OM – organic material, N_tot – total nitrogen content, K2O – available 
potassium content, P2O5 – available phosphorous content,  S EDTA – EDTA available 
sulphur, S PT  -pseudototal content of sulphur, significant correlations are given with *) 

Variable Interval Mn Root Mn Shoot MnEDTA available Mnpseudo-total 
Silt (%) 0.2-2.49 -0.26 -0.29 -0.01 0.05 
Clay (%) 0.33-3.12 -0.15 -0.13 0.10 0.12 
pH (H2O) 3.45-8.4 *-0.77 *-0.83 *0.52 *0.64 
pH (KCl) 2.65-6.94 *-0.75 *-0.80 *0.57 *0.67 
Eh (mV) 202-363 *0.72 *0.80 *-0.45 *-0.56 
EC (μS) 76.9-2310 *0.54 *0.58 -0.11 -0.27 
OM (%) 0.01-9.3 -0.24 -0.30 0.22 0.31 
K2O (%) 2.65-37 -0.44 -0.57 *0.49 *0.50 
N_Tot (%) 0.01-0.08 -0.60 -0.63 0.35 0.38 
P2O5 (%) 0.05-24 *-0.72 *-0.74 0.15 0.22 
S EDTA 121-13264 *0.58 *0.60 -0.13 -0.27 
S PT 1171-22719 *0.61 *0.59 0.15 0.01 

 

Content of pseudototal and available Mn in rizosphere soil, as well as level of 
Mn in root and shoot of plant species strongly correlates with pH and Eh of mine 
overburden soil, confirming the known dependence of manganese mobility and soil Eh–
pH conditions [5]. Observed correlation of Mn plant levels and available soil P in Bor 
overburden mine soils is in the accordance with the researches that have spotted negative 
correlation with available P content in soil and level of Mn accumulation in plants [17]. 
Although the exact mechanisms of the Mn–P interaction so far remained unknown, it has 
been suggested that P interferes directly with Mn at the uptake and translocation level 
[17], [18] ,[19]. 

Relation of electrical conductivity and plant manganese levels has been 
observed in some investigations, where both antagonistic and synergistic effects were 
recorded depending on the plant species and soil conditions, as well as the type of salt 
[20]. However, the impact of decreased or increased uptake of Mn under salinity stress is 
a phenomenon that requires further study (Han et al, 2014 [21]).Increased salinity in Bor 
mine overburden soils is a result of soluble sulphate salts in surface overburden layers, 
which is reflected through high correlation coefficient of sulfur levels and measured EC 
(rEDTA=0.87, rPT=0.80). Therefore, observed correlation of Mn plant content and 
measured EC as well as the correlation with levels of S could be in accordance with 
processes of soil acidification during dissolution of sulphur salts.  

 

Table 3. Manganese concentration and accumulation factors of wild plants 
Species BCFPT BCFEDTA BAF PT BAFEDTA TF 
Linaria genistifolia 0.04 0.02 0.02 0.12 5.28 
Epilobium dodonaei 0.01 0.06 0.009 0.046 0.8 
Calamagrostis epigejos 0.31 2.04 0.43 2.78 1.36 
Sanguisorba minor 0.003 0.01 - - - 
Agrostis stolonifera 1.19 7.75 0.74 4.79 0.62 
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Results presented in table 3 show high variability of concentration, 
accumulation and transfer factors for Mn between the selected wild species. Species S. 
minor showed lowest efficiency in accumulating and transporting Mn from overburden 
soil, while A. stolonifera had highest efficiency for concentration and accumulation of 
this element. However, higher transfer efficiency of this element belongs to L. 
genistifolia and C.epigejos.   

Concerning the phytoremediation potential, species A. stolonifera showed 
potential for phytostabilization of manganese in Bor overburden mine soils, while 
species C. epigejos showed phytoaccumulation abilities for bioavailable content of Mn. 
Genus Agrostis has been recognized for their ability to accumulate Mn, e.g. grass 
Agrostis gigantea was used and has further  been proposed for restoration of Mn-
contaminated sites, due to its high threshold  values for Mn toxicity [22], [23]. Some 
species of genus Calamagrostis (such as Calamagrostis arundinacea) have also been 
recognized for accumulating higher concentrations of Mn in roots and shoots [24]. 
 

CONCLUSION 
 

Average content of manganese in soils of Bor mine overburden is generally 
lower than the European soil’s natural background value. Content of manganese in root 
and shoot of wild plants growing on the Bor mine overburden mainly depends on pH-Eh 
soil system, content of available phosphorous and electrical conductivity. Manganese 
level in soils also corresponds to pH-Eh soil regime, as well as the content of available 
potassium. 
 Average Mn content of wild plants in Bor overburden significantly varies 
among the plant species. While the content of Mn in species L. genistifolia, E. dodonaei 
and S. minor is beyond deficiency limits, species C. epigejos and especially A. 
stolonifera show higher concentration in their roots and shoots, as well as the 
phytoremediation potential for this element. 
 For gaining stronger insight into geochemical and biogeochemical behavior of 
manganese in mine soils of Bor overburden, further investigations should take into 
account speciation of manganese in overburden soil, as well as  synergistic and 
antagonistic relation of Mn behavior and uptake with other important chemical elements 
from Bor overburden, such as cooper, arsenic, lead and zinc. 
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