
AAB Bioflux, 2022, Volume 14, Issue 3. 
http://www.aab.bioflux.com.ro 69 

 
 
Dynamics and assessment of some mineral 
elements level (Ca, Mg, K, Na) for the silver fir 
species in the Tarnita area, Romania 
1Sidor C. Gheorghe, 1,2Cuciurean C. Ilie, 1,3Buculei Amelia 

 
1 "Marin Drăcea” National Research-Development Institute in Forestry, Station 

Câmpulung Moldovenesc, Romania; 2 "Ștefan cel Mare" University of Suceava, Faculty of 

Forestry, Suceava, Romania; 3 "Ștefan cel Mare" University of Suceava, Faculty of Food 

Engineering, Suceava, Romania. Corresponding author: A. Buculei, ameliab@fia.usv.ro 
 

 
Abstract. Significant long-term monitoring requires extensive research into the basic characteristics of 

forest biodiversity (composition, structure and function). This topic has been addressed by many 

researchers, but no data have been obtained on the dynamics and evolution of mineral accumulation in 

annual silver fir growth rings in areas with high pollution levels compared to unpolluted areas. The goal 

of this research was to develop a database on the level of concentrations of the mineral elements of the 

tree in the Tarnita area, Romania, accumulated over 60 years, including the period when the mining 

activity was intense, respectively, the period when the activity was significantly reduced. The results 

showed that there is a major change in the concentrations of the mineral elements studied (Ca, Mg, K, 

Na) in the case of trees in the heavily polluted area compared to trees in the unpolluted area. 
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Introduction. Long-term observations are essential for the surveillance of forest 
ecosystems, because such systems have high capacities to store atmospheric inputs and 

feedback loops may be slow. Predicted climate change and severe weather events will 
impact forest ecosystems. These impacts can include heat and water stress, increased 

vulnerability to pests, or a change in species composition. Soil and water concentrations 

are characteristics of an uncontrolled forest ecosystem. The primary focus of research on 
minerals and heavy metals in forest ecosystems has been on potassium, magnesium, 

calcium, lead, cadmium, arsenic, copper and other heavy metals (Michopoulos et al 
2022). Remote forests have low concentrations of these minerals in water, soil and plant 

tissue and therefore serve as a comparison to previously polluted agricultural and 
forestry ecosystems (Michopoulos et al 2022). Monitoring the health of forest ecosystems 

subject to atmospheric pollution is one of the main tasks of the International Co-
operative Programme on Assessment and Monitoring of Air Pollution Effects on Forests 

(ICP Forests). For example, in Estonia, oil-shale burning power plants are the main 

sources of heavy metals which may affect forest ecosystems (Bussoti et al 2017). The 
heavy metal content of needles, bedding, fine roots and soil organic horizons in six 

conifer stands of the ICP and ICP Integrated Forest Monitoring Network was analyzed. 
The highest concentrations of lead, cadmium, chromium and nickel were found in soil 

organic horizons, whereas biogenic zinc and copper showed the highest concentrations in 
the fine roots indicating the active uptake of these micro-elements in the soil organic 

layers (Bussoti et al 2017). Along with nitrogen and phosphorus, calcium is the fourth 
most abundant element in mineral nutrition and plays important physiological and 

structural roles in vegetable metabolism.  

The minerals rich in calcium and the low cationic exchange capacity in addition to 
the activity of aluminum reduces the quantity of calcium available for forest plants 

(Kudrevatykh et al 2021). Focusing mainly on forests dominated by pine, spruce and 
birch, some researchers studied the concentration of calcium in the foliage relative to the 

properties of the climate and soil (Malinova et al 2017). Minerals are very important for 
developing all woody plants. The mineral content depends on both the specific 
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composition of the planting and the climatic and soil factors of certain habitats. The aim 

of another research was to compare the chemical content of Scots pine, Norwegian 

spruce and silver fir in myrtles forests. In this way, the content of minerals and heavy 
metals from wood cores from the Pressler driller in the central and peripheral areas was 

determined, by the use of X-ray fluorescence analysis. Pine and spruce wood contain 
above all calcium and potassium, and later smaller magnesium, iron, sulphur, copper, 

phosphorus. Copper and lead were twice as important in the middle part of the stem, 
calcium and potassium in the peripheral part (Kilyusheva et al 2017). 

        Studies of the relationships between the micro-element composition of plants in 
the surface layer and soil are also of great interest for research. A research study 

established how the lithological substrate or parent material in the Medvednica Natural 
Park region affects calcium, magnesium, potassium and sodium content in the soil 

(Bakšić et al 2015). Other researchers compared the structure of the field layer and 

chemical composition of the soil in dark conifer forests of North-Eastern Europe 
(Kudrevatykh et al 2021). In this way, nutrient dynamics along a rotation of the Douglas 

fir have been studied by chemical characterization of the solutions that are transferred 
into the ecosystem (Kudrevatykh et al 2021).  

While differences in the composition of the soil solution were more related to soil 
characteristics than to population age, a significant difference in the quality of 

throughfall, stemflow and forest floor solutions were directly associated with tree growth 
and stand characteristics (Augustynczik et al 2019). 

Although some studies that were related have been carried out on the dynamics 

and evolution of mineral accumulation in annual silver fir growth rings in areas with high 
pollution levels compared to unpolluted areas, no data has been obtained on the 

dynamics and the evolution of the accumulation of mineral elements in the fir growing 
rings when the pollution level was identified in Tarnita area. The purpose of this study 

was to create a database for the evolution of mineral elements accumulated in the over 
years old 60growth rings. 

 
Material and Method  

 

Sample collection. The research was carried out in the Tarnita area, Romania, an area 
affected by the extraction and processing of non-ferrous metals, this area being the 

subject of several studies over time (Popa & Barbu 2001; Flocea 2013). In order to 
determine the dynamics and evolution of the accumulation of mineral elements in the fir 

growth ring, growth samples were taken from trees in the heavily polluted area (located 
in the immediate vicinity of the pollution source) and from the unpolluted area (located at 

a fairly long distance where local pollution due to mining operations did not have an 
effect). The characteristics of experimental surfaces are related in Table 1. 

 

Table 1  
Characteristics of experimental surfaces 

 

Series 
code 

Species 
No of 

samples 
Period 
length 

Location 
Forest 
district 

Production 
units 

U.A. 

Distance 
from 

pollution 

source 
(km) 

Pollution 
degree 

T.Br.
P. 

Silver 
fir 

1 
1961-
2020 

Tarnita 
O.S. 

Stulpicani 
V Tarnița 111E 1.2 

Intensive 
pollution 

T.Br.
N. 

Silver 
fir 

1 
1961-
2020 

Tarnita 
O.S. 

Stulpicani 
V 

Slătioara 
4B 12.0 

Unpollute
d 

 

The areas selected for harvesting growth samples are part of the Forest District 
Stulpicani in the Tarnita area, from two different production units (U.P.V Tarnita and U.P. 

VIII Slatioara, Figure 1). 
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Figure 1. Localization of research. 

 

The growth samples were selected to include trees over 60 years old to show the 
evolution of mineral elements accumulated in the growth rings, both during the period 

when the mining activity in Tarnita was carried out at a very high level, and in the period 

after, when the activity was significantly reduced.  
A radial growth sample for the fir species was taken from each area. The collection 

was carried out with the Pressler drill with an internal diameter of 12 mm, the samples 
being placed in special cardboard tubes until the time of their processing. The samples 

were subsequently cut at a periodicity of 5 years, from 1961 to 2020 (there is a collection 
of samples starting from 1961), resulting in a length of the analyzed series of 60 years. 

After cutting the growth cup into sequences of 5 annual rings, a total of 12 samples were 
produced, each of which was placed in plastic containers, sealed and labeled according to 

the surface, species, pollution intensity and the years specific to each sample. 

 
Mineral elements determination. The methods used to determine mineral elements 

are standardized (Table 3). For analytical purposes, between 0.5 and 1 g of each sample 
was completely dissolved in a 5/1 ratio of nitric acid to water. The resulting solution was 

analyzed by the ICP MS method, with a Perkin Elmer ICP MS Elan DRC II equipment. 
Among the general analytical techniques used by other researchers to determine 

inorganic metal impurities such as titration, ion chromatography, capillary 
electrophoresis, inductively coupled plasma (ICP MS Elan DRC II) it is a method that 

improves performance and has a high performance sample insertion system with the 

ability to run any reaction gas. The intensity of the energy emitted at a specific 
wavelength of a particular element is proportional to the amount of that element in the 

material analyzed (Vallapragada et al 2011). 
 

Table 2 
Parameters of the ICP-MS (Perkin Elmer Elan DRC-e) 

 

Characteristics 

Sample units μg L-1 

RF Power 1000 W 
Sampler Cone Nickel 1.1mm 

Sample gas flow rate 1.002 L/m 

Nebulizer gas flow 0.81 
Scanning system Peak hopping 

Reaction gas 
CH4(1ml/min) Cell gas A 0.2;  

RPq 0.8 BEC (ppb) 0.1463 (As 74.9216) 

Blank vacuum After internal standard 
Number of readings/ 

replicates 
20/ replicate 3 

Curve type Simple linear 
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Characteristics 

Take up time 110 s 

Washing time 48 (+/- rpm) 
Read time leg, speed 20 (+/- rpm) 

Resolution LR-300, MR-4000, HR -10000 
Sample per peak 50(LR) 20(MR, HR) 

 

Table 3 
Analytical method 

 

Element analyzed 
Analytical method/ 

standard 

Potassium (K) 
EPA Method 0258.1 Potassium, SR EN ISO 17294-

1:2007/ISO 11466:1995 

Calcium (Ca) 
EPA Method 0215.1, 0215.2 Calcium, SR EN ISO 17294-

1:2007/ ISO 19730:2008 

Magnesium (Mg) 
EPA Methods 0242.1, 0242.2 Magnesium, SR EN ISO 

17294-1:2007/ SR ISO 14869:2012 

Sodium (Na) 
EPA Methods 0242.1, 0242.2 Magnesium, SR EN ISO 

17294-1:2007 

 

Chemical and standard solutions. All required stock solutions were prepared on the 
day of experience. Detection limit is the minimal concentration of the analyte to be 

detected, but not limited, and the limit of quantification is the lowest concentration of the 
analyte that can be quantified under defined experimental conditions (AFNOR 2009; 

Legouta et al 2020). A standard solution of known concentration, stable over time, was 
used to trace the linear calibration curve. The standard deviation of the signal and the 

Fischer function that was compared to the PG factor (ratio of standard deviation squares) 

were calculated for each element. Factor F<PG confirms that the deviation between the 
dispersions is not significant and that the calibration curve has been drawn correctly. The 

verification of the accuracy of the method was carried out by the analysis with a standard 
calibration solutions were prepared by successively diluting a high purity multielement 

standard (29-element ICP-MS 10 mg L-1 standard, 5%HNO3 matrix, Perkin Elmer life and 
analytical Sciences), which is a certified reference material (ISO 17034). The correlation 

coefficient for calcium, magnesium and potassium turned out to be 0.9995, indicating 
good linearity. 

 

Statistical analysis. Statistical analysis and processing of data of elemental 
concentrations contained in the tree rings was carried out using the RStudio program (R 

Core team 2019). 
 

Results and Discussion 
 

The analysis of the dynamics of mineral elements (Ca, Mg, Na and K) identified in the 
growth rings of fir trees in the Tarnita area over the 60 years showed different variations 

and concentrations depending on the area analyzed. The results are comparable to other 

specialty studies (Iacoban et al 2019). In the case of Ca concentrations there is an 
intensive increase at the heavily polluted area compared to the unpolluted area, between 

1965 and 1970. Since 1975, there has been a decline in the concentration of this 
element, but nonetheless a slight increase in values can be observed between 1995 and 

2005 (Figure 2). 
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Figure 2. Dynamics of concentration for Ca in the period 1965-2020. 

 
The Mg content was higher during the period 1965-1985 and over the past decade, the 

recorded values for this element were very low, both in the heavily polluted area and in 
the non-polluted area (Figure 3). 

 

 
Figure 3. Dynamics of concentration for Mg in the period 1965-2020. 

 

Iacoban et al (2019) found high variation in heavy metal concentrations between 
trees, in the same place. While the Mg content was higher near the landfill for silver fir 

(Abies alba Mill.) and European beech (Fagus sylvatica L.) the difference was only 

statistically significant for beech. A specific relationship was found between the level of 
contamination with heavy metals in the Tarnita region and the accumulation of certain 

heavy metals in forest trees. Even though the trees studied here were affected by heavy 
metal pollution, they also reacted against it by limiting the absorption of metal ions. In 

addition, because of their long lifespan, even trees located 6 km away from the deposit of 
contaminated residues could have been contaminated. These toxic heavy metals also 

appear to affect nutrient metabolism in wood species (Iacoban et al 2019). 
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The evolution of the mineral elements content in the growth rings, during both 

periods showed a high variation in concentration for the Na for year 1965, 20 mg kg-1 

respectively 5 mg kg-1 for the year 2020 (Figure 4).  
 

 
Figure 4. Dynamics of concentration for Na in the period 1965-2020. 

 
The K concentration showed a very high-level trend during the period when the 

mining activity in Tarnita was carried out, and a significantly decreasing level in the 
period after, when the activity was significantly reduced (Figure 5).  

Some authors reported a high variation for concentrations of macronutrients, in 
sapwood and heartwood of Fagus sylvatica. For potassium, a variation found between 

950 and 1,355 mg kg-1, 700-1,110 mg kg-1 for calcium and 180-310 mg kg-1 for 

magnesium (Kavvadias et al 2001; Malinova et al 2019).  
 

 
Figure 5. Dynamics of concentration for K in the period 1965-2020. 

 
The result obtained in this study are comparable with the result from another 

study carried out by Kavvadias et al (2001). It has been showed that the concentrations 
of macronutrients in four forest ecosystems in northern Greece were substantially greater 

at fir than black pine. The tree's nutrient accretion varied between 3.2-12.3 kg ha-1 year-1 

for K, 3.7-47.9 kg ha-1 year-1 for Ca, 1.8-8.6 kg ha-1 year-1 for Mg and 0.25-0.80 kg ha-1 
year-1 for Na. Average element quantities (kg ha-1 year-1) of the forest black pine 
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between, 40.4 and 113.1 for K, 99.3 and 506.9 for Ca, 39.9 and 285.5 for Mg, and 

between 3.1 and 18.2 for Na. Over the past decade, there has been a positive 

relationship between mineral concentration levels and nutrient accumulation (Kavvadias 
et al 2001). The data for all the obtained elements concord with the results obtained from 

a study of the condition of forest soils in Europe (Ashwood et al 2019). 
In the period 1965-1985, the content of the studied elements is very high. Among 

the mineral nutrients, Mg, K, Na and Ca showed a decreasing trend between 1995-2005. 
There was found a specific relationship between the contamination level with heavy 

metals of Tarnita area and the accumulation of some of them in the forest trees (Iacoban 
et al 2019). The levels of individual minerals and Ca, Mg, K and Na are approximately the 

same, whereas the correlation between horizons is statistically significant (p<0.01). The 
researchers proved in 2019 that the content of Ca and Mg was higher for the less 

polluted site, for silver fir (A. alba) and European beech (F. sylvatica), suggesting better 

nutritional status for these trees compared to those near the dump. In the case of silver 
fir, the calcium and magnesium content were negatively correlated with the diameter of 

the trees harvested from both sites.  
Iacoban et al (2019) showed that the content of Ca and Mg in the entire core in 

silver fir and European beech wood collected from two differently polluted sites on the 
Tarnita mining area, it was negatively and statistically significantly correlated with the 

diameter of the tree for the A. alba trees sampled from both places. Among the mineral 
nutrients, Mg and Ca showed a decreasing trend, while Na and K concentrations tended 

to increase as the tree diameter increased. In the case of the first two elements, the 

intensity of the relationship was average and statistically significant. The authors of these 
studies (Kilyusheva et al 2017; Iacoban et al 2019) showed that the woody species 

studied seem to react against heavy metal pollution as a function of various levels of 
metal ions. The levels of Ca and Mg decreased, suggesting that increased the 

concentration of heavy metals Pb, Cd, Cu, Zn, As) influenced by the change in pH and 
the presence of certain anions (Kilyusheva et al 2017; Iacoban et al 2019).  

Calcium is associated with traffic sources and concentrations are expected to 
decline sharply in the background as a function of distance from the roadway (Kord et al 

2010; Tomasevic et al 2011). Earlier bioindicator studies have shown high levels of 

calcium in pine needles from road salts used for de-icing, sodium chloride and calcium 
chloride mixed (Ukonmaanaho et al 2017; Schmitt et al 2017). For trees, this tendency 

was particularly pronounced for K and Ca, as the flow concentrations of the stems 
differed considerably between the three size classes. In the case of palm trees, K 

concentrations have risen significantly, from smaller to larger (Puletti et al 2019). For 
pine and spruce, a sequence of mineral accumulation was Ca > K > Mg > Fe > S > P. As 

the tree weakened, the calcium content was reduced and the heavy metal content 
increased (Kilyusheva et al 2017). During their search, other scientists found a 

statistically significant difference in Ca and Na concentrations at two sites, in the topsoil 

of Medvednica Nature Park and Central Croatia (Bakšić et al 2009; Tomasevic et al 2011; 
Schmitt et al 2017).  

Ferrara et al (2017) showed that Beech-fir stands developed on the soils above 
basic igneous rocks are characterized by a higher Ca, Mg, K and Na content, and 

consequently higher pH values. The authors remarked a significant Pearson correlation 
coefficient between exchangeable/available and total 0–70 cm soil pools for Ca, Mg, K 

and P, respectively 0.50, 0.82, 0.83 and 0.53, as shown in other forest soils (Ferrara et 
al 2017). Furthermore, no relationship was observed between the elements available in 

the soil and the contributions of atmospheric deposition. It is a negative or non-

significant positive correlation of Pearson, with no data presented, at two sites studied 
(Legouta et al 2020). Other studies showed that during storms there are significant 

changes in the mineral elements in the composition of silver trees (Bakšić et al 2015). 
Some studies also showed that the accumulation of elements by plants depends 

on the properties of the rocks that comprise the soil. It was found that trees in high 
spruce and fir forests have higher Ca content in their shoots and higher K, Mg, P, Zn, Mn 

and Al content in the roots. Bilberry-feathermoss fir-spruce forest plants have higher 
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concentrations of K, S, and P in the shoots, and their roots contain more Ca, Mg, Zn, Fe, 

Mn, and Al (Lehndorff et al 2006; Watmough et al 2014; Michopoulos et al 2022).  

It is important to note that land cover biodiversity affects the functioning of 
ecosystems through two different mechanisms (Prescher et al 2018). The impact of 

vegetation cover on the chemical composition of rainfall depended on the region of the 
country and the predominant species in a particular tree plantation. Pine and oak stands 

enriched precipitation with components that leached out of the canopy (K, Mn, Mg) to a 
greater degree than spruce and beech stands (Kowalska et al 2016). 

 
Conclusions. Based on the obtained results it can be concluded that there is a decrease 

in the concentrations of the studied elements (Ca, Mg, K, Na) in the Tarnita area, 
between 1980, when the mining activity was reduced and 1990, respectively, when the 

exploitation plant was closed. The results obtained showed the impact of pollution on the 

forest ecosystem between 1965 and 2020. The aspects and results reported in this study 
can be developed a reference database for future research. 

 
Acknowledgements. The research was carried out within the project PN19070104, the 

impact of pollution on the structure, multiannual growth and heavy metal accumulations 
in affected forest ecosystems, financed by the Ministry of Research, Innovation and 

digitalization and the project "Increasing the capacity and institutional performance of 
INCDS "Marin Drăcea" in the activity of RDI - CresPerfInst" (contract no. 

34PFE./30.12.2021) funded by the Ministry of Research, Innovation and digitalization 

through Program 1 - Development of the national Research and Development System, 
Sub-program 1.2 - institutional performance - projects to finance excellence in RDI. 

 
Conflict of interest. The authors declare no conflict of interest.  
 
References 

 
Agrawal S. B., Singh A., Sharma R. K., Agrawal M., 2007 Bioaccumulation of heavy 

metals in vegetables: A treat to human health Terrestrial and Aquatic 

Environmental Toxicology 1(2):13-23. 
Ashwood F., Vanguelova E. I., Benham S., Butt K. R., 2019 Developing a systematic 

sampling method for earthworms in and around deadwood. Forest Ecosystems 
6:33.  

Augustynczik A. L. D., Yousefpour R., 2019 Balancing Forest profitability and deadwood 
maintenance in European commercial forests: a robust optimization approach. 

European Journal of Forest Research 138:53–64.  
Legouta A., Hanssona K., Van der Heijdena G., Laclaub J.-P., Mareschalb L., Nysa C., 

Nicolasd M., Saint-Andréa L., Rangera J., 2020 Chemical fertility of forest 

ecosystems. Part 2: T200owards redefining the concept by untangling the role of 
the different components of biogeochemical cycling, Forest Ecology and 

Management 461:117844. 
Bakšić D., Pernar N., Perković I., Vrbek B., Roje V., 2015 Distribution of alkali earth 

metals and alkali metals (Ca, Mg, K, Na) in the forest soil of Medvednica Nature 
Park. Šumarski List 139(1-2):7-19.  

Bussotti F., Pollastrini M., 2017 Observing climate change impacts on European forests: 
What works and what does not in ongoing long-term monitoring networks. Frontiers 

in Plant Science 8:1-5.  

Flocea N. M., 2013 Cercetări auxologice în păduri de molid din nordul țării aflate în zone 
afectate de poluare. Teză de doctorat, Universitatea Ștefan cel Mare Suceava, 165 

p.  
Ferrara C., Marchi M., Fares S., Salvati L., 2017 Sampling strategies for high quality 

time-series of climatic variables in forest resource assessment. IForest - 
Biogeosciences and Forestry 10:739–745.  



AAB Bioflux, 2022, Volume 14, Issue 3. 
http://www.aab.bioflux.com.ro 77 

Iacoban C., Risca I M., Roibu C., Ciornea Todirascu E., Necula R., Ilieva D., Sndu I., 

Drochiouiu G., 2019 Tarnita polluted area: Accumulation of heavy metals and 

nutrients from the soil by woody species. Revista de Chimie 70:3.  

Kavvadias V. A., Alifragis D., Tsiontsis A., Brofas G., Stamatelos G., 2001 Litterfall, litter 

accumulation and litter decomposition rates in four forest ecosystems in northern 
Greece fag. Forest Ecology and Management Volume 144(1–3):113-127. 

Kilyusheva N. V., Feklistov P. A., Ezhova N. V., Bolotov I. N., Filippov B. Y., 2017 
Comparative analysis of mineral content in pine and spruce wood. Lesnoy Zhurnal-

Forestry Journal 5:64-72.  

Kord B., Mataji A., Babaie S., 2010 Pine (Pinus eldarica medw.) needles as indicator for 
heavy metals pollution. International Journal of Science and Technology 7:79-84.  

Kudrevatykh I. Y., Geraskina A. P., 2021 Comparison of structure and chemical 
composition of ground cover and soils of fir spruce forest in Pechora-Ilych State 

Nature Reserve, Northern Urals. Nature Conservation Research 6(2):80–92.  
Lehndorff E., Urbat M., Schwark L., 2006 Accumulation histories of magnetic particles on 

pine needles as function of air quality. Atmospheric Environment 40:7082-7096.  
Malinova D., Malinova L., Petrova K., Hristov B., 2019 Coefficients of heavy metal 

accumulation in forest soils. Bulgarian Journal of Agricultural Science 25(3):519-

526.  
Michopoulos P., Kostakis M., Bourletsikas A., Kaoukis K., Pasias I., Grigoratos T., 

Thomaidis N., Samara C., 2022 Concentrations of three rare elements in the 
hydrological cycle and soil of a mountainous fir forest. Annals of Forest Research 

65(1):155-164.  
Popa I., Barbu I., 2001 Evaluarea gradului de vătămare a ecosistemelor forestiere din 

zona Tarniţa prin tehnici GIS de analiză spaţială. Revista Pădurilor 6:8-11.  
Prescher A.-K., 2018 Review of ICP Forests related publication. Technical Report of ICP 

Forests 11, https://www.icp-forests.org/pdf/TR2019_revB.pdf  

Puletti N., Canullo R., Mattioli W., 2019 A dataset of forest volume deadwood estimates 
for Europe. Annals of Forest Science 76.  

Schmitt A.-D., Gangloff S., Labolle F., Chabaux F., Stille P., 2017 Calcium biogeochemical 
cycle at the beech tree-soil solution interface from the Strengbach CZO (NE 

France): insights from stable Ca and radiogenic Sr isotopes. Geochimica et 
Cosmochimica Acta 213, pp. 91–109.  

Talkner A., Meesenburg U. H., von Wilpert K., Hölscher A., Dietrich H. P., Chmara I., 
2017 Soil phosphorus supply controls P nutrition strategies of beech forest 

ecosystems in Central Europe. Biogeochemistry 136:5–29.  

Tomasevic M., Anicic M., Jovanovic L., Peric-Grujic A., Ristic M., 2011 Deciduous tree 
leaves in trace elements biomonitoring: A contribution to methodology. Ecological 

Indicators 11:1689-1695.  
Ukonmaanaho L., 2017 Calcium in decomposing foliar litter – A synthesis for boreal and 

temperate coniferous forests. Forest Ecology and Management 403:137–144.  
Vallapragada V., Inti G., Ramulu J., 2011 A validated inductively coupled plasma-optical 

emission spectrometry (ICP-OES) method to estimate free calcium and phosphorus 
in in vitro phosphate binding study of Eliphos tablets. American Journal of Analytical 

Chemistry 2(6):718-725.  

Watmough S. A., Whitfield C. J., Fenn M. E., 2014 The importance of atmospheric base 
cation deposition for preventing soil acidification in the Athabasca Oil Sands Region 

of Canada. Science of the Total Environment 493(15):1-11. 
*** AFNOR NF T90-210, 2009 Protocole d'évaluation initiale des performances d'une 

méthode dans un laboratoire. 44 p. 
*** R Core Team, 2019 A language and environment for statistical computing. R 

Foundation for Statistical Computing, Vienna, Austria, https://www.R--project.org.  
  
 

 

 

 

 



AAB Bioflux, 2022, Volume 14, Issue 3. 
http://www.aab.bioflux.com.ro 78 

Received: 02 November 2022. Accepted: 19 December 2022. Published online: 29 December 2022. 
Authors: 

Sidor Cristian Gheorghe, "Marin Drăcea” National Research-Development Institute in Forestry, 73 bis, Calea 

Bucovinei, 725100 Campulung Moldovenesc, Suceava, Romania, e-mail: cristi.sidor@yahoo.com 

Cuciurean Cosmin Ilie, "Marin Drăcea” National Research-Development Institute in Forestry, 73 bis, Calea 

Bucovinei, 725100 Campulung Moldovenesc, Suceava, Romania, e-mail: cosmin.cuciurean@icas.ro 

Buculei Amelia, "Marin Drăcea” National Research-Development Institute in Forestry, 73 bis, Calea Bucovinei, 

725100 Campulung Moldovenesc, Suceava, Romania, e-mail: ameliab@fia.usv.ro 

This is an open-access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source 
are credited. 
How to cite this article: 
Sidor C. G., Cuciurean C. I., Buculei A., 2022 Dynamics and assessment of some mineral elements level (Ca, 

Mg, K, Na) for the silver fir species in the Tarnita area, Romania. AAB Bioflux 14(3):69-78. 

mailto:cristi.sidor@yahoo.com
mailto:cosmin.cuciurean@icas.ro

