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MICROELEMENTS VARIABILITY IN NEEDLES OF

NATURAL POPULATIONS OF Picea omorika

VARIJABILNOST MIKROELEMENATA U IGLICAMA
PRIRODNIH POPULACIJA Picea omorika

Biliana M. NIKOLIC'*, Jelena BOZOVIC', Dalibor BALLIAN?, Saga EREMIJA', Zorica S. MITIC?,

Marija S. MARKOVIC', Nevena CULE!

SUMMARY

This is the first study of microelement variability in needles of seven natural populations of Picea omorika (Panc.)
Purkyné from Serbia. Seven essential, three useful, and six toxic microelements were analysed by ICP-Spectrometer.
Their range was as follows: Mn > Fe > Zn > Al > Na > B > Cu > Ni > Cr > Cd > Co. The microelements Mo, As, Hg,
Pb and Se were detected in traces. The amounts of Al, B, Co, Cr and Na were recorded in P. omorika needles for the
first time. Among useful microelements the most abundant was Al, while among toxic it was Cr. The most southern
population, Milesevka canyon, had the highest amounts of Zn, Cu, Ni, Co and Cd and the lowest values of B. Discri-
minant and cluster analyses visualized that this population also showed the greatest separation from all other popula-
tions. Further research could usefully explore factors that affect the endangerment of P. omorika in its natural habitats

or prevent its natural regeneration.
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INTRODUCTION
uvoD

The discovery of micronutrients and their role were un-
known until the twentieth century when more sophistica-
ted detection methods were developed. They are very im-
portant for the plants. Many plant disorders are a result of
a lack of certain micronutrients. Furthermore, after
Staszewski et al. (2012) and references cited therein: ”Zinc
and copper play important physiological functions. They
are indispensable for plants for proper metabolism both at
the cell and whole organism levels as components of many
enzymes, proteins and chlorophyll” However, in large do-
ses, they can be toxic (Ko$anin and Knezevi¢ 2017.). On
contrary, lead and cadmium do not have any role in plants
and are typical pollutants (Staszewski et al. 2012.). They

were found in some conifers, too (Fiala et al. 2008, Gandois
and Probst 2012.).

Up to now, many microelements in tree leaves were repor-
ted, both on damaged and intact soils and ecosystems
(Auchmoody and Hammack 1975, Rademacher 2001, Lin-
droos et al. 2007, Wang et al. 2018.). A number of microe-
lements sometimes depends on conifer species and varies
in needle ages (Lindroos et al. 2007, Parzych and Sobiz
2012.). In recent studies, population variability of leaf nu-
trients in conifers has also been studied (Schleppi et al.
2000, Skonieczna et al. 2014.).

Forest decline of tree species in Europe nowadays has also
affected populations of tertiary relict and Balkan endemics,
such as Picea omorika (Pan¢.) Purk. These changes were
noticed in Picea omorika natural populations, especially in
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the last several years. The deterioration of its natural popu-
lations is particularly important as it constantly increase
due to forest fires, too (Fukarek 1951, Coli¢ 1953, etc.).

Mataruga and Milanovi¢ (2020) described 26 Serbian
spruce populations from Bosnia and Herzegovina. In the
present article we studied several populations from Serbia.

Preliminary results of leaf macro- and microelements of P
omorika (on only one planted tree) were obtained (Parzych
etal. 2018). In the present paper the hypothesis of whether
seven investigated populations from Serbia had the same
microelements profile was tested.

The aim was to present the first study of the microelement
variability of P omorika from natural populations. Further-
more, the content of five microelements of this species was
studied for the first time.

MATERIAL AND METHODS
MATERIJAL | METODE

As it was explained in detail in the previous papers (Niko-
li¢ et al. 2009, 2013.), the needles from the lowest third of
the Picea omorika crown were harvested. Serbian spruce
crowns are very tall in natural populations, so we decided
to collect the needles from the lowest third of the crowns.
Seven Picea omorika natural populations in Serbia, i.e. Bilo
(BIL), Crvene Stene (CRST), Milesevka canyon (MIL),
Stula (STU), Vranjak (VRA), Zmajeva&ki stream (ZP) and
Zvijezda (ZVE), were studied (Figure 1, Table 1). Needles
from ten trees per population were studied except in the
Milesevka canyon (MIL) population where nine trees were
examined. All studied populations are from Tara Mountain,
except the Mile$evka canyon population, which is settled
in mountain Jadovnik. This is a small (with only about 20
trees), isolated, and the southernmost population of P. omo-
rika in Serbia. For micronutrient analysis, equal parts of
one- and two-year-old needles were used, ca. 0.2 mg per
sample (tree).

The microwave digestion method according to Milestone
Application Note was used for the extraction of microele-
ments from plant tissue. Air-dried samples were subjected

Table 1. Main data of investigated populations of P omorika in Serbia
Tablica 1. Glavni podaci o istrazivanim populacijama P omorika u Srbiji
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Figure 1. Geographic position of seven populations of Picea omorika in
Serbia

Slika 1. Geografski polozaj sedam populacija Picea omorika u Srbiji

to wet combustion in a microwave digestion unit (ETHOS
EASY microwave digestion system, Milestone srl, Italy)
with the addition of 8 ml HNO, and 2 ml H,O,. The obta-
ined extracts were filtrated and stored in closed sterile con-
tainers in the refrigerator for further analysis. The concen-
tration of micronutrients in needles was analysed by
ICP-OES (Varian Vista-PRO, CCD Simultaneous ICP-OES)
according to standard methodology (US EPA, 2001). The
concentration was reported on a dry weight basis. Drying
and storage of Picea omorika assimilation organs were per-

Location Latitude Longitude
(N) (E)

BIL Bilo 43°55' 15" 19° 20' 20"
CRST Crvene Stene 43°55' 15" 19° 22" 30"
MIL MileSevka canyon 43° 20' 22" 19° 46' 32"
STU Stula 43° 55' 46" 19°17' 11"
VRA Vranjak 43°51' 68" 19° 24' 24"
ZP Zmajevacki stream 43°51'59" 19° 25' 56"
ZVE Zvijezda 43°59'13" 19°17' 06"

AI::’:}u)de Terrain inclination  Geologic substratum
900-1100 > 40° limestones
900-1000 30-60° limestones

820 < 65° limestones
850-900 30-60° limestones
850-900 30-45° limestones
830-850 > 40° serpentines
700-1000 30-70° limestones
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formed according to Rautio et al. (2010). Sixteen microe-
lements (Al, As, B, Cd, Co, Cr, Cu, Fe, Hg, Mn, Mo, Na, Nj,
Pb, Se and Zn) of P. omorika needles were analysed.

Summary statisticsand ANOVA test were carried out using
Statgraphics Plus (version 5; Statistical Graphics Corpora-
tion, USA), as well as multivariate analyses (PCA, CDA,
Cluster) using Statistica (version 10, Stat. Soft. Inc. 2011).

RESULTS
REZULTATI

Seven essential (B, Cu, Fe, Mn, Mo, Ni, and Zn), three use-
ful (Al, Co, and Na) and six toxic microelements (As, Cd,
Cr, Hg, Pb, and Se), i.e. 16 microelements in P. omorika
needles were studied, both on general and population level
(Figure 2, Figure 3a-h).

In all studied microelements of P. omorika needles the range
was as follows: Mn > Fe > Zn > Al >Na>B > Cu>Ni>Cr
> Cd > Co (Mo, As, Hg, Pb and Se were detected in traces)
(Figure 2). Essential and useful microelements strongly do-
minated, while only two toxic elements were found (Cr and
Cd). Standard deviations varied from SD=0.00 to SD=57.44
(Mn) (Figure 2). The most variable micronutrient was co-
balt (V=830.66), while zinc was the least variable (V=44.03)
(results are not presented).

In all essential microelements, manganese (Mn) was the
most abundant (84.67 mg/kg on average) (Figure 2), with a
range of 20.71-233.34 mg/kg (Figure 3a-h). The lowest ave-
rage amount was in BIL population - 55.92 mg/kg (Figure
3b). The highest one was in ZP population - 173.63 mg/kg
(Figure 3g). This micronutrient varied from S=21.51(MIL)
to S=73.32 (ZP) (57.44 on average, results were not presen-
ted). Iron (Fe) was the second abundant essential micronu-
trient (34.62 mg/kg) (Figure 2) with a range of <0.93-100.51
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mg/kg (Figure 3a). The lowest average amount of Fe was in
BIL - 16.52 mg/kg. The highest one was in ZVE - 63.57 mg/
kg (Figure 3h). This micronutrient varied from $S=9.13 (BIL)
to $=25.69 (VRA) (25.05 on average). Zinc (Zn) was the
third abundant essential micronutrient (21.03 mg/kg) (Fi-
gure 2) with a range of 1.89-47.83 mg/kg (Figure 3 a). The
lowest average amount was in ZP - 11.95 mg/kg, while the
highest one was in MIL - 29.15 mg/kg (Figure 3d). This
micronutrient varied from S=3.82 (ZVE) to S=11.66 (VRA)
(9.26 on average). Among essential microelements boron
(B) also had higher amounts (4.00 mg/kg on average) (Fi-
gure 2), with a range of <1.53-20.24 mg/kg (Figure 3a). The
lowest average amount was in MIL - 0.39 mg/kg, while the
highest one in VRA - 9.83 mg/kg (Figure 3f). This micro-
nutrient varied from S=0.78 (MIL) to S=9.01, (VRA) (5.73
on average). Nickel (Ni) was found in small amounts, ca.
0.84 mg/kg on average (Figure 2), with the highest mean
value in the population MIL - 0.53 mg/kg (Figure 3). This
micronutrient varied from $=0.00 to S=1.04 (MIL) (0.58 on
average). Copper (Cu) was also found in small amounts
(<0.15-0.93 mg/kg), and 0.01 mg/kg on average (Figure 2),
with the highest mean value in MIL - 0.10 mg/kg. This
micronutrient varied from $=0.18 (BIL) to S=1.12 (VRA)
(0.99 on average). Molybdenum (Mo) was found in traces
(< 0.01 mg/kg) (Figures 2 and 3).

In all studied essential microelements of P. omorika need-
les, the range was as follows: Mn > Fe > Zn > B > Ni > Cu
> Mo (Figure 2). MIL population had the highest amounts
of zing, nickel, and copper, and the lowest values of boron
(Figure 3). ZP population had the highest amount of man-
ganese, and the lowest amount of zinc. ZVE and VRA po-
pulations had the highest values of iron and boron, respec-
tively. BIL population had the lowest values of manganese
and iron. According to standard deviation values, VRA po-
pulation was the most variable population regarding amo-
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Figure 2. Mean values (mg/kg) and standard deviations of 16 microelements in P omorika needles
Slika 2. Srednje vrijednosti (mg/kg) i standardne devijacije 16 mikroelemenata u iglicama P omorika



unts of iron, zinc, boron and copper, ZP population in man-
ganese amounts, and MIL population in nickel amounts
(results are not presented). The lowest variability was ob-
served in BIL population for iron and copper, MIL popu-
lation for manganese and boron amounts, and ZVE popu-

lation for zinc amounts.
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Among three useful microelements investigated in P. omo-
rika needles, the most abundant was aluminium (Al), with
a variation of means ranging from <0.46 to 65.95 mg/kg
(10.57 mg/kg on average) (Figure 3a). The lowest mean va-
lue was found in STU population - 0.30 mg/kg (Figure 3e),
and the highest one in VRA population - 24.26 mg/kg. This

b)

d)

f)

h)

Figure 3. Mean values (mg/kg) of microelements in P omorika needles

Slika 3. Srednje vrijednosti (mg/kg) mikroelemenata u iglicama P. omorika
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useful micronutrient varied from S=0.95 (STU) to S=29.27
(VRA) (17.49 on average). Sodium (Na) varied from <0.25
to 41.43 mg/kg (7.82 mg/kg on average) (Figure 3a). The
lowest mean value was found in BIL population - 0.01 mg/
kg, and the highest one in ZVE population - 17.16 mg/kg
(Figure 3). The mean variability of this micronutrient was
$=10.20 with extreme values of $=0.09 (BIL) and S=13.97
(MIL). The third useful micronutrient was cobalt (Co), with
variation of means from <0.10 to 0.93 mg/kg, (0.01 mg/kg
on average) (Figure 2). Only MIL population showed po-
sitive amounts of Co (0.10 mg/kg on average), and a varia-
bility, with S=0.31 (0.11 on average).

In all studied useful microelements of P omorika needles,
the range was as follows: Al> Na > Co (Figure 2). VRA po-
pulation had the highest amounts of aluminium, ZVE po-
pulation of sodium , and MIL population of cobalt (Figure
3). STU and BIL populations had the lowest values of alu-
minium and sodium, respectively. According to standard
deviation values, MIL population was the most variable in
amounts of sodium and cobalt, and VRA population in alu-
minium contents. The lowest variety was observed in STU
population for aluminium and BIL population for sodium.

Among six studied toxic microelements (As, Cd, Cr, Hg,
Pb, Se), only Cd and Cr had values higher than 0.10 mg/kg.
Cadmium (Cd) varied from <0.10 to 10.41 mg/kg (0.02 mg/
kg on average) (Figure 3a). The highest mean value was fo-
und in MIL population - 0.14 mg/kg on average (Figure
3d). The mean variability of this toxic micronutrient was

$=0.10 with an extreme value of S=0.23 (MIL). Chrome
(Cr) varied from <0.81 to 3.23 mg/kg (0.11 mg/kg on ave-
rage) (Figure 3a). The highest mean value was found in STU
population, 3.15 mg/kg on average (Figure 3e). The mean
variability of this toxic micronutrient was S=0.51 with an
extreme value of $=9.96 (STU).

In all studied toxic microelements of P omorika needles,
the range was as follows: Cr> Cd (Figure 2). STU popula-
tion had the highest amounts of chrome and MIL popula-
tion of cadmium. Other investigated toxic compounds:
astatine (As), mercury (Hg), lead (Pb) and selenium (Se)
were found in amounts lower than 0.01 (in traces) in all
studied populations.

Out of 16 microelements of P. omorika needles, eleven were
selected for PCA (principle-component analysis), CDA (ca-
nonical discriminant analysis) and cluster analysis (CA)
based on seven populations. The PCA was presented as a
correlation matrix, with all of 69 tree samples, presented as
dots (Figure 4). Two principal axes represented 42.4% of
the total information. All populations were settled on the
positive Axis 1. ZVE population was the only population
grouped on Axis 2, but it overlapped with most trees of
VRA population. In the projection of PCA (Figures 4 and
5), Ni, Co, Cd, Na, and Fe were the most significant micro-
elements for such diversity of populations. For the forma-
tion of the X-axis, Ni, Co, and Cd were the most responsi-
ble. For the formation of the Y-axis, Na and Fe were the
most responsible (Figure 5).
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Figure 4. PCA presentation of seven populations of P omorika — microelements’ content marked with coloured dots present different

populations

Slika 4. PCA prikaz sedam populacija P omorika — sadrZaj mikroelemenata gdje su obojene tocke predstavlja razliCite populacije
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Figure 5. Graphic presentation of the investigated microelements in needles of P omorika

Slika 5. Graficki prikaz ispitivanih mikroelemenata u iglicama P omorika
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Figure 6. CDA presentation of seven populations of P omorika — microelements’ content

Slika 6. CDA prikaz sedam populacija P omorika — sadrZaj mikroelemenata
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Table 2. Standardized coefficients for the six canonical axes (CA) of variation in eleven microelements from the discriminant functional analysis

of eleven a priori groups.

Tablica 2. Standardizirani koeficijenti Sest kanonijskih osi (CA) varijacije jedanaest mikrolemenata diskriminantne funkcionalne analize jedanaest a priori

grupa.
Variables Root 1 Root 2 Root 3 Root 4 Root 5 Root 6

Al -0.158126 0.13764 0.316701 0.194776 -0.28152 0.562019

B 0.456199 0.17762 0.706162 -0.105088 -0.42982 -0.594414

Co -0.037908 0.68460 0.528071 -0.210727 1.07793 0.114181

Cd -0.488614 -1.02473 -0.753484 0.295563 -1.03896 -0.153740

Cr -0.224586 -0.00888 0.006257 0.003559 -0.28066 0.180418

Cu 0.444867 -0.20507 -0.313550 -0.552637 -0.16128 -0.057197

Fe *0.832353 -0.33326 -0.014836 0.215993 0.04718 0.095481

Mn -0.036091 0.87367 -0.484151 0.073468 -0.04114 -0.290019

Na -0.179291 0.00117 -0.085149 0.932894 0.44782 -0.344186

Ni 0.064452 -0.10117 0.289011 0.196993 -0.63494 -0.180022

Zn -0.674907 -0.69981 -0.058754 -0.364836 0.20662 -0.154876

Eigenvalue 2.022062 1.63528 0.879702 0.365055 0.14886 0.108764

Cum.Prop. 0.391893 0.70883 0.879320 0.950070 0.97892 1.000000

* Significant coefficients are marked in bold.

CDA based on seven P, omorika populations has shown that
the first two axes participated in 70.89% of the total separa-
tion, of which the first axis was represented by 39.2% (Figure
6). According to standardized coefficients for the first two
canonical axes (Table 2), only two microelements (Fe and
Zn) had a significant impact on the first axis, while four
microelements (Cd, Mn, Zn, and Co) considerably affected
the second axis. The scatter plot obtained by the CDA (Fi-
gure 5) suggested the existence of three population groups.
Namely, MIL population showed the greatest tendency to

separate from all other populations showing the most nega-
tive values for the first axis. Additionally, BIL, CRST and ZP
populations, located mostly at the negative Axis 1 exhibited
a certain degree of separation from STU, VRA, and ZVE
populations, which showed positive values for this axis.

Cluster analysis (CA) of the same P. omorika populations has
shown the closest connection between BIL, CRST and ZP
populations, on the one side, and STU, VRA, and ZVE po-
pulations on the other, and the separation of MIL population
(Figure 7). Besides, the southern populations on Tara Mt.,
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Figure 7. Cluster analysis (CA) of seven populations of P omorika according to microelements’ content
Slika 7. Klaster analiza (CA) sedam populacija P omorika prema sadrzaju mikroelemenata



ZP and VRA, were the closest to the isolated MIL popula-
tion. Among populations on Tara Mt., ZP population was
the most distant. This is in accordance with its latitude po-
sition as well as with its geological substratum (serpentines).
Furthermore, the closest populations, STU and ZVE, and
BIL and CRST were on almost the same latitude (Figure 1).

DISCUSSION
RASPRAVA

When compared with results of P. omorika needles from
literature (Parzych et al. 2018; mean of one- and two-year
needles), our populations (on average) have lower values
of microelements Cd, Cu, Fe, Ni, and Zn, but higher level
of M, especially in STU, VR, ZP, and ZVE populations (Fi-
gure 3). According to Kabata-Pendias (2011), toxic concen-
trations of Mn in plants are very variable, which obviously
depends on both the plant species and the soil, but the aut-
hor believes that concentrations above 400 mg/kg can ad-
versely affect most plants. In the present study, the amounts
of Al, B, Co, Cr and Na were recorded in P. omorika need-
les for the first time.

In comparison with the mean values of the one- and two-
year/old needles of Picea abies grown on acidic soil rich in
sulphates (Lindroos et al. 2007), microelements of P. omo-
rika had lower amounts of Al, Fe, Mn, and B, and higher
amounts of Cu and Zn. In the study by Raitio et al. (2002),
the concentrations of Mn and Zn in P. abies needles were
also higher. In P. abies needles from Switzerland and
southern Germany (Schleppi et al. 2000) the concentration
of Mn was much higher, the concentrations of Co, Cr, Cu,
and Al were also higher, but the concentration of Fe was
almost equal, even lower in the case of Zn. In P, abies need-
les from Sweden (Ladanai et al. 2010), the coefficient of va-
riation was the same for Fe, but much lower in P. abies (13
and 31%) than in P. omorika (43 and 57% for Mg and Mn,
respectively). In Picea abies populations from Serbia (15
populations), 6 hazardous elements (As, Cd, Hg, Ni, Pb and
Zn) were investigated (Popovi¢ et al. 2023). The first five
elements were in correlation with air pollution. In our re-
sults of Picea omorika needles, hazardous elements such as
As, Hg, and Se were not detected, while Cd, Cr and Pb were
detected in traces (Figure 2). Zn (21.03 mg/kg in average)
is an abundant microelement in leaves of P. omorika.

In Pinus sylvestris and P. nigra needles from Poland (Parzych
and Sobiz 2012), the amount of Mn was much lower, while
Fe, Zn, Cu, and Mn amounts were much higher than in P
omorika (Figure 3). In P, sylvestris needles from several na-
tural stands from Poland (Skonieczna et al. 2014) the amo-
unt of Mn was much lower, the content of Fe was almost
equal and the amounts of Cd, Cr, Cu, Na, Ni, Pb, and Zn
were much higher than in P. omorika (Figure 3). In Pinus
massoniana needles (Lin et al. 2020) the content of Fe, Zn,
Cu, Ni, Cd and Cr were much higher than in P. omorika
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(Figure 2). In Pinus sylvestris needles from Sweden (Lada-
nai et al. 2010), the coefficients of variation of Mg, Fe and
Mn were much lower than in P. omorika.

CONCLUSIONS
ZAKLJUCCI

According to the presented results it is obvious that diffe-
rences in microelements between P. omorika populations
in Serbia exist. One of the most significant findings within
this research is that latitude plays a significant role in the
micronutrient differentiation of P. omorika populations in
Serbia. The southern and isolated population of Milesevka
canyon with the lowest altitude (820 m) had higher amou-
nts of Zn, Cu, Ni, Co and Cd, and lower values of B in com-
parison to northern populations on Tara Mt. This is in con-
trast with European Scots pine populations where nutrient
conservation increases with latitude (Oleksyn et al. 2003).
Multivariate analyses (CDA and cluster analysis) confirmed
the separation of MIL population. The most southern po-
pulations on Tara Mt. (ZP and VRA) were the closest to the
isolated MIL population. The other two closest population
pairs are located on almost the same latitude, too.

Although Picea omorika is a tertiary relict and a Balkan en-
demic species, the conservation of this species has global
importance. Therefore, it is necessary to continue and
expand comprehensive multidisciplinary research of this
species. Further research in this field would be of great help
in better understanding all factors that affect the endanger-
ment of P omorika in its natural habitats or prevent its na-
tural regeneration. Given that the scope of this study was
limited to the determination of microelements in plant ma-
terial, it would be interesting to assess the content of ma-
cronutrients in needles as well as the concentration of
microelements and macronutrients in soils of the studied
populations. These studies could, for example, indicate
which factors are crucial for the variation in nutrient con-
tent in natural P. omorika populations and whether latitude
is of great importance in this case as well.

ACKNOWLEDGEMENTS
ZAHVALE

This research was supported by the Ministry of Science,
Technological Development and Innovation of the Repu-
blic of Serbia, grant numbers 451-03-47/2024-01/200027
and 451-03-47/2024-01/200124.

REFERENCES
LITERATURA

o Auchmoody, L.R., K.P. Hammack, 1975: Foliar nutrient variation
in four species of upland oak. In Res. Pap. NE-331. Upper Darby,
PA: US. Department of Agriculture, Forest Service, Northeastern
Forest Experiment Station, 16 p.



NIKOLIC, B.M. et al.: MICROELEMENTS VARIABILITY IN NEEDLES OF NATURAL POPULATIONS OF PICEA OMORIKA

Coli¢, D., 1953: Stanista Panci¢eve omorike na desnoj obali Drine.
Zastita prirode (Belgrade). 4-5,425-659.

Fiala, P, D. Reininger, T. Samek, 2008: A survey of forest pollu-
tion with heavy metals in the Natural Forest Region (NFR)
Moravskoslezské Beskydy with particular attention to Jablunkov
Pass. ] For Sci, 54(2), 64-72.

Fukarek, P. 1951: Stani$ta Panci¢eve omorike nakon sumskih
pozara u 1946/47 godini. Sumarski list, 75, 61-75.

Gandois, L., A. Probst, 2012: Localisation and mobility of trace
metal in silver fir needles.

Kabata-Pendias, A. 2011: Trace elements in soils and plants.
Fourth edition, CRC Press, Taylor and Francis Group, LLC, Boca
Raton, London, New York.

Kosanin, O., M. Knezevi¢, 2017: Ishrana bilja. Udzbenik. Univer-
zitet u Beogradu, Sumarski fakultet, Beograd.

Ladanai, S., G. Agren, B. Olsson, 2010: Relationships between tree
and soil properties in Picea abies and Pinus sylvestris forests in
Sweden. Ecosystems, 13(2), 302-316.

Lin, T,, X. Zheng, H. Zheng, 2020: Seasonal variations in leaf and
branch trace elements and the influence of a 3-yr 100% rainfall
exclusion on Pinus massoniana Lamb. Peer]., 9935.

Lindroos, A-]., ]. Derome, H. Raitio, P. Rautio, 2007: Heavy metal
concentrations in soil solution, soil and needles in a Norway
spruce stand on an acid sulphate forest soil. Water Air Soil Pol-
lut, 180(1),155-170.

Mataruga, M., Milanovi¢, . 2020: Prirodne populacije Pancic¢eve
omorike u Republici Srpskoj

(Bosna i Hercegovina). Glasnik Sumarskog fakulteta Univerziteta
u Banja Luci 30, 77-113.

Nikoli¢, B., V. Tesevi¢, 1. Pordevi¢, PD. Marin, S. Bojovic, 2009:
Essential oil variability in natural populations of Picea omorika,
arare European conifer. Chem Biodivers, 6(2),193-203.
Nikoli¢, B., V. Tesevi¢, 1. Djordjevi¢, M. Todosijevi¢, M. Jadranin,
S. Bojovi¢, PD. Marin, 2013: Variability of n-alkanes and nona-
cosan-10-ol in natural populations of Picea omorika. Chem Bio-
divers, 10(3),473-483.

Oleksyn, J., PB. Reich, R. Zytkowiak, P. Karolewski, M.G. Tjoel-
ker, 2003: Nutrient conservation increases with latitude of origin
in European Pinus sylvestris populations. Oecologia, 136(2), 220-
235.

Parzych, A., S. Mohnacky, Z. Sobisz, N. Pollakova, V. Imansky,
2018: Needles and bark of Picea abies (L.) H. Karst and Picea
omorika (Pancig) Purk. as bioindicators of environmental qual-
ity. Folia For Pol Ser A, 60(4), 230-240.

Parzych, A, Z. Sobisz, 2012: The macro- and microelemental con-
tent of Pinus sylvestris L. and Pinus nigra J.E. Arn. needles in Cla-

SAZETAK

donio-Pinetum habitat of the Stowiniski National Park. For Res
Pap, 73(4), 295-303.

Popovi¢, V., Seslija Jovanovi¢, D., Mileti¢, Z., Milovanovi¢ , J.,
Luci¢, A., Rakonjac, Lj.,, Miljkovi¢, D. 2023: The evaluation of
hazardous element content in the needles of the Norway spruce
(Picea abies L.) that originated from anthropogenic activities in
the vicinity of the native habitats. Environ Monit Asses 195, 109.
Rademacher, P, 2001: Atmospheric heavy metals and forest eco-
systems. Convention on long-range transboundary air pollution,
international cooperative programme on assessment and moni-
toring of air pollution effects on forests. BFH, Geneva, p. 19

Raitio, H., A. Hamari, P. Merild, J. Mékinen, P. N6jd, 2002: Forest
condition monitoring under the UN/ECE and EC programmes
in Finland. In: L. Ukonomaanhaho & H. Ratio (Eds.), Forest
condition monitoring in Finland. The Finnish Forest Research
Institute, Nat Rep, 10-22.

Rautio, P, S. Huttunen, J. Lamppu, 1998: Seasonal foliar chemis-
try of northern Scots pines under sulphur and heavy metal pol-
lution. Chemosphere, 37, 271-287.

Rautio, P, Fiirst, K. Stefan, H. Raitio, U. Bartels. 2010: Sampling
and analysis of needles and leaves. 19 p. Manual Part XII. In:
Manual on methods and criteria for harmonized sampling, as-
sessment, monitoring and analysis of the effects of air pollution
on forests, UNECE, ICP Forests Programme Co-ordinating Cen-
tre, Hamburg.

Schleppi, P, L. Tobler, ].B. Bucher, A. Wyttenbach, 2000: Multi-
variate interpretation of the foliar chemical composition of Nor-
way spruce (Picea abies). Plant Soil, 219, 251-262.

Skonieczna, J., S. Matek, K. Polowy, A. Wegiel, 2014: Element
content of Scots pine (Pinus sylvestris L.) stands of different den-
sities. Drewno. 57(192), 77-87.

Staszewski, T., W. Lukasik, P. Kubiesa, 2012: Contamination of
Polish national parks with heavy metals. Environ Monit Assess,
184(7), 4597-4608.

Tambari, U,, A.M. Aminu, 2019: Influence of season and leaf de-
velopment on foliar nutrient elements compositions of Parkia
biglobosa (Jacq) R. Br. Ex G. Don in Sudano - Sahelian ecosystem
of Nigeria. Int J Sci Res Pub, 9(5), 62-68.

US EPA 2001: Method 200.7: Trace Elements in Water, Solids,
and Biosolids by Inductively Coupled Plasma-Atomic Emission
Spectrometry, revision 5.0. Report no. EPA-821-R-01-010.
Wang, R., X. Wang, Y. Jiang, A. Cerda, J. Yin, H. Liu, X. Feng, et
al. 2018: Soil properties determine the elevational patterns of base
cations and micronutrients in the plant-soil system up to the up-
per limits of trees and shrubs. Biogeosciences, 15(6), 1763-1774.

Ovo je prva studija varijabilnosti mikroelemenata u iglicama sedam populacija Picea omorika (Panc.)
Purk. iz Srbije. Putem ICP spektometra analizirano je sedam bitnih, tri korisna i $est toksi¢nih mik-
roelemenata. Njihov raspon bio je sljede¢i: Mn > Fe > Zn > Al > Na > B > Cu > Ni > Cr > Cd > Co.
Mikroelementi Mo, As, Hg, Pb and Se otkriveni su u tragovima. Sadrzaj Al, B, Co, Cr i Na po prvi je
put utvrden u iglicama P. omorika. Medu korisnim mikroelementima najobilniji je Al, a medu
toksi¢nim Cr. Najjuznija populacija, kanjon Milesevke, imala je najvise vrjiednosti Zn, Cu, Ni, Co i
Cd inajnize vrijednosti B. Diskriminantna i klaster analiza pokazale su najvece razlike od ostalih pop-
ulacija. U budu¢nosti bi bilo bi korisno istraziti ¢imbenike koji izazivaju ugrozavanje P. omorika u nji-
hovoj prirodnoj rasprostranjenosti ili sprje¢avaju prirodnu obnovu vrste.

KLJUCNE RIJECI: omorika, mikroelementi, multivarijantne analize, iglice, populacijska varijabilnost





