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AbstrAct

The paper presents the results of the research on the accumulation of nutrients and heavy metals in needles and bark 
of Picea abies and Picea omorika. In this research, the age of the needles and the content of the examined compo-
nents in the soil were taken into account. The research was conducted within the area of the forest at the University 
botanic garden in Košice (Slovakia). The little acidification of the soil that was found under the spruce crowns 
slightly changed with the depth (0.0–0.2 m, 0.2–0.4 m, 0.4–0.6 m). Under the stand of P. abies, a lower content of 
organic matter was demonstrated, than under the trees of P. omorika. The tested soil samples were low in nitrogen, 
phosphorus and calcium, and sufficiently rich in potassium and magnesium. The spruce needles were dominated by 
macroelements, and their concentrations varied depending on age and species. Both P. abies and P. omorika nee-
dles were acidic, with 1-year-old needles showing higher acidity. Low nitrogen content in the needles of the studied 
spruce was found, and the N:P ratio did not exceed 3.5. Statistically significant differences were found in the content 
of N, K, Ca, Zn, Mn, Fe, Ni, Cu and Cd in 1-year-old needles and pH, N, P, Ca, Zn, Mn, Fe, Ni, Cu and Cd in 2-year-
old needles of spruces. The results also indicate that the bark of the studied spruce is acidic, with pH values of 4.70 
(P. abies) and 4.15 (P. omorika). The P. abies bark accumulates higher amounts of Mg, Ca, Ni, Cu and Mn, and the 
P. omorika bark accumulates more N, P, K, Zn, Fe and Cd. The research indicates that both spruce species barks are 
suitable for comparative studies on bioindication of environment quality.
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IntroductIon

Picea is a genus of evergreen trees from the Pinaceae 
family, which includes about 35 species. Their occur-
rence is mainly limited to the northern hemisphere 
(Boratyńska 2007). Picea genus are natural com-
ponents of forest communities, important produc-
tion species in economic forests (Bennet and Buchen 
1995), and because of their decorative qualities, also 
the frequent components of dendroflora of many bo-
tanical gardens. Spruces are large trees, about 20–60 
m in height. Picea abies, the Norway spruce, is a spe-
cies of spruce native to Northern, Central and Eastern 
Europe. Serbian spruce, Picea omorika is an ancient 
endemic species found in natural communities in 
Central Europe (Bugała 2000). Now, atmospheric and 
soil pollution constitutes a major problem especially 
in urban environment (Parzych and Jonczak 2014; 
Świercz et al. 2014; Chen et al. 2016; Zhao et al. 2016). 
Monitoring the quality of the environment using trees 
is widely accepted as a reliable and inexpensive way 
of obtaining information about the state of the envi-
ronment. The main advantage of this monitoring re-
search is an opportunity to make long-term compari-
sons. A good bioindicator in the case of contact with 
harmful substances shows an increased concentration 
of elements in its tissues. The monitoring studies use 
species of deciduous and coniferous trees (Piczak et 
al. 2003; Parzych et al. 2017). In addition to Pinus spe-
cies, Picea genus (Wyttenbach et al. 1995a, b; Wytten-
bach and Tobler 2000; Mankovská 2001; Silkina and 
Vinokurova 2009) trees are also used in monitoring 
studies. The chemical composition of needles and tree 
bark reflect the quality of the environment (Parzych 
et al. 2017). The accumulation of nutrients and heavy 
metals in needles and barks of trees has drawn con-
siderable attention as a possible indicator of inorganic 
pollution of the environment, as plants respond direct-
ly to the state of the soil and air (Divan et al. 2009; 
Serbula et al. 2013; Świercz et al. 2014). According to 
Augusto et al. (2002), the species of coniferous trees 
absorb more components than leafy trees from the air 
due to a larger surface of the needles. Spruces keep its 
needles for several years. It is well known that elemen-
tal concentrations in needles change with the needle 
age class (Mahendrappa et al. 1986; Cape et al. 1990).

The aim of the research was to compare the accu-
mulation of N, P, K, Mg, Ca, Cu, Ni, Mn, Fe, Zn and Cd 
in the needles and bark of Picea abies (L.) H. Karst and 
Picea omorika (Pančić) Purk. In the research, the age 
of the needles and the content of the examined compo-
nents in the soil were taken into account.

MAterIAl And Methods

Research area

The research was conducted in June 2015 within the 
area of the forest at the University botanic garden in 
Košice (Slovakia). The garden (30 ha) is situated at 
an altitude of 218 to 370 m a.s.l. The upper part of the 
garden is covered by the so-called natural forest which 
is represented by the forest stands planted in the time 
of the Botanical Garden foundation, consequently not 
maintained. Particularly, they are the plantations of both 
native and introduced woody species, namely: Acer pla-
tanoides L., Robinia pseudoacacia L., Quercus petraea 
(Mattusch.) Liebl., Cerasus avium L., Tilia platyphyl-
los Scop. and Ulmus laevis Pall. (Kebel and Košťálik 
2011). The vital part of the Park area is covered by forest 
communities with a participation of the species of Picea 
abies and Picea omorika. The tree stands selected for 
the research are characterized the average breast height 
from 84.0 cm (Picea omorika) to 130.0 cm (Picea abies) 
(Tab. 1). The tree stands grow in the shallow soils of 
Cambisol type (Mochnacký 2001; Kebel and Košťálik 
2011). The study area is characterized with an average 
annual precipitation of about 643 mm and average an-
nual air temperature at the level of 8.4°C.

Table 1. Characteristic of Picea species
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Picea abies (L.) 
H. Karst

Norway 
Spruce 25.5 130.0 18–20 21–23

Picea omorika 
(Pančić) Purk. 

Siberian 
Spruce 15.8 84.0 18–19 19–20
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Sampling and analysis of soil

Under the crowns of the 5 trees of each of the two 
species of Picea, soils samples were taken for physi-
cal and chemical analysis from a depth of 0–0.2 m, 
0.2–0.4 m and 0.4–0.6 m. The samples were dried 
(65°C) in the dryer with forced air circulation and 
milled into powder (laboratory grinder A11, IKA). In 
the soil, the organic matter content was marked by the 
use of the method of roasting in a muffle furnace at 
a temperature of 550°C and pH in a water solution by 
a potentiometer method (pH-metr CPI 551, Elmetron, 
Poland). In order to determine the presence of nitrogen 
and phosphorus, the samples of soil were digested in 
98% H2SO4 and 30% H2O2. Nitrogen was determined 
using the Kjeldahl method (automatic distiller K 
– 350, Büchi), and phosphorus the molybdate method 
(U – 5100, Hitachi, Japan). In order to determine the 
metallic elements, the samples of the soil were digest-
ed in the solutions of 65% HNO3 and 30% H2O2. K, 
Mg, Ca, Zn, Ni, Cu, Mn, Fe and Cd content was deter-
mined by the method of absorption atomic spectrom-
etry (AAS) using the Aanalyst 300 instrument (Per-
kin Elmer, USA). The tests were carried out follow-
ing the original standards of Merck (KGaA,1g/1dm-3). 
The metals were determined with the following wave 
lengths: K – 769.9 nm, Ca – 422.7 nm, Mg – 202.6 nm, 
Zn – 213.9 nm, Cu – 324.8 nm, Ni – 232.0 nm, Fe 
– 248.3 nm, Mn – 279.5 nm and Cd – 228.8 nm.

Sampling and analysis of needles and bark

5 trees each of the 2 species of Picea (Picea abies, Picea 
omorika) were earmarked for the study (Tab. 1). From 
each tree, samples of needles from the seventh whorl 
weighing 10–20g were taken for the tests separating 
1 year old needles from 2 years old ones (Rautio et al. 
2010). In the laboratory, the needles were hand washed 
in deionized water in order to remove any particulate 
matter. From the trunks of the trees, at the breast height 
(1.2–1.3 m) samples of external layer of the bark were 
taken. The bark and the needles were dried (at 65°C) 
and were homogenized (A11, IKA). In the samples of 
the needles and the bark, the pH was determined in 
a water solution by means of the potentiometer method. 
In order to determine N, P, K, Mg, Ca, Zn, Cu, Ni, Fe, 
Mn and Cd, needles and bark samples were digested in 
the same mixtures as for soil samples. The same meth-

ods were used for the determination of chemical ele-
ments as for the soil samples.

Data elaboration

The distribution of physicochemical properties of soil 
samples and the content of N, P, K, Ca, Mg, Zn, Cu, 
Ni, Mn, Fe and Cd in needles and bark of Picea abies 
and Picea omorika was tested with the Shapiro-Wilk 
test. The statistical significance of the properties of soil, 
needle and bark samples between the tested species was 
compared using the non-parametric Mann-Whitney 
U test. The N:P and K:Ca ratios in the spruce needles 
were compared using the Kruskal-Wallis test results. In 
order to ensure quality control of the obtained results, 
a certified reference material analysis of the plant sam-
ple (CRM 060) was carried out. The obtained results did 
not exceed the error limits ±3%.

results And dIscussIon

Physicochemical properties of soil under trees

Soil samples collected under the spruce crowns showed 
different properties depending on the species. On both the 
stands of Picea abies and Picea omorika, little soil acidi-
fication was found under the tree crowns (pH = 6.0–5.7 
and pH = 5.9–5.2, respectively), which changed slightly 
with depth (Tab. 2). Stronger acidification of the soil was 
observed under the crowns of P. omorika, which indi-
cates that in this case, bigger quantity of acid compo-
nents are leached out of the spruce crowns by precipita-
tion than in the case of P. abies (Jóźwiak and Kozłowski 
2008). According to Obmiński (1977), spruces grow best 
on soils with pH in the range of 5.3–6.0. Acidification of 
soil under coniferous stands is a fairly common phenom-
enon, observed by Kowalkowski and Kopron (2006), 
Jonczak and Parzych (2015). It has a significant impact 
on the bioavailability of many nutrients and heavy met-
als for the root system of trees.

In the soil under the spruce stand, the content of or-
ganic matter ranged from 17.3% in the surface layer to 
9.0% at a depth of 0.4–0.6 m (P. omorika) and respec-
tively from 13.4% to 7.2% under the crowns of P. abies. 
With depth, smaller quantities of organic matter were ob-
served (Tab. 2). The sources of organic matter are dead 
plant remains, which constitute an important link in the 
circulation of matter and the flow of energy. Increased 
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content of organic matter in the top soil layers is the result 
of a year-round, systematic inflow of organic precipita-
tion (Parzych and Trojanowski 2009), decomposition rate 
of which depends on the species and qualitative charac-
teristics of the stand (Jonczak et al. 2015). Lower content 
of organic matter in the soil under the stand of P. abies 
indicates that the processes of mineralization of organic 
precipitation under the crowns of this species occur more 
efficiently than under the trees of P. omorika. Soil or-
ganic matter strongly affects the physical and chemical 
properties of soils (Jonczak and Parzych 2016), and the 
most favourable conditions for the decomposition of or-
ganic matter occur in soils rich in biogenic elements with 
a reaction similar to neutral (Bednarek et al. 2005).

Macro- and microelements content in soil  
under spruces

The content of macro- and microelements in the soil 
under the spruce stand varied depending on the species 
and depth. The largest amounts of macroelements oc-
curred in the top layers of the studied soil and slightly 
changed with depth. The nitrogen content was main-
tained at the level of 1400 to 2520 mg.kg-1 (P. abies) 
and from 2530 to 3478 mg.kg-1 (P. omorika), phospho-
rus from 657.9 to 737.0 mg.kg-1 (P. abies) and from 
594.7 to 655.2 mg.kg-1 (P. omorika), and potassium 
levels varied from 1652.7 to 2078.8 mg.kg-1 (P. abies) 
and from 1975.0 to 2101.2 mg.kg-1 under the trees 
of P. omorika (Tab. 2). Magnesium was found in the 
studied soils in much larger amounts. Its concentra-
tions ranged from 4719.3 to 5383.4 mg.kg-1 under the 
P. abies stand and from 5310.0 to 5895.0 mg.kg-1 under 
the P. omorika trees. The calcium content was main-
tained at the level of 202.7–641.7 mg.kg-1 (P. abies) and 
198.7–303.8 mg.kg-1 (P. omorika) depending on the 
depth. Among the heavy metals determined in the soil 
samples, iron prevailed, with higher values under the 
stand of P. omorika (36406.7–41903.3 mg.kg-1), than 
under P. abies (26175–31341.7 mg.kg-1). A similar situ-
ation was found for copper (29.0–33.5 mg.kg-1), nickel 
(44.8–101.8 mg.kg-1) and zinc (94.7–110.1 mg.kg-1), 
and the reverse for manganese. Higher Mn concen-
trations occurred in the soil under P. abies tree stand 
(526.5–579.2 mg.kg-1), than under the P. omorika trees 
(426.3–495.8 mg.kg-1) (Tab. 2). Cadmium was present 
in trace amounts, taking values from 0.1 to 0.9 mg.kg-1 
(P. omorika) and from 0.5 to 1.4 mg.kg-1 (P. abies).

Table 2. The physicochemical properties of the soil (±SD) 
taken under trees of Picea species with U Mann Whitney 
test results

Parame-
ter

Depth
[m] Picea abies Picea omorika

U Mann 
Whitney 
test (p)

pH
0.0–0.2 6.0 ± 0.1 5.6 ± 0.2

–0.2–0.4 5.7 ± 0.2 5.2 ± 0.2
0.4–0.6 5.9 ± 0.2 5.2 ± 0.3

OM, %
0.0–0.2 13.4 ± 2.9 17.3 ± 3.0

–0.2–0.4 9.6 ± 2.2 14.3 ± 2.4
0.4–0.6 7.2 ± 1.5 9.0 ± 1.8

N

m
g. k

g-1

0.0–0.2 2520 ± 55 3478 ± 74
–0.2–0.4 1400 ± 67 2794 ± 68

0.4–0.6 1820 ± 12 2530 ± 23

P
0.0–0.2 737.0 ± 26 655.2 ± 31

–0.2–0.4 697.5 ± 34 594.7 ± 43
0.4–0.6 657.9 ± 9 626.3 ± 19

K
0.0–0.2 1652.7 ± 114 2095.8 ± 126

< 0.050.2–0.4 2078.8 ± 143 1975.0 ± 74
0.4–0.6 1795.8 ± 96 2101.2 ± 81

Mg
0.0–0.2 4719.3 ± 321 5895.0 ± 443

< 0.050.2–0.4 5383.4 ± 421 5310.0 ± 402
0.4–0.6 5001.2 ± 332 5678.3 ± 234

Ca
0.0–0.2 202.7 ± 28 303.8 ± 32

–0.2–0.4 237.1 ± 21 236.0 ± 28
0.4–0.6 641.5 ± 14 198.7 ± 15

Mn
0.0–0.2 579.2 ±42 495.8 ± 39

< 0.050.2–0.4 574.7 ± 33 426.3 ± 36
0.4–0.6 526.5 ± 17 472.5 ± 14

Fe
0.0–0.2 26175.0 ± 1200 38901.7 ± 3221

< 0.050.2–0.4 31341.7 ± 1645 36406.7 ± 4002
0.4–0.6 26878.3 ± 1432 41903.3 ± 2590

Cu
0.0–0.2 27.5 ± 14 30.7 ± 11

< 0.050.2–0.4 26.2 ± 5.9 29.0 ± 2.0
0.4–0.6 25.8 ± 6 33.5 ± 14

Ni
0.0–0.2 27.5 ± 11 101.8 ± 12

< 0.050.2–0.4 63.5 ± 15.8 46.8 ± 8
0.4–0.6 42.3 ± 2.2 44.8 ± 1.8

Zn
0.0–0.2 70.6 ± 3.0 110.1 ± 2.0

< 0.050.2–0.4 57.5 ± 6.0 109.9 ± 3.0
0.4–0.6 60.3 ± 1.0 94.7 ± 2.0

Cd
0.0–0.2 0.8 ± 0.2 0.7 ± 0.2

–0.2–0.4 1.4 ± 0.5 0.9 ± 0.4
0.4–0.6 0.5 ± 0.1 0.1 ± 0.1

Note: OM – organic matter, SD – standard deviation p – level of 
significance
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Table 3. Nutrients and heavy metals (mg.kg-1) content and 
pH in needles of Picea species with U Mann Whitney test 
results

Para-
meter

Age of 
needles
(years)

Picea
abies

Picea
omorica

U Mann 
Whitney test 

(p-level)

pH
1 4.20 ± 0.2 4.26 ± 0.3 –
2  4.23 ± 0.2 4.55 ± 0.2 < 0.05

N
1 6020 ± 140 6720 ± 280 < 0.05

2 5880 ±741 3793 ± 153 < 0.05

P
1 2233 ± 119 2067 ± 45 –
2 2022 ± 147 1545 ± 34 < 0.05

K
1 4766 ± 165 4277 ± 112 < 0.05
2 5443 ± 64 4559 ± 208 –

Mg
1 1160 ± 90 1715 ± 95 –
2 1675 ± 127 1432 ± 14 –

Ca
1 2346 ± 90 4182 ± 95 < 0.05
2 2666 ± 511 5742 ± 67 < 0.05

Zn
1 32.8 ± 0.7 58.4 ± 0.6 < 0.05
2 43.3 ± 2.2 78.5 ± 0.7 < 0.05

Ni
1 13.5 ± 0.6 26.5 ± 1.4 < 0.05
2 12.5 ± 2.0 25.0 ± 1.9 < 0.05

Cu
1 3.5 ± 0.1 6.2 ± 0.5 < 0.05
2 6.4 ± 0.6 8.7 ± 0.7 < 0.05

Mn
1 129.0 ± 5.2 28.0 ± 3.3 < 0.05
2 161.3 ±12.7 48.4 ± 5.0 < 0.05

Fe
1 113.7 ± 14.2 122.7 ± 5.2 < 0.05
2 189.2 ± 5.6 223.9 ± 3.6 < 0.05

Cd
1 ± 0.6 0.1 ± 0.1 < 0.05
2 1.3 ± 0.4 0.2 ± 0.3 < 0.05

Analysing the physicochemical properties of soil 
samples collected under the crowns of Picea abies and 
Picea omorika, statistically significant differences were 
found in the concentration of K, Mg, Mn, Fe, Cu, Ni and 
Zn (Tab. 2). These differences resulted from the impact 
of tree crowns on soil properties (Jonczak and Parzych 
2012; Polláková et al. 2015). Under the stand of P. omori-
ka, higher concentrations of N, K, Ca, Mg, Fe, Cu and 
Zn were found than in the case of P. abies. The soil sam-
ples tested were not very rich in nitrogen, phosphorus 
and calcium, and sufficiently rich in potassium and mag-
nesium, which influenced the content of macroelements 
in needles (Tab. 3). Nitrogen is a very important nutrient; 

however, it often occurs in the soil in insufficient quanti-
ties to meet the nutritional needs of plants (Gonet 2007) 
and constitutes an important factor limiting the growth 
and development of plants (Oren et al. 2001). The acid 
reaction of the studied soils (Tab. 2) can be an important 
factor limiting the bioavailability of phosphorus for the 
root system of trees (Achat et al. 2013). The phosphorus 
compounds are most available to the plants at pH from 6.0 
to 10.0, whereas calcium and magnesium at pH 6.5–8.5. 
Spruce trees have much higher soil requirements than 
pine trees with respect to moisture and soil abundance. 
They grow well on clayey-sandy and sandy-loamy soils. 
The soil’s abundance in nutrients determines its fertility 
and productivity (Bednarek et al. 2005).

The occurrence of heavy metals in the soil is related 
to their content in the parent rock and the nature of soil-
forming processes (Kabata-Pendias and Pendias 1999). 
The concentration of heavy metals in the top layer of 
soil is significantly affected by the precipitation of at-
mospheric dust, which is the carrier of many pollutants, 
especially in areas under the influence of anthropogenic 
factors (Rapport 2016). The metals deposited on the top 
layer of soil are bound by a solid soil phase, collected 
by organisms and washed by precipitation into deeper 
soil layers (Parzych and Jonczak 2014). The amount of 
bioavailable forms of heavy metals is closely dependent 
on the pH of the soil and on the organic matter content 
(Päivärinta and Lodenius 1994; Parzych and Jonczak 
2013). Increase in mobility of Zn, Mn and Cd is most 
effective with pH = 6, Fe at pH = 4, while Ni and Cu at 
pH = 5.5 (Alloway 1995). The increase of Fe content in 
the soil with the depth under the P. abies (0.2–0.4 m) 
and P. omorika (0.4–0.6 m) tree stands is the result of 
increased soil acidity in these layers compared to the 
0.0–0.2m layer. Acidification causes the soluble forms 
of iron to be washed into the deeper soil layers. A simi-
lar phenomenon was observed by Parzych and Jonc-
zak (2013) under the tree stand of P. sylvestris in the 
Słowiński National Park (northern Poland).

Physicochemical properties of spruce needles

Both the needles of Picea abies and Picea omorika 
were characterized by acid reaction, with higher acidity 
showed by 1-year-old needles than by 2-year old ones 
(Tab. 3). The results of many studies confirm that the 
acidic reaction of needles is characteristic of various 
species of conifers (Świercz 2006; Parzych et al. 2017).
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The studied components of the spruce needles were 
dominated by macroelements and their concentrations 
varied depending on the species and the age of the nee-
dles. In samples of 1-year-old needles, N and P dominat-
ed in case of both spruce species, while Mg in the case 
of P. omorika. The older (2-year-old) needles have high-
er concentrations of K, Ca, (P. abies and P. omorika), as 
well as Mg (P. abies). Nitrogen predominated in most 
samples except for the 2-year-old P. omorika needles, 
in which calcium was found in greater amounts. The 
N content remained at the level of 5880–6020 mg.kg-1 

(P. abies) and 3793–6720 mg.kg-1 (P. omorika) (Tab. 3). 
Comparing the above results with the average supply of 
plants with nitrogen (13000–31000 mg.kg-1, Ostrowska 
and Porębska 2002), low concentrations of this compo-
nent in the needles of the studied spruces were found. 
The reason for the deficiency of N in the spruce nee-
dles may be slow decomposition of its organic litterfall 
Schmidt-Vogt (1977) limiting the inflow of additional ni-
trogen compounds to the soil (Parzych and Trojanowski 
2011). A slightly different situation was observed in the 
case of phosphorus. Both P. abies (2022–2233 mg.kg-1), 
as well as P. omorika (1545–2067 mg.kg-1) needles were 
characterized by sufficient phosphorus content. Ni-
trogen deficiency is reflected in the N:P ratio in nee-
dles (Fig. 1). The N:P ratio took average values from 
2.7 in 1-year-old needles to 2.9 in 2-year-old P. abies 
needles and from 3.3 to 2.5 in P. omorika needles, re-
spectively. In all the samples, the N:P ratio was low and 
did not exceed 3.5. According to Zhiguo et al. (2007), 
the maximum plant growth occurs at N:P close to 9.5, 
and Güsewell (2004) believes that N:P in plants can take 
values from 10 to 20.

The needles of the studied spruces accumulated 
adequate amounts of potassium (4766–5443 mg.kg-1 

P. abies and 4277–4559 mg.kg-1 P. omorika). The ob-
tained results indicate good supply of P. abies and 
P. omorika needles in P and K. According to Swan 
(1972), the symptoms of phosphorus deficiency ap-
pear when P concentrations in the dry matter of spruce 
needles are below 800–1000 mg.kg-1, and potassium 
below 4000 mg.kg-1. The results of the research con-
ducted by Roberntz and Linder (1999) confirm that the 
1-year-old needles of P. abies are usually richer in ni-
trogen and phosphorus and poorer in calcium than the 
older needles. 1-year-old needles of P. abies tested by 
Mankovská (2001) accumulated larger amounts of N 

and K (12744 mg.kg-1 N, 6127 mg.kg-1 K), comparable 
amounts of Ca (2891 mg.kg-1) and lower contents of P 
(1174 mg.kg-1 P) than older needles. The results obtained 
by Wyttenbach and Tobler (1988) indicate that Norway 
spruce needles, depending on environmental conditions, 
accumulate 930–1222 mg.kg-1 P, 4321–5197 mg.kg-1 K, 
736–981 mg.kg-1 Mg and 6664–10106 mg.kg-1 Ca. In 
the case of calcium, the decisive factor for its content 
in needles is the age of the stand (Fober 1993; Parzych 
2018). Good supply of needles in K and Ca is reflected in 
the correct value of the ratio K:Ca (Commission Advice 
Forest Fertilization 1990). In P. abies needles, the ratio 
K:Ca takes the values from 2.0 to 1.6, and in P. omorika, 
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Figure 1. N:P and K:Ca ratios in 1-year (N:P_1, K:Ca_1) 
and 2-year (N:P_2, K:Ca_2) old needles of spruces with 
a Kruskal-Wallis test results
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it was lower and ranged from 1.3 to 0.8 depending on 
the age of the needles (Fig. 1).

The content of heavy metals in needles was also 
dependent on the age and species of spruce. The 1-year-
old needles were characterized by higher Ni concen-
tration than the older needles, and 2-year-old needles 
showed a higher content of Zn, Cu, Mn, Fe and Cd than 
1-year old ones. The concentration of zinc ranged from 
32.8–43.3 mg.kg-1 in P. abies and 58.4–78.5 mg.kg-1 
in P. omorika, nickel 13.5–12.5 mg.kg-1 (P. abies) and 
26.5–25.0 mg.kg-1 (P. omorika), copper 3.5–6.4 mg.kg-1 
(P. abies) and 6.2–8.7 mg.kg-1 (P. omorika), manganese 
129.0–161.3 mg.kg-1 (P. abies) and 28.0–48.4 mg.kg-1 
(P. omorika), iron 113.7–189.2 mg.kg-1 (P. abies) and 
122.7–223.9 mg.kg-1 (P. omorika), and cadmium con-
centration range from 11.1 to 1.3 mg.kg-1 (P. abies) and 
0.1–0.2 mg.kg-1 (P. omorika) (Tab. 3). The concentra-
tions of the majority of heavy metals in the needles of 
the studied spruces were in the range of limit values, 
with the exception of nickel, which occurred in elevated 
quantities. The average content of zinc in the above-
ground parts of the plants remained usually at the level 
of 10–70 mg.kg-1, nickel was below 5 mg.kg-1, copper 
ranged from 5 to 20 mg.kg-1, iron below 375 mg.kg-1, 
a manganese below 500 mg.kg-1 (Kabata-Pendias and 
Pendias 1999). Cadmium, however, as a toxic metal, 
is accumulated by plants most often in a passive way 
(Baran and Jasiewicz 2009). The needles of P. abies 
tested by Wyttenbach and Tobler (1988) accumulated 
from 40 to 673 mg.kg-1Mn, depending on the tree stand 
and age of the needles. Subsequent studies by Wytten-
bach and Tobler (2000) describe the accumulation of Zn 
in P. abies at the level of 11–51 mg.kg-1, and Fe at the 
level of 12–65 mg.kg-1.

In general, it was shown that P. abies needles ac-
cumulated larger amounts of phosphorus, potassium, 
manganese and cadmium, and P. omorika of nitrogen, 
magnesium, calcium, iron, zinc, nickel and copper. Re-
lations between nutrients and heavy metals in needles 
were arranged in the following decreasing series, de-
pending on the species and age of needles:

 – Picea abies: N > K > Ca > P > Mg > Mn > Fe > Zn 
> Ni > Cu > Cd (1-year-old needles)

 – N > K > Ca > P > Mg > Fe > Mn > Zn > Ni > Cu > 
Cd (2-year-old needles)

 – Picea omorika: N > K > Ca > P > Mg > Fe > Zn > 
Mn > Ni > Cu > Cd (1-year-old needles)

 – Ca > K > N > P > Mg > Fe > Zn > Mn > Ni > Cu > 
Cd (2-year-old needles)
In addition, statistically significant differences 

were found in the N, K, Ca, Zn, Mn, Fe, Ni, Cu and 
Cd in 1-years old and in the pH, N, P, Ca, Zn, Mn, Fe, 
Ni, Cu and Cd in 2-years old P. abies and P. omorika 
(Tab. 3).

Physicochemical properties of spruce bark

The bark of trees is a very important and extremely sen-
sitive indicator of environmental pollution (Sawids et al. 
2011; Rungruang et al. 2016). Previous studies indicate 
that bark accumulation abilities depend on the species, 
age and health status of trees and the properties of the 
soil on which they grow. The physicochemical proper-
ties of the bark depend on the structure and associated 
porosity, which affect the retention of dusts and aerosols 
along with various elements in quantities proportional 
to its surface (Chrzan 2013). The results of our research 
indicate that the spruce bark was acidic, assuming pH 
values of 4.70 (P. abies) and 4.15 (P. omorika) (Tab. 4). 
According to literature data, the bark of most tree spe-
cies is acidic and shows pH values ranging from 3.0 to 
5.5 (Marmor and Randlane 2007; Parzych et al. 2017).

Table 4. Nutrients and heavy metals (mg.kg-1) content and 
pH in bark of Picea species with U Mann Whitney test 
results

Para-
meter

Picea
abies

Picea
omorica

U Mann Whitney
test (p)

pH 4.70 ± 0.19 4.15 ± 0.15 < 0.05
N 592 ± 52 1625 ± 55 < 0.05
P 23.7 ± 6.7 66.0 ± 0.53 –
K 627.33 ± 120.5 3717.0 ± 4420 < 0.05

Mg 670.43 ± 37.0 534.5 ± 11.5 < 0.05
Ca 9763.0 ± 175.1 8104.0 ± 118.3 < 0.05

Zn 100.37 ± 0.78 108.87 ± 1.20 < 0.05

Ni 170.80 ± 3.66 41.77 ± 3.81 < 0.05
Cu 7.73 ± 0.45 7.20 ± 0.78 –
Mn 109.00 ± 7.21 18.67 ± 5.03 < 0.05
Fe 414.60 ± 3.10 614.37 ± 1.01 < 0.05
Cd 0.50 ± 0.26 1.50 ± 0.23 –

The accumulation of chemical elements in the bark 
of trees, similar to pH, strongly depends on the species 
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and the influence of anthropogenic factors (Rykowska 
and Wasiak 2009). The obtained results indicate that the 
highest amounts of Mg, Ca, Ni, Cu and Mn was accu-
mulated in P. abies bark, while N, P, K, Zn, Fe and Cd 
in the bark of P. omorika (Tab. 4). This indicates that 
the bark of both the spruce species are suitable for com-
parative studies on bioindication of environmental. In 
addition, statistically significant differences were found 
in the pH and amount of accumulated N, K, Ca, Mg, Zn, 
Ni, Mn and Fe (Tab. 4). The source of origin of heavy 
metals in the bark of the studied spruces are mainly lo-
cal sources of pollution, such as iron metallurgy, ma-
chinery and textile industry operating in Košice, as well 
as communication and transport (Rapport 2016).

conclusIons

Soil samples collected under the spruce tops showed 
different physicochemical properties depending on 
the species. Both at the sites of Picea abies and Picea 
omorika, soil was found to be acidulated under tree 
crowns and the acidification slightly changed with 
depth. Under the stand of P. abies, lower content of or-
ganic matter was demonstrated, than under the trees of 
P. omorika. The tested soil samples were low in N, P 
and Ca and sufficiently rich in K and Mg. The spruce 
needles were dominated by macroelements, and their 
concentrations varied depending on age and species. 
Both P. abies and P. omorika needles were acidic, with 
1-year-old needles showing higher acidity. The needles 
of P. abies accumulated larger quantities of P, K, Mn 
and Cd, and the needles of P. omorika – N, Mg, Ca, 
Fe, Zn, Ni and Cu. A number of statistically significant 
differences in content of nutrients and heavy metals in 
1-year-old and 2-year-old needles have been demon-
strated. The results also indicate that the bark of the 
studied spruces was acidic, taking the values pH of 4.70 
(P. abies) and 4.15 (P. omorika). P. abies bark accumu-
lated higher amounts of Mg, Ca, Ni, Cu and Mn, and 
bark of P. omorika accumulated more N, P, K, Zn, Fe 
and Cd. This indicates that the bark of both the spruce 
species are suitable for comparative studies in the field 
of environmental quality control. Statistically signifi-
cant differences were found in the pH and amount of 
accumulated N, K, Mg, Ca, Zn, Ni, Mn and Fe in bark 
of the studies spruces.
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