
ORYGINAL RESEARCH ARTICLE

DOI: 10.2478/frp-2013-0028-y Leśne Prace Badawcze (Forest Research Papers),
December 2013, Vol. 73 (4): 295–303.

Received 14 February 2012, accepted after revision 18 July 2013.
© 2013, Forest Research Institute

The macro- and microelemental content of Pinus sylvestris L. and Pinus nigra J.F. Arn. 
needles in Cladonio-Pinetum habitat of the Słowiński National Park

Agnieszka Parzych1 *, Zbigniew Sobisz2

1 Pomeranian University in Słupsk, Institute of Biology and Environmental Protection, Department of Environmental Chemistry, 
ul. Arciszewskiego 22b, 76–200 Słupsk, Poland; 2 Pomeranian University in Słupsk, Institute of Biology and Environmental 

Protection, Department of Botany and Genetics, ul. Arciszewskiego 22b, 76–200 Słupsk, Poland.

* Tel. +48 59 8405347, parzycha1@op.pl

Abstract. The study of pine needles was carried out in 2005 within the confines of the Słowiński National Park (SNP). 
In soil from Cladonio-Pinetum habitat, most macro- and microelements accumulate in the organic sub-horizons (Ol 
and Ofh), however the nutrient content of the mineral horizons was very low. Needles of Pinus sylvestris (Ps) were 
characterised by higher content of N, P, K, Ca, and Fe in comparison to needles of Pinus nigra (Pn); whereas needles 
of Pn were higher in content of Mg, Zn, Cu and Mn than those of Ps. Two-year-old needles contained on average more 
Ca, Mn, Cu, Fe then one-year-old needles for both species. A Mann Whitney test confirmed statistically-significant 
differences in the dynamics of P, K, Mg, Zn and Mn concentrations both in 1-year-old and 2-year-old needles examined 
in Cladonio-Pinetum. The greatest differences between research forests stands of Pinus sylvestris and Pinus nigra 
were in the sum contents of elements accumulated in the needles. In the needles of Pinus nigra there was notably 
higher accumulation of P, K, Ca, Mg and Mn than in the needles of Pinus sylvestris.
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1. Introduction

Functioning of forest ecosystems is expressed main-
ly by the quality of stands which decide the habitat’s fer-
tility, degradation degree and also the influence of vari-
ous stress types: climate, nutritional or anthropogenic 
(Ostrowska et al. 2006). Scots pine, like Black pine, 
absorbs a range of chemical ingredients from soil and 
air that are essential for maintenance of life functions 
(Migaszewski 1997).

Absorption of the majority of elements by flora is 
a process regulated metabolically (Pugnaire, Chapin 
1993), and their accumulation can be related with de-
velopment and ageing process occurring in it (Malzahn 
2002; Ostrowska, Porębska 2002) and with availabil-
ity in soil of given elements. Chemical composition of 
pine’s needles is determined by changeability, resulting 

from the natural habitat’s fertility factors conditioning 
absorbing soil elements and their transport (Ostrowska 
et al. 2006). The concentration of nutrients in trees’ as-
similation apparatus indicates their nutritional status 
(De Vries, Heij 1991; Schachtman et al. 1998), and 
shortages observed especially on coniferous habitats are 
a reflection of their insufficient amount in soil (Prescott 
et al. 1992; Wang, Klinka 1997).

For normal functioning of plants, basic macroele-
ments – N, P, K, Ca and Mg – are essential and also 
microelements in small amounts – Fe, Zn, Cu and Mn 
– which constitute the natural ecosystem component
(Wilk, Gworek 2009). However, concentration of ex-
cessive nutrients in environment is harmful and with 
sufficiently high concentration they interfere with func-
tioning of ecosystems, creating a threat for plants, ani-
mals and people (Gruca-Królikowska, Wacławek 2006; 
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Malzahn 2009; Nagajyoti et al. 2010). Heavy metals 
undergo a bioaccumulation process in plants and ani-
mal tissues, as a result of which the threat of poisoning 
increases in following trophic chain links, on the top of 
which is the human. Individual plant species in various 
ways react on increased concentration of heavy metals. 
In case of substantial environment contamination, flora 
may absorb many chemical components in amounts ex-
ceeding its demand (Roo-Zielińska 2004; Ostrowska el 
al. 2006). Pinus nigra (Pn) in comparison with other 
coniferous trees species indicates a high tolerance for 
soil’s pH changes (Arsova 1999).

Both Scots pine and Black pine are used for bioin-
dication research. In Poland and in many countries of 
Europe, they are used for air contamination level evalu-
ation, and besides 1-year-old and 2-year-old needles of 
these species, their bark is also used (Molski et al. 1983; 
Pavlova et al. 1991; Dmuchowski, Bytnerowicz 1995; 
Migaszewski, Gałuszka 1997; Ceburnis, Stennes 2000; 
Sawidis et al. 2001; Lamppu, Huttunen 2002; Yilmaz, 
Zengin 2003; Aboal et al. 2004; Piccardo et al. 2005; 
Świercz 2003, 2006; Lehndorff, Schwarz 2008).

Pinus nigra is a foreign species for The Słowiński 
National Park (SNP) flora and is present here only be-
cause of planting. Mass Scots pine and Black pine plant-
ings on mobile dunes of Miejrzeja Łebska (Łebska Spit) 
took place in the years 1920–1938; their present age and 
area occupied by individual species are: Scots pine (230 
ha) and Black pine (64 ha) (Schechtel 1984; Piotrowska 
1997; Kluczyński, Kreft 2003).

The aim of this research undertaken was the com-
parison of biogens and accumulation ability of chosen 
heavy metals by Scots pine’s needles (Pinus sylvestris 
L.) (Ps) and Black pine’s needles (Pinus nigra J.F.Arn.) 
growing on dry coniferous forest habitat (Bs), beyond 
ground water reach, on the area of the SNP. The content 
of macro- and microelements in needles was analysed 
considering each element separately in an integrated 
way by comparing nutrient demand. In this research, the 
age of needles and soil’s abundance in chemical compo-
nents were included.

2. Materials and research methods

Research area

The research was conducted in 2005 in the SNP. 
SNP is situated in northern part of Poland on an area 
under the direct influence of Baltic Sea, relatively free 
from industrial air pollution. Average annual air tem-

perature on the park’s area is 7.3°C, and average an-
nual rainfall 700 mm (Matuszkiewicz 2002). For this 
research, dry coniferous forest located in central part of 
the Park (17°15’E, 54°45’N) was selected. The stand of 
examined Cladonio-Pinetum unit included 105-year-
old Scots pine and 105-year-old Black pine. Cladonio-
Pinetum occupying the area on hill around 14 m n.p.m, 
beyond ground water reach, overgrew embryonic loose 
soil: O, AC and C were formed from deep dune sands.

The examined trees species were characterised with 
equal average height (10 m) and nearing diameter at 
breast height size, which results from production ability 
factor’s value (quality classification – V) (Table 1). De-
spite equal growth condition, the Scots pine’s stand had 
twice the bigger wood stock than Black pine’s stand.

Table 1. Characteristics of examined stands

Specification Pinus 
sylvestris L.

Pinus nigra
J.F. Arn.

Age [years] 105 105

Average height [m] 10 10

Average dbh [cm] 19 18

Stand density index 0.7 –

Growing stock per ha [m3/ha] 65 30

Site index (stand quality) V V

Source: Operat Ochrony Ekosystemów Leśnych, 2002.

Research methodology

On 0.5 ha of research area performed were three soil 
pits from which a structure of soil trench was charac-
terised. The soil taxonomy was described on the basis 
of Polish Soil Taxonomy PTG (1989). Designation of 
soil’s basic physical and chemical features was made in 
May 2005 by collecting samples with the use of drill 
from all genetic horizons to a depth of 75 cm due to 
trees main root mass. Plant material originated from 
several randomly chosen Pinus sylvestris and Pinus 
nigra trees. Needles for research were collected from 
March to October 2005, from 7th whorl. From plant 
material obtained collective samples of weight from 10 
to 20 g were prepared, including species diversity and 
needles’ age (1-year-old needles and 2-year-old nee-
dles separately) according to recommendations of ICP 
Manual Forest (Rautio et al. 2010). After delivering to 
laboratory, the needles were carefully washed in deion-
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ised water, then dried in temperature of 65°C and ho-
mogenised in a mill. The samples after drying were kept 
in tightly closed polyethylene containers.

In soil samples, specific density – with pycnometer 
method; pH (H2O) and pH (KCl) – with potentiometric 
method; humidity – with weight method; and organic 
matter content by definition of calcination loss in muffle 
stove in temperature of 550°C were marked. Prepared 
plant material were marked with commonly used meth-
ods, total azote (T–N) and total phosphorus (T–P), ac-
cording to Ostrowska et al. (2001) after earlier digested 
in mixture of H2SO4 and 30% H2O2. Chosen metals K, 
Ca, Mg, Zn, Cu, Mn and Fe in needles and soil samples 
were marked after mineralisation in mixture of concen-
trated HNO3 and 30% H2O2 by atomic absorption spec-
trometry method (ASA, Aanalyst 300, Perkin Elmer) 
according to Ostrowska et al. (1991). Designation was 
made accordingly to original standards (Merck KGaA, 
1 g/1000 ml).

Elaboration of results 

In order to characterise the chosen macro- and mi-
croelements and to compare their concentration in ex-
amined needles and soil, average, minimum and maxi-
mum values and standard deviations were calculated. 
Diversity significance of macro- and microelements 
content in Scots pine’s and Black pine’s needles was 
verified with the use of U Mann–Whitney test. For cal-
culation, program Statistica (7.1) was used. The demand 
for nutrients in Ps and Pn was described with the use 
of Accumulation Nutrient Elements method (Ostrowska 
1987; Ostrowska et al. 2006). The sum of components 
(Y) in mmolc-kg-1 was calculated from model:

Y = Σ
i

i=1
 —Zz

where:
Z – content of element in mg·kg-1,
z – atomic mass/ion valence.

After calculating Y, proportionate share (X) of every 
element in this sum was calculated:

X = Z ÷ z · 100
Y

The content of macro- and microelements in 1-year-
old needles and 2-year-old needles was analysed, con-
sidering each component separately and in an integrated 
way – by comparing nutrient demand. Additionally cal-
culated were Ps and Pn needle enrichment factors (EFs) 
in heavy metals (Zn, Cu, Fe, Mn):
EF(Zn) = Cz (Zn) : Cg (Zn), 
where:

EFZn – zinc enrichment factor, 
Cz(Zn) – zinc content in leaves, 
Cg(Zn) – zinc content in soil.

3. Research results and discussion

Ps and Pn overgrew embryonic loose soils (Ol, Ofh, 
AC, C), created from deep dune sands. The smallest 
specific density had poorly formed humus horizon (AC 
2.50 g·cm-3). With soil’s trench depth the specific den-
sity slightly increased, reaching maximum value in host 
rock horizon (2.53–2.58 g·cm-3) (Table 2). Examined 
soils had strongly acid reaction, which decreased with 
depth. Organic horizon was characterised by the high-
est humidity. Humidity of mineral horizons was much 

Table 2. Physicochemical properties of researched soil (average ± standard deviation)

Soil genetic 
horizon

Depth Thickness of soil Specific density
pH (H2O) pH(KCl)

Humidity of soil Organic matter

cm cm g·cm-3 % %

Ol 3–5 2 - 4.3±0.4 3.9±0.2 47.5±7.1 96.1

Ofh 3–0 3 - 3.8±0.6 2.9±0.4 46.4±8.2 52.6

AC 0–11 11 2.50 4.1±0.5 3.5±0.5 6.7±4.1 0.44

C1 11–30 19 2.53 4.2±0.5 3.9±0.4 5.8±4.5 0.24

C2 30–50 20 2.55 4.3±0.5 4.1±0.4 4.5±5.6 0.19

C3 50–75 25 2.58 4.4±0.6 4.2±0.4 4.3±5.8 0.18
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smaller, decreased into the trench’s depth reaching in 
individual horizons average value from 6.7 to 4.3%. 
Such low soil’s humidity is related with low groundwa-
ter level. The highest amount of organic matter was ac-
cumulated in organic sub-horizons: litter (Ol) – 96.1% 
and fermentation-humus (Ofh) – 52.6%. Mineral hori-

zons contained very small amounts of organic matter 
(0.18%–0.44%) (Table 2).

Soil under pine’s stand created from deep dune 
sands turned out to be very abundant in nutrients. The 
highest amount of examined components was collected 
in organic sub-horizons (Ol and Ofh). In mineral hori-

Table 3. Chemical properties of researched soil (average ± standard deviation)

Parameter
Soil genetic horizon

Ol Ofh AC C1 C2 C3

T–N, % 0.920±0.15 0.700±0.09 0.290±0.06 0.285±0.02 0.250±0.01 0.245±0.01
T–P, % 0.0207±0.02 0.0131±0.03 0.0014±0.001 0.001±0.0004 0.001±0.00 0.001±0.00
Corg, % 53.5±1.2 36.6±1.0 0.32±0.02 0.20±0.01 0.20±0.00 0.12±0.00

K, mg·kg-1 609±47 253.5±33 45.5±8 71.7±9 43.2±10 42.0±10
Ca, mg·kg-1 2884±136 719.0±90 103.1±8 115.2±10 128.6±11 125.1±9
Mg, mg·kg-1 1126.0±167 471.5±45 423.0±40 91.1±23 113.4±25 120.2±26
Zn, mg·kg-1 62.8±0.03 58.1±0.03 2.11±0.04 2.76±0.04 1.97±0.03 1.88±0.02
Fe, mg·kg-1 81.4±0.03 101±0.04 61.0±0.06 65.0±0.10 64.9±0.11 62.0±0.05
Cu, mg·kg-1 7.0±0.001 7.1±0.002 0.7±0.002 0.73±0.002 0.71±0.002 0.70±0.002
Mn, mg·kg-1 165.1±0.04 168±0.02 5.9±0.02 6.0±0.02 6.2±0.02 6.1±0.02

Table 4. Macro- and microelements contents in needles of Pinus sylvestris and Pinus nigra 

Parameter

Pinus sylvestris L. Pinus nigra J.F. Arn.

1-year 2-year 1-year 2-year

average ± standard deviation 
minimum – maximum

T–N,% 1.194±0.16
1.050–1.270

1.061±0.12
0.910–1.150

0.737±0.08
0.650÷0.800

0.678±0.07
0.600÷0.740

T–P,% 0.0925±0.01
0.086–0.097

0.0943±0.01
0.087–0.098

0.087±0.01
0.075–0.090

0.078±0.01
0.070–0.085

K, mg·kg-1 3289±0.014
3281–3293

2952±0.06
2932–2983

3463±0.167
3375–3542

2151±0.300
2106–2398

Mg, mg·kg-1 1492±0.017
1484–1506

1169±0.012
1166–1172

1703±0.016
1696–1712

1608±0.033
1591–1623

Ca, mg·kg-1 2025±0.09
1992–2080

2770±0.02
2681–2876

1734±0.097
1679–1774

2285±0.136
2206–2325

Zn, mg·kg-1 62.5±0.02
60.7–64.0

60.3±0.01
59.0–62.1

58.9±0.02
56.7–60.7

77.0±0.024
75.0–78.1

Cu, mg·kg-1 6.6±0.00
6.6–6.6

6.9±0.002
6.8–7.1

6.6±0.001
6.6–6.7

7.3±0.001
7.2–7.4

Mn, mg·kg-1 181.3±0.013
178.0–186.0

264.1±0.024
261.0–266.0

226.1±0.05
221.0–232.1

256.9±0.034
253.0–260.0

Fe, mg·kg-1 98.0±0.004
96.0–102.4

134.0±0.002
132.1–136.8

82.0±0.004
77.0–86.0

106.0±0.003
105.0–111.0
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zons, in which the main root’s mass was present, content 
of macro- and microelements was very poor (Table 3).

Needles’ abundance in examined components was 
precisely related with needles’ age (Table 4). In Scots 
pine the highest concentration of azote was stated in 
1-year-old needles on average by 11% higher than in 
2-year-old needles. In case of Black pine, the azote con-
tent was on average 0.737% in 1-year-old needles and 
0.678% in 2-year-old needles. Phosphorus content in Ps 
needles was included in the range of 0.086%–0.098% 
and in case of Pn 0.070%–0.0990%. These values are 
acknowledged by the Coordination Center for assimila-
tion apparatus cases, operating within ICP-Forest (For-
est Foliar Condition in Europe 1997), as insufficient. In 
Ps and Pn needles a lack of azote (<1.3%) and phos-
phorus (<0.1%) was stated, manifesting itself inter alia 
in limited plant growth (Starck 2006), as evidenced by 
small stand’s height, on average around 10 m (Table 
1). In case of Pn needles, the azote content was <1%, 
which – according to Gawliński (1991) – should be con-
sidered as a substantial shortage of this component. The 
lower than the national average abundance of Baltic Sea 
region pine stands in macroelements confirms the re-
search results presented by Małachowska et al. (2006).

In Ps needles, on average, higher content of K and 
Ca than in Pn needles was stated adequately by 11% and 
19%. Despite this, in none of examined needles the con-
tent of those components was on level allowing the defin-
ing of pine’s supply in these macroelements as optimal, 
according to Ostrowska and Porębska (2002): 0.54% K 
and 0.25% Ca. In case of potassium, the research indi-
cated extreme shortage of this element in needles both 
in Ps and Pn. Due to comparison standards given by Os-
trowska, Porębska (2002); and Malzahn (2002), the nee-
dles of examined pines turned out to be abundant enough 
in magnesium compounds, wherein the content of mag-
nesium was higher in Pn needles than in Ps needles.

The concentration of zinc maintained on level from 
59.0 to 64.0 to mg·kg-1 in Ps needles and from 56.7 to 78.1 
mg·kg-1 in Pn needles (Table 4) and was similar to the one 
in Ps needles in other Poland areas from 35 to 99 mg·kg-1 
in Stalowa Wola (Samecka-Cymerman et al. 2006).

In Ps and Pn needles among examined metals cop-
per was the least present. Its content maintained on an 
almost constant level through whole growing season 
(6.6–7.3 mg·kg-1, Table 4), which confirms the small 
mobility of this element in plants (Kabata-Pendias, Pen-
dias 1999). The small content of Cu in Ps and Pn nee-
dles is sufficient only to cover their physiological needs. 
In the area of the Świętokrzyski National Park, the con-

densation of Cu in needles of Scots pine was near and 
maintained on 3–9 mg·kg-1 (Migaszewski 1997).

Manganese content in Ps needles of SPN was 
178.0–226.0 mg·kg-1, and in case of Pn 221.0–260.0 
mg-kg-1 (Table 4). It was noted that 2-year-old needles 
contain higher amount of Mn than 1-year-old needles. 
Mn condensation in flora on areas outside the influ-
ence of direct pollution according to Malzahn (2009) 
is most frequently 340–1339 mg·kg-1, and according to 
Grodzińska (1980) 180–300 mg·kg-1.

Iron content in Scots pine’s and Black pine’s needles 
in 2005 growing season was varied. With the highest Fe 
content were needles of Ps, in which iron condensation 
maintained on level from 98.0 to 134.0 mg·kg-1.

Iron content in Ps needles in the SNP was slightly 
lower than the one stated by Samecka-Cymerman et al. 
(2006) in the Kampinoski National Park.

Microelements condensation in examined pines nee-
dles was relatively low, which is the effect of the small 
content of those metals in soil (Table 3) and relatively 
clean environment of the SNP (Grodzińska 1980). Pn 
needles were characterised by higher zinc, copper and 
manganese content than Ps needles. Two-year-old nee-
dles showed larger amounts of Ca, Mn, Cu and Fe than 
1-year-old needles, both in case of Ps and Pn, which 
finds a confirmation in Ostrowska et al. (2006).

The results if non-parametric U Mann–Whitney test 
showed statistically-significant differences (p<0.05) be-
tween Ps and Pn needles, both 1-year-old and 2-year-
old, in terms of phosphorus, potassium, magnesium, 
zinc and manganese content in 2005 growing season in 
Cladonio-Pinetum on the area of SNP.

Scots pine needles accumulated from 1100.0 to 1193.0 
mmolc·kg-1 of all analysed components, wherein the low-
est value of components accumulated were in 2-year-old 
Ps needles. Ionic composition of components sum in 
1-year-old and 2-year-old Ps needles was similar. Azote 
share was 68.5%–71.5%, phosphorus 2.5%–2.8%, potas-
sium 6.9%–7.1%, magnesium 10.4%–12.6%, calcium 
85%–8.7% and microelements jointly constituted 1.2%. 
Pn needles accumulated in comparison with Scots pine 
much smaller amount of analysed components (1-year-
old: 813.0 mmolc·kg-1; 2-year-old: 872.0 mmolc·kg-1). 
The ionic composition of components sum in 1-year-
old and 2-year-old Pn needles was similar. Azote share 
was 59.6%–60.4%, phosphorus 3.1%–3.2%, potassium 
6.8%–10.2%, calcium 9.9%–14.0%, magnesium 16.3%–
16.5% and microelements jointly constituted 1.7%–2.1% 
(Table 5). Large manganese and iron share in the sum of 
measured components showed their excessive absorption 
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from soil by examined stands, which facilitates strongly 
acid soil environment of dry coniferous forest (Table 
2). One-year-old needles of examined pines accumulat-
ed more azote, phosphorus, potassium and copper, and 
2-year-old needles more calcium, magnesium and man-
ganese. Similar results between the amount of measured 
components in Scots pine needles were shown by Os-
trowska et al. (2006).

N:P ratio in Ps needles was from 11.2 to 12.9, and in 
Pn needles from 8.5 to 8.7 depending on needles’ ages 
(Fig. 1). According to Güswell and Koerselman (2002), 
N:P ratio in flora on natural positions maintain most fre-
quently from 12 to 13, and according to Malzahn (2002), 
optimal trees supply in azote and phosphorus occurs 
with a ratio of 7:10. According to Zhiguo et al. (2007), 
maximum plant growth and maximum supply in bio-
gens occurs with N:P close to 9.5. According to Güswell 
et Koerselman (2002), during growing season, the ratio 
N:P may take values from 10 to 20, and according to 
Commission Advice Forest Fertilization (1990) a ratio 
of N:P >12 in pine needles means critical value, exceed-
ing which may cause a threat to the health condition of 
the forest. Earlier, Parzych’s research (2010) conducted 
in dry coniferous forests, fresh coniferous forests and 
moist coniferous forests of SPN indicated that N:P ratio 
in Scots pine needles maintains usually from 9.3 to 11.1 
depending on needles’ age and forest’s unit abundance.

Table 5. Average accumulation of elements* in needles of Pinus sylvestris and Pinus nigra

Elements
Pinus sylvestris L. Pinus nigra J.F. Arn.

1-year 2-year 1-year 2-year

Σ makro [mmolc· kg-1]: 1193.0 1100.0 872.0 813.0

% N 71.5 68.9 60.4 59.6

% P 2.5 2.8 3.2 3.1

% K 7.1 6.9 10.2 6.8

%Ca 8.5 8.8 9.9 14.0

%Mg 10.4 12.6 16.3 16.5

Σ mikro [mmolc· kg-1]: 14.0 19.0 15.0 17.7

%Zn 13.8 9.9 12.2 13.5

%Cu 1.5 1.3 1.5 1.3

%Mn 47.2 50.6 54.8 52.8

%Fe 37.5 38.2 29.5 32.4

* Expressed as a form of an amount of these components and their participation in the total.

Figure 1. Ratios between macroelements in needles of Pinus 
sylvestris and Pinus nigra
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Average K:Ca ratio in 1-year-old needles was 1.6 
(Ps) and 1.9 (Pn), and with 2-year-old needles 1.1 and 
0.9 respectively (Fig. 1). In none of examined needles 
samples did it exceed the threshold value (K:Ca = 2), 
meaning according to Commission Advice Forest Fer-
tilization (1990) a danger for forest’s health condition. 
Slightly smaller K:Ca values in Pines needles from 
Kampinos National Park were obtained by Staszewski 
et al. (2009): 0.8–1.3 in 1-year-old needles and 0.6 in 
2-year-old needles.

K:Mg ratio in Ps needles was in the range 2.2–2.5, 
wherein a higher value was in 2-year–old needles, and in 
Pn needles it was 1.3–2.0 and was higher in the case of 
1-year-old needles (Fig. 1). According to Burg (1990), 
optimal pines supply in potassium and magnesium oc-
curred with K:Mg ratio of 2.2–6.4. Results of needles 
studies obtained in the SNP indicate a lack of potassium 
compounds supply in Pn needles. Higher K:Mg ratio 
(3.45–6.02) in pines needles of Kampinos National Park 
were seen by Staszewski et al. (2009).

In examined needles, a calcium to magnesium ratio 
in 1-year-old needles was on average 1.4 (Ps) and 1.0 
(Pn) and was lower than in 2-year-old needles, in which 
it reached 1.4 and 2.4 accordingly. During growing sea-
son, the lower limit of optimal values of Ca:Mg ratio, 
amounting to 2.5 (Burg 1990), were not exceeded.

The small content of Zn, Cu, Mn and Fe in soil and 
needles of dry coniferous forest – Ps and Pn – results 
in an enrichment factor of small value (EF, Enrichment 
Factor; Fig. 2).

The smallest enrichment factor was noted in case of 
iron (EF<7.7). Those values indicate that among exam-
ined metals the highest accumulation was manganese, 
which also confirms manganese percentage share in the 
sum of mineral components (Table 5).

According to Kłos (2009), the value of EF fac-
tor indicates an alluvial pollution character or a soil as  
a source of metal origin. Strong soil acidification fa-
vours manganese ion release to soil solution and their 
absorption by flora. Received EF factors values should 
however be treated indicatively because they were es-
tablished on the basis of total metal concentrations in 
soil, wherein plants accumulate only bio-available 
forms of these elements.

4. Summary

Ps and Pn stand being a part of SPN Cladonio-
Pinetum unit overgrew embryonic loose soil produced 
from deep dune sands. This soil was characterised by 
strong acidification, both organic and mineral horizons. 
Moreover, it was poor in nutrients. The greatest amount 
of macro- and microelements was accumulated in or-
ganic sub-horizons (Ol and Ofh). In mineral horizons, in 
which main root mass occurs, the content of macro- and 
microelements was very low.

Scots pines needles were characterised by higher 
content of azote, phosphorus, potassium, calcium and 
iron than Black pines needles, and Pn needles showed 
higher content of magnesium, zinc, copper and manga-
nese than Ps needles. Two-year-old needles contained 
on average more Ca, Mn, Cu and Fe than 1-year-old 
needles, both in Ps and Pn. U Mann–Whitney test results 
showed statistically-significant differences (p<0.05) of 
P, K, Mg, Zn and Mn content both in 1-year-old needles 
and in 2-years-old needles of examined pines in Clado-
nio-Pinetum within the SNP.

Differences between examined Scots pines and 
Black pines needles were visible first of all in values of 
its accumulated components sum. In Pn needles much 

Figure 2. Enrichment factors EF calculated for the average 
concentrations of heavy metals in needles
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greater accumulation of P, K, Ca, Mg and Mn was seen 
than in Ps needles, which may indicate that Black pine 
has a much better biologically-breeding condition and 
a chance for longer life of this individual species in  
a situation of unfavourable soil and climatic conditions 
in Mierzeja Łebska (Łebska Spit). Values of enrichment 
factors indicate that the highest needle enrichment prop-
erties are those for manganese.

Acknowledgements
This research received no specific grant from any 

funding agency in the public, commercial or not-for-
profit sectors.

References
Aboal J. R., Fernandez J. A., Carballeira A. 2004. Oak leaves and 

pine needles as biomonitors of air borne trace elements pollu-
tion. Environmental and Experimental Botany, 51: 215–225.

Arsova A. 1999. Adaptality of Pinus nigra Arn. depending on soil 
pH. Bulgarian Journal of Plant Physiology, 25 (1–2): 16–25.

Burg J. Van den, 1990. Foliar analysis for determination of tree 
nutrient status – a compilation of literature data. 2. Literature 
1985–1989. “De Dorschkamp”, Wageningen, The Netherlands, 
Institute for Forestry and Urban Ecology, Rapport, 591.

Čeburnis D., Stennes E., 2000. Conifer needles as biomonitors of 
atmospheric heavy metal deposition: comparison with mosses 
and precipitation, role of the canopy. Atmosheric Environment, 
34: 4265–4271.

Commission Advice Forest Fertilization. 1990. Final Report Com-
mission Advice Forest fertilization. Report 1990–11. Ministry 
of Agriculture, Nature Conservation and Fishery. pp. 63

De Vries W., Heij G.J. 1991. Critical loads and critical levels for 
the environment effects of air pollutants. w: Acidification Re-
search in the Netherlands: Final Report of the Dutch priority 
programme on acidification (eds. G.J. Heij, T. Schneider). Am-
sterdam, Elsevier: 205–2014. ISBN 9780444888310

Dmuchowski W., Bytnerowicz A. 1995. Monitoring environmental 
pollution in Poland by chemical analyses of Scots pine (Pinus 
sylvestris L.) needles. Environmental Pollution, 87: 87–104.

Forest Foliar Condition in Europe. 1997. Forest Foliar Coordinating 
Centre in cooperating with the Australian Federal Forest Re-
search Centre, EC-UN/ECE-FBV A, Brussels, Geneva, Vienna.

Gawliński S. 1991. Wpływ nawożenia mineralnego na wegetację 
i chemizm sosny zwyczajnej, Prace habilitacyjne i doktorskie. 
Instytut Ochrony Środowiska, Warszawa.

Grodzińska K. 1980. Zanieczyszczenie polskich parków narodo-
wych metalami ciężkimi. Ochrona Przyrody, 43, 9–27.

Gruca-Królikowska S., Wacławek W. 2006. Metale w środowisku. 
Cz. II. Wpływ metali ciężkich na rośliny. Chemia – Dydaktyka 
– Ekologia – Metrologia, 11, 1–2: 41–56.

Güswell S., Koerselman W. 2002. Variation in nitrogen and phos-
phorus concentrations of wetland plants. Perspectives in Ecol-
ogy, Evolution and Systematics, 5: 37–61.

Lamppu J., Huttunen S. 2002. Relations between Scott pine needle 
element concentrations and decreased needle longevity along 
pollution gradients. Environmental Pollution, 122: 119–126.

Lehndorff E., Schwarz L. 2008. Accumulation histories of ma-
jor and trace elements on pine needles in the cologne conur-
bation as function of air quality. Atmospheric Environment, 
42: 833–845.

Kabata-Pendias A., Pendias H. 1999. Biogeochemia pierwiastków 
śladowych, Warszawa, PWN, ISBN. 83-01-11257-3.

Kluczyński B., Kreft A. 2003. Ilościowy oraz biologiczny stan sta-
rodrzewów sosnowych (Pinus sylvestris L.) w Słowińskim Par-
ku Narodowym. Parki Narodowe i Rezerwaty Przyrody. 22, 
2: 197–226.

Kłos A. 2009. Zastosowanie współczynnika wzbogacenia (EF) do 
interpretacji wyników badań biomonitoringowych. Chemia – 
Dydaktyka – Ekologia – Metrologia, 14, 1–2: 49–55.

Malzahn E. 2002. Igły sosny zwyczajnej jako bioindykator zagro-
żeń środowiska leśnego Puszczy Białowieskiej. Biuletyn Moni-
toringu Przyrody, 1 (3): 19–31.

Malzahn E. 2009. Biomonitoring środowiska leśnego Puszczy Bia-
łowieskiej [Bio-monitoring of the forest environment of the 
Białowieża Primeval Forest]. Ochrona Środowiska i Zasobów 
Naturalnych, 40: 439–447.

Małachowska J., Wawrzyniak J., Kluziński L., Hildebrand R., Plu-
cia M., Wójcik J. 2006. Monitoring lasów. Ocena stanu zdro-
wotnego lasów w latach 1991–2005 [Monitoring of forests. 
Evaluation of the health state of forests in 1995-2005]. Biblio-
teka Monitoringu Środowiska, Warszawa, Inspekcja Ochrony 
Środowiska. ISBN 8372172919.

Matuszkiewicz J. M. 2002. Zespoły leśne Polski. Warszawa, PWN. 
ISBN 83-01-13401-1.

Migaszewski Z. M. 1997. Skład chemiczny igieł sosny zwycza-Skład chemiczny igieł sosny zwycza-
jnej Pinus sylvestris L. w regionie świętokrzyskim [Chemistry 
of Scots pine (Pinus sylvestris L.) needles in the Holy Cross 
Mountains region (south-central Poland)]. Wiadomości Bota-
niczne, 42, (3/4): 79–91.

Migaszewski Z. M., Gałuszka A. 1997. Wykorzystanie sosny do ba-
dań bioindykacyjnych. Przegląd Geologiczny, 4: 403–407.

Molski B., Bytnerowicz A., Dmuchowski W. 1983. Analiza che-
miczna igieł sosny zwyczajnej jako metoda oceny zanieczysz-
czenia Środowiska w Polsce. In: J. Fabiszewski (ed.) Bioindy-
kacja skażeń przemysłowych i rolniczych. Warszawa, PAN: 
143–148.

Nagajyoti P. C., Lee K.D., Sreekanth T.V.M. 2010. Heavy metals, 
occurrence and toxicity for plants: a review. Environmental 
Chemistry Letters, 8: 199–216.

Operat Ochrony Ekosystemów Leśnych na lata 2002–2021. 2002. 
T. 9/1 Opis taksacyjny lasu – Obręb lądowy. Oddziały 1–63. 

pp
Rectangle

pp
Typewriter
 2



A. Parzych et Z. Sobisz / Forest Research Papers, 2013, Vol. 73 (4): 295–303. 303

Obwód Ochronny Smołdziński las. Jeleniogórskie Biuro Plano-
wania i Projektowania.

Ostrowska A. 1987. Application of ANE value and shares of indi-
vidual elements in this value for determining the difference be-
tween various plant species. In: Genetic aspects of plant mineral 
nutrition. 27–43, Dordrecht (Netherlands), Martinus Nijhoff 
Pub. (Plant and Soil). ISBN 90-2473494-0. p. 27–43.

Ostrowska A., Gawliński S., Szczubiałka Z. 1991. Metody analizy 
i oceny właściwości gleb i roślin. Katalog. Warszawa, Instytut 
Ochrony Środowiska.

Ostrowska A., Porębska G. 2002. Skład chemiczny roślin, jego in-
terpretacja i wykorzystanie w ochronie środowiska. Warszawa, 
Instytut Ochrony Środowiska. ISBN 83 85805-81-8.

Ostrowska A., Porębska G., Sienkiewicz J., Borzyszkowski J., Król 
H., Gawliński S. 2001. Właściwości gleb leśnych i metody ich 
oznaczania. Warszawa, Instytut Ochrony Środowiska.

Ostrowska A., Porębska G., Sienkiewicz J., Borzyszkowski J., 
Król H. 2006. Właściwości gleb i roślin w monitoringu śro-
dowiska leśnego. Warszawa, Instytut Ochrony Środowiska. 
ISBN83-60312-45-1.

Parzych A. 2010. Azot, fosfor i węgiel w roślinności leśnej Słowiń-
skiego Parku Narodowego w latach 2002–2005 [Nitrogen, pho-
sphorus and carbon in forest plants in the Slowinski National 
Park in 2002–2005]. Ochrona Środowiska i Zasobów Natural-
nych, 43, 45–64.

Pavlova E., Malinova L., Milushev I. 1991. An attempt to evalua-An attempt to evalua-
tion of the content of heavy metals in plantations of black pine 
trees (Pinus nigra Arn.). Forest Science (Bulgarian Academy of 
Science), 2, 51–54.

Piccardo M. T., Pala M., Bonaccurso B., Stella A., Redaelli A., Paola 
G., Valerio F. 2005. Pinus nigra and Pinuspinaster needles as 
passive samplers of polycyclic aromatic hydrocarbons. Envi-
ronmental Pollution, 133: 293–301.

Piotrowska H. 1997. Przyroda Słowińskiego Parku Narodowe-
go. Poznań–Gdańsk, Bogucki Wyd. Naukowe, p. 320. ISBN  
83-86001-47-X.

Prescott C. E., Corbin I. P., Parkinson D. 1992. Availability of ni-
trogen and phosphorus in the forest floor of Rocky Mountain 
coniferous forests. Canadian Journal of Forest Research, 
22: 593–600.

Pugnaire F. I., Chapin F.S.III 1993. Controls over nutrient resorp-
tion from leaves of evergreen mediterranean species. Ecology, 
74: 124–129.

Rautio P., Furst A., Stefan K., Raitio H., Bartels U. 2010. Sampling 
and analysis of needles and leaves. w: Manual and methods and 
criteria for harmonized sampling, assessment, monitoring and 
analysis of the effects to air pollution on forests. Hamburg, UN-
ECE ICP Forest Programme Co-ordinating Centre.

Roo-Zielińska E. 2004. Fitoindykacja jako narzędzie oceny 
środowiska fizycznogeograficznego: podstawy teoretyczne  
i analiza porównawcza stosowanych metod [Phytoindication as 

a tool in the evaluation of geographical environment : theoreti-
cal base and comparative analysis of the methods applied]. War-War-
szawa, Instytut Geografii i Przestrzennego Zagospodarowania 
PAN. ISBN83-87954-53-5.

Samecka-Cymerman A., Kosior G., Kempers A.J. 2006. Compari-Compari-
son of the moss Pleurozium schreberi with needles and bark 
of Pinus sylvestris as biomonitors of pollution by industry in 
Stalowa Wola (southeast Poland). Ecotoxicology and Environ-
mental Safety, 65: 108–117.

Sawidis T., Chettri M.K., Papaioannou A., Zacgariadis G., Stratis 
J. 2001. A study of metal distribution from lignite fuels using 
trees as biological monitors. Ecotoxicology and Environmental 
Safety, 48: 27–35.

Schachtman D.P., Reid R.J., Ayling S.M. 1998. Phosphorus Uptake 
by Plants: from Soil to Cell. Plant Physiology, 116: 447–453.

Schechtel A. 1984. Plan UrządzaniaGospodarstwa Leśnego na 
okres 1.I.1983 do 31.XII.1992. I. Część ogólna planu. BULiGL  
o/Szczecinek, Słowiński Park Narodowy.

Starck Z. 2006. Różnorodne funkcje węgla i azotu w roślinach 
[Multiple functions of carbon and nitro gen In plants]. Kosmos, 
55, 2–3 (271–272): 243–257.

Staszewski T., Kubisa P., Łukasik W., Uziębło A. 2009. Reakcja 
borów sosnowych na antropopresję w różnych typach siedlisk 
w Kampinoskim Parku Narodowym [Response of pine forests 
to anthropopression in different habitat types in Kampinoski 
National Park]. In: Andrzejewski A., Lubański A. (ed.). Trwa-
łość i efektywność ochrony przyrody w polskich parkach na-
rodowych. Izabelin, Kampinoski Park Narodowy. 289–298, 
ISBN978-83-7585-070-3.

Systematyka gleb Polski. 1989. Roczniki Gleboznawcze, 40 (3/4) 
1–62.

Świercz A. 2003. Zawartość pierwiastków metalicznych w gle-
bie, igliwiu i korze sosny po zmniejszeniu i emisji alkalicznej  
[Metallic elements’ content in soil, Needles and bark of pine tre-
es after the reduction of alcalic immission]. Regionalny Moni-
toring Przyrodniczy, 4: 107–113.

Świercz A. 2006. Suitability of pine bark to evaluate pollution caused 
by cement-lime dust. Journal of Forest Science, 52: 93–98.

Wang G.G., Klinka K. 1997. White spruce foliar nutrient concentra-
tions in relation to tree growth and soil nutrients amounts. For-
est Ecology Management, 98: 89–99.

Wilk M., Gworek B. 2009. Metale ciężkie w osadach ściekowych 
[Heavy metals in sewage sludge]. Ochrona Środowiska i Za-
sobów Naturalnych, 39: 40–59.

Yilmaz S., Zengin M. 2003. Monitoring environmental pollution in 
Erzurum by chemical analysis of Scott pine (Pinus sylvestris L.) 
needles. Environment International, 29: 1041–1047.

Zhiguo X., Baixing Y., He Y., Changchum S. 2007. Nutrient limi-
tation and wetland botanical diversity in northeast China: 
can fertilization influence on species richness? Soil Science, 
172 (1): 86–93.

Translated by: Anna Wyszyńska

pp
Rectangle

pp
Typewriter
 2




