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Abstract: The paper concerns nitrogen content in the needles of Scots pine (Pinus sylvestris L.) depending on

the concentration of this element in the soil and on the distance from the Nitrogen Plant “Pulawy” S.A., which

emits air nitrogen pollutions. The studies have shown a significant relationship between the concentrations of

nitrate and total nitrogen in the organs of assimilation of scots pine and ammonium and nitrate nitrogen

content in soil and the distance from the emission source – Nitrogen Plants “Pulawy”.
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Nitrogen Plants “Pulawy” are located inside a forest about 4 km away to the north

from the center city of Pulawy. In the first period of activity in the years 1966–1985

there has been intense environmental degradation and death of a lot of pine trees [1–4].

The main reason for such rapid disappearance of forests and expand the borders of

individual degradation zones was saturation of the atmosphere and soil with nitrogen

compounds [2, 5, 6]. The cause of secondary, but equally important was the poor

quality of the soil environment and the resulting nutritional pine trees [7–9].

In January 1990, Nitrogen Plants, “Pulawy” were located by the Minister of

Environmental Protection, Natural Resources and Forestry on the list of 80-plus

companies in the country – onerous environmental degradation. Ecological friendly

actions initiated in 1985 resulted in a significant reduction of pollutants emitted by

Nitrogen Plants, “Pulawy”, an average of about 65 %, while increasing production by

about 50 %.

DOI: 10.2428/ecea.2013.20(07)073 ECOL CHEM ENG A. 2013;20(7-8):799-805

1 Department of Agricultural and Environmental Chemistry, University of Life Sciences, ul. Akademicka

13, 20–950 Lublin, Poland, phone: +48 69 884 03 39, email: tadeusz.filipek@up.lublin.pl



The largest reduction was achieved with: ammonia 88 % and 85 % of the fertilizer

dust, ash particles 80 %, 62 % nitrogen oxides, sulfur dioxide and 27 % [1, 3, 4]. As a

result, there has been a significant reduction in emissions and the negative impact of the

factory on the environment.

The aim of this study was to assess the nitrogen content in the needles of Scots pine

(Pinus sylvestris L.) depending on the content of this component in the soil and on the

distance from the Nitrogen Plant “Pulawy”, which emits air pollution.

Methods

The study was conducted in the years 2007–2009, in an area located in the zone of

influence of the Nitrogen Plant “Pulawy” S.A. Material for the study was taken from

various distances from the source of pollution, the transect from the plant, according to

the main direction of migration of contaminated air in this area: Control – the

south-west (SW) at distance of 11.0 km and northeast (NE) at a distance of 160, 260,

400, 800, 1500, 1900, 2500 m from Nitrogen Plants. Soil and plant material (pine

needles) for investigations were collected at three different times: at the beginning of

the growing season – first decade of April, in the middle of growing season – first

decade of July and the end of the vegetation season – first decade of October.

In the soil were determined: total nitrogen by the Kjeldahl method and mineral

nitrogen – Nmin. (N-NH4
+ and N-NO3

–) extracted from soil with 1 % solution of K2SO4.

The concentration of mineral nitrogen in the extract was determined by the colorimetric

method: Ammonium N-NH4
+ with Nessler reagent and nitrate nitrogen N-NO3

– with

sodium salicylate.

Pine (Pinus sylvestris L.) was selected as an indicator plant to study due to needle

existing on the plants for 3–4 years and their actively involving in the uptake of the

pollutants from the atmosphere. In the laboratory of Regional Agricultural Chemical

Station in Lublin in pine needles were determined: total nitrogen by distillation

(KQ/PB-70) and N-NO3
– by flow colorimetric method. For the statistical evaluation of

results used analysis of variance with Tukey confidence intervals and coefficients of

linear correlation (Pearson). Correlation coefficients were calculated between the

contents of nitrogen in the soil and the plant. Calculations have been made with

program Statgraphics Centurion XV.

Results and discussion

Uptake of nitrogen by plant roots from the soil solution concerns mainly mineral

fractions of the element (N-NH4
+ and N-NO3

–) known as active forms present in the soil

solution, and to a lesser extent, organic-soluble fraction of nitrogen [5, 7, 10–12]. While

ammonium is adsorbed by soil colloids, nitrates are present only in the soil solution and

are more readily taken up by plants, but also easily leached into groundwater [13–15].

Average ammonium nitrogen content (Table 1) in the soil profile was significantly

differentiated depending on the distance from the emission source. The highest
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concentration of this form of nitrogen were stated in objects located close to Nitrogen

Plants “Pulawy” (160 m) and (260 m).

Table 1

The content of N-NH4
+ [mg � kg–1 d.m.] in the soil profile depending on the depth

of soil profile and the distance from source of emission

Distance

[m] (A)

Depth [cm] (B) Means

(A)0–5 5–20 20–40 40–60 60–80 80–100

Control 1.1 0.6 0.2 0.2 0.08 1.3 0.6

160 7.0 1.5 1.0 0.4 0.6 1.5 2.0

260 6.1 1.3 0.7 0.5 0.8 0.5 1.7

400 2.2 1.0 1.3 0.5 0.6 0.7 1.1

800 2.1 1.2 1.1 0.6 0.3 0.5 1.0

1500 4.0 1.0 0.7 0.8 0.3 0.8 1.3

1900 2.6 1.2 0.6 0.2 0.4 0.8 1.0

2500 1.8 0.9 0.3 0.6 1.4 0.1 0.9

Means (B) 3.4 1.1 0.8 0.5 0.6 0.8

LSD0.05 for: A = 0.4; B = 0.3; A × B = 0.9.

Ammonium nitrogen content in soil profiles decreased with increasing distance, and

the lowest average content was found in control. In the soil profile located close to the

emitter average ammonia nitrogen content for all layers was 3.4 times higher than in the

control and 2.3 times than the furthest point away from the factory.

The content of N-NO3
– in soils (Table 2) was characterized by high volatility and

was respectively higher than ammonium content. Mean values for the nitrogen in the

form of nitrate are varied in a broad range from 0.6 mg � kg–1 and 40.8 mg � kg–1.

Table 2

The content [mg � kg–1 d.m.] of N-NO3
– in the soil profile depending on the depth

of soil profile and distance from source of emission

Distance

[m]

Depth [cm] Means

(A)0–5 5–20 20–40 40–60 60–80 80–100

Control 3.4 1.0 0.9 0.6 1.4 1.3 1.4

160 26.8 13.9 13.2 8.9 8.1 2.3 12.2

260 40.8 17.2 13.0 5.4 6.7 7.1 15.1

400 9.2 1.6 3.5 1.1 2.3 2.7 3.4

800 19.0 4.5 3.2 3.1 1.4 1.6 5.5

1500 21.9 3.1 1.9 1.9 1.7 2.5 5.5

1900 24.3 5.0 3.8 2.7 3.0 3.2 7.0

2500 15.2 8.5 5.6 5.9 3.9 2.6 7.0

Means (B) 20.1 6.8 5.6 3.7 3.6 2.9

LSD0.05 for A = 2.4; B = 2.1; A × B = 5.9.
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The study showed significant differences between the concentration of nitrate

nitrogen, and the distance from the emission source. The highest content of N-NO3
– in

the soil was found in places closest to the source of emission (160 m and 260 m), and

the lowest in control. Also concentration of this form of nitrogen was higher in soil

located at the furthest from the emitter than in the control.

Compared to other research objects relatively low levels of nitrates in the soil was

found 400 m away from emitter (reclaimed sand dune), which must be combined with

favorable conditions for leaching of nitrates and mobile wind erosion associated with

terrain, which resulted in the loss of this component outside of the soil environment [3,

4, 16–18].

An important and very useful indicator of changes in the environment is the chemical

composition of assimilatory organs of plants, which are more sensitive to environmental

and atmospheric pollution in comparison with other components of the ecosystems

[5–7, 19, 20]. The availability of different forms of nitrogen in soil and nitrogen

metabolism play a key role in ionic balance of plants, which largely controls the uptake

and distribution of the cations in the plant [10, 11, 13, 14]. The chemical composition of

the plants is dependent on many factors, not only the content of different nutrients in the

environment, but also on the mutual balance between them [10, 11, 14–16].

Scots pine (Pinus sylvestris L.) has been selected as an indicator of response on air

pollution due to existing of the needles on the plants for 3–4 years and are actively

involved in the uptake of the pollutants from soils and the atmosphere [5, 6, 19, 20].

Studies have shown significant differences in the nitrogen content of pine needles

depending on the distance from the Nitrogen Plants “Pulawy” (Fig. 1). The content of

this element in the organs of assimilation of scots pine decreased with increasing

distance from emitter, excluding object of 400 m (reclaimed sand dune), which should

be associated with poorer habitat. In addition, the soil of the test area was characterized

by a lower content of nitrogen in the form of both ammonium and nitrate compared with

other objects in the soil. The accumulation of nitrogen in plants was dependent on the

concentration of mineral nitrogen in the soil. This confirms the positive correlation

coefficient, which in the surface layer of soil (0–5 cm) was significant only for the NH4
+

(R = 0.52), while in the deeper one (5–20 cm) for both forms of nitrogen: NH4
+
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Fig. 1. The average content of total nitrogen [g � kg–1 d.m.] in pine needles (y axis), depending on the

distance from the emitter (x axis)



(R = 0.40) and NO3
– (R = 0.26). Many authors [1, 7, 9, 21] indicates that the pine tree in

the wild in acidic forest soils is adapted for the use of ammonium ions. The uptake of

nitrogen by scots pine is also beneficially affected due to the content of the nitrates in

the soil and the balance between NH4
+ and NO3

– ions.

Pine trees located in the vicinity of the pollutants emitter characterized by a higher

content of nitrogen in the needles, compared with control plants. The highest average

content of total nitrogen in pine needles were found in the experimental area closest to

Nitrogen Plants “Pulawy” of 160 m (24.2 g � kg–1 d.m.), and the lowest at the farthest

distance from the emitter 2500 m (17.7 g � kg–1 d.m.). Comparative optimum content of

nitrogen in the pine needles usually ranges, from 12.0 to 18.0 g � kg–1 d.m. [1, 8, 13].

Taking these values as a reference points it must be noted that the content of total

nitrogen in the needles of trees from the area of impact of the Nitrogen Plant was higher

than optimal [7] and varied in a particular objects from 24.2 to 17.7 g � kg–1 d.m.

Only research material from an object far away from the emission source was located

in the upper limit of the optimum. Needles of control object corresponded to the optimal

content for both ranges and average nitrogen content in the bioindicator research plant

material was 15.6 g � kg–1 d.m. The nitrogen content in the pine needles in almost all

objects in area of nitrogen fertilizers manufactory impact exceeded plant physiological

maximum (18.0 g � kg–1 d.m.) and could be treated as evidence of negative impact of air

pollution on trees.

Statistical analysis revealed significant differences of the nitrogen content in needles

depending on the time vegetation season and material download years in the study

(Fig. 2). The highest concentrations of this element in the organs of pine assimilation

were stated in 2008 year, and the lowest in 2009. High nitrogen accumulation in plant

tissues probably was related to the high amounts of rainfall this year and good soil

moisture was beneficial for N uptake by plants. In the spring there were significant

differences between the content of the element in all years, while in summer and

autumn only between the years 2007 and 2008, and the year 2009. According to

Parzych [21], small differences in the content of nitrogen and phosphorus in pine

needles in the seasons between the years due to the variable availability of nutrients and
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water in the soil. The decrease of uptake both cations and anions by plants may also be

affected the temperature drop. In general, the maximum concentration of nitrogen in the

needles were in April (19.8–25.8 g � kg–1 d.m.), and the minimum in July (17.0–19.9

g � kg–1 d.m.). Low nitrogen content in the needles in July was probably associated with

fast growth of biomass weight, and so-called “Dilution effect” and a small water

capacity of the soils and drying effect in the summer. The content of N in the needles

increased again in October can be associated with the extension of the growing season.

The nitrate content of pine needles (Table 3) showed significant differences

depending on the distance from the Nitrogen Plant “Pulawy” and timing of sampling for

analysis. The content of nitrate in assimilation organs of trees decreased with increasing

distance from the emission source. In April the content of N-NO3
– was significantly

higher in needles of pine located closest to Nitrogen Plant, than in the control and plants

from further away. In all the research objects the highest concentration of nitrates in

pine needles was recorded in early stages, in the 1st decade of April. During the growing

season – 1st decade of July and the end of the vegetation time in October nitrate

concentration in pine needles decreased. Nitrate content in the organs of assimilation

largely depends on the precipitation, which can wash out the NO3
– anions from plant

tissue [21].

Table 3

The content of nitrate [mg � kg–1 d.m.] in the pine needles, depending on the distance

from the Nitrogen Plant “Pulawy” and time

Time (A)
Distance [m] (B) Means

(A)Control 160 260 400 800 1500 1900 2500

IV 27.7 157.3 182.1 58.8 36.0 35.9 36.2 15.6 68.7

VII 5.5 133.7 29.6 24.9 14.2 11.5 10.6 4.7 29.3

X 4.8 114.9 14.6 6.4 12.6 14.5 18.8 23.0 26.8

Means (B) 12.7 135.3 75.4 30.0 20.9 20.6 21.9 14.4

LSD0.05: A – 12.4; B – 20.5; A × B – 48.1.

The high content of nitrates in the pine organs of assimilation from the places nearest

to the source of emissions, is likely to be related to deposition of nitrogen impurities on

needles surface and the possibility of NO3
– intake through the stomata or outside

stomata [1, 5, 20].

Conclusions

The study of the nitrogen content in the needles of Scots pine (Pinus sylvestris L.)

depending on the content of this component in the soil and the distance from the

Nitrogen Plant “Pulawy”, which emits air pollution containing nitrogen compounds

allowed to draw the following conclusions:

1. Average content of ammonium and nitrate nitrogen in the soil profile were

significantly differentiated depending on the distance from the emission source. The
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highest concentration of this forms of nitrogen were stated in objects located close to

Nitrogen Plants “Pulawy”.

2. Scots pine (Pinus sylvestris L.) has been given as a bioindicator of response on air

pollution due to existing of the needles on the plants for 3–4 years and are actively

involved in the uptake of the pollutants from soils and the atmosphere.

3. The concentrations of nitrate and total nitrogen in the organs of assimilation of

scots pine decreased with increasing distance from emitter of gaseous and particulate

pollutants.
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AKUMULACJA AZOTU W IG£ACH SOSNY ZWYCZAJNEJ (Pinus sylvestris L.)

W POBLI¯U ZAK£ADÓW AZOTOWYCH „PU£AWY”

Katedra Chemii Rolnej i Œrodowiskowej

Uniwersytet Przyrodniczy w Lublinie

Abstrakt: Praca dotyczy zawartoœci azotu w szpilkach sosny (Pinus sylvestris L.) w zale¿noœci od zawartoœci tego

sk³adnika w glebie i odleg³oœci od Zak³adów Azotowych „Pu³awy”, które emituj¹ do atmosfery gazowe i py³owe

zanieczyszczenia azotowe. Badania wykaza³y istotne zale¿noœci pomiêdzy zawartoœci¹ azotu azotanowego(V)

i ogólnego w organach asymilacyjnych sosny oraz zawartoœci¹ azotu amonowego i azotanowego w glebie

i odleg³oœci¹ od Ÿród³a emisji z Zak³adów Azotowych „Pu³awy”.

S³owa kluczowe: ig³y sosny, akumulacja azotu, emisje zak³adów azotowych

Nitrogen Accumulation in Scots Pine (Pinus sylvestris L.) Needles... 805






