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tance between the sites and the factory, and char-
acteristics of the needles. No correlation was
found between free or total arginine content and
defoliation or retention of the needles. In conclu-
sion, it was revealed that elevated mean monthly
concentration of ammonia (26 µg m–3) near the
nitrogen fertilizer factory caused changes in ni-
trogen metabolism, especially increasing (nearly
eight times) concentration of free arginine in the
needles of Scots pine.
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The aim of the research was to evaluate the con-
tent of amino acids in the needles of Pinus
sylvestris growing in the area affected by a nitro-
gen fertilizer factory and to compare them with
other parameters of needles, trees, and sites.
Three young-age stands of Scots pine were se-
lected at a distance of 0.5 km, 5 km, and 17 km
from the factory. Examination of the current-year
needles in winter of the year 2000 revealed sig-
nificant (p < 0.05) differences between the site at
a 0.5-km distance from the factory and the site at
a 17-km distance from the factory — with the site
closest to the factory showing the highest con-
centrations of protein (119%), total arginine
(166%), total other amino acids (depending on
amino acid, the effect ranged between 119 and
149%), free arginine (771%), other free amino ac-
ids (glutamic acid, threonine, serine, lysine —
depending on amino acid, the effect ranged be-
tween 162 and 234%), also the longest needles,
widest diameter, largest surface area, and heavi-
est dry weight (respectively, 133, 110, 136, and
169%). The gradient of nitrogen concentration in
the needles was assessed on the selected plots
over the period of 1995–2000, with the highest
concentration (depending on year, 119 to 153%)
documented in the site located 0.5 km from the
factory. Significant correlations were determined
between the total amino acid contents (r = 0.448 –
0.939, p < 0.05), some free amino acid (arginine,
aspartic acid, glutamic acid, lysine, threonine, and
serine) contents (r = 0.418 – 0.975, p < 0.05), and
air pollutant concentration at the sites, the dis-
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TABLE 1
Characteristics (Mean Values) of

Sampled Trees and Sites Near the Factory[27]

Parameters 1 Site (0.5 km) 2 Site (5 km) 3 Site (17 km)

NH3, µg m–3 14.8 6.6 4.0

NO2, µg m–3 6.1 4.2 3.4

Age of trees, year 24 30 27

Height of trees, m 11.5 10.4 12.0

Diameter of tree, cm 20.5 19.3 17.0

Defoliation, % 11.0 22.5 12.5

Needle retention, year 2.8 2.1 3.2
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TABLE 2
Amount of Proteins and Lipids (mg g–1 d.w.) in

Current-Year Needles of P. sylvestris Growing in the
Area Affected by the Nitrogen Fertilizer Factory (December 2000)

1 Site (0.5 km) 2 Site (5 km) 3 Site (17 km)
Significant

Compound M SD M SD M SD Differencesa

Proteins 98 3 94 2 84 2 1,2–3

Lipids 107 2  117 3 105 3 n.s.

Note: M = mean; SD = standard deviation.
a Significant differences between sites (p < 0.05); 1 = 1 site; 2 = 2 site; 3 = 3 site;

n.s. = insignificant difference.
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TABLE 3
Content of Total Amino Acids (µmol g–1 d.w.) in

Current-Year Needles of P. sylvestris Growing in the
Area Affected by the Nitrogen Fertilizer Factory (December 2000)

1 Site (0.5 km) 2 Site (5 km) 3 Site (17 km)
Amino Significant
Acid M SD M SD M SD  Differencesa

ALA 59.4 3.3 56.7 1.5 45.7 3.4 1,2–3; 1–2

ARG 31.6 2.2 26.1 1.4 19.0 2.9 1,2–3; 1–2

ASP 81.1 7.6 70.8 7.8 54.4 2.5 1,2–3; 1–2

GLN 85.2 5.6 79.5 4.4 64.5 3.0 1,2–3; 1–2

GLY 78.7 6.4 71.6 4.7 58.0 2.9 1,2–3; 1–2

HIS 21.3 0.9 19.8 5.1 15.5 1.6 1,2–3; 1–2

ILE 21.9 1.2 20.5 7.4 18.1 4.1 1,2–3; 1–2

LEU 55.0 2.6 51.8 1.3 43.8 1.0 1,2–3; 1–2

LYS 27.0 1.4 26.2 1.2 19.4 2.4 1,2–3

MET 7.6 1.0 6.7 1.0 5.9 0.1 1–3

PHE 33.7 1.3 30.8 4.1 25.4 1.1 1,2–3; 1–2

PRO 35.9 3.5 35.5 5.0 30.1 5.4 n.s.

SER 40.5 2.3 38.1 1.4 31.8 1.2 1,2–3; 1–2

THR 35.1 1.7 32.2 1.7 26.1 2.6 1,2–3; 1–2

TYR 18.6 0.9 17.5 5.4 14.0 1.2 1,2–3; 1–2

VAL 35.9 2.4 33.7 1.1 28.1 1.8 1,2–3; 1–2

Note: M = mean; SD = standard deviation.
Abbreviations of amino acids: ALA = alanine, ARG = arginine, ASP = aspartic acid, GLU =
glutamic acid, GLY = glycine, HIS = histidine, ILE = isoleucine, LEU = leucine, LYS = lysine,
MET = methionine, PHE = phenylalanine, PRO = proline, SER = serine, THR = threonine,
TYR = tyrosine, VAL = valine.

a Significant differences between sites (p < 0.05); 1 = 1 site; 2 = 2 site; 3 = 3 site.
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TABLE 4
Content of Free Amino Acids (µmol g–1 d.w.) in Current-Year Needles of P. sylvestris

Growing in the Area Affected by the Nitrogen Fertilizer Factory (December 2000)

1 Site (0.5 km) 2 Site (5 km) 3 Site (17 km)
Significant

Amino acid M SD M SD M SD Differencesa

ALA 1.02 0.18 1.00 0.14 0.88 0.15 n.s.

ARG 3.61 0.46 1.31 0.06 0.47 0.02 1–2,3

ASP 3.33 0.17 3.03 0.29 3.15 0.13 n.s.

GLN 3.01 0.21 2.74 0.18 1.95 0.13 1–2, 3

GLY 0.17 0.02 0.14 0.43 0.14 0.07 n.s.

HIS 0.82 0.09 0.78 0.17 0.79 0.05 n.s.

ILE 0.16 0.04 0.14 0.02 0.14 0.21 n.s.

LEU 0.14 0.02 0.12 0.02 0.12 0.15 n.s.

LYS 0.46 0.02 0.21 0.04 0.20 0.03 1–2, 3

PHE 1.12 0.17 1.16 0.21 1.08 0.15 n.s.

PRO 1.65 0.25 1.42 0.33 1.40 0.50 n.s.

SER 1.04 0.29 0.59 0.14 0.45 0.06 1–2, 3

THR 0.89 0.25 0.51 0.12 0.38 0.05 1–2, 3

TYR 0.71 0.01 0.76 0.01 0.76 0.10 n.s.

VAL 0.59 0.05 0.65 0.10 0.59 0.03 n.s.

Note: M = mean; SD = standard deviation.
Abbreviations of amino acids: ALA = alanine, ARG = arginine, ASP = aspartic acid, GLU = glutamic
acid, GLY = glycine, HIS = histidine, ILE = isoleucine, LEU = leucine, LYS = lysine, MET = methion-
ine, PHE = phenylalanine, PRO = proline, SER = serine, THR = threonine, TYR = tyrosine, VAL =
valine.

a Significant differences between sites (p < 0.05); 1 = 1 site; 2 = 2 site; 3 = 3 site; n.s. = insignificant
difference.

TABLE 5
Concentration of Nitrogen (mg g–1 d.w.) in Current-Year Needles

of P. sylvestris Growing in the Area Affected by the Nitrogen Fertilizer Factory

1 Site (0.5 km) 2 Site (5 km) 3 Site (17 km)
Time of Significant
Sampling M SD M SD M SD Differencesa

September, 1995 20.3 1.7 16.4 1.0 17.0 1.2 1–2,3

September, 1996 18.1 2.1 13.2 2.3 11.8 1.0 1–2,3

September, 1997 17.7 1.4 13.9 1.1 13.7 1.7 1–2,3

September, 1998 20.1 2.0 15.6 1.7 15.1 2.1 1–2,3

December, 2000 20.7 4.2 18.7 3.4 16.6 7.0 1–2,3

Note: M = mean; SD = standard deviation.

a Significant differences between sites (p < 0.05); 1 = 1 site; 2 = 2 site; 3 = 3 site.
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TABLE 7

Correlation Coefficients between Site, Tree,
Needle Characteristics and Content of Free Amino

Acids in Current-Year Needles of P. sylvestris Growing
in the Area Affected by the Nitrogen Fertilizer Factory

ARG ASP GLU LYS SER THR

Distance of site 0.865** n.s. 0.941** 0.687** 0.721** 0.730**

NH3 0.975** 0.451* 0.742** 0.868** 0.799** 0.811**

NO2 0.963** n.s. 0.856** 0.827** 0.799** 0.810**

Defoliation n.s. –0.459* n.s. –0.494* n.s. n.s.

Retention of needles n.s. n.s. n.s. n.s. n.s. n.s.

Length of needles 0.974** 0.418* 0.801** 0.854** 0.805** 0.815**

Diameter of needles 0.581** n.s. 0.885** n.s. 0.487* 0.494*

Area of needles 0.973** 0.412* 0.811** 0.850** 0.805** 0.815**

Weight of needles 0.937** n.s. 0.901** 0.784** 0.789** 0.790**

SLA –0.737** n.s. –0.936** –0.538** –0.616** –0.622**

Proteins 0.836** n.s. 0.945** 0.652** 0.688** 0.706**

N (2000 year) 0.923** n.s. 0.915** 0.763** –0.770** 0.778**

Note: n.s.= insignificant correlations; significance of correlation: * p < 0.05; ** p < 0.01.
Abbreviations of amino acids: ARG = arginine, ASP = aspartic acid, GLU = glutamic acid,
LYS = lysine, SER = serine, THR = threonine.

TABLE 6
Morphological and Gravimetric Parameters of Current-Year Needles of

P. sylvestris Growing in the Area Affected by the Nitrogen Fertilizer Fac-
tory (December 2000)

1 Site (0.5 km) 2 Site (5 km) 3 Site (17 km)
Parameters Significant
of the Needles M SD M SD M SD Differencesa

Diameter (mm) 0.75 0.01 0.76 0.02 0.68 0.04 1,2–3

Length (mm) 80 1 65 4 59.7 6.0 1–3

Area (mm2) 323 5 260 18 227 26 1–3

d.w./f.w. (%) 38.9 0.3 40.0 0.2 28.2 0.6 2–1,3

Dry weight (g) 3.15 0.20 2.47 0.29 1.86 0.42 1–3

SLA (mm2 g–1) 102.7 5 105.6 5.2 129.5 12 1,2–3

Note: M = mean; SD = standard deviation.

a Significant differences between sites (p < 0.05); 1 = 1 site; 2 = 2 site; 3 = 3 site.
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