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Abstract
Anthropogenic stress has affected forest trees for decades and will continue to do so in the foreseeable future. The
Scots pine tree condition was evaluated and tree height was measured at age twelve in provenance field trial established
on two sites under strong and weak pollution levels in Kola Peninsula, NW Russia. The seedlings of three Finnish origins
(Muonio, Ylitornio and Suomussalmi) were used for establishment of the trial. Based on needle, bud and stem observations,
the evaluation of the condition was performed. Surprisingly the condition was better and trees were slightly taller on the
strongly than weakly polluted site with significant differences among some provenances from northern Finland. The
trees had a significantly higher condition (p<0.05) in the northernmost provenance (Muonio) than in the more southern
ones (Ylitornio and Suomussalmi) under weak pollution. On the strongly polluted site, the differences between provenances
were insignificant. Thus the dead forest area around Monchegorsk is most successfully reforested, when using artificial
reforestation with local or more northern Scots pine seed sources.
Key words tree condition, height, sulphur dioxide, heavy metals, Pinus sylvestris

Introduction
Anthropogenic stress has affected forest trees for
decades and will continue to do so in the foreseeable
future. The Severonickel smelter complex in Monchegorsk, Kola Peninsula, NW Russia, is the largest pollution source in Europe, causing forest decline over
an area of 400 (Mikkola 1996) to 1000 km2 (Rigina and
Kozlov 2000). In recent years, however, sulphur dioxide and heavy metal emissions from the smelter have
dramatically reduced (Figs. 1 and 2), allowing forest
to start regenerating again. The area is, however, located close to the northern conifer tree line, where
good seed years are very rare. Under these conditions,
full or almost full seed maturation of the dominant
species, Scots pine (Pinus sylvestris L.), occur only a
few times in a century (Henttonen et al. 1986). Thus
forest regeneration would benefit from artificial sowing or planting. After artificial regenerations, large
among and within-population variation in height
growth and field survival have been found in northern Scandinavian Scots pine populations with numerous studies indicating dangers when using non-adapted provenances (Persson and Ståhl 1990, Persson
1994). For example, a southward transfer of seeds in
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northern Sweden is recommended to receive a satisfied survival and growth of Scots pine (Eriksson et al.
1980). As there are no recommendations for the best
provenance to be used for regenerating this industrial desert, field trials with provenances should be carried out under different pollution levels. The aim of
this study was to investigate the condition and growth
of Scots pine provenances at contrasting pollution
levels.

Material and methods
Field experiment and measurements
A field trial with one-year-old seedlings of three
Finnish Scots pine provenances was established at
two sites in Kola Peninsula, NW Russia in early summer of 1992. The sites represented weakly and strongly
polluted areas (Fig. 3, Table 1 and 2). The relief, climate and nutritional soil status were similar on both
sites. In 1991, 2025 subsamples were taken from the
upper soil layer (about 5 cm depth) on each site (diagonally). Mixed site samples were prepared to analyze the concentrations of heavy metals. Colorimetric
methods were used to determine Ni and Cu concentrations in the litter; Ni after complexation with dimethISSN 1392-1355
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Figure 1. Annual SO2 emissions in the atmosphere from the
Severonikel smelter complex in Monchegorsk, NW Russia
(thousands of tons). The official data of the Severonickel
smelter complex

Figure 3. Location of the provenances of Pinus sylvestris
(), experimental sites (p  weak pollution level, ¢  strong
pollution level) and emission source (Ç )
Table 1. Characteristics of the experimental sites
Pollution
level

Strong
Weak

Distance
from source
of emissions,
km
15
40

Mean
atmospheric
SO2
concentration,
mg/m3 year
15.0
2.0

Heavy metals
in forest litter,
g/kg
of dry weight
Ni
Cu
1.41
0.11

0.98
0.057

Table 2. Basic information on the provenances of Pinus sylvestris

Figure 2. Annual emissions of nickel and copper in the atmosphere by Severonikel smelter complex in Monchegorsk,
NW Russia (thousands of tons). The official data of the
Severonickel smelter complex

ylglyoxime, and Cu by reaction with lead diethyl carbamate after extraction with chloroform (Barcan et al.
1993). Passive lead dioxide absorbers were used to
measure atmospheric concentrations of sulphur dioxide in 19901992 (Barcan 1992).
On both sites a randomized block design with five
replicates of each provenance was employed. The size
of each experimental plot was 20×10 m with a spacing
of 2×2 m (about 50 seedlings per plot). The initial aim
of this experiment was to study the susceptibility of
2007, Vol. 13, No. 2 (25)
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Provenance

Latitude
N

Longitude
E

Altitude
m asl
d.d*

Muonio
Ylitornio
Suomussalmi

67 o 50’
66 o 30’
65 o 15’

23 o 50’
24 o 30’
29 o 00’

250
120
230

723
912
864

*The effective temperature sum (threshold +5o C) based on values
from Ojansuu, R. and Henttonen, H. (1983)

Scots pine provenances to pine-shoot disease caused
by Gremmeniella abietina (Lagerb.) Morelet after artificial inoculations. The inoculated seedlings in two
plots of each provenance were destroyed in 1995, but
the uninoculated seedlings in the three control plots
of each provenance were left in the field to grow (Kaitera et al. 2001). The height and condition of the trees
were estimated after 12 growing seasons in 2004. The
tree condition was estimated using slightly modified
Huttunens (1978) classification: 0  healthy tree, at
least three year s needle sets intact in the shoots,
buds healthy, stem straight and grows vigorously; 1
 slightly damaged, good condition, only some neeISSN 1392-1355

BALTIC FORESTRY
A. FEDORKOV ET AL.

CONDITION AND GROWTH OF SCOTS PINE SEEDLINGS /.../

dle damage, terminal and other buds healthy, main
stem straight; 2  seriously damaged tree, in poor
condition, over 30% of the needles damaged, terminal
bud damaged, bent or dead retarded height growth; 3
 dead tree. The height was analysed for trees that
were in good condition at the time of assessment.

Statistical analysis
Prior to the statistical analyses the scores for tree
condition were linearized by transformation to normal
score (NSC) values according to Gianola and Norton
(1981) in order to adjust for non-adequate or variable
spacing of classes and to improve the efficiency of
subsequent analyses. The scores were thus first transformed to ranks, which were further transformed to the
expected values of the order statistics of the normal
distribution, expressed in standard deviation (SD)
units (Ericsson and Danell 1995).
The statistical significance of the effects of pollution level and provenance on tree condition and
height was studied using analysis of variance. The
general linear model (GLM) procedure was defined as
yijk = m + Li + Pj + (LP) ijk + e ijk
where
y ijk = the condition / height for individual trees
on the jth site of the ith provenance
m = overall mean
L i = the effect of site (pollution level), j = 1, 2
P j = the effect of the provenance, i = 1, 2, 3
(LP) ijk = the effect of the interaction between site
and provenance
e ijk = the experimental error
The differences between the provenances (northernmost vs. more southern ones) were analyzed by the
Scheffes test. The analysis was performed using the

ANOVA and post hoc comparisons procedure of the
SAS statistical package (SAS/STAT Users Guide 1999).

Results
Pollution level, provenance and their interaction
had a significant (p<0.05) effect on tree condition (expressed in NSC) and tree height (Table 3). Surprisingly NSC was lower and trees were slightly taller on the
strongly than weakly polluted site with significant
differences among some provenances (Table 4). The
trees had a significantly higher NSC (p<0.05) in the
northernmost provenance (Muonio) than in the more
southern ones (Ylitornio and Suomussalmi) under weak
pollution. On the strongly polluted site, the differences
between provenances were small and insignificant
(Table 4). On the weakly polluted site, pines of the
northernmost provenance were taller than those of the
southern ones, but the difference was significant
(p<0.05) only in the case of Ylitornio provenance. On
the strongly polluted site, the mean heights of the trees
did not differ significantly between the provenances
(Table 4).
Table 3. The effect of pollution level and provenance on the
condition and height of Pinus sylvestris trees after 12 years
in the field
Source

df.* MS**

F – value p – value

Transformed tree condition
Pollution level
1
Provenance
2
Pollution level×Provenance 2

236.39
19.72
15.47

21.21
24.71
19.39

0.000
0.000
0.000

Tree height
Pollution level
1
Provenance
2
Pollution level×Provenance 2

1.21
1.41
1.22

4.93
5.29
4.57

0.028
0.006
0.011

* - degrees of freedom; ** - mean sum of squares

Table 4. The tree condition expressed in NSC (normal score class) and tree height (in meters) of the provenances of Pinus
sylvestris saplings with pvalues after 12 years in the field in Monchegorsk, NW Russia
Tree condition (NSC)
Provenance

Number
of trees

Mean

SD*

Muonio
Ylitornio
Suomussalmi

150
139
150

2.88
3.61
3.53

Muonio
Ylitornio
Suomussalmi

159
156
160

2.20
2.23
2.21

Tree height
Number
of trees

Mean

SD*

p–value

Weak pollution level
2.30
–
2.09 0.017
2.08 0.033

79
43
48

1.39
1.09
1.24

0.47
0.50
0.44

–
0.006
0.251

Strong pollution level
1.95
–
2.02 0.988
1.94 0.998

124
115
124

1.41
1.42
1.30

0.51
0.51
0.53

–
0.996
0.217

p–value

* - standart deviation
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Discussion and conclusions
The studied sites differed dramatically in their
pollution loads (Table 1), thus, offering a good possibility to investigate Scots pine survival and growth
at contrasting pollution levels. It also let us speculate about the possibilities for using Scots pine in
artificial reforestation in forest decline area in Kola
Peninsula. We assessed the experimental status at age
twelve years, when the saplings had already reached
the snow level. At this age and onwards, the mortality rate of the saplings remains already rather stable
(Eiche 1966, Mäkitalo 1999).
It is known that acid pollutants and heavy metals are toxic to G. abietina in vitro and in vivo (Ranta et al. 1994, Kaitera et al. 1995, Vuorinen and Uotila
1997). According to the inventory carried out in this
trial in 1995, G. abietina had caused natural infection
in 20% of the seedlings at weak pollution level, while
the corresponding infection was totally lacking on the
strongly polluted site and general survivals were 86%
and 67% on the strongly and weakly polluted sites,
respectively (Kaitera et al. 2001). The mortality in Scots
pine regenerations in harsher areas is seldom caused
by a single event, but instead the resulting damage
usually develops over several years (Eiche 1966). Evidently the mortality rates in this trial for local pine
provenances were higher in a weakly polluted site
compared to strongly polluted one and the corresponding values of survival were 84% and 47% in 1998 (Fedorkov 1999), which corresponds well with the rates
observed for the Finnish provenances in this study.
Therefore, the differences in tree condition between the sites may firstly be explained by the number
of natural infections of G. abietina. Secondly, the
surface vegetation is poorly developed in the strongly polluted site, reducing competition between Scots
pine seedlings and the vegetation for several years
after planting, and thus, improving the growth conditions for the seedlings. Thirdly, the temperature regime
is more favourable in the strongly polluted area because the metallurgical dust on the snow cover promotes snow melting in spring, and both soil and air
temperature are higher in polluted than non-polluted
area (Kruychkov and Makarova 1989). Increased temperature relates also to better nutrient availability,
resulting in faster growth.
The positive correlation between the latitude of
origin of P. sylvestris and resistance to G. abietina is
well documented (Dietrichson 1968, Björkman 1972,
Uotila 1985). Further, in Scots pine the general trend
exists that slow growing northern provenances are less
sensitive than southern provenances to SO2 pollution
(Huttunen 1978, Oleksyn 1987, 1988; Oleksyn et al.
2007, Vol. 13, No. 2 (25)
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1994). Presumably traits such as xeromorphy or thickness of epidermis of Scots pine needles confer tolerance under gaseous pollution (Huttunen 1978, Fedorkov 2002). This is consistent with the results of this
study about better condition of the northernmost provenance on the weakly polluted site. It is concluded that
dead forest area around Monchegorsk is most successfully reforested, when using artificial reforestation with
local or more northern Scots pine seed sources.
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ÑÎÑÒÎßÍÈÅ È ÐÎÑÒ ÊÓËÜÒÓÐ ÑÎÑÍÛ ÎÁÛÊÍÎÂÅÍÍÎÉ ÏÐÈ ÑÈËÜÍÎÌ È
ÑËÀÁÎÌ ÇÀÃÐßÇÍÅÍÈÈ ÍÀ ÊÎËÜÑÊÎÌ ÏÎËÓÎÑÒÐÎÂÅ

À. Ôåäîðêîâ, Þ. Êàéòåðà è Ð. ßëêàíåí
Ðåçþìå

Â ãåîãðàôè÷åñêèõ êóëüòóðàõ ñîñíû, çàëîæåííûõ â óñëîâèÿõ ñèëüíîãî è ñëàáîãî çàãðÿçíåíèÿ íà Êîëüñêîì
ïîëóîñòðîâå (ñåâåðîçàïàäíàÿ Ðîññèÿ) áûëè îïðåäåëåíû ñîñòîÿíèå è âûñîòà äåðåâüåâ â âîçðàñòå 12 ëåò. Äëÿ ñîçäàíèÿ
êóëüòóð áûëè èñïîëüçîâàíû ñåÿíöû òðåõ ôèíñêèõ ïðîèñõîæäåíèé (Ìóîíèî, Èëèòîðíèî è Ñóîìèññàëìè).
Óäèâèòåëüíî, íî ñîñòîÿíèå äåðåâüåâ áûëî ëó÷øå, è èõ âûñîòà íåìíîãî áîëüøå íà ó÷àñòêå ñ ñèëüíûì çàãðÿçíåíèåì ïî
ñðàâíåíèþ ñî ñëàáîçàãðÿçíåííûì ó÷àñòêîì. Ýòî ñâÿçàíî ñ èíãèáèðóþùèì äåéñòâèåì çàãðÿçíåíèÿ íà ðàçâèòèå
ãðèáíûõ áîëåçíåé ñîñíû. Ðàçëè÷èÿ ìåæäó ïðîèñõîæäåíèÿìè áûëè òàêæå ñóùåñòâåííû. Ïðè ñëàáîì çàãðÿçíåíèè
äåðåâüÿ ñàìîãî ñåâåðíîãî ïðîèñõîæäåíèÿ (Ìóîíèî) èìåëè ñóùåñòâåííî (p<0.05) ëó÷øåå ñîñòîÿíèå, ÷åì áîëåå þæíûå
(Èëèòîðíèî è Ñóîìèññàëìè). Íà ó÷àñòêå ñ ñèëüíûì çàãðÿçíåíèåì ðàçëè÷èÿ ìåæäó ïðîèñõîæäåíèÿìè áûëè
íåçíà÷èòåëüíû. Òàêèì îáðàçîì, íà òåõíîãåííûõ ïóñòîøàõ âîêðóã Ìîí÷åãîðñêà ìîãóò óñïåøíî ñîçäàâàòüñÿ êóëüòóðû
ñîñíû ïðè èñïîëüçîâàíèè ñåìÿí ñåâåðíîãî ïðîèñõîæäåíèÿ.
Êëþ÷åâûå ñëîâà: ñîñòîÿíèå äåðåâüåâ, âûñîòà, ñåðíèñòûé ãàç, òÿæåëûå ìåòàëëû, ñîñíà îáûêíîâåííàÿ
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