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Abstract

The comparative study of genetic variation and differentia-
tion of Ukraine’s south-eastern five marginal Pinus sylvestris
L. populations (which are differently damaged by emissions of
large chemical enterprises producing mineral fertilizers,
plastics and organic dyes and are degrading through it) was
performed using the electrophoretic analysis of 9 gene-en-
zymous systems, encoded by 22 loci. About 82% of P. sylvestris
genes have been found to be in a polymorphic state and each
tree is on the average heterozygous in 22.3% of its genes. In
the most degrading population which is 0.3 km from the main
provenances of air pollutants mean indices of genetic polymor-
phism were lower, a number of alleles per a locus – by 18%,
genotypes – by 13%, observed heterozygosity – by 12% and
expected one – by 9% compared to the far removed population
(more than 100 km). Those mean indices in two damaged-
degrading populations were also by 7.9% to 16.7% lower than
in three populations of the background and not polluted zone.
The populations under consideration are weakly differentiated,
NEI’s genetic distance coefficient varied within 0.004 to 0.014,
accounting at an average for 0.008. For the population
degrading due to the untimely elimination of trees, damaged
by pollutants, the values of these coefficients compared with
the rest four populations did not exceed the average level. 
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Introduction

In the zones of dispersions from large steelworks, chemical
plants and other industrial enterprises air pollution reaches
the level, causing digression and quite often – degradation of
forest ecosystems (SMITH, 1985; KORSHIKOV et al., 1995). In
local regions damaging emissions, acting as a stress-selective
factor, can change a population-and-genetic structure of spe-
cies-edificators of these ecosystems at the expense of untimely
death of the most susceptible individuals (KORSHIKOV, 1996;
SCHOLZ, 1989; GEBUREK et al., 1987). Thus, the impoverishment
of the gene pool was observed in populations of conifers, expo-
sed to constant acute impact of emissions from large industrial
enterprises, dealing with thermal treatment of mineral and
organic raw materials (GEBUREK et al., 1987; PRUS-GLOWACKI

and NOWAK-BZOWY, 1991; PRUS-GLOWACKI and GODZIK, 1991;
BAKHTIYAROVA et al., 1995). It is considered that population
systems of woody plants with high genetic diversity are more
viable and have better adaptation capacities to unfavourable
conditions of industrially polluted environment (SCHOLZ, 1989;
SCHULTZE, 1990; PRUS-GLOWACKI and GODZIK, 1991). It is rather
problematic to determine a degree of natural factors impact
and stress-emission effects on the evolutionary-and-genetic
processes in populations of arboreal plants (SCHOLZ, 1988). For
this comparative assessment of genetic variation main parame-
ters and of a structure of populations which differ significantly
in the level of industrial air pollution impact should be
performed in one ecological-and-geographical region (SCHULTZE,
1990; KORSHIKOV, 1996).

The aim of our study was to conduct a comparative analysis
of the genetic variation and of the structure of Pinus sylvestris
L. populations, degrading due to damaging effect of emissions
from large chemical enterprises and which are not exposed to
their effect in the south-east of Ukraine.

Materials and Methods

Small isolated populations of Pinus sylvestris from residual
pine stands of the Kremenskoye wood, located in the second
sandy terrace of the Seversky Donets river on the territory of
Rubezhansk-Severodonetsk-Lisichansk industrial agglomera-
tion were the objects of our investigations. Trial plots (A, B and
G) were laid in 1988 respectively 0.3 km, 2 km and 15 km from
big chemical enterprises, producing nitrogenous fertilizers and
plastics, the emissions of which are a complex mixture of organ-
ic and inorganic compounds, where toxic gases – ammonia,
oxides of nitrogen and sulphur dominate. 30 kilometres from
those plants there was laid the trial plot C, it was 2 km from
the factory, producing organic dyes. The trial plot IX was laid
in the Upper Seversky Donets, more than 100 km from the
emissions’ provenance. The plantations studied are mainly
presented by pure 60 to 80 and 100-year old pine stands. The
peculiarity of the trial plot A is that about 50% of plants are
stag-headed, and in the course of our researches, starting since
1988 some plants got perished. The untimely elimination and
stag-headed trees were not observed in plants of the three
other trial plots. When the production capacities of chemical
plants were very high and accordingly emissions were highest
possible, needles of plants from the zone of acute stress-
emission impact (A and B) were severely damaged, their life
span did not exceed 2 years and surplus sceleton branches
dying off being also observed. In plants of the background zone
of pollution G and also of the trial plot C and ecologically pure
habitat IX the needles were weakly damaged and the duration
of their life was 3 years to 4 years. For the last 7 years to 8
years due to the production decline and decrease of chemical
plants emissions, in particular plants of the trial plots A and B
the lifetime of needles reached 3 years. Damaging effects of
emissions from chemical plants do not cause annual decrease
of seed productivity (calculating on one female cone) even in
plants of degrading population (A) (KORSHIKOV, 1996). The
seeds of plants from the degrading populations (A, B) preserve
germination, however, a current annual increment, observed in
particular favourable years in control populations is not form-
ed. Mature plants were employed for the genetic analyses, the
quantity of them was: A - 44, B - 56, C - 54, G - 25, IX - 46. 20 to
80 cones were gathered from each tree. To determine a geno-
type of a maternal tree using electrophoresis we analyzed 10 to
20 endosperms of seeds which were chosen at random from the
total sampling. The electrophoresis of enzymes of homogenates
of endosperms was conducted in vertical blocks of 7.5%
polyacrylamide gel with separating gel pH 8.9, using tris-glycin
electrode buffer, pH 8.3 (DAVIS, 1964; KOROCHKIN et al., 1977).
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9 enzymes were analysed: glutamateoxaloacetatetransami-
nase (GOT, enzyme classification (E.C.) 2.6.1.1), glutamatede-
hydrogenase (GDH, E.C. 1.4.1.2), superoxidedismutase (SOD,
E.C. 1.15.1.1), leucineaminopeptidaze (LAP, E.C. 3.4.11.1),
malatedehydrogenase (MDH, E.C. 1.1.1.37), acid phosphatase
(ACP, E.C. 3.1.3.2), alcoholdehydrogenase (ADH, E.C. 1.1.1.1),
diaphorase (DIA, E.C. 1.6.4.3) and – malic-enzyme (ME, E.C.
1.1.1.40).

To assess the level of genetic variation and partition of Pinus
sylvestris populations there were used standard techniques and
indices most frequently and successfully employed in popula-
tion-and-genetic studies: observed (Ho) and expected heterozy-
gosity, a mean number of alleles per locus (n0), the proportion
of polymorphic loci according to 95% and 99% criteria. The
analyses of the genetic structure and the extent of partition of
Pinus sylvestris stands were performed, using S. WRIGHT’s 
F-statistics (GURIES and LEDIG, 1982) and M. NEI’s G-statistics
(1975). Allele and genotypic heterogeneity of compared popula-
tions were evaluated by standard χ2-test.

Results and Discussion

As a result of electrophoretic analysis of 9 enzymous systems
stable manifestation of their activity zones on the gel plates
and satisfactory genetic interpretation were obtained for 22
isozymous loci, four of which Sod-1, Sod-2, Sod-3 and Mdh-1
were monomorphic in all the five populations of P. sylvestris
(Table 1). Out of 18 polymorphic loci the biggest allele re-
presentation was characteristic of the locus Adh-1 – six alleles,
including null-allele, and the least one was typical of loci Gdh,
Me-2 and Sod-4 – two alleles. The frequency of the main allele

Table 1. – Alleles frequences, observed (Ho) and expected(He) heterozy-
gosities in P. sylvestris L. populations, differently exposed to emission
impact of chemical plants in the south-east of Ukraine.

occurence, designated as 1.00, was higher than 0.500 for all the
polymorphic loci in all the five populations (Table 1). Differ-
ences in structure and frequencies of alleles (between the popula-
tions studied) concerned mainly rare electrophoretic versions.
In the overwhelming majority of cases their frequencies were
low and did not exceed 0.100. According to the character of alle-
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genotypic – for 6 out of 18 polymorphic loci. Mean values of
observed and expected heterozygosities are close enough in 13
loci, but in the other five either surplus of heterozygotes
accounting for 23% (Mdh-3 and Me-3) or their deficiency which
was 45% at a maximum for the locus Adh-2 were detected. The
populations studied did not differ in the portion of polymorphic
loci, which was 81.8% according to 99% criterion (Table 3). A
mean number of alleles per one locus in the degrading popula-
tion A was the same as in the population G or close to C, which
are in the zone of the background pollution. Maximum allele
and genotypic representation in loci was characterictic of the
IX population, not exposed to any effect of pollutants. Nearly
the same level of such representation was found in the popula-
tion B, severely damaged by emissions from chemical plants. A
bit lower level of heterozygosity was observed in two popula-
tions from the zone of acute emission impact. Mean values of
expected and observed heterozygosity in damaged-weakened

les frequencies change, directional one-locus selection, depend-
ing on an extent of emissions impact, does not occur in the
populations researched. The values of observed (Ho) and expec-
ted (He) heterozygosity were sufficiently similar. Although in
populations from the zone of acute emission impact (A, B) there
were observed six cases (five were in the population B), when
deficiency of heterozygotes exceeded or was practically 50%. In
three other populations that was found only in one version in
the locus Adh-2 in the population C. 

Out of 68 alleles of polymorphic loci found in 225 trees analyz-
ed, 55 were in the joint sampling of plants of A and B popula-
tions and 62 were in populations C, G and IX (Table 2). 92
genotypes were detected in 5 populations studied. Their least
number 68 was typical of populations from the zone of acute
emission impact and in conventionally control populations (G,
C, IX) 81 genotypes were revealed. Valid interpopulation allele
heterogeneity (by the standard χ2-test) was detected for 4 and

Table 2. – Number of alleles and genotypes, heterogeneity of their frequencies, values of heterozygosity  for 18 poly-
morphic loci in Pinus sylvestris L. populations, differently exposed to airpollutants effect.

– ( ) liberty extent, differences are significant: * – at P < 0.95, ** – at P < 0.99, **** – at P < 0.9999

Table 3. – Values of the main genetic polymorphism indices  in Pinus sylvestris L. populations in the south- east of Ukraine, exposed to the
impact of emissions from chemical plants (A, B), in the zone of the backgroud pollution (C, G) and not exposed to the effect of pollutants (IX).
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populations A and B were lower accordingly by 7.9% and 16.7%
and allele and genetic representation per locus – by 11.9% and
16.5% lower, than in the three populations with conventionally
healthy plants. At an average a small surplus of heterozygotes
is typical of those control populations and some deficiency of
them is characteristic of populations degrading due to damag-
ing effects of pollutants. On the whole the differences between
observed and expected heterozigosity (according to χ2-test)
were insignificant in the studied Pinus populations. In exposed
populations mean values of calculated heterozygosity (He) were
slightly lower and of observed one (Ho) were less by STUDENT’s
criterion (t0.95) than in the control populations. Thus the expos-
ed populations (A and B) yield to the populations of the back-
ground zone of pollution (C and G) and the population not
exposed to any pollution effect (IX) in respect to the most
significant adaptive index – an average level of heterozygosity.
This can be linked with the fact that specimens with high
heterozygosity are also in a number of untimely eliminating
trees in the degrading populations. Earlier we have shown that
the sampling of plants most tolerant to pollutants in these
populations has a level of heterozygosity close to average
(KORSHIKOV, 1996). From a position of the optimum genic diver-
sity concept marked decrease or excessive increase of heterozy-
gosity under stress are equally unfavourable for normal func-
tioning of populations. On the whole mean value of expected
heterozygosity for P. sylvestris in the investigated by us part of
its distribution in marginal, including also degrading popula-
tions, was by 28.9 % lower than in central and marginal popula-
tions of Eastern Europe and Siberia (GONCHARENKO et al.,
1993) and by 23 % higher than in German-Lithuanian-Urals
populations of this species (SHIGAPOV et al., 1995). Three of five
populations (A, IX, C) and on the whole native stands of 
P. sylvestris in the outlying part of the range studied by us are
in a state of equilibrium by HARDY-WINBERG; nearly coinciding
values of expected and observed heterozygosity testify to it
(Table 3). The calculations of parameters F (Fis and Fit) con-
firm once more an equilibrium state of the populations studied
and low values of Fst and Gst coefficients witness about their
low differentiation degree (Table 4). Interpopulation genetic
variation of five P. sylvestris populations in the south-east of
Ukraine accounts only for 1.5%. The contribution of particular
polymorphic loci into this variability varied from 0.6% (Sod-4)
to 6.7% (Acp). It should be noticed that the portion of the inter-
population variation within a vast range from the Baltic Coast
of Germany to the Urals and Siberia (Russia) was about 3%

(GONCHARENKO et al., 1993; SHIGAPOV et al., 1995). A low degree
of genetic differentiation of P. sylvestris populations studied by
us is corroborated by small values of NEI’s genetic distance
coefficients (Table 5), the mean value of which was 0.008. This

testifies to the proximity of genofonds of the studied popula-
tions. It is remarkable that the values of this coefficient for the
population A, degrading due to emission impact, and for the
other four populations did not exceed even an average level.
The biggest genetic similarity was detected between damaged-
degrading populations A and B (Dn = 0.004) and maximum was
in populations of the background zone of pollution C and G 
(Dn = 0.014). As to the literary data NEI’s genetic distance coef-
ficient was 0.017 for 18 P. sylvestris populations in Eastern
Europe and Siberia (GONCHARENKO et al., 1993) and 0.010 for
eight populations from Germany, Lithuania and Russia (SHIGA-
POV et al., 1995). A dendrogram, created on the basis of NEI’s
genetic distance coefficients, visually demonstrates the genetic
similarity between populations A and B and also G and IX,
which are united into two independent groups (Figure 1).

Table 4. – Values of Fis, Fit, Fst and Gst indices for 22 loci in Pinus
sylvestris L. populations in the south-east of Ukraine.

Table 5. – NEI’S genetic coefficient (1972) between Pinus sylvestris L.
populations in the south-east of Ukraine.

Figure 1. – Dendrogram of the extent of genetic differentiation of 5
Pinus sylvestris L. populations in the south – east of Ukraine, created
on the basis of NEI’S genetic distance coefficient.

It is considered that at the borders of ranges under extreme
conditions of existence genetic diversity should decrease and
interpopulation differentiation of a species has to increase
(NIEBLING and CONKLE, 1990). For example, marginal popula-
tions of Picea glauca in the subarctic region of Canada had
comparatively high genetic differentiation. However there are
a lot of data, testifying to the absence of the pronounced dif-
ferentiation of coniferous populations within one geographic
region or spatialy isolated territories (YEH et al., 1986; YEH.
and EL. KASSABY, 1980; PLESSAS and STRAUSS, 1986). Changes
of conifers genetic parameters do not always occur under condi-
tions of industrially polluted environment. The directional
change of alleles frequences and the most common genotypes
were found in four age groups (embryos of seeds, 3 to 10 year
old trees, 10 to 30 year old trees and older ones) of P. sylvestris,
exposed to the effect of steelworks’ emissions (PRUS-GLOWACKI

and NOVAK-BROWY, 1989). The decrease of heterozygosity by
12% and increase of the mean alleles number by 8% were
detected in naturally renewed 10 to 15 year old P. sylvestris
populations near the zink enterprise (PRUS-GLOWACKI and
NOVAK-BROWY, 1992). In P. sylvestris populations from the
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south Urals, grown in industrially polluted zones, a bigger
number of rare alleles was observed compared to populations
from ecologically pure habitats (SHIGAPOV et al., 1995; BACH-
TIYAROVA et al., 1995). In the studied P. sylvestris population
(A), degrading through untimely death of some plants of long-
term (more than thirty years) damaging effects of toxic emissi-
ons from chemical plants there does not occur a noticeable
change of prevailing alleles frequences (1.00) in any of 18 poly-
morphic loci compared to the control populations, though the
genotypic representation is poorer mainly because of a smaller
portion of heterozygotes with rare allele versions. In the popula-
tion B, significantly damaged by emissions, where the death of
plants insignificantly exceeds a natural level there was not
observed a noticeable loss of allele and genetic diversity. The
decrease of intrapopulation components of genic diversity in
the demographically oldest element of the degrading popula-
tion (A) does not increase the degree of its differentiation com-
pared with the control populations. On the whole these facts
may witness that single-directed changes in the genetic struc-
ture of the oldest element of degrading populations do not take
place. It is not excepted that stochastic change of genes
frequences may occur in such populations in case of decrease of
emissions effect to the level, which allows natural regeneration
in subsequent generations. In will be a result of an incidental
genetic drift through the destruction of evolutionary laid bases
of their adaptive genetic structure, which occured as a result of
the decrease in the number and the lack of regeneration of
populations.

Thus, a slightly lower level of genetic diversity was observed
in the degrading (through damaging effects of emissions from
chemical enterprises of the south-eastern Ukraine) marginal P.
sylvestris populations, than in the populations, not exposed to
the effect of pollutants. 
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Summary

Eight tree-ring characteristics (tree ring width, latewood and
earlywood widths and densities, maximum and minimum
densities and latewood percentage) were measured densitome-
trically in 16 Scots pine provenances in the southern taiga,
Central Siberia. Age trends were excluded by standardization.
It was found that the sensitivity coefficient of latewood width,
latewood and maximum densities and latewood percentage has
a tendency to decrease in relation to the increasing latitude of
seed sources. Northern provenances utilise only the energy
resources (heat and light) during the first half of the growing
season effectively. The correlation of tree ring series between
the local provenance and the other provenances decreases in

relation to the increasing latitude difference between seed
origins. As a whole, the values of the normalized Euclidean
distance, correlation and synchronicity coefficients between the
local provenance and the other provenances prove that, for
most of the provenances, the interannual variability of 
the chosen tree ring characteristics reflects the prevailing

1) Institute of Forests, Siberian Branch of the Russian Academy of
Sciences, Akademgorodok, Krasnoyarsk, Russia; e-mail:
Institute@forest.akadem.ru, fax: +7 3912 433686

2) Swiss Federal Institute for Forest, Snow and Landscape Research,
Zürcherstrasse 111, CH-8903 Birmensdorf, Switzerland; 
e-mail: schweingruber@wsl.ch; fax: +41 1 7392215


