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Abstract
Phenotypic and allozyme variation of Silver Birch (Betula pendula Roth) was studied in three 

sub-populations in the locality near Ardino, which is one of the largest in Bulgaria. The 14 leaf 
traits studied were highly variable with coefficients of variation ranging from 14 to 33 %. Genetic 
variation, studied at 11 polymorphic allozyme loci, was well within the range reported for species 
with similar life-history characteristics; however, at the lower tail. Mean number of alleles per locus 
ranged from 1.8 to 2.2, and effective allele number – from 1.11 to 1.47. Expected and observed 
heterozygosities had similar values (0.137 and 0.135, respectively) and the inbreeding coefficient 
was not significantly different from zero. The overall differentiation was low (FST = 0.022). The 
results could be used for designing of management and gene conservation strategies.
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Introduction

The Silver Birch (Betula pendula Roth) is 
a species abundant at northern latitudes, 
but is represented in Bulgaria by scat-
tered localities in the mountainous regions. 
Because of its importance as timber and 
ornamental tree, it is cultivated quite fre-
quently in the forest plantations and in 
parks, but its natural populations are re-
stricted primarily to several larger localities, 
mainly in the western part of the country 
(Iliev 1988). The species has been exten-
sively studied throughout its natural area of 
distribution (Eriksson and Jonsson 1986, 
Hattemer et al. 1990, Erilksson et al. 2003, 
Rusanen et al. 2004, Palme et al. 2003).

In Bulgaria the phenotypic variation of 
Birch was studied by Busov (1975) and 

in more detail by Iliev (1988). The latter 
author studied also the pollen and seed 
germination, phenology and caryotype. 
Different valuable ornamental forms and 
cultivars were successfully propagated in 
vitro (Iliev 1993; Iliev et al. 2001, 2010).

One of the regions where Silver Birch 
was not studied to date is situated in the 
Eastern Rhodopes near the city of Ardino 
(41º 32’ N, 25º 08’ E). It is probably the 
easternmost larger locality in the country. 
The species in this area reflects the char-
acteristic physiognomy of the landscape 
and therefore, the area is called “Belite 
brezi” (The white birches). The Silver 
Birch stands in Ardino cover an area of 
about 2.2 km2 forming an isolated popu-
lation with regard to the species distribu-
tion in Bulgaria. This isolation could have 
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played a role in shaping the current popu-
lation structure of Silver Birch.

The relatively small and isolated pop-
ulations of tree species usually require 
special measures for conservation and/or 
management approach. The information 
about the level of diversity in such popu-
lations could be of use for designing ap-
propriate management and conservation 
activities. Therefore, the objective of the 
present study was to assess the level of 
diversity in the population of Silver Birch 
near Ardino, Eastern Rhodopes, by using 
morphological and biochemical markers.

Material and Methods

Morphological variation

Three subpopulations were selected for 
this study. The morphological variation 
was studied on 5 individuals per sub-
population (15 for the whole population) 
and 5 leaves per individual. The following 
leaf traits were studied (abbreviations 
given in parentheses): 1. Petiole length 
(L1, mm); 2. Lamina length (L2, mm); 
3. Lamina width (W1, mm); 4. Number 
of lateral veins (N1); 5. Distance from 
the base to the first tooth (L3, mm); 6. 
Distance between the second and third 
vein (L4, mm); 7. Number of teeth between 
the second and third vein (N2); 8. Distance 
from the widest part of the leaf to the base 
(L5, mm); 9. Distance from the widest part 
of the leaf to the tip (L6, mm); 10. Angle 
at the leaf base (Ang1, °); 11. Angle at the 
leaf tip (Ang2, °); 12. Ratio L1:L2 (R1); 13. 
Ratio L2:W1 (R2); 14. Ratio L2:L3 (R3); 15. 
Ratio L6:L5 (R4).

After statistical processing (nested 
ANOVA and descriptive statistics), the 

variation within the subpopulations was 
approximately evaluated by the coefficient 
of variation for each trait. When the 
coefficient was higher than 20  %, the 
variation was evaluated as high (simplified 
from the scale of Mamaev 1972). The mean 
values for Ardino locality were compared to 
those obtained by Iliev (1988) for six other 
populations in Western Bulgaria.

Population structure

The number of individuals sampled in the 
three subpopulations was 57, 57, and 55, 
respectively. The enzymes were extracted 
from dormant winter buds using Tris-HCl 
extraction buffer (pH 7.3), containing 1 % 
β-mercaptoethanol and 2  % Polyvinil-
pyrrholidone 10K, water-soluble. Also, 
5  mg Na2EDTA, 15  mg dithiothreitol and 
300 mg saccharose were added to 10 ml of 
extraction buffer prior to homogenization. 
Standard 12 % starch gel-electrophoresis 
was applied in two buffer systems: (1) 
Lithium borate – Tris-citrate discontinuous 
buffer system pH 8.1 (Ashton and Braden 
1961) and (2) Tris-citrate continuous buffer 
system pH 7.0 (Shaw and Prasad 1970). 
The enzyme systems were the following 
ones (buffer system in parentheses): 
Alcohol dehydrogenase, ADH, 1 locus (2); 
Isocitric dehydrogenase, IDH, 2 loci (2); 
Leucine aminopeptidase, LAP, 1 locus 
(1); Malate dehydrogenase, MDH, 1 locus 
(2); Menadione reductase, MNR, 1 locus 
(1); 6-phosphogluconate dehydrogenase, 
6-PGD, 1 locus (2); Phospho-glucomutase, 
PGM, 1 locus (2); Phospho-glucose 
isomerase, PGI, 2 loci (1); and Shikimate 
dehydrogenase, SkDH, 1 locus (2). Only 
polymorphic loci are listed above. The 
staining procedures followed Cheliak and 
Pitel (1984) and Wendel and Weeden 
(1989) with slight modifications.
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Diploid genotypes were scored from 
electrophoregrams and the genetic 
parameters expressing intra- and 
interpopulation diversity were calculated 
using the software BIOSYS (Swofford and 
Selander 1989).

Results and Discussion

Leaf morphology

The morphological variation in the sub-
populations and in the entire population 
was relatively high with coefficient of 
variation ranging from 14.7 to 23.1 
for the metric traits and from 13.7 to 
18.2 for the categorical variables and 
angles (Table 1). ANOVA test revealed 
that there were only few statistically 
significant effects of the subpopulation 
variation (results not shown) for traits 
L3 (p=0.02), L5 (p=0.02) and Ang1 
(p=0.02). All the effects caused by 
differences among individuals within 
a subpopulation, and among leaves 
within the individuals were statistically 
non-significant.

Iliev (1988) showed for six populations 
from Western Bulgaria that there were 
significant differences in the traits W1, N1, 
L3, L4, N2, L5 and L6. This could be due to 
the fact that the populations included in 
the present study represents only small 
part of the species’ variation in Bulgaria, 
while populations studied by Iliev (1988) 
covered much larger area with substantial 
variation among populations. However, 
our results are well within the range of the 
results for Western Bulgaria (Table 2).

Leaf morphology and morphometrics 
have been successfully applied in 
taxonomic, ecological and genetic studies 
of �������������������������������������many plant species (e.g., Aravanopou-
los 2005, Dickinson et al. 1987, Neophy-
tou et al. 2007), including birches. Such 
studies are especially useful for resolv-
ing taxonomic problems and hybridiza-
tion within a species complex, like Betula 
pendula-Betula pubescens in central and 
Western Europe (Jentys-Szaferowa 1950; 
Gardiner 1972, 1981; Howland et al. 
1995). The leaf traits are also important 
for studying the species response to dif-
ferent environmental factors (Franiel and 
Więski 2005, Kovačić and Nikolić 2005, 
Migalina et al. 2010).

Table 1. Descriptive statistics of the traits of Silver Birch (pooled results of all experimental plots).

* SE – standard error; SD – standard deviation; CV – coefficient of variation; p = SE●Mean–1●100.

Statis­
tics

Traits

L1 L2 W1 N1 L3 L4 N2 L5 L6 Ang1 Ang2 R1 R2 R3 R4

Mean 17.2 47.8 39.8 5.1 15.9 8.5 5.0 15.0 32.8 143.8 75.6 0.3 1.2 3.1 2.3

SE 0.4 0.8 0.7 0.1 0.4 0.2 0.1 0.4 0.7 3.0 0.9 0.0 0.0 0.1 0.1

SD 3.6 7.3 5.8 0.7 3.1 1.6 0.8 3.5 6.2 26.2 8.4 0.1 0.1 0.5 0.7

CV 20.8 15.3 14.7 13.7 19.7 18.8 16.9 23.1 18.8 18.2 11.1 15.5 9.6 16.0 32.0

p 2.4 1.8 1.7 1.6 2.3 2.2 1.9 2.7 2.2 2.1 1.3 1.8 1.1 1.8 3.7
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Population structure

The differences in allele 
frequencies among the 
subpopulations were of 
small magnitude. The most 
polymorphic locus was Pgi-
2, and some more expressed 
differences were detected in 
locus Adh but these loci still 
showed minor polymorphism, 
i.e., the most represented al-
lele being the same (Table 3). 
Mean allele number ranged 
from 1.8 to 2.2 and effective 
allele number – from 1.11 to 
1.47 (Table 4). ����������������Percent of poly-

morphic loci was low in all three subpop-
ulations studied when 0.05 criterion was 
applied (mean 39.4), but it could be seen 
that without applying restriction criterion 
there were only 4 of 33 cases of “real” 
monomorphic loci (Table 3). There was 
some variation in the heterozygosity, 
which ranged from 0.096 to 0.178, and 
for the whole population it was 0.135. 
The differences between the observed 
and expected heterozygosities were not 
significant (mean = 0.013) indicating 
random mating and population status 
close to Hardy-Weinberg equilibrium. 
The values for the polymorphism and 
genetic diversity parameters are well 
within the range of these summarized 
by Hamrick et al. (1992) for the woody 
plant species with similar life-history 
characteristics.

F-statistics (Table 5) showed that in 
most loci the inbreeding coefficient within 
populations (FIS) was negative, as proven 
by the overall values (Table 4). More 
noticeable positive deviations from zero 
were found at loci Pgm and Adh. The 
overall differentiation measure (FST)������ indi-

Table 2. Comparison of the means obtained in the present study with the overall 
mean reported by Iliev (1988) for six populations from Western Bulgaria.

Trait
Range

Difference 
(WB–A)

Statistical 
significanceWestern 

Bulgaria Ardino

L1, mm 7–32 12–29 –0.3 ns

L2, mm 21–80 28–63 –2.2 ns

W1, mm 22–69 26–56 –2.7 *

N1, no 3–10 3–6 +1.1 ***

L3, mm 6–26 10–25 –1.6 *

L4, mm 3–15 5–14 –0.9 *

N2, no 0–6 3–7 –2.3 ***

L5, mm 5–29 7–23 +2.0 *

L6, mm 12–60 19–50 –4.0 *

Ang1, º 71–203 98–203 –6.3 ns

Ang2, º 50–116 58–102 –1.4 ns

Legend: * – p≤0.05; *** – p≤0.001; ns – non significant as tested by Student’s t-test.

Table 3. Allele frequencies in the sub-populations studied.

Locus Allele
Subpopulation

1 2 3

Adh

1 0.000 0.009 0.010

2 0.921 0.946 0.784

3 0.079 0.045 0.206

Idh1
1 0.974 0.974 0.991

2 0.026 0.026 0.009

Idh2
1 0.026 0.000 0.036

2 0.974 1.000 0.964

Lap-1
1 0.044 0.000 0.045

2 0.956 1.000 0.955

Mdh-2

1 0.143 0.077 0.255

2 0.857 0.885 0.745

3 0.000 0.038 0.000

Mnr

1 0.009 0.000 0.027

2 0.991 0.982 0.973

3 0.000 0.018 0.000

Pgi-1
1 0.000 0.000 0.027

2 1.000 1.000 0.973

Pgi-2

1 0.339 0.327 0.463

2 0.661 0.673 0.500

3 0.000 0.000 0.037

Pgm
1 0.856 0.911 0.856

2 0.144 0.089 0.144

6pgdh
1 0.018 0.000 0.036
2 0.982 1.000 0.964

Skdh
1 0.956 0.956 0.929

2 0.044 0.044 0.071
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cates that only 2.2 % 
of the total variation 
was due to among-
s u b p o p u l a t i o n 
differences.

The results 
obtained in our 
study concord well 
with the results 
reported for Betula 
pendula and other 
birch species. Wang 
(1996) reported 
heterozygosity 0.17, 
and Rusanen et al. 
(2003) – 0.141 for 
natural populations of B. pendula. The 
latter authors (Rusanen et al. 2003) found 
level of differentiation similar to our study 
(FST = 0.032). Alsos et al. (2002) found 
similar level of diversity in Betula nana
(He = 0.141 at species level) but 
substantially higher level of differentiation 
(FST = 0.19), which could be attributed 
to the vegetative mode of reproduction 
of the species. Zeng et al. (2003) 
reported heterozygosity level 0.206 
and differentiation (FST) 0.04 for Betula 
alnoides. These results indicate that the 
population from Ardino expresses levels 
of diversity and differentiation well within 
the range reported for Betula pendula and 
other birch species.

The results of weak genetic differentia-
tion agree with these concerning morpho-
logical variation, where only one-fifth of the 
values were significantly different among 
the tree sub-populations. This could be an 
indicator of existence of adequately large 
and variable meta-population in the area, 
which is situated very close to the rear 
edge of species’ distribution in Europe. The 
results concerning the patterns of distribu-
tion of genetic variation could be of use for 

development of conservation strategy for 
the species (Ganopoulos et al. 2011).

Our study on the level of genetic 
variation within the locality near Ardino 
indicate that even a relatively small 
and isolated habitat of Silver Birch 
still possesses relatively high level of 
diversity, which could be a precondition 
for ��������������������������������������successful ���������������������������adaptation to uncertain ���fu-
ture environmental changes.

Table 4. Polymorphism and diversity in the subpopulations of Silver Birch.

Subpopula­
tions N nA ne P Ho He F

S1
55.7
(0.8)

1.9
(0.1) 1.47 36.4 0.132

(0.045)
0.129

(0.041) –0.023

S2
56.2 
(0.5)

1.8
(0.2) 1.11 36.4 0.096 

(0.038)
0.100 

(0.041) 0.040

S3
53.0 
(0.9)

2.2
(0.1) 1.22 45.5 0.178 

(0.050)
0.182 

(0.052) 0.022

Mean 55.0 
(0.7)

2.0 
(0.13) 1.27 39.4 0.135 

(0.044)
0.137 

(0.045) 0.013

Legend: N – average sample size; nA – mean allele number; ne – effective allele 
number; P – percent of polymorphic loci (0.05 criterion); Ho – observed heterozy-
gosity; He – expected heterozygosity; F – inbreeding coefficient (F = 1–Ho●He–1). 
In parentheses – standard errors.

Loci FIS FIT FST

Lap-1 –0.047 –0.031 0.015

Pgi-1 –0.028 –0.009 0.018

Pgi-2 0.029 0.05 0.021

Mnr-1 –0.022 –0.014 0.007

Idh-1 –0.024 –0.021 0.003

Idh-2 –0.033 –0.021 0.011

Pgm-1 0.138 0.143 0.006

Skdh –0.06 –0.056 0.003

Adh 0.112 0.154 0.048

6Pgdh –0.031 –0.018 0.012

Mdh-2 –0.179 –0.14 0.033

Mean 0.002 0.024 0.022

Table 5. F-statistics for the studied
sub-populations.
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