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Abstract. Environmental pollution greatly decreases a tree’s health and results in dieback of forest stands. Owing to increasing 
industrial activity in the 20th century, silver fir became almost totally extinct in the Katowice Forest District. Only 19 individuals 
have survived to this day. The aim of the present study is to analyse growth characteristics and polymorphisms of 25 inter-simple 
sequence repeats (ISSR) of the preserved trees.

The mean height of the inventoried silver firs was 19 m with a diameter at breast height (DBH) of 29 cm. Flowers were 
observed on few trees only. however, all trees were of high vitality without signs of fungal pathogen infections or insect out-
breaks. Parameters of genetic variability, including mean effective number of alleles per locus and expected heterozygosity, 
were higher than that described in the literature so far and they amounted to 1.659 and 0.396, respectively.
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1. Introduction

During 200 years (from the mid-17th century to the mid-19th 
century), silver fir (Abies alba Mill.) share in Upper silesian fo-
rests decreased from 41% to 32% (nyrek 1975). the main re-
ason for this was forest management practice at that time, that is, 
clearcut logging, planting monoculture pine and spruce stands and 
forming the so-called ‘forest of age classes’. in the mid of 1800s, 
in the region of silesia, there was noted A. alba dieback for 
unknown reasons (Korpel, Vinš 1965). Further silver fir decline in 
the region was due to extensive environmental pollution that 
stimulated a spiral disease development (Bernadzki 1983; 
Zientarski et al. 1994; Jaworski 1995). nowadays, as a result of 
long-lasting environmental changes, silesian forests under admi-
nistration of the Katowice regional Directorate of state Forests 
(rDlP Katowice) comprise mainly coniferous species (78%), 
and silver fir proportion is no more than 1.3%. The total share of 
silver fir in Poland’s forests administered by the State Forests is 
2.2% (Wyniki aktualizacji stanu powierzchni leśnej 2013 – Status 
of Forest Area in the State Forests – Update 2013).

In recent times, a noteworthy silver fir proportion has been 
observed in forests administered by the Katowice Forest 

District. Since 2007, the species has been gradually introduced 
into reforestation areas, anywhere with suitable site and light 
conditions. Forest breeding material has been obtained from 
known sources, such as managed seed orchards (1st-category 
stands), located in the Forest District Kłobuck (654, region of 
origin) and the Forest District Limanowa (851). On the other 
hand, it would be preeminent to breed native plant material 
which is best adapted to local environmental conditions, as 
sustainability of forest ecosystems relies on their adaptation 
capability handed down from generation to generation (Degen 
1995). In view of considerable silver fir dispersion (no cross
-breeding) within the area of the Katowice Forest District, pre-
served genotypes cannot be used as forest breeding material 
for population restitution. In this instance, there should be esta-
blished ‘clone genetic archives’ or else ‘safeguarding seed plan-
tations’, which through accumulation of trees within a certain 
area would allow to include chosen specimens into cross-bre-
eding processes (Burzdajn 2000). The return of silver fir into 
Silesian forests can also be based on the introduction of foreign 
provenances. In that case, the populations introduced should re-
flect variability of those local and also even better support fulfil-
ment of silviculture tasks in managed stands (Barzdajn 2006).  
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The aim of the present study is to list silver fir trees pre-
served within the area of the Katowice Forest District, to 
assess their growth parameters (height and diameter at bre-
ast height (DBH)) as well as to evaluate fir genetic variation 
using inter-simple sequence repeats (ISSR) markers. The 
results of research undertaken will allow for genotype ap-
praisal in preserved fir trees with the purpose of using them 
in future fir reintroduction programs. 

2. Materials and Methods

Study material

The inventory and assessment of tree growth parame-
ters were carried out on silver firs preserved within the area 
of the Forest District Katowice. Tree height was measured 
using a Suunto clinometer (to the nearest 1 m) and DBH (at 
1.3 m) – with a forestry caliper (to the nearest 0.5 cm). Ad-
ditionally, in each tree, there were evaluated levels of insect 
infestation and fungi colonisation as well as the presence of 
cones. Information on the locality of fir trees within the area 
of the Katowice Forest District and their characteristics is 
presented in Table 1. 

Analysis of inter-simple sequence repeat (ISSR) loci

Genomic DNA was extracted following the methodology by 
Rogers and Bendich (1988). Each amplification was conducted 
in 10 µl mixture of water, 10× concentrated reaction buffer, 31 
mM magnesium chloride, 40 mM dNTP, 50 mM primer, 0.46 
U Taq polymerase and 40 ng genomic DNA. The sequences of 
ISSR markers used are presented in Table 2. The polymerase 
chain reaction (PCR) was carried out in a Biometra Thermo-
cycler (T-Personal) at 38 amplification cycles, which included 
denaturation (95°C for 30 sec), primer annealing (45 sec in first 
three cycles at 54°C, subsequent 3 cycles at 53°C, and then at 
52°C) and DNA amplification (at 72ºC for 2 min). The cycles 
described were preceded by 7-min initial denaturation at 95ºC 
and finished with 7-min elongation of amplification products 
obtained at 72ºC. After each reaction, electrophoresis in 2% 
agarose gel was carried out and next the results achieved were 
analysed under UV light and then archived. 

Data analysis

The mean numbers of allele per locus (Na) and allele frequ-
encies were calculated. Additionally, the effective number of 

Table 1. Location of firs preserved within the area of the Forest District Katowice

Tree No. Forest Division Management unit Forest habitat type
Geographical coordinates

Longitude Latitude
1

Murcki

123b  Lw 19.048676 50.179996
2 97d  LMśw 19.064944 50.186631
3 96i  Lw 19.067455 50.184023
4 95a  LMw 19.071771 50.190207
5 Czułów 178h  LMw 19.046023 50.161480
6 Podlesie 107j LMśw  19.014022 50.174835
7 Wesoła 41g  LMśw 19.099448 50.219373
8

Śmiłowice
79Ak LMw  18.869625 50.211539

9 87Ag LMw  18.880393 50.207601
10 87Am  LMśw 18.880679 50.206542
11

Górki

163Ac  LMw 19.115206 50.134240
12 163Bc  LMw 19.111439 50.113409
13 168Bg  LMśw 19.116242 50.099856
14 159g  LMśw 19.135601 50.117411
15

Panewnik

38k  BMśw 18.905517 50.238181
16 38k BMśw  18.905234 50.238061
17 38k  BMśw 18.905273 50.238116
18 38k  BMśw 18.905283 50.238073
19 38k  BMśw 18.909523 50.238076
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alleles per locus (Ne) was estimated so as to determine the 
number of alleles that can be passed to the next generation 
(Bergmann, Gregorius 1979). The expected heterozygosity 
(He) that would exist in the population in Hardy–Weinberg 
equilibrium was assessed (Nei, Roychoundry 1974). Genetic 
similarity amongst observed specimens was evaluated by 
means of NTSys version 5.1 software (Rohlf 2001), and then 
a tree diagram of genetic distance (dendrogram) was prepared. 

3. Results

The highest number of fir trees was recorded within the area 
of the Panewniki Forest Division, and the lowest in the Czułów, 
Podlesie and Wesoła Forest Divisions. Within the entire area 

of the Katowice Forest District, preserved fir trees showed on 
an average 19 m height and 29 cm DBh. the lowest values of 
growth parameters were observed in the trees numbered 17 and 
18 in the Forest Division Panewnik. the specimens with the 
highest values of growth parameters were found in the Forest 
Divisions: Murcki (No. 2) and Czułów (No. 5). All the fir trees 
showed high vitality and no signs of either fungal pathogen 
colonisation or insect feeding. Most of the trees had no cones 
except for those growing in the Forest Divisions: Czułów (No. 
5), Podlesie (No. 6) and Śmiłowice (tree No. 9) (Table 3). 

The highest values of the effective allele number (Ne) 
and the highest expected heterozygosity (He) showed the 
following silver fir trees: No. 9 in Śmiłowice and 17 in Pan-
ewnik. The lowest values were observed in the trees: No. 9 
in Śmiłowice and No. 17 in Panewnik. The mean number of 
alleles (Na) per tree was 1.000. In the population of 19 silver 
fir trees tested, the mean effective allele number was 1.659 
and the expected heterozygosity was 0. 396.

The mean genetic distance was 0.163. Generally, no consi-
derable genetic similarity was observed in silver fir trees gro-
wing on the area of a given forest division. In the Katowice 
Forest District taken as a whole, silver fir trees growing far 
away from each other, for example, No. 6 in Podlesie and No. 
14 in Górki, were grouped in one cluster. On the other hand, 
quite large genetic distance was observed amongst fir trees 
growing in the Forest Division Murcki, for example, No. 1 
in Murcki and No. 2 in Murcki. Fir tree No. 13 in Górki was 
genetically most distant (placed in a separate cluster) (Fig. 1).

4. Discussion

Former forest management activities, that is, formation 
of monoculture spruce stands, clearcut logging as well as 
considerable air pollution resulted in a substantial decrease in 
silver fir populations in Poland’s forests. Now, consistent with 
the results of Status of Forest Area in the State Forests 
– Update 2013, silver fir proportion is estimated to 2.5%. In
the Katowice Forest District, only 19 silver fir specimens 
with unknown source of origin are preserved. The preserved 
trees are roughly 50–65 years old; they apparently endured 
the period of hard-hitting industrial emissions in the 1980s. 

The study presents the results of silver fir inventory carried 
out in the Katowice Forest District as well as the analysis of ge-
netic variation performed with the use of the ISSR-PCR method 
(Ziętkiewicz et al. 1994). Initially, the method was used to exa-
mine agriculture plant species (Wolfe, Liston 1998), and soon 
it was implemented in research on population genetics (Qian 
et al. 2001; Smissen et al. 2003; Pérez-Collazos, Catalán 2007; 
Dantas et al. 2015). Yet, not many studies has been conducted 
on evaluation of genetic diversity of forest tree populations with 
ISSR markers (Tani et al. 1998; Mehes et al. 2007; Rubio-Mo-
raga et al. 2012) and hardly any have been focused on the genus 

Table 2. sequence of issr markers and the number of 
amplification products

No. 
Sequence

(5′→3′)

Number of  ampli-
fication products

Number of  poly-
morphic products

1 (AG)8G 9 5
2 (GT)8C  7 5
3 (AC)8G  7 6
4 (GA)8C 7 4
5 (GA)8YC 10 9
6 (CA)8G 4 2
7 (CA)8GC 7 6
8 (TC)8G 7 7
9 (TG)8G 4 4
10 (AG)8YT 7 3
11 (AC)8C 5 3
12 (AG)7A 9 7
13 (CA)8A 9 3
14 (TC)9A 5 4
15 (CT)9T 7 5
16 (CTC)6G 6 5
17 (ACC)6T 4 2
18 (AC)9G 5 4
19 (ATG)6G 3 2
20 (ATG)8C 5 2
21 (ATG)8AC 5 3
22 (ATG)8T 2 0
23 (AC)8T 11 8
24 (AC)8G 12 9
25 (AC)8YG 8 7

Y– specifies T or C
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Table 3. Growth characteristics and genetic variability parameters of  firs preserved  within the area of the Katowice Forest District

Tree No. Forest Division Height [m] DBH [cm] Presence of cones Ne He

1

Murcki

22 34 1.645 0.392
2 31 65 1.634 0.388
3 26 47 1.667 0.400
4 28 42 1.645 0.392
5 Czułów 35 52 yes 1.706 0.414
6 Podlesie 21 32 yes 1.592 0.372
7 Wesoła 12 28 1.613 0.380
8

Śmiłowice
18 28 1.634 0.388

9 28 38 yes 1.524 0.344
10 23 39 1.626 0.385
11

Górki

17 30 1.639 0.390
12 24 31 1.730 0.422
13 15 23 1.869 0.465
14 15 17 1.701 0.412
15

Panewnik

14 20 1.660 0.398
16 7 8 1.718 0.418
17 6 7 1.587 0.370
18 5,5 6 1.695 0.410
19 11 10 1.639 0.390

Mean 19 29 1.659 0.396

Ne –  effective number of alleles at locus, He – expected heterozygosity

Figure 1. Dendrogram of 
genetic similarity among 
tested firs



319K. Masternak et al. / Leśne Prace Badawcze, 2015, Vol. 76 (4): 315–321

Abies (tsumura et al. 1996; Woo et al. 2008). the present study 
refers to the original results on genetic variation in silver fir ob-
tained with the use of the issr method. it is worth stressing that 
the method combines the simplicity of raPD markers with a 
possibility of obtaining a large number of products during an 
individual reaction. Just one primer is used in amplification – 
complementary to the  microsatellite sequence. Microsatellite 
sequences commonly occur in eukaryotic organisms (tautz, 
renz 1984; Fang, roose 1997); therefore, even several dozens 
of amplification products flanked by microsatellite genomic in-
formation can be obtained, which is generally more when com-
pared to the reaction carried out with the use of random primers. 
consequently, in a relatively short time and using lesser amounts 
of reagents, the results that adequately reflect a level of variabili-
ty in a population can be achieved. Furthermore, issr primers 
are longer than raPD and require higher hybridisation 
temperature, which enhances more specific primer binding to 
the template. as a result, the method is more reliable because of 
its repeatability and precision. on the other hand, however, the 
products obtained by means of this technique show dominant 
characteristics. in any case, many studies on genetic variability 
of forest trees are carried out with the use of dominant markers   
(nkongolo et al. 2005; Vicario et al. 1995).

Silver fir trees preserved in the Katowice Forest District in-
dicated a high level of genetic variation. Owing to the lack of 
information on polymorphism of ISSR loci in A. alba, it was 
not possible to compare the results obtained in this study with 
those of other authors. Then again, in view of the results of A. 
alba isoenzyme analyses, one can state that the fir trees from the 
Katowice Forest District clearly indicated higher genetic varia-
tion when compared with fir populations from Slovakia (He = 
0.210–0.250) (Kormutak et al. 2008), Italy (He = 0.129–0.180) 
(Parducci et al. 1996), France (He = 0.139–0.161) (Fady et al. 
1999) and the Balkans (He = 0.119–0.184) (Ballian et al. 2012). 
On the basis of isoenzyme markers, it was also observed that 
when compared to the trees investigated in the present study, fir 
populations from Italy, Bulgaria, Mecedonia and Romania as 
well as those from Eastern and Southern Carpathians showed 
lower expected heterozygosity values and lower effective allele 
numbers per locus (Ne=1.114–1.03. He=0.102–0.188) (Lon-
gauer et al. 2003). The expected heterozygosity (He = 0.416) 
which was similar to that obtained in this study was reported by 
Mejnartowicz (1980), who analysed just two isoenzyme loci in 
Polish silver fir populations. 

Other studies carried out on different forest tree species 
also showed lower genetic variation when compared with 
polymorphism of the firs tested in the present study. Lower val-
ues of the effective allele numbers and observed heterozygosity 
were found in populations of Manchurian fir (Abies nephrole-
pis) (He = 0.240) (Woo et al. 2008), black pine (Pinus nigra) 
(Ne = 1.228–1.410, He = 0.123–0.242) (Rubio-Moraga 2012), 
Phoenicean juniper (Juniperus phoenicea) (He = 0.101–0.146) 

(Meloni et al. 2006) or else red spruce (Picea rubens) × black 
spruce (Picea mariana) hybrid populations (Ne = 1.22–1.34) 
(Narendrula, Nkongolo 2012). 

Genetic distance analyses gave no clear answer whether 
the observed trees originated from an individual A. alba 
provenance. This could be determined after comparative 
analyses of the larger number of provenances from different 
regions of Poland. Furthermore, taking into account the lack 
of information on derivation of the fir trees preserved in the 
Katowice Forest District, there is a possibility that the fir 
trees observed are the progeny of silver fir populations  once 
growing within the region and now as individually preserved 
specimens, they represent genetic diversity amongst previo-
us populations. If so, no relationships found between genetic 
distance and geographical distance could be explained. 

Nevertheless, the reference to the results of other authors 
should be treated with caution. The comparison of the results 
obtained in this study with those reported by other researchers 
would be most trustworthy if genetic variation parameters were 
measured using equivalent genetic markers. Then again, in 
subject literature, there is no information available on silver fir 
genetic variation investigated with the use of the ISSR method. 
The reference to the results on silver fir obtained using different 
marker systems as well as to genetic variation levels observed 
in other forest tree species aims to pointing out that silver fir 
growing in the Katowice Forest District is characteristic of high 
genetic variation, which is a valuable feature in the view of tree 
adaptation potential (Gregorius 1989; Hattemer et al. 1993). 
The fir trees preserved on the territory of the forest district 
observed are probably the progeny of native provenances that 
endured natural and anthropogenic selection. Hence, these are 
valuable genotypes, especially taking into consideration the 
exploring mechanisms of tree resistance to industrial pollution 
and their relationships with tree genetic variation. The relation-
ships of this kind have been so far observed using a small num-
ber of biochemical markers. The results of the studies carried 
out on tree stands growing in polluted areas showed amongst 
others, lower isoenzyme variability in specimens with visible 
damages when compared to healthy trees (Ziegenhagen et al. 
1997). Correlation between fir defoliation levels and genotype 
frequency and isoenzyme loci alleles involved in metabolic pa-
thways was proved by Konnert (1993). Genetic polymorphism 
of isoenzyme markers is also correlated with environmental 
stress resistance in Norway spruce (Bergmann, Scholz 1985) 
and beech (Müller-Starck 1989; Brus 1996). In view of the fact 
that protein variability relies on DNA sequence, the abovemen-
tioned results indicate that correlations are possible at a level of 
metabolic pathways and DNA as well. 

Forest management practice commonly applied in the 
1800s in Poland did not include introducing silver fir in re-
forestation areas, and for that reason, natural regeneration of 
local fir populations has not been possible (Barzdajn 2012). 
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The recommended average number of trees at one site in 
the Sudety Mts. is 15 specimens. Nonetheless, 75% of areas 
comprise less than 10 trees (Filipiak, Barzdajn 2004). In the 
Katowice Forest District, there are only 19 fir specimens. In 
order to restore this species, seed banks are created, and these 
are mainly clone archives that consist of genetic material of 
dispersed specimens. According to Poland’s Program on Pre-
servation of Forest Resources and Tree Breeding for the years 
2011–2035, within the territory administered by the Katowice 
Regional Directorate of State Forests (RDLP Katowice), the 
area of selected seed fir stands will be increased from 76.69 to 
96.69 ha, that of progeny plantations will be increased from 
75.19 to 195.19 ha and the area of managed seed stands will 
be decreased from 584.05 to 560 ha. At the same time, the 
number of maternal trees will be increased from 30 to 70 spe-
cimens. Additionally, it is planned to establish second-genera-
tion stands on the area of 60 ha. On the area of 5 ha, there will 
be established seed plantations (which have not so far existed 
in RDLP Katowice). All these objects are to form the seed 
base for increasing a fir proportion in forests under admini-
stration of RDLP Katowice. 

High genetic variation observed in fir trees preserved within 
the area of the Katowice Forest District indicates that they con-
stitute most valuable source of genetic material that can be used 
in establishing clone plantations. The seeds obtained from such 
plantations could be used in reforestation  carried out in the 
district. Silver fir was commonly present in the area of the Ka-
towice Forest District until the 1950s; therefore, the reintroduc-
tion of this species is by all means beneficial. Appropriate sites 
and reduction of air pollution can certainly support the return of 
this valuable forest tree species back to Silesian forests. 

Conflict of interests 

No potential conflicts are declared by the authors.

Acknowledgements and financial support

The authors would like to thank very much Foresters 
from the Katowice Forest District for  their remarkable help 
in conducting silver fir inventory and collecting plant mate-
rial for genetic analyses. 

The study was financed by the Ministry of Science and 
Higher Education (grant No. RGH/MN/5). 

References

Ballian D., Boguni F., Bajrij M., Kajba D., Kraigher H., Konnert 
M. 2012. The genetic population study of Balkan Silver Fir 
(Abies alba Mill.). Periodicum Biologorum 114(1): 55–65.

Barzdajn W. 2000. Strategia restytucji jodły pospolitej (Abies alba 
Mill.) w Sudetach. Sylwan 144(2): 63–77.

Barzdajn W. 2006. Restytucja jodły pospolitej w Sudetach. Do-
tychczasowe osiągnięcia. Studia i Materiały Centrum Edukacji 
Przyrodniczo-Leśnej 1(11): 69–84.

Barzdajn W., Kowalkowski W. 2012. Restytucja jodły pospolitej 
(Abies alba Mill.) w Sudetach. Charakterystyka drzew zacho-
wawczych. Forestry Letters 103: 7–16.

Bergmann F., Gregorius H.R. 1979. Comparison of the genetic 
diversities of various populations of Norway spruce (Picea 
abies). in: Proceedings of the Conference on Biochemical Ge-
netics of Forest Trees (red. F. Rudin) Umea. 99–107.

Bergmann F., Scholz F. 1985. Effects of selection pressure by SO2 
pollution on genetic structures of Norway spruce (Picea abies). 
in: Population genetics in forestry. Lecture notes in biomathe-
matics (ed. H. R. Gregorius). Springer-Verlag. Berlin. Heidel-
berg. New York. Tokyo. 267–275.

Bernadzki E. 1983. Zamieranie jodły w granicach naturalnego za-
sięgu. in: Jodła pospolita Abies alba Mill. Nasze drzewa leśne 
(ed. S. Białobok ). PWN. Warszawa-Poznań. 483–501.

Brus R. 1996. Vpliv onesnazevanja ozracja na genetsko strukturo 
bukovih populacji v Sloveniji. Zbornikgozdarstva in lesarstva 
49: 67–103.

Degen B. 1995. Zum Einsatz der Systemanalyse zur Beurteilung 
der Stabilität und Anpassungsfähigkeit von Waldökosystem. 
in: Klimawirkungsforschungen Geschäftsbereich des BML 
(eds. H.J. Weigel, D. Dämmgen, F. Scholz). Angewandte Wis-
senschaft. Landwirtschaftsverlag. Münster. 442: 167–177.

Dantas L.G., Esposito T., Barbarosa de Sousa A.C., Félix L., Amorim 
L.L.B., Benko-Iseppon A.M., Batalha-Filho H., Pedrosa-Harand 
A. 2015. Low genetic diversity and high differentiation among 
relict populations of the neotropical gymnosperm Podocarpus 
sellowii (Klotz.) in the Atlantic Forest. Genetica 143: 21–30. 
10.1007/s10709-014-9809-y.

Fady B., Forest I., Hochu I., Ribiollet A., de Beaulieu J.-L., Pastusz-
ka P. 1999. Genetic differentiation in Abies alba Mill. Popula-
tions from Southeastern France. Forest Genetics 63: 129–138.

Fang D.Q., Roose M.L. 1997. Identification of closely related citrus 
cultivars with inter-simple sequence repeat markers. Theoretical 
and Applied Genetics 95: 408–417. 10.1007/s001220050577.

Filipiak M., Barzdajn W. 2004. Assessment of the natural resources 
of European silver fir (Abies alba Mill.) in the Polish Sudety 
Mts. Dendrobiology 51: 19–24. 

Gregorius H.R. 1989. The importance of genetic multiplicity for 
tolerance of atmospheric pollution. in: Genetic effects of air 
pollutants in forest tree populations (eds. F. Scholz, H.-R. Gre-
gorius, D. Rudin). Springer. Berlin-Heidelberg. 163–172.

Hattemer H.H., Bergmann F., Ziehe M. 1993. Einführung in die 
Genetik für Studierende der Forstwissenschaft. J. D. Sauer-
länder’s Verlag. Frankfurt am Main. 292.

Jaworski A. 1995. Charakterystyka hodowlana drzew leśnych. 
Wyd. 2. Gutenberg. Kraków.

Konnert M. 1993. Untersuchungen zum Einfluss genetischer Fak-
toren auf die Schädigung der Weiβtanne. Forstwissenschaftli-
che Centralblatt 112: 20–26. 10.1007/BF02742125.

Kormuták A., Kádasi-Horáková M., Vooková B., Gömöry D. 2008. 
Genetic structure of Silver fir Primeval Forest in Slovakia. Le-
snícky Časopis – Forestry Journal 54: 37–42.

Korpel’ Š., Vinš B. 1965. Pestovaniejedle. SVPL. Bratislava.



321K. Masternak et al. / Leśne Prace Badawcze, 2015, Vol. 76 (4): 315–321

Longauer R., Paule L., Andonoski A. 2003. Genetic diversity of South-
ern populations of Abies alba Mill. Forest Genetics 10(1): 1–10.

Mehes M.S., Nkongolo K.K., Michael P. 2007. Genetic analysis of 
Pinus strobus and Pinus monticola populations from Canada 
using ISSR and RAPD markers: development of genome-spe-
cific SCAR markers. Plant Systematics and Evolution 267: 
47–63. 10.1007/s00606-007-0534-1.

Mejnartowicz L. 1980. Polymorphism at the LAP and GOT loci in Abies 
alba Mill. populations. Bulletin de I’Academie Polonaise des Scien-
ces. Serie des Sciences Biologiques. C1. V. 27(12): 1063–1070.

Meloni M., Perini D., Filigheddu S., Binell G. 2006. Genetic Varia-
tion in Five Mediterranean Populations of Juniperus phoenicea 
as Revealed by Inter-Simple Sequence Repeat (ISSR) Markers. 
Annals of Botany 97: 299–304. 10.1093/aob/mcj024.

Müller-Starck G. 1989. Genetic implications of environmental stress 
in adult forest stands of Fagus sylvatica L. in: Genetics effects of 
air pollutants in forest tree populations (eds. F. Scholz, H. R. Gre-
gorius, D. Rudin) Springer-Verlag. Berlin. Heidelberg. 127–142. 

Narendrula R., Nkongolo K.K. 2012. Genetic Variation in Picea 
mariana × P. rubens Hybrid Populations Assessed with ISSR 
and RAPD Markers. American Journal of Plant Sciences 3: 
731–737. 10.4236/ajps.2012.36088.

Nei M., Roychoundry A.K. 1974. Sampling variances of heterozy-
gosity and genetic distance. Genetics 76: 379–390.

Nkongolo K. K., Michael P., Demers T. 2005. Application of ISSR, 
RAPD, and cytological markers to the certification of Picea 
mariana, P. glauca, and P. engelmannii trees, and their putative 
hybrids. Genome 48(2): 302–11. 10.1139/G04-118. 

Nyrek A. 1975. Gospodarka leśna na Górnym Śląsku od połowy 
XVII w. do połowy XIX w. Zakład Narodowy im. Ossolińs-
kich. Wrocław. 234.

Parducci L., Szmidt A.E., Villani F., Wang X-R., Cherubini M. 
1996. Genetic variation of Abies alba in Italy. Hereditas 125: 
11–18. 10.1111/j.1601-5223.1996.00011.x.

Pérez-Collazos E., Catalán P. 2007. Genetic diversity analysis and 
conservation implications for the iberian threatened popula-
tions of the irano-turanian relict Krascheninnikovia ceratoides 
(Chenopodiaceae). Biological Journal of the Linnean Society 
92: 419–429. 10.1111/j.1095-8312.2007.00882.x 

Qian W., Ge S., Hong D-Y. 2001. Genetic variation within and 
among populations of a wild rice Oryza granulata from China 
detected by RAPD and ISSR markers. Theoretical and Applied 
Genetics 102: 440–449. 10.1007/s001220051665. 

Rogers S.O., Bendich A.J. 1988. Extraction of DNA from plant 
tissue. in: Plant Molecular Biology Mannual (S.B. Glevin, 
R.A. Schilperoort). Kluwer. Dordrecht.

Rohlf F.J. 2001. NTSYS-pc numerical taxonomy and multivariate 
analysis system. Version 5.1. Exeter Publishing Ltd.. Setauket. 
N.Y. 10.1086/416356.

Rubio-Moraga A., Candel-Perez D., Lucas-Borja M. E., Tiscar P. 
a.,Viñegla B., linares J. c., Gómez-Gómez L., ahrazem o. 2012. 
genetic Diversity of Pinus nigra arn. Populations in 
southern spain and northern Morocco revealed By inter-simple 
sequence Repeat Profiles. International Journal of Molecular 
Science 13. 10.3390/ijms13055645. 

Sabor J., Barzdajn W., Blonkowski S., Chałupka W., Fonder W., Giertych 
M., Korczyk A., Matras J., Potyralski A., Szeląg Z., Zajączkowski 
S. 2011. Program zachowania leśnych zasobów genowych i hodowli 
selekcyjnej drzew na lata 2011-2035. CILP. Warszawa.

Smissen R.D., Breitwieser I., Ward J.M., McLenachan P.A., Lock-
hart P.J. 2003. Use of ISSR profiles and ITS-sequences to study 
the biogeography of alpine cushion plants in the genus Raoulia 
(Asteraceae). Plant Systematics and Evolution 239: 79–94. 
10.1007/s00606-002-0249-2.

Tani N., Tomaru N., Tsumura Y., Araki M., Ohba K. 1998. Genetic 
structure within a Japanese stone pine (Pinus pumila Regel) 
population on Mt. Aino-Dake in central Honshu. Japan. Jour-
nal of Plant Research 111: 7–15. 10.1007/BF02507145. 

Tautz D., Renz M. 1984. Simple sequences are ubiquitous repet-
itive components of eucaryotic genomes. Nucleic Acids Re-
search 12: 4127–4138. 10.1093/nar/12.10.4127.

Tsumura Y., Ohba K., Strauss S.H. 1996. Diversity and inheritance 
of inter-simple sequence repeat polymorphism in Douglas-fir 
(Pseudotsuga menziesii) and sugi (Cryptomeria japonica). Theo-
retical and Applied Genetics 92(1): 40–45. 10.1007/BF00222949. 

Vicario F., Vendramin G. G., Rossi P., Liỏ P., Giannini R. 1995. Al-
lozyme. chloroplast DNA and RAPD markers for determining 
genetic relationships between Abies alba and the relic popula-
tion of Abies nebrodensis. Theoretical and Applied Genetics 
90: 1012–1018. 10.1007/BF00222915.

Wolfe A.D., Liston A. 1998. Contributions of PCR-based methods to 
plant systematics and evolutionary biology. in: Plant molecular sys-
tematics (eds. D. E. Soltis, P. E. Soltis, J. J. Doyle) Kluwer. 43–86.

Woo L.S., Hoon Y.B., Don H.S., Ho S.J., Joo L.J. 2008. Genetic variation 
in natural populations of Abies nephrolepis Max. in South Korea. 
Annals of Forest Science 65(3): 302. 10.1051/forest:2008006.

Wyniki aktualizacji stanu powierzchni leśnej i zasobów drzewnych 
w Lasach Państwowych na dzień 1 stycznia 2011 roku. Praca 
wykonana przez Biuro Urządzania Lasu i Geodezji Leśnej na za-
mówienie Dyrekcji Generalnej Lasów Państwowych. Warszawa.

Ziegenhagen B., Gómez L.L., Bergmann F., Braun H., Scholz F. 1997. 
Protection of genetic variability in polluted stands. A case study 
with silver fir (Abies alba Mill.) Forest Bocconea 7: 357–365.

Zientarski J., Ceitel J., Szymański S. 1994. Zamieranie lasów – dy-
namika i prognozy. in: Protection of forest ecosystems. selected 
problems of forestry in Sudety Mountains. (eds. P. Paschalis. S. 
Zajączkowski) Warszawa. 10–28.

Ziętkiewicz E., Rafalski A., Labuda D. 1994. Genome fingerprinting by 
simple sequence repeat (SSR)-anchored polymerase chain reaction 
amplification. Genomics 20: 176–183. 10.1006/geno.1994.1151.

Author’s contribution

K.M. – research conception, inventory works and collec-
tion of biological material, genetic analyses, result analy-
ses, preparation of manuscript; B.N. – research conception, 
inventory works and collection of biological material, 
preparation of manuscript; K.G. – genetic analyses, result 
analyses, preparation of manuscript.

Translated by: Bożena Kornatowska




