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Allozyme Frequency Distributions in Five European Populations
of Black Pine (Pinus nigra Arnold)’)?)

I) Estimation of Genetic Variation Within and Among Populations
IT) Contribution of Isozyme Analysis to the Taxonomic Status of the Species
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Summary

European black pine (Pinus nigra ARNOLD) is generally
considered a collective species with many taxonomic
problems.

Genetic variation in 5 natural populations of Pinus nigra
(Austria, Bulgaria, Greece, Corsica, Calabria) was investi-
gated, at the enzyme level, by using the technique of starch
gel electrophoresis.

Isozyme patterns of 10 enzyme systems (MDH, 6PGD,
MR, IDH, PGM, DIA, AAT, LAP, PGI, GDH) were studied.
Analysis, using haploid megagametophyte tissue, demon-
strated that the allozyme variants in the above enzyme
systems were coded by a total of 42 structural genes in
the 16 readable loci. In one of these loci (IDH), no variants
were found.

The results of this study showed the following:
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a) The loci (isozymes) of DIA appeared in MR enzyme
system as well.

b) On the average, 70.0 % of the analyzed loci were poly-
morphic, while the number of alleles detected per locus
(A/L) ranged from 1.87 (Calabria, Greece) to 2.31 (Bul-
garia) with a mean value for all studied populations of
2.025 allleles per locus.

c) Heterozygosity ranged from 0.180 (Corsica) to 0.257
(Bulgaria).

d) 94% of the total variation of the species was due to
intrapopulation gene diversity.

e) Isozymes contributed differently in the total variation
of the species.

f) Isozyme variation is a useful tool for the taxonomy of
Pinus nigra, since it can discriminate either different
subspecies or different populations within a given
subspecies.

g) The most appropriate enzyme systems for classifica-
tion of the subspecies [ssp. laricio, nigra (austriacu),
pallasiana)l were MDH, DIA, 6PGD and AAT.

h) There was a clear distinction between laricio group
(Calabria, Corsica) and austriaca group (Austria, Bul-
garia).

i) The Greek provenance was closer to the austriaca
group.

Key words: Pinus nigra, isozyme variation, taxonomy.

Introduction

European black pine (Pinus nigra Arnorp) is one of the
most valuable species in the Mediterranean region and it
is distributed in a discontinuous area which includes
Southern Europe, Minor Asia, Cyprus and North-Western
Africa (CrircurieLp and LitTLE, 1966). According to Stoja-
~orr and STEraNoOrF (1929) and Mirov (1967), P. nigra is a
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typical Mediterranean species and is regarded as a reiict
species of the Tertiary period. Because of the pattern of
its natural distribution, black pine is considered to be a
very variable species in morphological, anatomical and
physiological characteristics. This is also indicated by the
large number of taxa (subspecies, varieties and forms)
(ROHRIG, 1957, 1966; LEE, 1968; ArBEz and MILLIER, 1971;
DEeBAzac, 1964, 1971; Vipakovic, 1974; BassioTls, 1967; ZOLLER
et al, 1977; PanETsos and MritsorouLros, 1978). However, the
genetic variation of European black pine is not followed
by geographic patterning (Leg, 1968; Nikoric and Tucic,
1983).

According to many authors, black pine possesses a lot
of taxonomic problems and there is no general consensus
on its taxonomy. In the Balkan peninsula, for example,
the variability and taxonomy of P. nigra are not yet
completely clarified (Vipakovic, 1974). In Yugoslavia only,
Vipaxovic (1955, 1957) and Fukarex (1971) classified Eu-
ropean black pine into 5 subspecies, while in Greece, LEE
(1968) and WHEELER et al. (1976), found such a high varia-
tion, in most of the traits examined, as the one found in
the whole species.

The taxonomic problem of the species becomes more
complicated by the existence of transitional forms between
subspecies (Vibakovic, 1974). The above seems to be a
good explanation of the fact that so many researchers
resulted in different classifications. First, RouriGc (1957)
considered all forms and varieties of the European black
pine as belonging to one species. According to Vibakovic
(1974), the most acceptable classification, with some modi-
fications, is that of Flora Europaea (TutIn et al., 1964),
in which the European black pine is divided into the
following 5 subspecies: ssp. salzmanii (Spain, South-West
France, North Africa), ssp. laricio (Corsica, Calabria, Si-
cily), ssp. nigra (Austria, North-Eastern and Central Italy,
Yugoslavia), ssp. pallasiana (Greece, Bulgaria, Romania,
Turkey, Cyprus, the Crimea peninsula) and ssp. dalmatica
(Coastal region and islands of North-West Yugoslavia). A
considerable amount of information on European black
pine classifications is given by Vibakovic' (1974) in his
monograph.

Up to date, most of the taxonomic studies of black pine
were based on morphological and anatomical characteristics
(DEBAZAC, 1964; TurtiNn et al., 1964; LEg, 1968; Arsez and
MIiLIIER, 1971; FUukaREk, 1971), except of very few studies

that were based on biochemical markers, namely: a) mo-
noterpenes (ArBez et al., 1974), b) flavonoids (LAURANSON,
1989) and c) isozymes (BONNET-MASIMBERT and BIkAY-BIxay,
1978; Nixoric and Tucic, 1983; FINEscHI, 1984).

During the last decades, the development of the isozyme
technique has been an important step towards a further
elucidation of the genetic structure on gene level of
forest tree populations (LunpkvisT and Rupin, 1977). Ac-
cording to RorHe (1990), isozymes have many evident ad-
vantages over the other characteristics: a) they are con-
sidered the direct products of specific allelic genes, b)
their phenotype is not affected by environmental variation
and c) they are relatively easy to handle and to assess.
Up to now, all isozyme studies on black pine variation
and taxonomy, are restricted to only few enzyme systems.

The present work was designed to: a) determine the
genetic variation pattern of Pinus nigra by using as many
as possible enzyme systems for allozyme analysis, b)
examine the extent of the genetic diversity between and
within populations of Pinus nigra and c) to clarify the
taxonomic status in this species. Our analysis is based on
5 populations of Pinus nigra belonging in 4 subspecies
according to Flora Europaea classification (1964).

Materials and Methods

Electrophoresis was conducted on haploid endosperms of
germinated black pine seeds. Germination of seeds nor-
mally occured within 6 to 9 days, after placing them on
moist filter paper in petri dishes in a seed germinator
(16 hr photoperiod, 26 °C day, 21 °C night).

The seed material was bulk and was provided by the
Office National de Foréts, (Service Graines et Plants,
Secherie de la Joux, SUPT, Jura, France) except of the
Greek provenance that was provided by the Laboratory of
Forest Genetics and Plant Breeding (Aristotelian Univer-
sity of Thessaloniki). Information on the classification
(from Flora Europea, based on morphological character-
istics) and the locations of the examined populations of
Pinus nigra are given on table 1.

Endosperms (megagametophytes) were dissected from
germinated seeds (lenght of the radicle 4 mm to 6 mm)
and were homogenized individually with a pestle and
mortar by adding 0.20 M phosphate buffer (pH 7.5)
(ConkLE et al., 1982). The homogenates were analysed for:
asparate aminotransferase (AAT, E.C.2.6.1.1), acid phos-

Table 1. — Locations of population samples of Pinus nigra ArNoLD.

Sample number Country Provenance Subspecies
(ssp.)

1 Austria Austria nggra (austmaca)

2 France Corsica laricio

3 Italie Calabria larcio

(Verger de Bout)

4 Bulgaria Kustendi ngra (austriaca)
(not identified)

5 Greece Pieria pallasizna
(not identified)
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phatase (ACP, E.C.3.1.3.2), diaphorase (DIA, E.C.1.1.1.40),
alpha esterase (a-EST, E.C.3.1.1.1), glutamate dehydrogenase
glucose-6-phosphate dehydrogenase

(GDH, E.C.14.1.3),

2

Table 2. — Allele frequencies of 16 loci in 5 populations of Pinus nigra ArnoL».

provenance AUSTRIA CORSICA CALABRIA BULGARIA GREECE
alleles
MDH-A
MDH-A1 0.02 0.02 0.00 0.02 0.00
MDH-A2 0.98 0.98 1.00 0.98 1.00
MDH-B
MDH-B1 0.62 0.04 0.25 0.48 0.16
MDH~-B2 0.35 0.94 0.68 0.40 0.70
MDH-B3 0.00 0.00 0.07 0.12 0.14
MDH-B4 0.03 0.02 0.00 0.00 0.00
MDH-C
MDH-C1 0.00 0.02 0.00 0.00 0.00
MDH-C2 0.35 0.79 0.62 0.40 0.38
MDH-C3 0.15 0.00 0.05 0.02 0.00
MDH~C4 0.50 0.19 0.33 0.58 0.62
MDH-D
MDH-D1 0.95 1.00 0.98 0.98 1.00
MDH~-Dn 0.05 0.00 0.02 0.02 0.00
DIA-A
DIA-Al 0.50 0.00 0.08 0.38 0.46
DIA-A2 0.46 1.00 0.92 0.58 0.52
DIA-An 0.04 0.00 0.00 0.04 0.02
6PGD-A
6PGD-A1 0.02 0.00 0.00 0.16 0.00
6PGD-A2 0.95 0.61 0.77 0.66 0.80
6PGD~A3 0.03 0.39 0.23 0.18 0.20
6PGD-B
6PGD-B1 0.76 0.63 0.67 0.58 0.32
6PGD-B2 0.19 0.37 0.33 0.40 0.68
6PGD~B3 0.05 0.00 0.00 0.02 0.00
GDH-A
GDH-A1 0.00 0.02 0.03 0.00 0.03
GDH-A2 1.00 0.98 0.97 0.98 0.97
GDH-A3 0.00 0.00 0.00 0.02 0.00
PGI-B
PGI-B1 0.85 0.71 0.83 0.74 0.84
PGI-B2 0.15 0.29 0.17 0.26 0.16
LAP-A
LAP-A1 0.94 0.98 1.00 0.98 1.00
LAP-An 0.06 0.02 0.00 0.02 0.00
LAP-B
LAP-B1 0.00 0.00 0.00 0.00 0.04
LAP-B2 1.00 1.00 1.00 1.00 0.96
AAT-A
AAT-A1 1.00 1.00 1.00 0.98 1.00
AAT-A2 0.00 0.00 0.00 0.02 0.00
AAT-B
AAT-B1 0.04 0.02 0.02 0.04 0.02
AAT-B2 0.83 0.60 0.55 0.58 0.66
AAT-B3 0.13 0.38 0.43 0.38 0.32
AAT-C
AAT-C1 0.11 0.20 0.03 0.12 0.24
AAT-C2 0.00 0.02 0.02 0.02 0.00
AAT-C3 0.87 0.74 0.95 0.86 0.76
AAT-Cn 0.02 0.04 0.00 0.00 0.00
PGM-A
PGM-A1 0.00 0.00 0.00 0.06 0.08
PGM~A2 1.00 1.00 1.00 0.94 0.92
IDH
IDH-A1 1.00 1.00 1.00 1.00 1.00

(G6PD, E.C.1.1.149), isocitrate

dehydrogenase (IDH,

E.C.1.1.1.42), leucine aminopeptidase (LAP, E.C.34.11.1),
malate dehydrogenase (MDH, E.C.1.1.1.37), menadione
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Figure 1. — Representative illustrations of allozyme band patterns for 9 enzyme systems
observed in megagametophyte tissues of 5 populations of Pinus nigra.

reductase (MR, E.C.1.6.99.2), peroxydase (PER, E.C.1.11.1.7),
6-phosphogluconate dehydrogenase (6PGD, E.C.1.1.1.44),
phosphoglucose isomerase (PGI, E.C.5.3.1.9) and phospho-
glucomutase (PGM, E.C.2.7.5.1), in an horizontal electro-
phoresis system with 10.5% (w/v) Connaught starch (Con-
naught Laboratories, Willowdale, Ontario, Canada). Buffer
systems, gel composition, electrode buffers and staining
recipes were prepared according to CuHeLiak and PIteL
(1985), except for the staining recipes of LAP, a-EST and
PER which were prepared according to ConkLE et al. (1982).
Gels were run under refrigeration (4 °C) and constant am-
perages (60 mA) with the exception that they were not
allowed to exceed 320 V. The loci (isozymes) and the alleles
within each locus (allozymes) were numbered in de-
creasing order of anodal mobility. “Null” isozymes, that
lacked staining activity under the conditions of our assays,
were specified by the letter “n”.

Estimations of heterozygosities: h (expected proportion
of heterozygotes per locus and population), Ht (a measure
of the total genetic variation), Hs (genetic variation within
the population) and Dst (genetic variation among the pop-
ulations) were conducted according to HARDY-WEINBERG
expectations, by following the method of NEr1 (1973, 1978)
and Ner and Cuesser (1983). The relative magnitude of gene
differentiation for interpopulation gene diversity(coefficient
of gene differentiation) was obtained by the formula Gst
= Dst/Ht which can be used as an index of allele fre-

quency heterogeneity (Nker, 1973; Nicoric and Tucic, 1983).
Genetic relationships between populations were quantified
by using NEr's (1978) unbiased genetic distance measure.
Cluster analysis, based on the unweighted pair group
method was performed on the matrix of NEer's genetic
distance.

Isozyme patterns of all enzyme systems were examined
on random samples of 80 to 100 endosperms of each popu-
lation.

Results

Ten enzyme systems out of the 14 i.e. LAP, MDH, 6PGD,
IDH, PGM, GDH, AAT, DIA, MR, PGI, representing 17
loci were resolved with sufficient consistency and clarity
which permited us to state if one locus is monomorphic or
polymorphic and when polymorphic, to score for allelic
variants (Table 2) in the 5 European black pine popula-
tions. Zymogram phenotypes of the 9 enzyme systems are
illustrated in figure 1. The loci (isozymes) of DIA appeared
in the MR enzyme system as well. A total of 42 scorable
alleles (allozymes) was detected in 16 readable loci. The
allele frequencies at each locus and population are shown
in table 2. Most of them were stable and easy to interpret,
except of the isozymes of MDH enzyme system which
could be interpreted only by a quite trained eye. In our
case, the MDH system was coded by 4 loci and hetero-
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dimers were formed between the 2 loci MDH-B and
MDH-C. Very often the interpretation of MDH enzyme
system zymogram was complicated becanse:

a) The 2nd locus (MDH-B) exhibited a very light stain-
ing band, in contrast to MDH-A that formed a dark
staining band.

b) The 2 loci, MDH-A and MDH-B, often appeared as
one broad and because of the similar migration rates of
their most common alleles (MDH-A, and MDH-B,).

¢) One of the most common alleles of the 3rd locus
(MDH-C,) was “covered” by a dark staining band of the
4th locus.

Considering the above and also that: a) variation in
MDH-B and/or MDH-C results in a change of position of
the heterodimer band so that it is always midway be-
tween MDH-B and MDH-C and b) variation in MDH-A
(e.g. MDH-A)) and the presence of a null (silent) allele in
the 4th locus revealed the existence of the alleles MDH-B,
and MDH-C, respectively, 4 loci were recorded comprising
2, 4, 4, 2 alleles respectively. The presence of the hetero-
dimer band between MDH-B and MDH-C was also noticed
by EL-KassaBy (1981) in his study on genetic interpretation
of MDH isozymes in conifer species.

With the exception of IDH enzyme system that was mo-
nomorphic in all populations, we have found variant al-
leles at every locus, although not present in every seed lot.
From table 2, it is also indicated that 7 loci (MDH-B,
MDH-C, 6PGD-A, 6PGD-B, PGI-B, AAT-B, AAT-C) were
polymorphic in all populations and that most of these loci
seemed to be fixed for their most common allele in all
populations. Table 3, shows that the proportion of poly-
morphic loci (P) ranged from 0.625 (Corsica and Calabria)
to 0.875 (Bulgaria). On the average, 70.0% of the analyzed
loci were polymorphic, while the number of alleles de-
tected per locus (A/L) ranged from 1.87 (Calabria, Greece)
to 2.31 (Bulgaria) with a mean value for all studied popu-
lations, of 2.025 alleles per locus. Patterns of allele fre-
quency distribution of polymorphic loci (Table 2) in-
dicated considerable genetic heterogeneity among the 5
populations of P. nigra. The average amount of genetic
variability (expected heterozygosity) was high (0.208) but
varied considerably among populations. Populations from
Corsica and Calabria were characterized by the lowest
variability (0.180 and 0.183 respectively) whereas the Bul-

garian population by the highest one (0.257) (Table 3).
Table 4, presents the allelic variation or the expected
proportion of heterozygotes per locus and population (h)
and suggests that the polymorphic loci contribute dif-
ferently to the mean value of the genetic variability of the
species. Only 8 (MDH-B, MDH-C, DIA-A, 6PGD-A,
6PGD-B, PGI-B, AAT-B, AAT-C) out of the 16 loci ex-
hibited a high level of heterozygosity. Two loci of this
category, namely MDH-C and 6PGD-A, possessed the
unique alleles MDH-C,;, 6PGD-A,, that were specific for
the populations from Austria and Bulgaria respectively.

The great differentiation of allele frequencies, found
at the isozyme loci among the 5 populations of P. nigra
(Table 2), provides alleles with a diagnostic value adequate
to discriminate subspecies or to identify each population.

Indeed, MDH-B, allele frequencies are higher for the
Bulgarian and Awustrian populations — spp. nigra --—
(0.48 and 0.62 respectively) than those for the rest popula-
tions or subspecies. The lowest frequency of MDH-B,
allele (0.04) has been found in the Corsican population.
MDH-B, allele is at high frequency (0.94) in the Corsican
population. MDH-B; allele is absent from the Austrian
and Corsican populations. The frequency of MDH-C, allele
is higher for the populations from Corsica (0.79) and Ca-
labria (0.62) — ssp. laricio — than from other subspecies or
populations. The opposite occurs with MDH-C, allele fre-
quency. DIA-A, allele frequencies are higher for the Cor-
sican and Calabrian populations (1.00 and 0.92 respectively)
than for the rest of the populations or subspecies. The
alleles 6PGD-A;, 6PGD-B, and AAT-B, are at their lowest
frequencies (0.03, 0.19 and 0.13 respectively) in the Austrian
population. Also, the lowest frequencies of 6PGD-B, and
AAT-C, alleles have been found in the Greek (0.32) and
the Calabrian (0.03) populations respectively. Finally,
PGM-A, allele is absent from the Austrian, Corsican and
Calabrian populations. The frequency distributions of the
most useful isozymes for the discrimination of subspecies
(ssp. laricio, nigra, pallasiana) of P. nigra are shown in
figure 3.

Table 5 indicates that intrapopulation gene diversity
was considerably high (0.208 or 94% of the total gene
diversity of the species). The above is also indicated by
the low value (0.06) of the coefficient of gene differentia-
tion (Gst) which suggests either that heterogeneity withir

Table 3. — Genetic variation of 16 loci in 5 populations of Pinus nigra.

Population Mean number of Percentage Expected Standard

alleles per locus of loci heterozygosity error

polymorphic
(A/L) (P) (He) (SE)

AUSTRIA 2.125 68.7 0.197 0.053
CORSICA 1.937 62.5 0.180 0.053
CALABRIA 1.875 62.5 . 0.183 0.052
BULGARIA 2.312 87.5 0.257 0.059
GREECE 1.875 68.7 0.225 0.052
Mean 2.025 70.0 0.208 0.054



Table 4. — Estimation of expected heterozygosity per locus and population (he) in 5 populations
of Pinus nigra ArNoLD.

provenance | AUSTRIA CORSICA CALABRIA BULGARIA GREECE Mean
locus
1. MDH-A 0.039 0.039 0.000 0.039 0.000 0.02¢4
2. MDH-B 0.494 0.115 0.473 0.599 0.467 0.430
3. MDH-C 0.608 0.341 0.507 0.506 0.474 0.487
4. MDH-D 0.095 0.000 0.039 0.039 0.000 0.035
5. DIA-A 0.539 0.000 0.148 0.521 0.521 0.346
6. 6PGD-A 0.097 0.478 0.356 0.509 0.322 0.353
7. 6PGD-B 0.386 0.469 0.445 0.506 0.438 0.449
8. GDH-A 0.000 0.039 0.058 0.039 0.058 0.039
9. PGI-B 0.256 0.414 0.284 0.387 0.270 0.322
10. LAP-A 0.113 0.039 0.000 0.039 0.000 0.038
11. LAP-B 0.000 0.000 0.000 0.000 0.077 0.015
12. GOT-A 0.000 0.000 0.000 0.039 0.000 0.008
13. GOT-B 0.294 0.498 0.515 0.521 0.464 0.458
14. GOT-C 0.231 0.452 0.097 0.247 0.367 0.279
15. PGM-A 0.000 0.000 0.000 0.113 0.148 0.052
16. IDH-A 0.000 0.000 0.000 0.000 0.000 0.000
Mean 0.197 0.180 0.183 0.257 0.225 0.208
Table 5. — Gene diversity parameters in Pinus nigra subspecies.
Subspecies Heterozygosity Total Heterozygosity Coefficient
intrapopulation heterozygosity interpopulation of
diversity
(Hs) (Ht) (Dst) (Gst)
ssp. nigra 0.226 0.233 0.007 0.020
ssp. laricio 0.185 0.186 0.001 0.005
P.nigra
(five
populations) 0.208 0.231 0.022 0.060

populations was higher than heterogeneity among popula-
tions or that interpopulation gene diversity is not strong.
Gst value for the 2 subspecies (ssp. laricio, ssp. nigra) was
found to be lower (0.005 and 0.020 respectively) than that
of the whole species.

Unbiased genetic distances for all possible pairs of the
5 populations are presented in table 6. The average ge-
netic distance is 0.035. The highest genetic distance is
noticed between the populations from Corsica and Austria
while the lowest one is noticed between populations from
Corsica and Calabria. Generally, lower genetic distance
values are found between populations belonging in the
same subspecies.

The dendrogram of P. nigra populations, based on
UPGMA clustering, was constructed by using the genetic
distances of NEI (1978) and provides a graphic presenta-
tion of relationships among the 5 populations (Figure 2).
In particular, the 5 populations of P. nigra are arranged
into 2 distinct clusters: i) populations from Corsica and
Calabria (ssp. laricio) and ii) populations from Austria
and Bulgaria (ssp. nigra) plus the Greek population.

Discussion and Conclusions

Five European black pine populations have been analys-
ed for allozyme variation in 16 loci. The allozyme analysis
provided important information about the geographic pat-
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Table 6. — Estimates of unbiased genetic distance*) (D) based on data from 16 loci between 5
populations of Pinus nigra.

1

Austria

1.Austria Y
2.Corsica
3.Calabria
4.Bulgaria

5.Greece

2

Corsica

0.080

Note: Mean genetic distance 0.035 + 0.006

*) According to N (1978)

tern and genetic variation in P. nigra. The data of gene
frequencies obtained from our analysis imply that con-
siderable genetic differentiation exists among the popula-
tions of P. nigra and this differentiation is not followed

3

Calabria

0.040

0.012

4 5
Bulgaria Greece
0.016 0.039
0.048 0.047
0.020 0.031
(] 0.017

0

by a specific geographic pattern. Each one of the examined
populations demonstrates significantly different allozyme
distribution in the majority of the loci.

Moreover, the presence of alleles with diagnostic value
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was adequate to provide strong evidence for the sub-
division of black pine into subspecies or to discriminate
and identify each population in every subspecies. In fact,
the ssp. laricio (Corsica and Calabria) can be discriminated
from the ssp. nigra and the Greek population by the very
high frequency of DIA-A, allele or/and by the high fre-
quency of MDH-C, allele. The ssp. nigra (Austria and
Bulgaria) can be discriminated from the ssp. laricio and
the Greek population by the higher frequency of MDH-B,
allele. On the other hand, the Austrian population dif-
fers from the Bulgarian one by the significantly higher
frequencies of MDH-C,;, 6PGD-A,, 6PGD-B,, PGI-B,,
AAT-B, alleles. The Corsican population differs from the
Calabrian one either by the significantly higher fre-
quency of MDH-B,, MDH-C,, 6PGD-A,, AAT-C, or/and by
the absence of DIA-A,. Finally, the Greek population dif-
fers from the rest populations by the higher frequency of
6PGD-B, or/and by the high frequency of MDH-B, in
combination with the high frequency of MDH-C,. In the
present work, the most useful isozymes, for classification
of the subspecies (ssp. laricio, nigra, pallasiana) of P. nigra
were MDH-B, MDH-C, DIA-A, 6PGD-A, 6PGD-B. The
same isozymes were, also, proved to be useful for the
discrimination of ssp. salzmanii from the rest of the sub-
species (Rour et al., 1993). The different contribution of
loci (isozymes) to the genetic variation of conifer popula-
tions was also noticed by Nicoric and Tucic (1983) in P.
nigra, by STEINHOFF et al. (1983) in P. monticola, by Yen
and LayToN (1979) in P. contorta, by Yed and ArnoTT (1986)
in Picea sitchensis, P. glauca and their hybrid.

Genetic differentiation among black pine populations
was also noticed by several other studies on variation
which involved provenance trials (WiLcox and MILLER,
1975; WHEELER et al., 1976), analysis of morphological, ana-
tomical and physiological characters (BasstoTis, 1967; LEE,
1968; ArBEz and MILLIER, 1971; DEBazAC, 1971; MATZIRIS,
1984) and analysis of biochemical markers, i.e. monoter-
penes (Arsez et al., 1974), flavonoids (Lauranson, 1989)
and isozymes (BoONNET-MasIMBERT and BIray-Bikay, 1978;
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Nixoric and Tucic, 1983; Fineschi, 1984). In particular, in
isozyme studies up to now, only 5 e¢nzyme systems (ACP,
EST, LAP, AAT, SKDH) have been used for the taxo-
nomic classification and genetic analysis of the P. nigra
populations. The absence of any geographical variation
pattern was also observed by LEE (1968) and WHEELER et
al. (1976) on morphological, anatomical and chemical data
and by BoNNET-MasiMBerT and Bixkay-Bikay (1978) and
Nixoric and Tucic (1983) on allozyme analysis.

The wide range of the genetic variability values (P,
A/L, h, H) was also noticed by Nikoric and Tucic (1983)
on P. nigra and according to Yen and Er-Kassasy (1980)
this is typical for several conifer species.

The estimation of heterozygosity (Table 3) indicates that
P. nigra exhibits high levels of genetic variation and that
there are considerable differences of the genetic variants
among the populations. The above is in agreement with
the findings of Nixovric and Tucic (1983) in P. nigra popula-
tions or with the findings of other workers who studied
different conifer species (SteinHorF et al., 1983; YeEu and
ArnoTT, 1986).

Generally, conifers are characterized by very high levels
of genetic variation and their group is one of the most
variable groups of species (Hamrick, 1979). Up to now,
notable exceptions to this rule were Pinus resinosa (Fow-
LER and Morris, 1977), Pinus torreyana (Leplc and CONKLE,
1983), Thuja plicata (Cores, 1981) and Cedrus deodara
(PanETsos et al., 1992). According to Hamrick et al. (1979),
MirTon (1983), LEpIc (1986), the possible factors accounting
for the high variation of conifers are: a) the life-history of
conifers (i.e. long-lived, outcrossed trees with high fecun-
dity) and b) the divergent selection for macro-micro
geographical adaptation.

The analysis of the genetic variation shows (Table J5)
that P. nigra is characterized by a high total variability
(Ht = 0.23) and that a large portion of this is due to
high intrapopulation gene differences (94 %). This means
that the genetic variation of black pine is high in local
populations, and the same alleles tend to be distributed



throughout the whole range of the species. Nevertheless,
the observed decrease in the coefficient of genetic differ-
entiation (Gst) in the 2 subspecies of P. nigra suggests that,
in spite of the low degree of interpopulation gene diversity
(Dst = 0.022), there are significant differences among the
populations and the proposed subdivision of P. nigra into
these subspecies according to Flora Europaea (1964), is
confirmed.

The organisation of gene diversity in black pine is quite
comparable with that observed for other conifers. For
example, Gst values reported for: a) lodgepole pine ranged
between 1% (Knowires, 1984) and 6.1% (WHEELER and
Guniss, 1982), b) scots pine varied widely from 2% (Gu..-
BERG et al., 1985) to 16% MEINARTOWITCZ, 1979), ¢) norway
spruce ranged between 2% (Lunpkvist and Rupin, 1977)
and 6% (TiGersTEDT, 1974) and d) douglas fir varied from
0.1% (MEerkLE and Apawms, 1987) to 7.1% (L1 and Apawms,
1989) for coastal populations and from 4.3% (YEH, 1981;
Li and Apawms, 1989) to 12.2% (Lr and Apawms, 1989) for
interior populations. EL-KassaBy (1991) based on the data
gathered from 55 studies conducted on 24 conifer species
resulted in the same conclusion, that is: the majority of
genetic variation resides within populations and a small
but significant component exists among populations.

The above, according to Yen and Layron (1979) is prob-
ably due to the ecological amplitude, the breeding system
and the lack of effective barriers to prevent gene flow
among conifer populations.

Since the similarity of isozyme patterns is most likely
to be a reflection of their close taxonomic relationship
(RoTHE, 1990), our dendrogram, which was constructed
from the estimated genetic distances, indicates that: a)
there is a clear distinction between ssp. laricio (Corsica
and Calabria) and ssp. nigra (Austria and Bulgaria) and b)
the Greek population is closer to ssp. nigra than to ssp.
laricio.

Despite the small number of examined populations, our
classification seems to be in agreement with the taxonomic
classification of P. nigra conducted either by isozyme
analysis (BoNNET-MasIMBERT and Bikavy-Bikay, 1978) or by
morphological traits (Turin et al., 1964; Fukarek, 1953;
DEeBazac, 1964, 1971). On the contrary, our results are in
disagreement with the findings of Arsez and MILLIER
(1971), ArBez et al. (1974), LauransoN (1989) and Nikotic
and Tucic (1983), who found that the populations from
Corsica and Calabria belong in different subspecies.

The taxonomic status of P. nigra, will be further eluci-
dated by the application of isozyme analysis to populations
from the whole natural distribution of the species.
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Between Three Origins of Picea abies in a Nursery Trial
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Summary

Picea abies (L.) Karst. full-sib progenies from a factorial
mating design were classified into 8 types according to the
origin of the parents: northern Sweden, central Sweden,
or continental Europe. Seedlings were planted in 36-tree
plots with 40 cm X 40 cm spacing, either a single mating
type, or 2 types mixed (checker-board), on sandy, unfer-
tilized soil. Seven out of the 28 possible pairwise mixtures
were included. Height and stem diameter were assessed
annually from age 2 (height) or 5 (diameter) through 9
years. The effects of direct mating type and of associate
mating type were quantified by a factorial analysis of
variance. For height, the direct effect was large at ages 2
to 4, as a result of juvenile free growth in the southern
mating types. However, the direct effect declined and was
smaller than the associate effect at age 9. An average
mixed-plot superiority compared to pure plots was signif-
icant from age 3 through 6 for height, from age 6 through
8 for diameter. At most, this superiority was about 5%,
both for height and for diameter. Similar competition ef-
fects have been reported for other conifers, with other
types of genetic entries, when growing on nutrient-poor
soils.

Key words: Competition, Provenance matings, Contrast plots,
Narrow spacing, Mixture effects, Progeny test, Picea
abies (L.) KArsT.

Introduction

Many effects of competition between adjacent trees in
the forest are obvious, and are the motives for silvicultural
strategies such as various thinning and selective cutting
regimes. With increasing intensity of cultivation and in-
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creasing control of the genetic set-up of entries, prediction
of growth performance in mixtures of particular entries, or
more generally, in defined competitive environments, be-
comes increasingly attractive. This would be possible
through the identification of ideotypes (DonaLp, 1968;
CANNELL, 1982). A forest tree ideotype could be defined
by different kinds of traits, e.g. phenological, morpho-
logical, or physiological. A highly heritable, narrow
crown type of Picea abies in Finland, has been pro-
posed as a crop ideotype that would yield more mer-
chantable wood per unit area (PuLkkINEN, 1991; Purk-
kKINEN and TIGersTEDT, 1992). However, for the ideo-
type concept to be useful, more knowledge and ex-
perimental data are required in areas such as sink dy-
namics, ageing, and competition processes (DickMAN, 1985).
Causes and effects of competition may depend on the type
of competing entries (species, provenances, half-sibs, clo-
nes, ete), site conditions (soil fertility, spacing, etc.), age,
and other factors. JouanssoNn and Keopy (1991), working
on a large number of wetland annual plant species, experi-
mentally confirmed two general hypotheses related to
competition, that (i) intensity, i.e. average growth depres-
sion, increases with the degree of similarity of the com-
peting species, and that (ii) asymmetry, i. e. lack of balance
between growth alterations of the competing species,
decreases with increasing similarity. They also found that
“competitive similarity” between species was difficult to
measure, although a large number of traits, considered
relevant for competition, were observed. This emphasizes
the need for a better understanding of competitive mecha-

Silvae Genetica 43, 1 (19%4)



