
Silvae Genetica 57, 1 (2008) 1

Abstract

In this study, morphological characteristics of juvenile
1- and 2-year-old seedlings of Anatolian black pine were
studied to estimate the amount of genetic variation and
heritability of seedling traits of the species in the Lakes
District of Turkey. This nursery study involved 460 par-
ent trees from 23 populations in a randomized complete
block design. Traits studied were the number and length
of cotyledons, hypocotyls and epicotyls lengths, weight
and length of initial roots, height, root collar diameter,
and stem and root fresh weights, and number of buds.
Variation was higher among than within populations
with individual tree heritability ranging from 0.09 to
0.76, whereas family mean heritability ranged from 0.16
to 0.80. Genetic and phenotypic correlations between
juvenile and 1-year-old seedling traits were generally
the same sign and magnitude. Variation and heritabili-
ties were higher for growth-related traits than the num-
ber and length of embryonic tissues. The observed level
of population differentiation was low, possibly due limit-
ed geographic sampling of populations, which spanned
only 2° of latitudes and longitudes, and 300m in eleva-
tion. If the observed heritabilities for growth traits were
sustained to tree maturity combined family and within
family selection would be effective in improving growth
of this species in the Lakes District of Turkey. A broader
geographic sampling is recommended for better estima-
tion of population differentiation and establishment of
the geographic pattern of the species in this region.

Key words: Pinus nigra, genetic variation, heritability, seedling
traits.

Introduction

Black pine (Pinus nigra Arnold.) is one of the most
widely distributed species of the Mediterranean basin,
particularly in southern Europe and Anatolia. It occurs
naturally as small clusters in Algeria and Morocco
(DAVIS, 1965; KAYA and TEMERIT, 1993). Anatolian black
pine [Pinus nigra Arnold. subsp. pallasiana (Lamb.)
Holmboe] is one of the four recognized subspecies of
black pine. It is native to a vast area extending from the
Balkans to southern Carpathian Mountains, Crimea,
Cyprus, Syria, Thrace and Anatolia (ALPTEKIN, 1986). It
occurs throughout Turkey except the northeast Black
Sea region and covers the second largest area of all
native commercial forest tree species of Turkey (YALTIRIK

and EFE, 2000). Thus, Anatolian black pine is a high pri-
ority species in the National Forest Tree Breeding Pro-
gramme in the country.

Subspecies pallasiana has been the most preferred
black pine for reforestation in dry areas. However, some
of reforestation with this species has failed possibly due
to use of poorly adapted seed sources. Therefore, there is
a need to study its genetic differentiation to facilitate
proper allocation of seed sources to planting sites and
obtain genetic parameters for tree breeding purposes. 

In this study, we investigated genetic variation in
seedling traits of black pine populations from the
Turkey’s Lakes District. Our objectives were to examine
the distribution of genetic variation among and within
populations, and estimate heritabilities for seedling
traits during the first and second growing seasons.

Materials and Methods

Populations and Parent Trees

For this study, we used 460 open-pollinated families,
20 from each of 23 populations sampled from the Lakes
District of Turkey. The sampled region lies between 36°
52’ and 38° 06’ N, 29° 22’ and 31° 20’ E, and 1210–540
meters above sea level. The families were sampled at
random with the following restrictions; 1) they were to
be separated by at least 150 m to minimize the rate of
self-pollination, 2) the range of elevation of the families
had to be not greater than 300 m within any one popula-
tion, 3) they were to be approximately of the same age
(± 10 years), ranging from 70 to 80 years. Healthy cones
from the last year crop were collected from the middle
part of the crown. Cone collection and seed extraction
was performed between December 1998 and February
1999. 

Experimental Design and Measurements 

Seeds were sown in five nursery beds in Eğirdir For-
est Nursery (45 km northeast of Isparta, at 920 m above
sea level) in April 1999. The layout of the experiment
was a randomized complete block design with three
replications and 7-seedling row plots. The spacing was 2
cm between seedlings within each row and 15 cm
between rows. Seedlings were irrigated based on the
operational regime for this nursery, but not fertilized
and raised for two growing seasons in the nursery. The
traits assessed are described as follows:

CN – Number of cotyledons
CL – Length of cotyledons (mm)
HL – Hypocotyl length (mm)
EP – Epicotyl length (mm)
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RL – Radicular length (mm)
RW – Radicular weight (g)
SW – Juvenile seedling weight (g)
H1 – Total seedling height at the end of the first grow-

ing season (mm)
H2 – Total seedling height at the end of the second

growing season (mm)
RD1 – Total root collar diameter at the end of the first

growing season (mm)
RD2 – Total root collar diameter at the end of the sec-

ond growing season (mm)
SW1 – Stem fresh weight at the end of the first grow-

ing season (g)
RW1 – Root fresh weight at the end of the first grow-

ing season (g)
BN2 – Number of buds on 2-year old seedlings

CN, CL, HL, EP, RL, RW, SW, H1, H2, RD1, RD2,
SW1, RW1 and BN2 were measured on 10 seedlings
from each replication at the end of the 8th week from
germination before secondary leaves started to grow.
Similarly, at the end of first and second growing sea-
sons, another 10 seedlings were collected from each
replication for each family (totally 30 seedlings) and
measured for 1- and 2-year-old seedling traits.

Data Analyses 

Before performing the analysis, data were examined
for conformity to the normal distribution and homogene-
ity of the variance assumptions. The outliers were
removed from the data. The number of cotyledons (CN)
and buds (BN2) significantly deviated from these
assumptions. Therefore, the data of these traits were
square root-transformed before analysis. All other traits
were analyzed without transformation. ANOVA for all
traits used the following statistical model:

[1]

Where;

Yijkm is the measurement on the mth seedling of the kth

family from the j th population in the ith replication; µ is
the overall mean; Ri is the effect of ith replication (i =1,
2, 3); Pj is the effect of j th population (j =1, 2, 3, …, 23);
F(P)k(j) is the effect of kth family in j th population (k =1,
2, 3, …, 20); RPij is the interaction effect between ith

replications and j th populations; RF(P)ik(j) is the interac-
tion between ith replications and kth family within j th

population; em(ijk) is the residual. Except µ, all effects on
the right side of the model were considered random with
zero expectation and respective variances. The restrict-
ed maximum likelihood estimates of variance compo-
nents were calculated using PROC MIXED (SAS INST.
INC., 1988). In addition, the SAS PROC GLM was used
to obtain the coefficients of the expected mean squares
for calculation of heritabilities.

Heritabilities were estimated from the variance com-
ponents as described in SHELBOURNE (1969; 1992) and
FALCONER and MACKAY (1996). Individual tree and fami-
ly mean heritabilities for each trait were estimated
using equation 2 and 3, respectively.

[2]

Where h2
i = individual tree heritability, σ2

A = additive
genetic variance, σ2

F(P) = between-family-within-popula-
tion variance component, and σ2

U = phenotypic variance
calculated as, σ2

U = σ2
F(P) + σ2

RF(P) + σ2
e, where σ2

F(P) =
variance due to interaction between replication and fam-
ily-within-population (experimental error) and σ2

e =
variance among individual trees within family (sam-
pling error).

[3]

Where h2
f = family mean heritability and σ2

fm = family
phenotypic variance, calculated as σ2

fm = σ2
F(P) + (k2 /k3)

σ2
RF(P) + (1 /k3)σ2

e, where k2 and k3 are, respectively,
coefficients for σ2

RF(P) and σ2
F(P) in the expected mean

squares.

Genetic correlations were estimated from the compo-
nent of variance and covariance (FALCONER, 1981) sub-
stituted into the standard equation for the product
moment correlation coefficient.

[4]

Where Rg(x,y) = estimated genetic correlation between
traits x and y, σ2

f (x) = estimated components of variance
of families within populations for trait x, σ2

f (y) = estimat-
ed components of variance of families within popula-
tions for trait y, and COVf (x,y) = estimated component of
covariance of families within populations between traits
x and y, estimated from covariance analysis.

The phenotypic correlation between traits x and y
were calculated from family mean squares and mean
cross products for the traits according to KAYA et al.
(1989).

Results and Discussion

There was significant (P ≤ 0.05) variation among pop-
ulations for CN, HL, RL, RW, SW, H1, RD1, H2 and RD2
but not CL, EL, SW1, RW1 and BN2 (Table 1). The com-
ponent of the total variance attributed to variation
among populations was less than 5%, except for RW
(6.6%). On the other hand, families within populations
showed significant variation for all traits. The compo-
nents of the total variance attributed to variation among
families within populations ranged from 1.7% in HL to
19% in SW1 (Table 1). 

Table 1 shows that CN, CL, HL, EL, RL and RW
exhibited low h2

i (0.09–0.26) and h2
f (0.16–0.42), com-

pared to traits measured at the end of the first and sec-
ond growing seasons where h2

i and h2
f were 0.34–0.76

and 0.65–0.80, respectively (Table 1). The values of phe-
notypic and genetic correlations between juvenile and 1-
year-old seedling traits were generally the same sign
and magnitude (Table 2). Thus, only genetic correlation
between traits will be reported. Genetic correlations
between total root collar diameter (RD1) and total
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seedling height (H1) in the first growing season were
strong (0.28) and the same those between total root col-
lar diameter (RD2) and total seedling height (H2) in the
second growing season. Genetic correlations between
RD1 and RD2 were strong (0.11) and higher than those
between H1 and H2 (0.04). In addition genetic correla-
tions between CN-RD1 and CN-RD2 were stronger (0.17
and 0.15 respectively) than those between CN-H1 and
CN-H2 (0.01 and 0.08 respectively). That is, families
with a greater number of cotyledon had greater root col-
lar diameter in the first and second growing season. The
presence of weak genetic correlations between CN-H1
and CN-H2 in the first and second growing season will
also increase the efficiency selection of within popula-
tion for height increment. On the other hand, the exis-
tence of strong genetic correlations between CN-RD1
and CN-RD2 make height growth a unique choice for
further genetic studies in this species.  

This investigation revealed that the populations sam-
pled from Turkey’s Lakes District were genetically vari-
able and a greater amount of genetic variation resided
within populations. The populations involved in this

study spanned only 2° of latitude and longitude, and 300
m in elevation. This limited geographic sampling could
account for a low level (< 5%) of genetic variation among
populations observed in this study. Studies of black pine
and other conifers have shown that species with wide
natural geographic ranges exhibit low genetic variation
among populations but high within the populations
(TOLUN et al., 2000; ÇENGEL et al., 2000; KAYA et al.,
2003). Thus, Anatolian black pine would be no excep-
tion. High within-population genetic variation and heri-
tability observed in this study could partly be due to
maternal effect, especially seed size, because morpholog-
ical and growth-related traits studied were assessed on
very young seedlings (KAYA and TEMERIT, 1994). Never-
theless, observation of higher within-population than
between-population genetic variability in Anatolian
black pine is consistent with results of studies of other
forest tree species (BONGARTEN and HANOVER, 1986;
MATZIRIS, 1989, 1993; BURDON et al., 1992; LI et al.,
1993; LEE et al., 2007). 

High heritabilities for growth-related traits (e.g., H1
and H2) support results of earlier studies of Anatolian

Table 1. – Components of total variance (%) and heritability estimates for seedling traits of Anatolian Black Pine.

x– ± SE: means and standard errors.
σ2

R: Estimated variance components of replications,
σ2

P: Estimated variance components of populations,
σ2

RP: Estimated variance components due to interaction between replications and populations,
σ2

F(P): Estimated variance components of families within populations,
σ2

RF(P): Estimated variance components due to interaction between replications and families,
σ2

e: Estimated variance components of individuals within families, 
h2

i = Individual heritability,
h2

f = family heritability,
ns: none significant; *: significant at P < 0.05; **: significant at P < 0.01; ***: significant at P < 0.001.

Table 2. – Genetic (below diagonal) and phenotypic (above diagonal) correlations
between traits.

Note: 460 open pollinated families involved in estimation of phenotypic and genetic
correlations. ns: none significant; *: significant at P < 0.05; **: significant at P < 0.01.
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black pine populations (KAYA and TEMERIT, 1993, 1994;
VELIOGLU et al., 1999) in which family mean heritabili-
ties were 0.28–0.98. If these high heritabilities were
maintained to tree maturity, a combination of family
and within-family selection would be effective in
improving growth of Anatolian black pine population in
the Lake District of Turkey.

Because of limited geographic sampling, only low
genetic variation among populations was observed.
Future studies of this species should broaden the geo-
graphic range of populations to be tested and estab-
lished the pattern of variation in relation to geographic
and climatic variables. Many studies of conifers have
shown that population differentiation is related to cli-
mate and ecology of seed origin (YEATMAN, 1966; GUINON

et al., 1982; HAWKINS et al., 1991; ADAMS et al., 2007).
Only in the way we will be able to match Anatolian
black pine populations in the Lake District of Turkey to
appropriate planting cites for tree improvement and
reforestation.

Conclusions

In this study, levels of genetic diversity in Anatolian
Black Pine were found to be higher for all traits within
populations than among them. Based on these results, it
may be appropriate to use well performing populations
of this subspecies as seed sources for reforestation and
regeneration practices in the Lakes District. However,
genetic diversity within these populations should be
well represented by including as many distantly related
parent trees as possible. Furthermore, additional field
trials should be conducted prior to large-scale use of
these populations to see if they can in fact perform well
in the field.

Large within population genetic variation is also
reflected by the estimated family heritabilities. Family
heritabilities for the traits of juvenile, one and two-year-
old seedlings suggest that selection within populations
will yield rapid genetic improvement. It is likely that
selection within populations will be much more effective
than selection between populations. 

The results of this study represent only the popula-
tions of Lakes District. Therefore, considering that the
range of Anatolian Black Pine covers large and diverse
areas in Turkey, further studies, which will explore the
genetic diversity of all possible populations, are needed
to better understand the genetic variation in this sub-
species.
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Abstract

Fifteen species of Fagaceae from Chiang Mai 
province, northern Thailand, were investigated: eight
Castanopsis, four Lithocarpus and three Quercus
species. The species were generally diploid with the
chromosome number 2n = 24, and the basic number
x = 12 was confirmed in some species with meiosis. One
tree belonging to Q. lenticellatus had 2n = 14. Chromoso-
mal mapping of the highly repetitive 18S-25S and 5S
ribosomal genes by fluorescence in situ hybridisation
(FISH) was performed. Most species (from all three
genera) showed four 18S-25S rDNA sites (two pairs: 
one subterminal major and one paracentromeric/inter-
calary minor loci) and two 5S rDNA sites (one pair:
paracentromeric locus). Quercus kerrii also had 
two pairs of 18S-25S rDNA sites, but both were subter-
minal major loci. Two species, C. argentea and 
Q. brandisianus, only had one pair of 18S-25S rDNA
sites. Two species, C. calathiformis and L. vestitus,
showed an odd number of (unpaired) sites, and this indi-
cated hybrid origin and/or polyploidy. Polyploid cells
were detected in these species. The ribosomal gene maps
based on both sequences together were genus-specific.
In Castanopsis, the 18S-25S and the 5S genes were
localized on three different chromosome pairs, and com-
prised species-specific maps. On the other hand, the

ribosomal genes in Lithocarpus and Quercus were found
only on two chromosome pairs, because one of the two
18S-25S rDNA loci was localized on the same chromo-
some as the 5S rDNA locus. The FISH markers may be
used to clarify discrepancies arising from morphological
assessments. 

Key words: Fagaceae, Castanopsis, Lithocarpus, Quercus, fluo-
rescence in situ hybridisation (FISH), ribosomal gene mapping,
18S-25S and 5S rRNA genes.

Introduction

Fagaceae (beech family) includes 7–12 genera and
600–1000 species distributed worldwide, apart from
tropical and southern Africa (SOEPADMO, 1972; SCOGGAN,
1978; CHENGJIU et al., 1999). Fagaceae dominates
forests in the temperate, seasonally dry regions of the
Northern Hemisphere, with a centre of diversity found
in tropical South-east Asia (SOEPADMO, 1972; MANOS et
al., 2001). In Thailand (FORMAN, 1964; GARDNER et al.,
2000; PHENGKLAI et al., 2005), this family comprises four
genera: Castanopsis (D. Don) Spach. (chestnut, mostly
evergreen, 33 species); Lithocarpus Blume (stone oak,
mostly evergreen, 56 species); Quercus L. (oak, mostly
deciduous, 29 species); and Trigonobalanus Forman
(evergreen, one species). SOEPADMO (1972) emphasized
that South-east Asia, Indo-China in particular, main-
tained the greatest assemblage and most primitive
forms of Castanopsis and Lithocarpus as well as
Quercus (subgenus Cyclobalanopsis), compared to other
regions of the world. Many of these species, especially in
the genus Castanopsis, form part of the montane forest
distribution east of Himalaya, including eastern Nepal,
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