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Abstract

The present study was carried out in a progeny trial established by ten population of Anatolian
black pine [Pinus nigra Arn. subsp. pallasiana (Lamb.) Holmboe.] to estimate genetic variation,
heritability, genetic gain and also genetic and phenotypic correlations among the characters based
on9” year results of tree height and branch characters in the trial. Average tree height was 112.7
cm in polled population, while average of branch characters were generally similar. The results of
ANOVA showed statistically significant difference (0.05>p) among the population for
characters. Family x population interaction was also found statistically significant. Variation
among family was lower than that of within families for the characters. Family mean heritability
(0.65<hf2 ) was higher than individual heritability (0.42<h,2) for the characters. Genetic variation
among population showed low ratio in total variation, while it was very high among and within the
families. It emphasized importance of individual selection in breeding programme. Phenotypic
correlation was statistically significant between tree height and branch diameter only. It was also
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Introduction

Anatolian black pine (Pinus nigra Arn. subsp.
pallasiana) is one of the most important forest tree species of
Turkish forestry and for the “National Tree Breeding and
Seed Production Programme” (Koski and Antola, 1993) due
to large natural distribution and resistance to arid areas. It
covers about 4.7 million ha at large altitudinal and ecological
variations in 21.7 million ha total forest land of Turkey
(Anonymous, 2012). In large distribution, area found in
ecological diverse is related to species’ high genetic diversity
(Kaya and Temerit, Tolun et al., 2000; Atalay and Efe, 2010).
In addition, about half of the Anatolian black pine forests (2.1
million ha) have degraded and needs to be rehabilitated via of
forestation (Anonymous, 2012). Till 2009, 488 000 ha of land
has been reforested to be planted with Anatolian black pine
(Atalay and Efe, 2010). Estimation of genetic parameters is
an important study in both breeding programme and

highest in genotypic correlation (r=0.81).

Key words

Breeding, Genetic diversity, Heritability, Progeny

plantation forestry. It is getting importance of plantation
forestry for establishment of resistance forest to global
warming. Estimation of genetic parameter and growth
performances have important roles in successful plantations.

The main objective of the present study lead to
compare growth performances of Anatolian black pine
population; and to estimate variation and some genetic
parameters to contribute breeding and selection of genotypes
for plantation forestry of the species.

Materials and Methods

Experimental area and establishment : This study was
carried out in an open pollinated progeny trial established in
Aydogmus (latitude 37°58°N, longitude 30°14°E, altitude
1030 m asl.) in Southern Turkey. The experimental site was
selected from maquis mainly grown Kermes oak (Quercus
coccifera L.) or other shrubs. Controls of weed and shrubs,
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and soil cultivation were applied at the sites before
establishment. The trial was established in year 2000 by 10
natural populations of the species (Table 1) as three
“Randomized Plots” at 3x2 m spacing of seedling. Each
population was represented in each block by ten 2+0 years
old bare root seedlings belong to ten families of each
population.

Data collection and analyses: Data were collected from
survival seedlings at nine year of age in the end 0f 2009. Tree
height (H, cm), angle of branches (angle of the two thickest
branches, BA,°), diameter of branches (diameter of the
thickest branches, BD, mm) and number of branches (number
ofbranches thicker than 2 cm, BN) were assessed.

Number of branches was square root transformed,
while angle of branches was transformed by ArcSin”’p before
analyses. Following model of ANOVA was used for the
analysis by SAS software (SAS Inst. Inc., 1988):

Y =p+B, +Pj +F(P)k(/‘/ + BP;/ + BF(P)ik(/) +em,,

ijkm
where Y, is th’f observation from the m” tree of k” family at j/h
population of i block; £ is overall mean; B, is the effect of the
i" block (i= 1, 2,3); P, effect of j" population (j=1, ...10)
F(P),, is the effect of k ' family (}f: 1,...10) iI,},jm population;
B]F(P)M, is interaction between i block and k family within

Wth . .
j population; and e, is random error.

Individual (narrow sense, hlz) heritability was estimated the
formula given by Namkoong and Conkle (1976):

2 2
hz:% _ kGF(P)

i 2~ 2
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Where, s"A is additive genetic variance within population sgm,,
is genetic variance among families; sQUis phenotypicvariance,
and k is accepted %4 for half-sibs ( Falconer, 1989). Standard

error (SE) of individual heritability was estimated as:

S.E.(h')=

16,
|

Table 1 : Location, latitude, longitude and altitude of the populations
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Family mean heritability (hrz) was estimated by the following
formula (Shelbourne, 1992):

(52 (52
2
= ro .
°r s2 ik a2 Oe
F(P) BF(P)
k3 ( k3

Where, G° sy and (52, are the genotypic variance among
families, and phenotypic variance of the family. BF(P) is
interaction between and family within population; k2 and k3
are coefficients of BF(P) in the expected mean squares.
Standard error (SE) of family mean heritability was estimated
by standard error of genotypic variance among families ((52
) andphenotypic variance of the family ((Szf) as:

F(P)

SEG, )
SE('/)="=

/

Phenotypic correlation (r,) among the characters were
estimated by Pearson’ correlation, while genotypic
correlation (r,) was estimated by the following formula
(Falconer, 1989):

COVf(X,y)

Vv =
g 2 2
w_/G f(x)w_/G fo

Where, COV,_ is covariance between the charactersx andy,
2 i A .
G ,,,and are genetic variances of character x and charactery.

Results and Discussion

Average tree height was 112.7 cm in polled
population, while it ranged from 105.8 cm to 120.7 cm in the
population (Table 2).

High standard deviation of the characters showed
difference within population. It was highest for characters in
population 9. It could be said that population 9 was better for
individual selection than that of others. Average of branch
characters were generally similar in populations (Table 3),
while statistically significant differences were found among
the population based on the results of ANOVA (Table 3).

Population No Location Latitude(N) longitude(E) Altitude (m)
1 Sanli 37°25' 31°03' 1330
2 Orenkoy 38°06' 31°13' 1320
3 Bademli 37°42' 31°20' 1340
4 Koyduzu 37°41" 31°02' 1510
5 Yuvali 37°43" 30°57' 1420
6 Kurucaova 37°41' 30°54' 1210
7 Inalani 37°38' 30°50' 1360
8 Yesildag 37°30" 30°15' 1450
9 Ercekbasi 37°02' 29°29' 1450
10 Gokarik 37°15' 29°42' 1530
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Results of ANOVA showed statistically significant
difference (0.05>p) among population for the characters. It
could show large genetic diversity in the species. Family x
population interaction was found statistically significant
(0.05>p) (Table 3). The results emphasized importance of
individual selection. Differences were found among
population and within population for the characters. Large
differences were reported found among populations and
within population for growth characters in Anatolian black
pine by (Gulcu et al., 2014). It showed importance of the
selection. However, variation within population was higher
than among population. It was also reported in forest tree
species such as in in Pinus sylvestris L. (Dutkuner et
al.,2008), Pinus nigra Arnold. (i.e. Gulcu and Ucler, 2008)
and in P. brutia Ten. (i.e. Ozturk et al., 2004; Gulcu and
Celik, 2009). It emphasized the importance of individual
selection in quality and quantity of timber production by the
species.

Variation among family was lower than that of within
families for the characters (Table 4). The estimated
heritability showed little difference for both individual and
family mean except of individual heritability (0.43) of BN
(Table 4). They were found between 0.57 and 0.75 (in Table
4). Family mean heritability was higher than individual
heritability for the characters.
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Estimation of heritability is an important stage for
determination of target characters to produce higher forest
products in short period, , and also to estimate genetic gain
(Burdon et al., 1992). Individual and family mean heritability
was highest (0.64 and 0.75) in the present study, while other
characters also had acceptable heritability. Beside individual
heritability was lower than family mean heritability in the
characters. Similar results were also reported in Anatolian
black pine (Kaya and Temerit, 1994; Temerit and Kaya,
1997; Gulcu, 2002; Gulcu etal., 2014). For instance, Gulcu et
al. (2014) reported that lower individual heritability
(h’>0.44) than family heritability (h’>0.71) for diameter and
branch characteristics opposite to tree height (0.85&0.92).

It is known that heritability can change many
genetical and environmental effects (Jansson ef al., 2003;
Fries and Ericsson, 2006).The results also emphasized
importance of individual selection. However, when small
number of individuals had low genetic diversity, genetic gain
could be higher.

Estimated genetic and phenotypic correlations among
the characters are given in Table 5. Genotypic correlation
was statistically significant only between H and BD. It was
also highest in phenotypic correlation between H and BD
(Table 5, r=0.81). The significant correlation could be

Table 2 : Averages (X) and standard deviation of tree height, angle of branches, diameter of branches and number of branches for populations

Population No H(em) BA(%) BD (mm) BN

X SD X SD X SD X SD
1 107.9 38.2 69.9 9.6 12.4 3.4 32 0.8
2 113.8 34.0 70.5 9.4 13.7 3.7 32 0.9
3 116.8 37.7 69.8 10.9 139 33 33 1.1
4 1153 353 72.4 8.2 13.9 35 3.0 0.9
5 120.7 37.7 68.3 8.8 14.2 3.6 32 0.9
6 111.2 35.8 66.9 10.2 13.5 3.8 3.0 1.0
7 116.6 36.7 70.1 9.6 13.5 3.4 3.1 0.8
8 106.9 34.9 71.3 10.3 13.5 3.7 2.9 0.8
9 112.0 389 67.9 12.1 13.6 3.7 2.9 0.9
10 105.8 33.8 72.2 10.4 13.3 3.6 3.1 1.0
General 112.7 36.3 69.9 9.9 13.6 3.6 3.1 0.9
SD; standard deviation, H; tree height, BA; angle of branches, BD; diameter of branches, and BN; number of branches
Table 3 : Results of analysis of variance for tree height, angle of branches, diameter of branches, and number of branches
Source of variation H(cm) BA (°) BD (mm) BN
B, p>0.05" p>0.05 p>0.05 p>0.05
P, 0.05>p* 0.05>p 0.05>p 0.05>p
BP, p>0.05 p>0.05 p>0.05 p>0.05
F(P),, 0.05>p 0.05>p 0.05>p 0.05>p
BF(@P),, p>0.05 0.05>p p>0.05 p>0.05

" difference is not statistically significant; *; difference is statistically significant; H; tree height, BA; angle of branches, BD; diameter of branches, and

BN; number of branches
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Table 4 : Variance components for blocks (szﬁ), populations (SZ,,), block x population interaction (s2 ), for families within population (szF ») block x family
. . 2 2 . . . . .. 2 . . . 2 P
interaction (s’ ), error (s",), and for total variance (V,); phenotypic variance at individual level (s,), phenotypic variance at family level (s*,), Individual

(narrow sense, hyz) and family mean (hrz) heritability (their standard errors)

H BA BD BN
szB (%) 0(0.0) 0(0.0) 0.02088(0.16) 0.00011 (0.16)
sz,,(%) 0(0.0) 1.06734 (1.04) 0(0.0) 0(0.0)
szm,(%) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
szm,)(%) 211.1519(15.89) 15.76561 (15.40) 1.85455(14.35) 0.007134 (10.67)
sznm,) (%) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
sze(%) 1117.4(84.11) 85.51433(83.55) 11.0468(85.49) 0.05964 (89.17)
\'A 1328.55 102.35 12.92 0.07
sz“ 1328.55 101.28 12.90 0.07
s2f 281.42 21.14 2.55 0.01
hi+S.E 0.640.12 0.620.13 0.570.11 0.430.09
h'f+S.E 0.750.14 0.750.15 0.730.14 0.660.14
H; tree height, BA; angle of branches, BD; diameter of branches, and BN; number of branches
Table 5 : Genetic (above diagonal, their standard errors) and phenotypic correlations (below diagonal) for the characters
H BA BD BN
H - -0.30ns 0.73* 0.35ns
BA -0.28+0.18 - -0.09ns 0.09ns
BD 0.81+0.07 -0.32+0.18 - -0.05ns
BN 0.72+0.10 -0.14+0.21 -0.62+0.13 -

ns; correlation is not statistically significant, *; correlation is statistically significant, H; tree height, BA; angle of branches, BD; diameter of branches, and

BN; number of branches

important role in silvicultural practices such as pruning,
selection and future studies on the species.

Individual selection should be applied to produce
higher timber products in short period in the species. Tree
height had the highest heritability. It should be used as a
selection criterion for higher genetic gain of the species.

New characters should be also included such as
diameter and stem form to obtain higher quality and quantity
timber products in future studies.
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