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ABSTRACT
Relation between cone production and growth characteristics (height,
diameter at breast height, and crown diameter), and also fertility variation
and effective number of parents were estimated in three natural
populations of Taurus cedar (Cedrus libani A. Rich.) in this study.
Average of number of cones per tree was 41, while there were large
differences among populations (! 0.05) and within population. Averages
of number of cones were 19, 39 and 63 in the populations.
The fertility variation was 1.85 in polled populations. Relative effective
number of parents were 61.8%, 70.8%, and 71.5% in the populations
sampled the same number of individual.
Three height and diameter at breast height have positive and significant
(! 0.05) effective on cone production according to results of correlation
analysis.
! 2015 Trade Science Inc. - INDIA
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INTRODUCTION
Taurus cedar (Cedrus libaniA. Rich), is classified
as one of the most economically important species for
Turkish forestry and the “National Tree B reeding and
Seed Production Programme” [1] because of the largest
natural distribution mainly on the Taurus Mountains in
southernTurkey(Figure 1)[2]. It is known that estimation
of interaction between reproductive and growth
characters, and fertility variation have important roles
Figure 1 : Natural distribution of the species in Turkey
in economical and biological success of plantation
programme and forestry practices of the species.
forestry and breeding programme.
The purposes of this studyare to estimate the fertility
MATERIALAND METHODS
variation and effective number of parent, and to examine
the interactions between cone production and growth
characters in a natural population of Taurus cedar to Studied populations and data collection
provide genetic information to guide the breeding
The cone and growth data was collected 30 mother
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TABLE 1 : Location of studied populations
Population

Latitude (N)

Longitude (E)

Altitude (m)

Egirdir (P1)

3750

3050

1528

Barla (P2)

3805

3045

1622

Senirkent (P3)

3810

3830

1494

trees sampled randomly, from each three natural
populations (Figure 2) in end of 2015. Geographic
properties of the studied populations are given in
TABLE 1.
Number of mature cones (Con, Figure 3), and tree
height (H); diameter at breast height, (DBH) and crown
diameter (CD) data were collected on the mother trees.

N

ØN

 Con

2
i

i 1

Where N is the census number, Coni is the fertility for
cone production of ith tree.
The effective numbers of parent (Np) was estimated
based on census number (N) and fertility variation (Ø)
as[5]:

Np  N / 
The following linear ANOVA model was used for
comparison of the populations for number of mature
cone numbers and growth characteristics:

Yij =  + P j  e ij
Where Yij is the observation from the jth tree of the ith
population, ì is overall mean, Pi is the random effect of
the ith population, and eij is random error.
Correlations among cone production and growth
characters were calculated by Pearson’s correlation
using SPSS statistical package program.
RESULTS AND DISCUSSION
Cone production
Figure 2 : Views from the populations

Figure 3 : Mature cones of the species

Fertility variation and effective number of parent
Fertility was defined as the relative proportion of
fertile individuals (i.e., contribution) to the entire
population[3]. Fertility variation (Ø) was estimated based
on the cone number as[4]:

The averages, range and coefficient of variation for
the characters were presented for the populations in
TABLE 2. There were large differences among
populations and within population for cone production
and growth characters (TABLE 2). Average of number
of cones per tree was 41, while there were large
differences among populations (p0.05) and within
population. Averages of number of cones were 19, 39
and 63 in the populations. The most abundant six
individual trees (20% of total sampled trees) produced
39%, 44%, 39% of total cone production in the
populations. Statistically significant (p0.05) difference
was found for cone production and tree height based
of result of analysis of variance (TABLE 3). The results
emphasized importance of selection to produce higher
cone in seed collection areas. Large reproductive
differences among populations and within population
were reported in forest tree species[6-9]. The differences
could be genetic[10] or environmental[11].
Fertility variation and effective number of parent
Fertility variation and effective number of parent
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TABLE 2 : Averages, ranges and coefficient of variation (CV%) of the characters in the populations
Characters
Con

H
(m)

DBH
(cm)

CD
(cm)

Populations
P1
P2
P3
General
P1
P2
P3
General
P1
P2
P3
General
P1
P2
P3
General

Average
39.1
62.9
19.4
40.5
14.5
16.5
13.4
14.8
31.1
28.4
27.3
29.0
668.0
592.7
625.0
628.6

Minimum
1.0
10.0
6.0
1.0
10.0
10.5
9.5
9.5
18.0
16.0
16.0
16.0
370.0
400.0
340.0
340.0

Maksimum
85.0
250.0
67.0
250.0
24.0
26.0
18.5
26.0
56.0
38.0
68.0
68.0
960.0
950.0
1060.0
1060.0

CV%
65.3
80
64.2
92.8
22.1
24.8
15.7
23.6
29.3
19.4
44.0
32.1
25.5
25.0
30.0
27.1

TABLE 3 : Results analysis of variance for cone productions

Characters
Con

H

DBH

CD

Source of variaton
Between groups
Within group
Total
Between groups
Within group
Total
Between groups
Within group
Total
Between groups
Within group
Total

Sum of squares
28554.867
96821.533
125376.400
147.117
913.483
1060.600
230.489
7445.333
7675.822
85235.556
2512496.667
2597732.222

and relative effective number of parent were given for
the populations in TABLE 4. Fertility variation was 1.85
for polled populations, while it was 1.41, 1.62 and 1.40
in the populations (TABLE 4). Large differences in
TABLE 4 : Fertility variation (Ø), effective number of parent
(Np) and relative effective number of parent (Nr) in the populations

Ø
Np
Nr (=N/Np)

P1
1.41
21.2
70.8

Populations
P2
P3
1.62
1.40
18.5
21.4
61.8
71.5

Total
1.85
48.6
54.0

Degrees of freedom
2
87
89
2
87
89
2
87
89
2
87
89

Mean of squares
14277.433
1112.891

F value
12.829

P
0.000

73.558
10.500

7.006

0.002

115.244
85.579

1.347

0.265

42617.778
28879.272

1.476

0.234

fertility among trees were also reported in natural
populations of different forest tree species[12,13]. Sibling
coefficient of natural stands is acceptable up to 3 for
ideal populations[14] (TABLE 4). The results showed
the studied populations were ideal populations.
However, data on reproductive characters were
collected from only one year. Therefore, it is needed to
collect more data on fertility variation to draw accurate
conclusion.
Relations among characters
Statistically significant and positive correlations were
found between cone production and tree height (H) and
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TABLE 5 : Relations between cone production and growth
characteristics
Con
H
DBH
CD

Con
0.226
0.219
NS

H

DBH

CD

0.481
0.300

0.792

-

diameter at breast height (DBH) (TABLE 5).
Positive correlations between number of strobili an
tree size were reported in different forest tree
species[7,15,16], while negative genetic correlations
between flowering and growth were reported in a
natural forests[17]. These results could play important
role in forestry practices.
ACKNOWLEDGEMENT
This study was a part of M.Sc. thesis, prepared
under supervision of Dr. Nebi Bilir. Authors thank to
the defense members of the thesis for their valuable
comments on the manuscript. The authors also thank to
anonymous reviewers who made valuable comments
which helped to improve the manuscript.
REFERENCES
[1] V.Koski, J.Antola; National tree breeding and seed
production programme for Turkey 1994-2003.The
ResearchDirectorate of Forest Tree Seeds andTree
Breeding, Ankara, Turkey, 52 (1993).
[2] B.S.Evcimen; Commercial importance and
management of Turkish Taurus cedar. General
Directorate of Forestry, Ankara, Turkey, 355/16,
(1963).
[3] H.R.Gregorius; Characterisation and analysis of
mating system. Ekopan Verlag, Germany, (1989).
[4] N.Bilir; Fertility variation in wild rose (Rosa canina)
over habitat classes. International Journal of
Agriculture and Biology, 13, 110-114 (2011).
[5] K.S.Kang, D.Lindgren; Fertility variation among
clones of Korean pine (Pinus koraiensis S.et Z.)
and its implications on seed orchard management.
For.Genet., 6, 191-200 (1999).
[6] K.S.Kang, D.Lindgren; Fertility variation and its
effect on the relatedness of seeds in Pinus
densiflora, Pinus thunbergii and Pinus
koraiensis clonal seed orchards. Silvae Genetica.,

47, 196-201 (1998).
[7] T.Nikkanen, S.Ruotsalainen; Variation in flowering
abundance and its impact on the genetic diversity
of the seed crop in a Norway spruce seed orchard.
Silva Fenn., 34, 205-222 (2000).
[8] A.D.Bila, D.Lindgren; Fertility variation in Milletia
sthuhlmannii, Brachystegia spiciformis,
Brachystegia bohemii and Leucaena
leucocephala and its effects on relatedness in
seeds. Forest Genetics, 5, 119-129 (1998).
[9] N.Bilir, K.S.Kang, D.Zang, D.Lindgren; Fertility
variation and status number between a base
population and a seed orchard of Pinus brutia.
Silvae Genetica, 53, 161-163 (2004).
[10] G. Eriksson, A.Jonsson, D.Lindgren; Flowering in
a clonal trial of Picea abies (Karst.).
Stud.For.Suec., 110, 4-45, (1973).
[11] T.Hedegart; Breeding systems, variation and genetic
improvement of teak (Tectona grandis L.f.). In:
J.Burley, B.T.Styles, (Eds); Tropical Trees:
Variation, Breeding and Conservation Linnean
Society Symposium, Academic Press, New York,
(1976).
[12] K.S.Kang, A.D.Bila, A.M.Harju, D.Lindgren;
Fertility variation in forest tree populations, Forestry,
76, 329-344 (2003).
[13] A.D. Bila, D.Lindgren, T.J. Mullin; Fertility variation
and its effect on diversity over generations in a Teak
plantation (Tectona grandis L.f.). Silvae Genet.,
48, 109-114 (1999).
[14] K.S.Kang; Genetic gain and gene diversity of seed
orchard crops. Ph.D. Thesis. Swedish University
of Agricultural Science, Acta Universitatis
Agriculturae Sueciae, Silvestria, Umeå, Sweden,
(2001).
[15] F.Prescher, D.Lindgren, C.Almqvist, J.Kroon,
T.A.Lestander, T.Mullin; Female fertility variation
in mature Pinus sylvetris clonal seed orchards.
Scandinavian Journal of Forest Research, 22, 280289 (2007).
[16] T.Odabasi; Research on cone and seed characters
of Cedrus libani. General Directorate of Forestry.
Ankara, Turkey, (1990).
[17] T.Nikkanen, P.Velling; Correlations between
flowering and some vegetative characteristics of
grafts of Pinus sylvestris. Forest Ecology and
Management, 19, 35-40 (1987).

