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ABSTRACT  

Anatolian Black pine [Pinus nigra Arnold. subsp. pallasiana 

(Lamb.) Holmboe] is an important forest tree species for 

Turkish forestry and the “National Tree Breeding and Seed 

Production Programme” by 4.7 million ha natural 

distribution. Fertility data (i.e. reproductive success) 

estimated based on numbers of reproductive characters has 

important roles in success of plantation forestry and breeding 

programme. In this study, fertility variations were estimated 

based on number of strobili, cone and seed in three 

populations sampled altitudinal range (1300 m. <, ≤1300-

1600 m.<, 1600 m. ≤) for two years) of the species for two 

years to contribute for genetic-breeding and other forestry 

practices. Large differences supported by results of analysis 

of variance were found among populations and within 

populations, and also between years for the reproductive 

characters, while average of number of strobili, cone and seed 

was the highest in low altitude (1300 m. <). The fertility 

variations (Ψ) estimated by number of reproductive characters 

were generally similar and close to (Ψ<3) ideal population. 
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INTRODUCTION 

Anatolian Black pine [Pinus nigra Arnold. subsp. pallasiana (Lamb.) Holmboe] is an 

important forest tree species and national breeding programme (Koski and Antola, 1993) 

because of its commercial wood production of Turkey by 4.7 million natural distributions of 

which 45% to be unproductive [1]. Forest establishment is the most important way in 

conversion of unproductive forest to productive forest. Forest establishment is also getting 

importance of the species because of its widely used in afforestation and higher unproductive 

forest area. 

It is known that fertility data (i.e. reproductive success) estimated based on the number of 

reproductive characters have important roles in economical and biological success of forest 

establishment and breeding programme. Variation in fertility is also one of the major factors 

used for different purposes in forest tree breeding [2 to 8]. While many studies which most of 

them on estimation practices have been carried out on fertility variation based on strobili 

production, estimation based on combination of reproductive characters and the species [8 to 

11] was very limited. It could be also said, it has not been studied in natural populations of 

the species, yet. The main objective of this study is to estimate the fertility variation among 

individuals in a natural population of Anatolian Black pine based on strobili, cone and seed 

productions to contribute for genetic-breeding and other forestry practices (i.e., plantation 

forestry) of the species.  

MATERIALS AND METHODS 

Three populations were sampled as an altitudinal range (1300 m. <, ≤1300-1600 m. <, 1600 

m. ≤) for two years) at southern part of Turkey (Table 1).  

Numbers of female (N♀) and male(N♂) strobili were counted using branch numbers of each 

individual multiplied by the average numbers of strobili per branch from 90 trees randomly 

chosen from each altitudinal range in end of 2015 and 2016. Numbers of mature cone (NC) 

and filled seed (NS) data were collected at the same numbered trees fort the years.  

Table 1. Geographic details of the sampled plantations 

Range Latitude (N) Longitude (E) Altitude (m) 

1300 m. < 37° 01' 16" 29° 22' 08" 1196 

≤1300-1600 m.< 36° 56' 44" 29° 26' 18" 1472 

1600 m. ≤ 36° 56' 36" 29° 23' 87" 1708 
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The female fertility (ψf) and male fertility (ψm) variation or also called gametic fertility 

variations could either be estimated by a measure suggested [12] or by coefficient of variation 

(CV) as:  
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Where, N is the census number, fi is the female fertility of the i
th

 individual,  mi is the male 

fertility of the i
th

 individual and CVf and CVm are the coefficients of variation in female and 

male fertility among individuals, respectively.  

Total fertility variation () is calculated by Bilir et al. [13] as:  
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Where, N is the census number, CVf  is the coefficient of variation in female fertility,  and 

CVm is the coefficient of variation in male fertility, fn and mn are the numbers of female and 

male strobilus of the n
th

 individual; f and m are used as index for the female and male  

strobilus, respectively.  

Cone fertility (ΨC) and seed fertility (ΨS) variations or also called zygotic (cone & seed) 

fertility variation was estimated based on individual cone and seed productions as [14]:  
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Where N is the census number, Coni/Seedi are the cone and seed fertility of the i
th

 individual, 

respectively. CVC and CVS are the coefficients of variation in cone and seed fertility. In this 

paper, the fertility of i
th

 individual was estimated by the proportion of cone/seed productions 

in the population.  

The effective number of parents and the relative effective number of parents (Nr) (Np) was 

estimated as [7]:  
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RESULTS AND DISCUSSION 

Averages of number of strobili, cone and seed was the highest in lowest altitude (1300 m. <), 

while large differences supported by results of analysis of variance (p<0.05) were found 

among populations, and also between years for reproductive characteristics (Table 2).  

Table 2. Average and ranges of reproductive characteristics in the populations and 

years. 

 1300 m. < ≤1300-1600 m.< 1600 m. ≤ 

Characteristics Average Min - 

Max. 

Average Min - 

Max. 

Average Min - 

Max. 

2015 

N♀ 32 8 – 55 89 27 – 165 111 33 - 180 

N♂ 321 80 - 500 268 80 - 500 336 100 - 500 

NC 119 12-335 91 10-250 107 25-400 

NS 6092 626-

16750 

4280 355-

13550 

5526 1296-

20687 

2016 

N♀ 181 20 – 

400 

55 3 – 130 69 3 - 165 

N♂ 536 60 - 

1200 

165 10 - 400 206 10 - 500 

NC 87 12-335 61 10-251 67 10-230 

NS 649 12-3125 309 18-1854 1045 75-5500 

There were large differences among individuals within population for the reproductive 

characters (Table 2). Large differences in fertility were reported among trees in natural 

populations of different forest tree species [e.g., 2, 3, 6, 7, 11, 13, 15 to 18]. The results could 

be used in selection and establishment of improved seed sources. It was known that 

differences in age and environmental variation, mainly in soil properties, may have 

influenced the observed variation in reproductive characters in the natural forest [15, 19].  

The fertility of the reproductive characters among trees was moderate (Table 3). Herewith, 

the cone and seed fertility means the contribution of zygotic parents (i.e., total fertility). 

Estimated fertility variations (Ψ) as the proportion of the numbers of strobili, and cone and 

filled seeds counted from individuals in the population were generally close to ideal 

population (Ψ<3) (Table 3). It was suggested that the sibling coefficient (Ψ) of natural stands 

as a heuristic rule of thumb could be set to three (Ψ = 3) and that of seed orchards could be 

set to two (Ψ = 2) [20]. 
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Table 3. Female and male fertility and total fertility variation (Ψ), and cone (ΨC) and 

seed (ΨS) fertility in the populations. 

 1300 m. < ≤1300-1600 m.< 1600 m. ≤ 

 2015 2016 2015 2016 2015 2016 

 Female (ψf) and male (ψm) fertility and total fertility variations (Ψ) 

ψf 1.14 1.24 1.18 1.37 1.09 1.45 

ψm 1.14 1.24 1.18 1.38 1.09 1.45 

Ψ 2.56 2.79 2.65 3.09 2.45 3.27 

Np(f) 78.97 72.37 76.35 65.47 82.64 61.86 

Np(m) 79.11 72.73 76.42 65.42 82.93 62.07 

Np 35.16 32.22 33.96 29.11 36.78 27.54 

Nr(f) 87.74 80.41 84.84 72.74 91.82 68.74 

Nr(m) 87.90 80.81 84.91 72.69 92.15 68.97 

Nr 39.07 35.80 37.73 32.35 40.87 30.60 

 Cone (ΨC) and seed (ΨS) fertility 

c 1.41 1.40 1.25 1.64 1.40 1.43 

s 1.42 1.85 1.32 2.29 1.40 1.87 

Np(c) 63.88 64.06 72.12 54.73 64.09 63.07 

Np(s) 63.38 48.65 68.35 39.28 64.25 48.13 

Nr(c) 70.97 71.18 80.13 60.82 71.21 70.08 

Nr(s) 70.42 54.05 75.94 43.65 71.38 53.47 

The effective number of parent (Np), was mirrored to the fertility variation, ranged from 

27.54 (68.74 % of census number) for total fertility variation (Ψ) of the highest altitude of 

2016 to 82.93 (92.15% of census number) for male fertility of the highest altitude of 2015 

(Table 3). It was between 39.28 (43.65% of census number) for seed fertility of middle 

altitude of 2016 to 72.12 (80.13% of census number) for cone fertility of middle altitude of 

2015 (Table 3). 

The production of cones, flowers, pollen, fruits and seeds have been used to estimate fertility 

and fertility variation in many plant species [e.g. 5, 13, 21, 22]. However, data collection on 

cone and seed productions was easier, cheaper and more accurate than that of strobilus count. 

Besides, the tree keeps the cone in longer period than strobili in a year. So, data collection 

period is longer in cone than strobilus counts as also emphasized [8, 9, 11, 18]. The results 

showed cone production should be also used for estimation of fertility in the species. 
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