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Abstract

Scots pine (Pinus sylvestris L.) is one of the most common and important forest tree species in Turkey due
to usefulness of its wood to many commercial uses. This species is classified as one of the economically
important tree species for Turkish Forestry in the “National Tree Breeding and Seed Production Program”.
The objective of the present study was to investigate variation and inheritance pattern in cone and seed
characteristics of Scots pine and to evaluate variation in cone and seed characters within and among
clones and grafts. The results showed that maximum CV among the clones was found for SWe (21.95), FS
(16.99) and CWe (16.88). According to/the results of SAS, variation between the clones is averaged at
19.2% and variation within the clones is averaged at 24.4 %. Variation between the clones ranged from
3.6% (SW) to 34.5% (TC) and variation within the clones ranged from 12.3% (SW) to 38.1% (WL). For CW,
AL, AW, WW and TC, genetic variation among clones was higher than within clones. When the results of
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Introduction

Scots pine (Pinus sylvestris L.) is the maost widely
distributed member of family Pinaceae in the world. The
longitudinal range of Scots pine covers over 14,000 km and
extends from 8°W in Spain to 141°E in Siberia. The latitudinal
range of Scots pine covers over 3,700 kmand extends from 37° N
in Turkey to 70°N in Norway, Sweden, and Finland (Turna, 2003).
Scots pine is an important commercial forest tree species, widely
planted for industrial and conservation activities such as
protecting soil erosion and living showfences. Scots pine
occupies about 738.000 ha in Turkey, growing mainly in the Black
Sea coastal mountains on warm southern slopes, where climate
is humid. Within its distribution range, scots pine can grow under
diverse ecological conditions. Such a wide range of ecological
conditions favors the formation of a variety of ecotypes (Turna
and Glney, 2009). Scots pine is an important component of
subalpine ecosystems of Black sea region in Turkey because of

its role in watershed protection, its functional natural habitat for
wild life, also, because of its esthetic values. It has, therefore,
great importance especially in Blacksea forestry. Scots pine is
one of the important forest tree species both in Turkish Forestry
and breeding program (Sevik et al., 2010).

Seed orchards are the most important seed source for
forestry plantation and a link between present and future forests
as gene conservation areas. Also, seed orchards have more
importance for conservation of unproductive forest to productive
forest because of its improved seeds (Bilir and Temiraga, 2012).
There are in total 110.6 ha of scots pine seed orchard at 21 places
in Turkey (Anonymus, 2014) and 9.2% of the annual seed
demand for plantations of the species is covered by the orchards
(Dutkuner et al., 2008). Determination of similarity/differences
among the clones of seed orchard is an important stage in
breeding program. It is known to obtain maximum variability
among genotypes and minimum loss of genetic diversity in the
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currentgeneration. Itis also important for sustainable forestry and
to transmit the current gene diversity to next generation by
afforestation with suitable seed source. Besides, it can be used to
determine breeding population and gene conservation areas and
for establishment of seed orchards of the species. Morphological
distance can play animportantrole for this purposes. In light of the
above, the present study was carried out to investigate variation
and inheritance pattern in cone and seed characteristics of Scots
pine and to evaluate variation in cone and seed characters within
and among clones and grafts.

Materials and Methods

The present study was carried out in Tekgam Clonal Seed
Orchard, located at Taskopri, Kastamonu. The orchard was
established in 1995 and comprise of 1987 grafts of 30 clones
derived from intensively selected trees in Arag-Dereyayla seed
stand. Grafts were 2 year old at the time of establishment and
were planted at a spacing of 6 x 6 m. Commercial cone harvesting
was started in 2003 when the grafts were 10 year old. So far, no

H. Sevik and O. Topagoglu

pruning has been done in the orchard.

For the present study, cones were collected from 30
clones x 7 graft x 3 cones and in total 630 cones were studied.
Cone length (CL), cone width (CW); cone. weight (CWe),
apophisys length (AL), apophisys width (AW), number of filled
seeds (FS), number of total seeds (TS), wing length (WL), wing
width (WW), seed length (SL), seed width (SW), seed weight
(SWe), number of open carpel (OC) number of total carpel (TC)
were determined. Length and width were measured with digital
microcompas (0.01 mm) from 10 samples for each sample cone
(for seed, wings and carpels). Weight was measured with digital
weighing machine (0.001 gr).

Data of all characters were subjected to one-way analysis
of variance. Duncantest was used for determining homogeneous
groups. Variables were tested for normality and homogeneity of
variances and logarithmic transformation for counting values
were made. Differences were considered significant at P < 0.05
level. Broad sense heritability values were estimated both on

Table 1: Overall means and statistical values of cone and seed traits among the clones

Clone Cone Cone Cone Apophisys Apophisys Filled Totally Wing Wing Seed Seed Seed Open Totally
no length width  weight length width seeds seeds length width length width  weight carpel carpel
(em) (cm)  (gr)  (cm) (cm) (no)  (no)  (em) ' (cm). (mm) (mm) (gr) (no)  (no)
1 539 254 16.76  1.09 1.00 2750 3290 214 065 480 2.96 0.33 27.95 64.20
12 576 297 21.97 1.03 1.06 2857 38.10. 217 0.66 5.65 3.15 0.42 3043 77.95
13 557 270 17.38 116 0.97 3270 3675 232 069 542 3.14 045 28.80 66.55
14 530 266 17.64 1.07 1.09 2735 3330 207 071 544 3.09 042 27.85 66.60
15 540 291 20.04 1.09 1.1 27.89 3453 207 0.72 549 2.83 0.40 2763 63.68
16 597 293 2323 1.09 0.90 30.00 3790 240 068 569 3.14 0.46 36.15 79.15
17 505 277 16.63 0.88 0.85 1265 2371 196 064 537 317 0.21 2724 72.88
18 509 288 18.66 0.96 0.96 2711 2933 215 068 535 3.18 0.34 2544 79.33
19 580 281 19.89 1.14 1.06 2938 3171 224 067 559 3.02 0.40 29.24 6714
20 6.05 286 2323 110 1.03 29.26° 4063 215 073 537 3.35 0.49 30.74 68.74
21 567 283 19.72 1.08 1.14 2794 3265 211 073 533 3.34 0.48 2847 7253
22 520 3.1 2239 097 1.04 2468 2795 202 071 5.63 3.27 0.41 2453 7416
23 548 299 2201 0.95 1.07 2268 2679 199 065 540 3.37 0.35 2416 79.05
24 524 242 13.86 0.97 0.83 2562 2869 202 055 554 2.78 0.28 29.15 7046
25 523 249 14.27  1.00 0.97 2780 3485 194 058 560 2.81 0.37 25.30 60.25
26 576 295 21.31 117 1.08 2514 3057 221 071 5.68 3.31 0.36 28.14 7114
27 522 281 18.79 1.01 0.99 1842 2711 206 063 539 3.15 0.27 2947 7353
28 552  3.05 22.68 1.01 1.01 2953 3435 221 077 524 3.12 0.44 29.24  78.00
29 5.61 2.86 20.72 110 1.04 2659 3118 221 068 578 341 0.45 2718 72.65
30 534 286 19.26  0.98 0.94 2321 2993 221 073 572 3.03 0.33 26.21  73.50
31 6.07 289 2250 1.08 1.00 2345 2940 222 072 542 3.32 0.40 2520 66.10
32 498 294 18.88 0.92 1.05 2561 3339 188 068 518 317 0.40 29.00 71.22
33 516 279 17.54 0.96 1.02 2538 3531 198 064 542 3.26 0.38 23.31  64.00
34 506 265 15.89  0.95 0.94 2105 2880 197 062 534 3.04 0.30 2550 64.60
35 6.00 292 2254 117 1.00 3512 4235 239 069 598 3.24 0.62 3547 7512
36 6.17 293 2272 114 0.96 3389 3942 226 065 556 3.19 0.55 33.00 71.37
37 6.02 289 20.60 1.04 1.03 2940 36.00 220 0.61 5.59 3.06 043 26.73  71.20
38 588  3.04 2283 113 1.07 2409 3627 229 073 596 345 0.46 2555 72.36
39 547 267 1737 1.02 0.96 2862 3490 208 065 547 2.98 0.48 2471 65.19
40 6.34 341 31.00 1.07 1.10 3337 3811 249 081 5.86 3.50 0.60 30.63 78.63
Mean 556 285 20.08 1.04 1.01 26.95 3340 214 068 550 3.16 0.41 2818 70.76
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individual tree basis (H,’) and clone mean basis (H,) as the ratio of
total genetic variance (s’ ¢) to total phenotypic variance (s° ¢ + §°
E) (Matziris, 1984) for H, and to (s* ¢ + §° E/n) for H, (n = graft
number). Cloning effect variance biases heritability values, but
the magnitude is negligible and can be ignored (Matziris, 1993). In
the present study, heritability components were estimated as ° E
= error mean square and ¢” ¢ = (clone mean square-error mean
square/ number of grafts per clone).

Data analyses were conducted using SAS program
(SAS, 1987). All the traits were subjected to analysis of variance
(ANOVA), first for each individual test and then with data sets
combined over field sites in each population. Since error
variances were consistent for each trait from site to site in each
population, no adjustment was necessary to combine the data
over sites. Because of the differences in statistical designs used
in the seedlings, different random models were employed. Linear
model for combined data over seedlings was as follows :

yii = p+ ai + B(i) + €ij (i=1,..., aj=1,...b k=1,...n)

Where, yij is observation on jth tree of ith population; i is overall
mean; aiis the effect of ith population; fj(i) is the effect of jth tree
atith population and eij is random error.

Results and Discussion

Overall means and statistical values of cone and seed
traits among the clones are shown in Table1. When the values of
Table 1 was observed, clone No. 40 which had the highest value
at 6 out of 40 characters and clone No. 35 which had the highest
value at 5 characters, draw attraction. Likewise, clone‘No. 24
which had the lowest value at 5 out of 14 characters and clone No.
17 which had the lowest value at 4 out of 24 characters, draw
attraction as important clones in the sense of genetic variability.
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According to Table 2 maximum cone width among the
clones was found for seed weight (21,95), filled seeds (16,99) and
cone weight (16.88). Minimum CV values-are 4.36 (seed length)
and 5.7 (seed width). Greater genetic variation among the grafts
than among the clones was determined for all the characters. The
coefficient of variation among the grafts (CV) were higher than
among the clones, indicated high variation within the population.

Broad sense heritability H* estimates are shown in Table
3. Wing length, apophysis length, wing width and cone weight
were strongly inherited characteristics with H values of 0.91,
0.90, 0.89 and 0.89 respectively. According to Table, minimum
values of H* was cone width (0.09), seed width (0.65) and seed
length (80.71). Results of SAS analysis are shownin Fig. 1.

According to the results of SAS, the average variation
between the clones was 19.2% and 24.4% respectively. Variation
between the clones ranged from 3.6% (seed width) to 34.5%
(total carpel) and variation within the clones ranged from 12.3%
(seed width) to. 38.1 (wing length). Genetic variation among
clones are higher than within clones for cone width, apophysis
length, apophysis width, wing width and total carpel. Pearson
correlation coefficient of cone and seed traits of Scots pine is
shown_in. Table 4. Highest correlation (0.902) was calculated
between cone width and cone weight. In addition, filled seeds was
strongly correlated with total seeds (0.889) and seed weight
(0.768). It-is known that, the morphological and physiological
characteristics of forest trees are inherited. These features, with
growing effects of climate and environmental conditions can vary
little (Sevik, 2012). Seeds in trees, cones and cone elements least
affected by environmental conditions and Thus, the genetic
structure of wood is considered as the most accurate
representation of starting element. Therefore, particular elements
of working seed, cone has special place in the study of genetic

Table 2 : Overall means and statistical values of cone and seed traits among the grafts

Traits Mean Among the clones Among the grafts
S.E. Min Max SD, CV, Min Max SD, CV,

Cone length (cm) 5.56 0.07 4,98 6.34 0.38 6.83 3.74 7.81 0.78 14.03
Cone width (cm) 2.85 0.03 242 341 0.19 6.67 1.99 3.89 0.31 10.88
Cone weight (g) 20.08 0.62 13.86 31 3.39 16.88 7.71 46.48 5.94 29.58
Apophisys length (cm) 1.04 0.01 0.88 117 0.08 7.69 0.65 1.66 0.14 13.46
Apophisys width (cm) 1.01 0.01 0.83 1.14 0.07 6.93 0.14 1.49 0.14 13.86
Filled seeds 26.95 0.84 12.65 35.12 4.58 16.99 5 62 1041 38.63
Total seeds 334 0.82 23.71 42.35 4.47 13.38 6 83 10.65  31.89
Wing length (cm) 2.14 0.03 1.88 2.49 0.15 7.01 1.54 2.79 0.24 1.21
Wing width (cm) 0.68 0.01 0.55 0.81 0.06 8.82 0.19 0.99 0.09 13.24
Seed length (mm) 55 0.04 48 5.98 0.24 4.36 0.57 6.93 0.57 10.36
Seed width (mm) 3.16 0.03 2.78 35 0.18 5.7 0.33 7.66 0.47 14.87
Seed weight (g) 0.41 0.02 0.21 0.62 0.09 21.95 0.03 225 0.19 46.34
Open carpel 28.18 0.56 23.31 36.15 3.08 10.93 9 52 6.41 22.75
Total carpel 70.76 0.98 60.25 79.33 5.346 7.56 28 103 10.16  14.36
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Table 3 : Analysis of variance, variance components and heritability estimates for studied characters

Character Between populations  Within pop. (Error) s’c s’E H} H’

Conelength 2.913"* 0.487 0.347 0.487 0.42 0.83
Cone width 0.733** 0.67 0.009 0.67 0.01 0.09
Cone weight 229.949*** 25.362 29.227 25.362 0.54 0.89
Apophisys length 0.127*** 0.013 0.016 0.013 0.55 0.90
Apophisys width 0.101*=* 0.014 0.012 0.014 0.46 0.86
Filled seeds 376.915*** 92.557 40.623 92.557 0.31 0.75
Totally seeds 353.345* 99.377 36.281 99.377 0.27 0.72
Wing length 0.396*** 0.037 0.051 0.037 0.58 0.91
Wing width 0.052*** 0.006 0.007 0.006 0.54 0.89
Seed length 0.980*** 0.287 0.099 0.287 0.26 0.71
Seedwidth 0.574** 0.200 0.053 0.200 0.21 0.65
Seed weight 0.147%** 0.031 0.017 0.031 0.35 0.79
Open carpel 173.025** 33.281 19.963 33.281 0.37 0.81
Totally carpel 524413 78.580 63.69 78.580 0.45 0.85

**Statistically significant 0.001 probability level; H,’=0°c/o’c+0°E and H=0’cl/o’c+0°E/n

90.0 4

80.0 4

70.04

60.0 4

50.0 4

40.04

30.01

20.0
10.01
0.0 44

CWe| AL | AW | FS

CL | CW

TS | WL | WW | SL | SW |SWwe | OC | TC

@ Amongcones | 155 | 28.5| 24.0 | 305 | 219 | 110 |94 | 270 [ 272 | 103 | 36 | 123 | 124 | 345
m Withinclones | 358 | 254 | 329 | 157 | 202 | 19.3 | 143 | 381 | 19.9 | 221 | 123 | 20.7 | 35.3 | 29.3
o Error 48.7 | 46.1| 431 | 53.8 | 579 [69.7 | 76.3 | 349 | 529 | 676 | 84.1 | 67.0 | 523 | 36.2

Fig. 1 : Source of variation (y-axis %)

diversity, (Turna and Giiney, 2009). Till date, many researchers
have determined the genetic diversity of forest trees, only a few
have used these characters for seed orchards (Sivacioglu et al.,
2010) and seed stands (Turna and Giiney, 2009; Sevik et al.,
2012).

High genetic diversity within-population and low among-
population differentiation observed in conifers has been attributed
to common lifehistory traits, such as longevity and extensive gene
flow (Hamrick ef al., 1992; Streiff ef al., 1998). Salmela et al.
(2013) reported that majority of variation was observed within
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populations in Pinus sylvestris L. In Pinus monticola genetic
differentiation indicated that 20.1% of detected genetic variation
was explained by difference among population (Kim et al., 2011).
High level of genetic diversity within and low genetic
differentiation among population was determined in Pinus
contorta (Parchman et al., 2011).

The primary purpose of tree improvement programme is
to produce genetically improved seeds. Seed orchards are one of
the means used to obtain maximum genetic gains in shortest time
period. The major objective of seed orchards is to produce of
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Table 4 : Pearson correlation coefficients among the studied characters

Cone Cone  Apophisys Apophisys Filled Total Wing Wing Seed Seed Seed Open Total

width weight length width seeds seeds length width length width weight carpel carpel
Cone length 559" 746" 404" 341 3260 3507 5500 3350 202" 1477 453345 323"
Cone width 902" 204" 399" 186 198" 447" 483" 2927 2277 364 225 446
Cone weight 341" A44" 2697 2760 BATT 4947 3427 234" 456" 292" 44T
Apophisyslength 351" 2217 1937 459" 256" 2347 143" 2577 194" 037
Apophisys width 1260 112 4547 3217 1307 143" 195 011 .047
Filled seeds 889" 303" 164" 016 =014 .768" 487" . 233"
Totally seeds 287" 168" .030 .01 7507 5527 289"
Wing length 4967 4717 2537 4437 339" 358"
Wing width 288" 3037 342" 132" 235"
Seedlength 3760 2260 .052 202
Seed width A737 =018 27
Seed weight 444" 303
Open carpel 615"

genetically improved seeds in mass quantities. The procedure by
which this can be accomplished is to bring together
phenotypically superior clones (or progeny from those clones)
and establish them in specified design, so that the chance for
cross-pollination among these selected trees high (Kaya and Isik,
2010). Seed orchards have potential to increase forest production
and offer a reliable seed supply, their role and function has
recently been compiled (Sivacioglu et al., 2010).

But, attention is required about genetic diversity of seed
orchard crops and its impact on future forest. Low production of
sound seeds is a common problem (Sivacioglu et al., 2010).
Genetic diversity is richness of hereditary information in gene pole
of one species. High level of inter-species genetic diversity is an
assurance for adaptation to changing environmental conditions,
an indication for adaptation potential of the species and an
important part of ecosystem stability. Genetic diversity is also'a
raw material for tree improvement studies. As such, most of the
research about genetic diversity is in high priority in forest trees
improvement programmes (Sevik etal., 2012).

The present study revealed that genetic variation among
clones were higher than within clones for five (cone width,
apophisys length, apophisys width, wing width and totally carpel)
characters. This case can be interpreted as genetic variability is
not required at seed orchard level. Maintaining forest is only.
possible through maintaining genetic variability. When the results
of study are compared with results obtained from natural
populations, it is seen that genetic variability in seed orchard
which is subject to study, is quite low. This case may have
dangerous impact for the future of forests.
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