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CLONAL VARIATIONS IN GROWTH CHARACTERISTICS OF
ANATOLIAN BLACK PINE SEED ORCHARDS

SUMMARY

Seed orchard is an important cultivated seed source to produce genetically
seed crop for forestry practices. Growth characteristics have important roles in
management of seed orchards and seed harvesting. Growth variations among seed
orchards, and among clones within orchard were investigated in three seed
orchards of Anatolian black pine [Pinus nigra Arnold subsp. pallasiana (Lamb.)
Holmboe] based on tree height, diameter at base, diameter at breast height, and
crown diameter measured at end of growth period of 2022. The seed orchards
were established consist of 30, 30 and 34 clones selected phenotypically from
natural stands in 1994 (SO1), 1991 (SO2) and 1985 (SO3), respectively.

Averages of tree height (9.30 m), diameter at base (31.91 cm), diameter at
breast height (27.13 cm), and crown diameter (7.09 m) were the highest in SO3,
while they were the lowest as 5.78 m, 24.50 cm, 20.26 cm, 5.00 m, respectively
in SO2. However, clones and ramet within clone in seed orchards showed large
differences for the characteristics. For instance, clonal averages of crown
diameter ranged from 3.55 m to 6.46 m in SO2. SO1 had the highest annual
increments for the characteristics except of tree height of SO3. Results of analysis
of variance indicated significant (p<0.05) differences among the orchards, and
among clones within orchard except of tree heights of SO1 and SO2 for the
characteristics. Tree height was more homogeneous than the other characteristics
according to the Duncan’s multiple range test.

Positive and significant (p<0.05) relations were found between the pairs of
tree height, diameter at base, diameter at breast height, and crown diameter in
each seed orchard both phenotypic and genotypic. Results of the study could be
used in establishment and management of seed orchards.
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INTRODUCTION

According to the latest forestry inventory, Turkey has 23.1 million ha
forest area of which 9.6 million ha is unproductive. Anatolian black pine [Pinus
nigra Arnold. subsp. pallasiana (Lamb.) Holmboe] is an important tree species in
Turkish forestry and forestry practices by 4.2 million ha natural distribution
including which of 31.9% is unproductive (OGM, 2022). The species is also one
of the main species of “National Tree Breeding and Seed Production Programme”
(Koski and Antola, 1993). It has 73 selected seed stands at 9375.7 ha, and 57
established seed orchards at 475.8 ha (ORTOHUM, 2022). The seed sources play
important roles to produce improved seeds and conversion of unproductive forest
to productive forest in the species. Seed orchard is a plantation of assumed
superior genotypes established to produce tree seeds. Typically, it is clones or
seedlings from selected trees, isolated to reduce pollination from outside sources,
even ground and wide spacing to facilitate cone harvest, and managed for early,
easily accessible, and abundant seed production (Kang and Bilir, 2021). Seed
orchard can be also defined shortly as one of the cultivated seed sources. Orchard
managers and owners focus on growth and reproductive characteristics in the
cultivation practices such as spacing, pruning, tree density. For instance,
significant relations are reported between growth and reproductive characteristics
in different forest tree species (e.g., Bhumibhamon, 1978; Nikkanen and Velling,
1987; Dutkuner et al., 2008; Bilir et al., 2008 and 2017; Kang and Bilir, 2021).
Growth characteristics balanced by different forestry practices are important
factors in management practices, and in harvesting of cheap seed crop. Estimation
of variations of growth characteristics is one of the main stages for decision on
present and future management practices in seed orchards.

Variations among clones within seed orchard, and among orchards were
estimated for tree height, diameter at base, diameter at breast height, and crown
diameter, together with correlations among the characteristics in three seed
orchards of Anatolian black pine to contribute seed orchard management
practices of the species in this study.

MATERIAL AND METHODS
The study was carried out in three Anatolian black pine clonal seed
orchards established at 8m x 8 m spacing by 30, 30 and 34 clones selected
phenotypically from natural seed stands in 1994, 1991 and 1985, respectively
(Table 1, Figures 1 and 2).

Table 1. Some details of the orhards
Orchard Latitude Longitude Number Number Area Establishment

(N) (E) of of (ha) year

clones seedlings
SO1 37°57'58"  30°34'25" 30 2800 17.6 1994
SO2 38°04'19"”  30°05'46" 30 2000 13.8 1991

SO3 37°09'28"  29°40'19” 34 1248 9.4 1985
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Figure 2. Location of the seed orchards

Five ramets of each clone were sampled in the orchards. Tree height (TH),
diameter at base (Do), diameter at breast height (d130), and crown diameter (CD)
of the sampled ramets were measured at end of growth period of 2022.

Collected data was performed by following model of analysis of variance
(ANOVA) to compare seed orchards, and clones within orchard for the growth
characteristics at SAS (SAS, 2004).

Yije = B+ F; + B(F) iy + €

Where Yix is the observation from the k' ramet of the j™ clone in the i
orchard, u is overall mean, B(F)jg) is effect of the j clone in the i orchard, and
eij is random error.
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Seed orchards and clones within orchard were grouped by Duncan’s
multiple range test (Duncan, 1955) for the characteristics based on results of
analysis of variance.

Phenotypic correlations (r,) between the pairs of the tree height, diameter
at base, diameter at breast height and crown diameter were estimated in each
orchard as (Falconer, 1989):

. COViuy

P w/O'Zf(x) \IUZf(y)

Where COViyy) is the phenotypic covariance between characteristics x and y,
o’k and o%y are the phenotypic variances for characteristics x and v,
respectively.

Genetic correlations (rg) between the pairs of the characteristics were
estimated as (Falconer, 1989):

r COVe(x )
g= fley

1o 0% s

Where COVixy) is the genetic covariance between characteristics x and v,
o’ and oy are the additive genetic variances of characteristics x and vy,
respectively.

RESULTS AND DISCUSSION

Growth variations

Averages, clonal ranges, and coefficient of variations were given for the
characteristics and orchards in Table 2. The oldest seed orchard (SO3) had the
highest growth performance for the characteristics, while they were the lowest in
the youngest seed orchard (SO2). However, SO1 showed the highest annual
increments for the characteristics except of tree height of SO3 (Table 2). This
may be affected by many factors (Eriksson et al., 1973). Kang (2001) reported
that young seed orchards were more variable than that of older. Age was an
important factor in growth and reproductive performances in seed orchards of
Scots pine (Bilir et al., 2006).

Table 2. Averages (x), clonal ranges and coefficient of variation (CV%) for the
characteristics and orchards.

SO1 SO2 SO3

X* Range CVv X range CVv X range CVv

TH (m) b 5.38- a 4.89- 140 9.30° 7.26-  0.97
6.45 8.05 1.35 5.78 6.63 10.93

Do(cm) 25.63° 22.14- 141 2450* 16.32- 159 3191°¢ 2364- 111
30.18 29.48 39.56

di3o 22.42° 19.32- 152 20.26° 13.88- 1.68 27.13° 21.04- 1.16
(cm) 27.26 25.38 34.74

CD(m) 5.91° 4.24- 1.71 5.00% 3.55- 194 7.09° 5.26- 1.27
7.76 6.46 8.79

*; Same letters are not significantly different among orchards.
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There were high differences among clones within orchard for the
characteristics. For example, the differences were about 50% (5.38 m, 8.05 m) in
S0O1, 36% in SO2 and 51% in SO3 for tree height which had the lowest
coefficient variations in all the orchards. There could many biotic and a-biotic
factors impact on the performances and variation such as age, orchard location
and genetic structures of clones (Eriksson et al., 1973; Bilir et al., 2006; Kang
and Bilir, 2021). Clones were more heterogenous for crown diameter based on
coefficient variations (Table 2, Figure 3). The seed orchards were established at
8m x 8 m spacing, larger than a common plantation. The variation could change
in the future by competition among ramets. The results were well accordance
with coefficient of variations of the characteristics in mother populations of the
seed orchards. Coefficients of variations were the lowest for tree height and the
highest for crown diameter in mother populations (Bilir et al., 2023). However,
variations among mother trees of base populations (Bilir et al., 2023) were higher
than among clones of seed orchard populations. It could be because of
management practices in the orchards. The growth variations among clones were
also reported in seed orchards of different forest tree species (i.e., Varol et al.,
2017; Dutkuner et al., 2008; Bilir et al., 2006), and among individuals in
plantations (i.e., Kartal and Bilir, 2022) and in a seed orchard (Ertekin, 2006) of
Anatolian black pine. The variation could be balanced by different management
practices such as pruning. The results indicated importance of individual selection
than mass selection in establishment of seed orchards. Ramets within clone
showed also large differences for the characteristics. For instance, individual
ramet growths were ranged from 3.92 m to 8.43 m for tree height, varied between
20.70 cm and 31.10 cm for diameter at base in first clone of SO2. They could be
related to where the cuttings taken in mother tree. However, many a-biotic and
biotic factors could effect on variations of growth performances (e.g., Bilir et al.,
2018; Yazici, 2018; Yazici and Turan, 2016).
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Figure 3. Clonal averages of SOL1 for the characteristics
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There were significant (p<0.05) differences among clones within orchard
except of tree heights of SO1 and SO2, and among the seed orchards for the
characteristics based on results of analysis of variance. Tree height was more
homogeneous than the other characteristics according to the Duncan’s multiple
range tests and coefficient of variations in each orchard (Table 2). The differences
indicated different management practices for each orchard in growth
characteristics. The variation could be used for different purposes such as
selection of superior clone/ramet in seed orchards emphasized by Imren et al.
(2021) or balanced by different management practices.

Correlations

Results of correlation analysis indicated positive and significant (p<0.05),
phenotypic and genotypic relations among the pairs of the characteristics in the
orchards (Table 3). Similar trends were also reported in seed orchards of different
forest tree species (e.g., Bhumibhamon, 1978; Dutkuner et al., 2008; Bilir et al.,
2006 and 2008). The relations emphasized that less characteristics could be used
in management of orchards, and in future studies.

Table 3. Phenotypic correlations (below diagonal) and genetic correlations (above
diagonal) among the characteristics for the orchards

rg/ rp TH DO d1.30 CD

SO1 429" 468™ 468"
S0O2 ™ - 722" Tq27 740"
SO3 712" .684™ .609™"
SO1 .395™ .952™* TJ71
S0O2 Do .700™ - 947 764"
SO3 575" .914™ .740™
SO1 .395™ .928™ - 759"
S0O2 dis0 740™ .922™ 799"
SO3 627" .868™ .690™"
SO1 352" .681™ q27

S0O2 CD 726™ .756™ 785"

S03 470" 612" 633"

*; Correlation is significant at the 0.05 level, **; Correlation is significant at the 0.01 level.

The phenotypic and genotypic relations (Table 3) showed easy character
could be used in selection of mother trees for establishment and management
practices of seed orchards by estimation of heritability for the characteristics.

CONCLUSIONS

Variation among ramets within clone emphasized importance of place
where the cuttings taken from mother tree. It could be important in establishment
stage of seed orchard. Variation could be a guide for selection of superior clone
or ramets for second generation establishment of seed orchards for managers.
Management strategies should be planned for each seed orchard. Significant
phenotypic and genotypic relations among the pairs of the characteristics could be
used in establishment and management practices of seed orchards. Future studies
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should be carried out by long-term data and different characteristics such as stem
straight to produce better quality wood product.
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