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ABSTRACT. There could be many environmental and biological impacts such as edaphic, geographic, climatic, age, tree
structure and population on morphological, physiological and genetically seed quality in plant species. Gene diversity is an
important mirror of genetically seed quality. Gene diversity in seed crops were estimated based on female and male strobili
productions of fifty trees (N) randomly chosen from each population sampled over an altitudinal range as low (1200-400
meters < altitude), middle (1400 m < altitude < 1600 m), high (1600 m < altitude < 1800 m), and very high (1800 m < altitude)
in Taurus cedar also known as cedar of Lebanon (Cedrus libani A. Rich.) for two consecutive years (2021&2022). The variation
in strobilus production was subjected to estimation of female and male fertility variation. The total fertility variation (¥) was
estimated from the female and male fertility variation. Impacts of some growth characteristics (tree height and diameter
at breast height) on strobili productions were also investigated. Strobili productions varied among the populations and
individuals within population, and between years. The differences for populations and years were also found for coefficient
of variations which were mirror of fertility variation of the strobili productions. Tree height and diameter at breast height
seemed more reasonable predictor than age for number of strobili. Fertility variations of female parents were generally
higher than that of male in both years. First year showed generally higher parental variations in individual populations. Gene
diversity (GD=1-0.5%/N) ranged from 0.967 to 0.974 for the populations and years. The loss of highest gene diversity was
0.004 in low population (0.967 & 0.971) between years. Results of the study indicated that altitudinal gene diversity of seed
crop could be used to produce genetically quality seed and their grading. Moreover, data sets can be used to fill the Forest
Landscape Restoration library (FLR-Library).
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INTRODUCTION breast height) and 46 m height, and appearances. There
are also many monumental forests and trees scattered

Cedrus libani A. Rich. (Asia Minor, Lebanon, Syria)  throughout the Taurus Mountains of the species (Boydak

is one of the four species of the genus Cedrus in the  2003). Its reported extent in southern Turkey is 405 424 ha
family Pineacea: C. deodora Loud. (Himalaya Mountains,  (OGM 2022) which the main natural distribution in whole
Nepal), C. brevifolia Hen. (Cyprus), and C. atlantica Manetti the world together with endemic to elevated mountains
(Atlas Mountains) (Vidakovic 1982).Taurus cedaralsoknown  around the Eastern Mediterranean in Lebanon and Syria.
as cedar of Lebanon (C. libani A. Rich)), has its main natural ~ The species is classified as one of the socio-culturally,
occurrence in the Taurus Mountains in total 23.1 million ha ~ economically and ecologically important tree species for
national forest area which of 9.6 million ha is unproductive  Turkish forestry and the “National Tree Breeding and Seed
according to the latest forest inventory of Turkey. The  Production Program’ (Koski, Antola 1993). Many biological
species has also some remain populations in other parts  (i.e, volume, height, diameter, age, stem straight, stand
of Anatolia such as Sultandagi-Afyon and in the Black Sea  purity) and environmental (i.e., distance to plantation area,
region (Catalan-Erbaa and Akincikdy-Niksar) together with altitude, size, location, edaphic and climatic characteristics)
Taurus Mountains (Boydak 2003). The species has tall and  criterions are used in selection of seed collection areas from
slender trunks and can grow to old ages over than 1000  natural forests, and establishment of the areas such as seed
years old, impressive size by up to 249 m (diameter at  orchards,and otherforestry purposes. Altitude which is easy
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and cheap could be also considered as an environmental
criterion in these selections for forest managers and
owners. Taurus cedar used widely in afforestation practices
and conversion of unproductive forest area to productive
because of valuable timber species and quite striking
specimen plants in the landscape and other purposes.
Taurus cedar seems potential forest tree species for
potential afforestation, reforestation and restoration areas
both except and inside of natural distribution. It is getting
importance of quantity and quality of seed supply. Seed
procurement and its quality using frontier techniques
(Bernardes et al. 2022; Novikova et al. 2022; Novikov et
al. 2021a; Novikov et al. 2021b; Novikov et al. 2019) is an
important stage of the program and practices. It is also
known that quality of seed crop genetically improved
together with other morphological (i.e, grading) and
physiological characteristics play important roles in
economical and biological succession of plantation
forestry. Seeds are classified generally morphological and
physiological characteristics. However, gene diversity is a
mirror of genetically improved seed quality together with
the other characteristics. While some studies were carried
out on seed science and technology of Taurus cedar
(Boydak 2003; Bilir 1997; Odabasi 1990; Saatcioglu 1971;
Saatcioglu 1956), gene diversity of seed crops based on
fertility variation have not been discussed well, yet. Besides,
fertility studies are very limited in the species (Bilir, Kang
2014; Bilir, Ozel 2017; Bilir, Kang 2021; Yazici, Bilir 2017).

Fertility also called fecundity is defined as an ability to
produce progeny to next generation. Its estimation is used
for many purposes such as seed production, managing
of forest genetic resources and gene conservation, and
evolutional study. Estimation of fertility variation among
genotypes is one of the important tools for plant genetics
and breeding purposes (Kang 2001; Kang et al. 2003; Bilir
etal. 2005; Kamalakannan et al. 2015; Park et al. 2017; Kang,
Bilir 2021). Fertility variation and its linkage parameters
(ie., co-ancestry, effective number, gene diversity, status
number) estimated based on reproductive characters is
modern, easy, cheap, and light survey in plant science. It
is preferred by these advantages in plant science recently
in the species and other species (e.g., Bilir, Kang 2014; Bilir,
Ozel 2017; Bilir, Kang 2021; Yazici, Bilir 2017; Park et al. 2017).

The practical application of the data from this study may
be as follows. The implementation of any forest restoration
process will always consist of a set of technological
operations. The set of these technological operations can
be organized in the form of an enlarged algorithm (FLR-
algorithm), decomposed into six main groups (Novikova
2022a). The third group of the FLR-algorithm responsible
for the preparation of forest reproductive material
includes the “Seed collection, pretreatment” operator
preceding the “Seed grading” operator (Appendix A, Figure
A.1, b). To improve seed collection before their detection
and processing using frontier scientific techniques,
for example, based on convolution neural networks
(Bernardes et al. 2022), it is necessary to include the results
presented below in block 10 of the algorithm (Novikova
2022b) (appendix A, fig. A.1, ©).

The purpose of this study is to estimate the gene
diversity in seed crop based on fertility variation among

individuals in four populations sampled altitudinal range
of Taurus cedar by female and male strobili counts,
and to discuss the possibility of it using in genetically
characteristics in grading and quality of seeds, and to
contribute seed technology of the species.

MATERIALS AND METHODS
Populations and data collection

C. libani generally bears cone at about 30 years old in
natural stands. Male flowers appear in July and elongate
3-5 cm in August, while female flowers can be seen in
September. Pollination takes place in September or early
October, depending on the elevation. The following
year between April or May and June, conelets develop
to normal cone sizes. Opening of the cone scales begins
in October about 25-26 months after flowering. Seed
dispersal begins at the end of November or December
and continues throughout the winter. Seeds of cones
collected in August months after flowering (Boydak 2003).
However, the period can vary based on many biotic and
a-biotic factors.

C. libani in the Taurus Mountains occurs generally
between 800 and 2100 m elevation, but it can be also found
at lower (500-600 m) and higher (2400 m) elevations as
small populations and groups or individuals (Boydak 2003).
Natural distribution of the species at studied area were
divided into four altitudinal ranges in the southern part of
Turkey as: low (1200-400 meters < altitude), middle (1400
m < altitude < 1600 m), high (1600 m < altitude < 1800m),
and very high (1800m < altitude) ranges. Some geographic
and climatic characteristics of the populations were given
for year 2021 in Tables 1 & 2. Numbers of female (921 &
922) and male (¢21 & ¢22) strobili productions were
counted in four populations sampled altitudinal ranges
and fifty trees randomly chosen in each population for two
consecutive years (2021 and 2022), while tree height (H),
diameter at base (BN} and age were measured at end of
growing period of first year (Table 3).

Within the occurrences of C. libani at backwards of the
Taurus mountains and inner Anatolia sub-humid and semi-
arid climatic conditions prevail, respectively. Its populations
rather restricted and mostly in degraded conditions at
inner Anatolia. The averages of annual temperatures of the
area are between 6 and 12 °C. Mean July temperature is
about 18 to 25 °C, generally more than 30 °C. Mean January
temperature is ranged from 0 to -5 °C. with an absolute
minimum -35 °C. Mean yearly precipitation varies between
600 and 1200 mm. Summer periods are generally rainless.
Duration of snow cover period ranges 1-5 months. Relative
humidity during the growing season varies from about 40
to 60 % (Boydak 2003).

Data analysis

The following ANOVA model was used to analyses the
difference of strobili productions among populations and
years by the SPSS software (SPSS 2011).

Y, =u+F +B(F);, +e, (1)

T

Table 1. Some geographic details of studied populations

Altitudinal ranges (m) Population code Latitude (N) Longitude (E) Average altitude (m)
Low (1200-1400) Low 38°05' 3042 1278
Middle (1400-1600) Middle 37°44' 30°49' 1486
High (1600-1800) High 37°52' 3117 1714
Very high (>1800) Vhigh 37°51 31018’ 1884
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Table 2. Some climatic characteristics of the studied years

Average temperature (°C) Average humidity (%) Total rainfall (mm/m?)
Months Low & Middle High & Vhigh Low & Middle High &Vhigh Low & Middle High &Vhigh

2021 2022 2021 2022 2021 2022 2021 2022 2021 2022 2021 2022
J 56 2.1 29 -0.8 785 757 76.8 757 182.0 104.6 69.2 724
F 6.2 35 2.5 1.3 69.1 78.1 67.9 78.1 50.6 96.6 74 1114
M 6.8 35 38 0.8 66.5 705 72.3 705 60.8 61.8 922 80.8
A 129 14.3 1.1 13.1 59.1 525 55.1 525 10.0 254 74 16.0
M 19.2 16.8 17.2 15.1 52.2 623 476 623 7.0 252 50 352
J 199 220 17.5 19.8 64.2 64.0 61.6 64.0 90.0 39.0 102.2 65.2
J 257 24.8 23.0 205 49.7 47.0 44.2 513 6.4 8.8 11.0 56
A 255 25.1 231 232 476 48.5 41.2 42.5 0.0 14 11.6 17.2
S 19.8 20.5 17.2 21.7 57.5 48.5 55.2 49.7 15.8 386 16.2 28.2
O 14.0 15.0 119 16.1 62.6 623 55.1 673 15.6 252 52 268
N 10.8 103 8.1 7.1 709 64.7 70.0 69.0 64.4 14.0 428 106
D 6.2 58 14 4.7 79.1 76.8 804 80.1 185.8 165.7 96.6 132

Table 3. Averages and coefficient of variation (CV%) of tree height (H), diameter at base (D ), and age of the populations
Populations
Characteristics Low Middle High Vhigh
x* cv X cv X cv X cv
H (m) 38.1¢ 1.29 31.9° 1.53 21.8° 11.48 22.0° 2.58
D°(cm) 36.5° 1.59 31.8° 248 3530 26.27 32.5° 2.1

Age (year) 61.1° 15.60 68.8° 16.96 64.5% 19.47 69.8° 14.86

*The same letters showed not significantly different at p>0.05 among altitudinal ranges.

Where Y, is the observation from the k tree of the j*
population in the i year, u is the overall mean of strobili
production, £, is the effect of /" year, B(F) s the effect of
thej, populatlon in the ith year, and € is the random error.
%enotyplc Pearson’ correlations among strobili
productions and growth characteristics were estimated in
the populations by SPSS software.

The coefficients of variations for female and male
fertility were calculated and applied to estimate the
fertility variation in female (CVQ) and male (CVg) parents,
respectively.

The female fertility (¢9) and male fertility (¢ &) variations
were estimated by coefficient of variation (CV) by Kang,
Lindgren (1999) as:

N N
_ 2 __ 2 . _ 2 __ 2
—NZ%—CVQ +1’W@—NZ;°“1—CV@ +1 (a&b)
1= 1=

Where N is the census number, CVQ is the coefficient
of variation in female fertility, and CVa is the coefficient
of variation in male fertility, ¢ and ¢ are the number
of ferale and male strobilus of the n®" individual; @ and
g are used as index for the female and male strobilus,
respectively.

The effective number of parents were estimated for
female [N Q] and male [N_,_] parents and total fertility (N )
by Kang and Lindgren ( 19p99 ) as:

N =N/1//Q;N =N/wd;Np=N/w (4a, b &0

p(?) @)

Where Nis the census number, {9 is the female fertility
variation, g is the male fertility variation, ¥ is the total
fertility variation.

Gene diversity (GD) was estimated based on the

effective number of parents (N) by Kang and Lindgren

(1998) as:
Where N is the census number, @ is the female fertility _
of the /" individual, ¢, is the male fertility of the ith individual GD=1- O'S/Np )
and CVQ and CVa are the coefficients of variation in female
and male fertility among individuals, respectively. RESULTS

Total fertility variation (V) was calculated by Bilir et al.
(2005) as:

CV?+CV? N
W= % +0.5|N Z 3)

ZZ&

Strobili productions and relations

Averages of the strobili productions varied for the
altitudinal populations and years (Table 4, Figure 1). They
showed also large differences among individuals within
population and year (Table 4). For instance, the most
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productive 5 trees (10% of total trees) produced 30.1% of
total ¢, and 27.3% of total ¢, in low population, while
they were 4.1% and 2.1% for the lowest productive 5 trees
in the population and year, respectively. There were about
10 times differences between lowest (48) and highest
(486) productive trees in low altitude of ¢, (Table 4). The
results were supported by results of analysis of variance
that there were significant (p<0.07) differences among the
populations except of g, and between years. Population
and year interaction was also found significant (p<0.07)
based on results of analysis of variance. Middle population

was evidently different for ¢, and &, based on results of
Duncan’s multiple range test (Table 4).

Averages of female strobili were higher than that of
male in all populations. Vhigh population showed the
highest performances for the strobili productions (149.1 for
2, 9126 for o, and 94.5 for g, ) except of the lowest @
(27.0) in the population (Table 4).

Coefficient of variations which were mirror of fertility
variation of the strobili productions changed for the
populations and years (Table 4, Figure 2).

Table 4. Averages and coefficient of variation (CV%) and range for strobilus production of the populations and years

Low Middle High Vhigh
Characteristics N 3 5 5
X* cv range X cv range X cv range X cv range
Q21 127.8° 74.3 48-486 73.9° 68.5 25-322 146.7° 49.6 36-323 149.1° 45.6 22-342
Q22 31.7¢ 58.5 12-105 53.3° 59.2 13-140 31.0° 524 9-75 27.0° 46.7 8-75
g21 589.9° 82.1 100-1800 | 129.2° 515 35-300 | 647.8° 79.3 60-2020 | 912.6° 874 | 115-3020
g22 758 61.2 25-242 793 441 26-225 915 36.1 34-205 94.5 60.2 22-252
*The same letters showed not significantly different at p>0.05 within year.
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Fig. 1. Averages of strobili productions for the populations and years
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Fig. 2. Coefficient of variations strobili productions for the populations and years
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There were positive and significant (p<0.05) correlations
between female and male productions in all populations
within year, while they were generally significant between
years (Table 5). Tree height had negative impacts
significantly (p<0.05) on strobili productions of first year and
on g, while it was positive on @, in pooled populations
(Table 5). While altitude had positive impacts significantly
(p<0.05) on strobili productions except of negative effect
on ¢ in pooled populations of both years, diameter at
base had positive effective on strobili productions of first
year. Besides, impacts of age varied for the populations and
years (Table 5).

Fertility variation, gene diversity and parental balance

Fertility variations of female (b@) parents were higher
than that of male (p&) in low and Vhigh populations in
both years, and first year of high population (Table 6). First
year showed generally higher parental variations ((9@ &
Pa) in individual populations. All populations had higher
total fertility variation (W) in first year than second year. It
ranged from 2.76 (meaning 36% fertile trees) to 3.32 (30%)
in first year, and varied between 2.65 (38%) and 2.92 (34%)
in second year (Table 6). The cumulative contribution
curve described the relative proportion of trees to
the accumulative gamete contribution. The parental

cumulative contributions of trees were shown in Figure 3
for the populations and years.

As seen from Figure 3, 21 showed skewed evidently
distribution in low, high and Vhigh populations.
Gene diversity (GD) varied between 0.967 (first year of low
population) and 0.974 (second year of high population)
in the populations. The loss of highest gene diversity was
0.004 in low population (0.967 & 0.971) between years
(Table 6, Figure 4).

DISCUSSION
Strobili productions and relations

There were large differences for strobili production
among populations and among individuals within
population, and between years (Table 4, Figure 1). Similar
results were also reported for strobili productions in natural
populations of Taurus cedar (Bilir, Kang 2021; Yazici, Bilir
2017) and different forest tree species (Kang et al. 2003;
Bilir et al. 2005; Kamalakannan et al. 2015; Park et al. 2017;
Ozbey, Bilir 2022). It was reported that good seed year of
the species in natural stands was once in two or three years
(Boydak 2003). Strobili production difference between
years was in well accordance with the good flowering
year of the species. Differences among populations and
between years were also well accordance with results

Table 5. Pearson’s correlation coefficients (r) among the strobili productions for the populations and years

r NQ21 NG21 NQ22 Ng22
Low 6147
Middle A60**
High NG'21 A53%% -
Vhigh .298%
Total 500%%
Low A36%% 501%*%
Middle 187 220N
High N@22 464** 219N -
Vhigh A30*% .309%
Total 099N -.035M
Low 356% A446%% 690%*
Middle 225N 234N 423%*
High NG22 A36%% 400%* 533%* -
Vhigh 329% A51%% 520%%
Total 099N 419%* 419%*
Low 11N -001M 065N -.104N
Middle 089" 071M% 161N 092N
High H .295% 065 N 2210 108
Vhigh 191N 068" 004N - 149N
Total -173*% -235%% .186%* -169*
Low A44%% 386%* 256" 202N
Middle - 121N 206" 081 142N
High D, 501%* 216" .538%* 243N
Vhigh AB1** 59N 368%* 165N
Total 306** 51 098 082
Low 503** 459%% 336* .358*%
Middle 090N 15N -126M 123N
High Age 081N 099N 164N 060N
Vhigh 306% 178N 186N 283
Total .188** 148N 104N 219%%
Low 163N -312*% -.175M 224N
Middle -209M -289* -413%* 042N
High Altitude 123N 079" - 171N -056M
Vhigh -.295% -274N -275N 098N
Total 168* 239%% -230** A51%

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

Correlation is not statistically significant (p<0.05).
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Fig. 3. Parental-balance curves in the populations for the years

Table 6. Female (¢), male (¢, ), and total fertility variation (¥), the female (N, ) and male (N, ), and total (N ) effective
number, and gene diversity (GD) for the populations and years

Populations Low Middle High Vhigh
Years 2021 2022 2021 2022 2021 2022 2021 2022
Uid 1.54 (.65) 1.34(.75) 1.46 (.68) 1.34(.74) 1.24 (81) 1.27 (.79) 1.20(.83) 1.21(82)
wm 1.66 (60) 137 (73) 1.26 (.79) 1.19(84) 1.62 (62) 1.13(.89) 1.75(57) 1.36(.74)
W 3.32(.30) 292 (34) 293 (.34) 2.75(.36) 2.82(35) 2.65(.38) 2.76 (.36) 2.70(37)
Np(f) 3245 3745 34.24 37.21 40.30 39.39 4153 41.21
Np(m) 30.11 36.58 39.69 42.00 30.93 4434 28.59 36.88
Np 15.05 1713 17.04 18.18 17.74 18.87 18.13 18.53
GD 0.967 0.971 0.971 0.973 0.972 0.974 0.972 0.973
*. Parentheses indicates the relative effective number of parents (Nr=Np/N).
0,975
0,973 -
£
£ 0,971
v
;é
< — GD-21
Z 0,969 -
&) —GD-22
0,967
0,965 T T T \
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Fig. 4. Gene diversity for the populations and years
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of analysis of variance. The results showed also that
population and year interaction was significant (p<0.07).
There could be many environmental or genetical effects
in these differences. It was found that age, elevation and
crown closure were important factors in seed yield of
natural populations of Pinus brutia (Eler 1990). Differences in
age and environmental variation, mainly in soil properties,
may have influenced the observed variation in fruiting and
seed set within each population in the natural forest (Bila,
Lindgren 1998), or other biological and environmental
factors such as population, habitat, aspect, altitude (Yazici,
Bilir 2017; Bilir et al. 2005; Bilir 2011) and crown closure
(Yazici, Bilir 2023).

Averages of female strobili were higher than that of
male in all populations, while their coefficient of variations
changed for the populations and years (Table 4, Figure 2).
The results were well accordance with findings of strobili
production in the species (Bilir, Kang 2021). Low coefficients
of variation (CV) were welcomed by forest managers for
maintaining higher genetic diversity.

Positive and significant (p<0.05) correlations between
female and male productions were estimated in all
populations within year (Table 5). Similar correlations were
also found in natural populations of C. libani (Bilir, Kang
2021) and Pinus brutia (Bilir et al. 2005) opposite to negative
genetic correlation between female and male flowering in
P sylvestris L. (Savolainen et al. 1993).

Tree height had generally negative impacts on strobili
productions in pooled populations opposite to diameter at
base while impacts of age changed for the populations and
years (Table 5). It could be said that height and diameter
at breast height seemed more reasonable predictor than
age for number of strobili. Altitude had positive impacts
significantly (p<0.05) on strobili productions except of
negative effect on @, in pooled populations (Table 5).
However, no significant impact of altitude on strobili
production was reported in Pinus brutia (Bilir et al. 2005).

Fertility variation, gene diversity and parental balance

Fertility variations of female (@) parents were generally
higher than that of male (&) in the populations (Table 6).
First year showed mostly higher parental variations (U@ &
Pa) in individual populations. All populations had higher
total fertility variation (¥) in first year than second year
(Table 6). Similar fertility variations were reported for strobili
(Bilir, Ozel 2017, Bilir, Kang 2021) and cone productions (Bilir,
Kang 2014; Yazici, Bilir 2017) in natural populations of Taurus
cedar. The results indicated importance of population and
years in forestry practices of the species.

The effective number of parent (N (Q), N - &N ) mirrored
to the gene diversity showed that about 30% of individuals
in the low population of first year behavior as they were
under the ideal population, while they were 38% in high
population of second year. It showed the size equivalent
to the ideal populations was 8% larger in high population
than low population based on the fertility variation of
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individuals in the populations (Table 6). It was suggested
as a rough generalized heuristic rule that CV lower than
140% (W<3) for natural populations (Kang 2001; Kang, Bilir
2021). The low populations were close to the value (W<3)
in both years and first year of middle population (Table 6).

Gene diversity (GD) varied between 0.967 (first
year of low population) and 0.974 (second year of high
population) in the populations (Table 6, Figure 4). They
emphasized importance of seed collection year and
population sampled altitudinal range in the study. The
result was in well accordance with the report that altitude
is an important environmental factor in selection and
establishment of seed sources in forestry (Wright 2012).
However, the GD could be balanced by different forestry
practices. For instance, gene diversity of seed crop could
be increased from 0.967 to 0.970 (Y=2.73) by removing/
uncollected of five the most/lowest productive trees in
first year of low population. GD could play important role
to establish resistance forest to different environmental
conditions.

Seed harvesting and other forestry practices (e.g,
natural regeneration practices) were suggested in good
seed year. The strobili productions were clearly higher in
first year than second year in the populations (Table 4),
while GDs were similar between years within population
(Table 6, Figure 4). It indicated that poor seed year could be
also suitable for forestry practices based on gene diversity.

CONCLUSIONS

Variation of strobili productions among individuals
within population indicated importance of individual
selection in seed harvesting. Similar gene diversity
between years showed that forestry practices (e.g., seed
harvesting, natural regenerations) could be also carried
out in poor seed year. Gene diversity (GD) was higher in
high and very high altitudes than that of low and middle.
The result could be a guide in altitudinal forestry practices.
However, many ecological (i.e, altitude, aspect, edaphic,
climatic) and biological factors (i.e, adaptation capacity
and genetic diversity of the species, crown closure, tree
size) could impact on gene diversity. The study was carried
out in limited area of the species to be decreased effect
of other factors. Effects of ecological and other factors
which were changed altitudinal on gene diversity could be
examined in large area by long term and future studies. Low
gene diversity in seed crop could be increased by forest
practices such as harvesting from similar productive trees.
GD of seed crop should be taken into consideration in seed
quality/grading together with other seed characteristics.
Relations among the characters can be a guide for future
studies, and establishment and management of seed
sources. Present study included two-year data and limited
area of the species. New studies should be carried out
by different populations and years in the species to give
accurate conclusions. [l



GEOGRAPHY, ENVIRONMENT, SUSTAINABILITY 2023

REFERENCES

Bernardes R.C, De Medeiros A, da Silva L., Cantoni L, Martins G.F, Mastrangelo T,, Novikov Al. and Mastrangelo CB. (2022). Deep-
learning approach for fusarium head blight detection in Wheat seeds using low-cost imaging technology. Agriculture, 12, 1801. https://doi.
0rg/10.3390/agriculture12111801

Bila A.D. and Lindgren D. (1998). Fertility variation in Milletia stuhlmannii, Brachystegia spiciformis, Brachystegya bohemii and Leucaena
leucocephala and its effects on relatedness in seeds. For. Genet. 5, 119-129.

BilirN. (1997). Nursery stage of provanence on Taurus cedar (Cedrus libani A. Rich) in Eastern Black Sea region [MSc. Thesis] Trabzon, Turkey,
Black Sea Technical University.

Bilir N. (2011). Fertility variation in wild rose (Rosa canina) over habitat classes. Int. J. Agric. Biol,, 13, 110-114.

Bilir N. and Kang K.-S. (2014). Estimation of fertility variation by strobili and cone productions in Taurus cedar (Cedrus libani A. Rich.)
populations. In: Proceedings of the Proceedings of the IUFRO Forest Tree Breeding Conference; Prague, Czech Republic, 25-29 August, 2014.

Bilir N. and Kang K-S. (2021). Fertility variation, seed collection and gene diversity in natural stands of Taurus cedar (Cedrus libani). Eur. J.
For. Res., 140, 199-208. https://doi.org/10.1007/510342-020-01324-1.

Bilir N.and Ozel H.B. (2017). Fertility variation in a natural stand of Taurus cedar (Cedrus libani A. Rich.). In: Proceedings of the International
Forestry and Environment Symposium (IFES); Trabzon, Turkey, 7-10 November, 2017.

Bilir N., Kang K-S. and Lindgren D. (2005). Fertility variation in six populations of Brutian pine (Pinus brutia Ten.) over altitudinal ranges.
Euphytica, 141, 163-168. https://doi.org/10.1007/510681-005-6803-6.

Boydak M. (2003). Regeneration of Lebanon cedar (Cedrus libani A. Rich.) on karstic lands in Turkey. For. Ecol. Manage, 178, 231-243.
https://doi.org/10.1016/5S0378-1127(02)00539-X

Eler U. (1990). Seed yield in Calabrian cluster pine (Pinus brutia Ten.) by age. In Forest Research Institute, Technical Bulletin; Forest Research
Institute: Antalya. Turkey, 53-78. https://doi.org/10.3390/f14061130

Kamalakannan R, Varghese M., Park J-M. Kwon S-H., Song J-H. and Kang K-S. (2015). Fertility variation and its impact on effective
population size in seed stands of Tamarindus indica and Azadirachta indica. Silvae Genet,, 64, 91-99. https://doi.org/10.1515/5g-2015-0008.

Kang K-S. (2001). Genetic gain and gene diversity of seed orchard crops [PhD Thesis], Umea: Swedish University of Agricultural Science.

Kang K-S. and Bilir N. (2021). Seed orchards (Establishment, Management and Genetics. Ankara, Turkey, OGEM-VAK Press, 189.

Kang K--S. and Lindgren D. (1998). Fertility variation and its effect on the relatedness of seeds in Pinus densiflora, Pinus thunbergii and Pinus
koraiensis clonal seed orchards. Silvae Genet., 47, 196-201.

Kang K--S. and Lindgren D. (1999). Fertility variation among clones of Korean pine (Pinus koraiensis S. et Z)) and its implications on seed
orchard management. For. Genet,, 6, 191-200.

Kang K-S, Bila A.D,, Harju AM. and Lindgren D. (2003). Estimation of fertility variation in forest tree populations. Forestry, 76, 329-344.
https://doi.org/10.1093/forestry/76.3.329.

Koski V. and Antola J. (1993). National tree breeding and seed production programme for Turkey 1994-2003. [online] Available at: https://
ortohum.ogm.gov.tr [accessed on Jan 10, 2023].

Novikov All, Lisitsyn V., Tigabu M, Tylek P. and Chuchupal S. (2021b) Detection of Scots pine single seed in optoelectronic system of
mobile grader: mathematical modeling. Forests, 12, 240. https://doi.org/10.3390/f12020240.

Novikov All, Sokolov S.V, Drapalyuk M.V, Zelikov V.A. and Iveti¢ V. (2019). Performance of Scots pine seedlings from seeds graded by
colour. Forests, 10, 1064. https://doi.org/10.3390/f10121064.

Novikov A.l, Zolnikov V.K. and Novikova T.P. (2021a) Grading of Scots pine seeds by the seed coat color: how to optimize the engineering
parameters of the mobile optoelectronic device. Inventions, 6, 7. https://doi.org/10.3390/inventions6010007.

Novikova T.P. (2022a). Study of a set of technological operations for the preparation of coniferous seed material for reforestation. Forestry
Engineering Journal, 11, 150-160. https://doi.org/10.34220/issn.2222-7962/2021.4/13.

Novikova T.P. (2022b). The choice of a set of operations for forest landscape restoration technology. Inventions, 7, 1. https://doi.
org/10.3390/inventions7010001.

Novikova T.P, Mastrangelo C.B,, Tylek P, Evdokimova S.A. and Novikov A.l. (2022). How can the engineering parameters of the NIR grader
affect the efficiency of seed grading? Agriculture, 12, 2125. https://doi.org/10.3390/agriculture12122125

Odabasi T. (1990). Research on cone and seed characteristics of Cedrus libani. [online] Available at: https://www.ogm.gov.tr [accessed on
Jan 14, 2023].

OGM.gov.tr (2022). Forest inventory of Turkey. [online] Available at: www.ogm.gov.tr. [Accessed Apr 20, 2023].

Ozbey A.and Bilir N. (2022). Block effect on genetic parameters in a 23-year-old progeny trial of Pinus brutia. Forestry Engineering Journal.
12, 5-13. https://doi.org/10.34220/issn.2222-7962/2022.2/1.

Park JM.,, Kwon SH., Lee HJ, Na S.J, El-Kassaby Y.A. and Kang K-S. (2017). Integrating fecundity variation and genetic relatedness in
estimating the gene diversity of seed crops: Pinus koraiensis seed Orchard as an example. Can. J. For. Res., 47, 366-370. https://doi.org/10.1139/
cjfr-2016-0223.

Saatcioglu F. (1956). Research on seeds of cedar of Lebanon. J. For. Fac. Istanbul Univ 1, 35-64.

Saatcioglu F. (1971). Forest tree seeds. Istanbul, Turkey: Forestry Faculty of Istanbul University, 243.

Savolainen O, Karkkainen K, Harju A, Nikkanen T. and Rusanen M. (1993). Fertility variation in Pinus sylvestris: a test of sexual allocation
theory. Am. J. Bot,, 80, 1016-1020. https://doi.org/10.2307/2445748.

SPSS (2011). IBM SPSS Statistics for Windows, Version 20.0., NY: IBM Corp.

Vidakovi¢ M. (1982). Conifers: morphology and variability. Zagreb, Yugoslavia, Yugoslav Academy of Science and Arts, and Liber University,
710.

Wright JW. (2012). Introduction to forest genetics. Elsevier, 480.

Yazici N. and Bilir N. (2017). Aspectual fertility variation and its effect on gene diversity of seeds in natural stands of Taurus cedar (Cedrus
libani A. Rich.). Int. J. Genomics, 2960624, 1-5. https://doi.org/10.1155/2017/2960624.

Yazici N. and Bilir N. (2023). Impact of crown closure on cone production and effective number of parents in natural stands of Taurus cedar
(Cedrus libani A. Rich.). Forests, 14, 1130. https://doi.org/10.3390/f14061130

70



Yazici N., Novikova T. P, Novikov A. I. et al. GENE DIVERSITY IN SEED CROP OF TAURUS ...

APPENDIX A
— (72
( Beginning ) (78
\. g 9 ) \‘
! ‘ N 1
/ The planned forest | m o pg ation Yes I
) stand composition and | forest,;e roductive I
restoration site | ? " I
/ parameters | materia |
Y 10 .
I} A t of the st | e Seed collection, :E—
ssessment of the site | retreatment .
condition T~ | P | \
\/\/V 1~ v T——— \
m Preparation of forest v | "2 Choice of |1 ) - \
reproductive material | ‘ seedlings L Seeding 1o Seed grading \:\
[ [ | L |
IV' Ghoice of set of technical means | ™® ™" Choice of |
and technologies for forest I machines and | | Qe\‘ (20 |
landscape restoration | mechanisms || _/ \,/
e E N
[ Ending ) 14 ) (o o\ »
PR AN \\Beglnmng/]
¢ bpecmcailon of the
B) characteristics of the seed
Seeds grading by qualitative collecti*on site
and quantitative features

Altitude above sea

level (ASL)
Vi
—— Seed coating

A)

- v ’ Tracking data for the

GD calculation following years

Yes No
Yes No
< GD>0,5

19 Seed grading by Exclusion of these trees from

frontier techniques subsequent collections
v
N C) e
20 ) [ Endin )
2 - 9 )

Fig. A.1. Practical application of the parameters of the genetic diversity of seeds (C) in the decomposition of the FLR-
model for the preparation of forest reproductive material (B), which is the lll-group of the generalized algorithm for
choosing the technology of forest restoration (A). Figures A) and B) are adapted from the paper by co-author T.N.
(Novikova 2022b), figure C) is the T.N. own composition



